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PREFACE
FIEID WORfi.

The Amherst-Nelson counties area, which forms the main part of this
report, began to attrant attention about L902, when the American Rutile
Company's property at Roseland commenced proclucing rutile. fn August,
1906, the senior writer with assistant Ilenry X'. Day visited. the area and
devoted some clays to a reconnaissance of the Roselancl-Bryant portion of
the district; and again in the spring of 190? in company with Messrs.
I{ess and Spencer of the U. S. Geological Survey.

After the passage of the Legislative Act in March, 1908, reviving the
Virginia Geological Survey, the senior writer in company with Joel H.
'Watkins as assistant began a general reconnaissa,nce of the entire district
preparatory to systematic study and mapping. Mr. W-atkins spent the

. entire month of August ancl the early part of September in the district.
Systematic study was begun in the district early in June, 1909, when

the junior writer as Assistant Geologist on the Virginia Geological Survey
was assigned to the work of mapping the geology, ancl was occupiecl in
this work frorn June to October. Several trips have been made into the
,listrict since September, 1909. Laboratory investigations antl prepara-
tion of the report have been in progress since the late fall of 1909. Its
delay is to be attributed in large measure to the senior writer, whose cluties,
as State Geologist, preventecl his clevoting consecutive time to its prepara-
tion.

SCOPE OF TITE R,EPORT.

This report contains a discussion of the geologv of titanium (rutile
anrl ilnenite) and apatite deposits of Virginia, including (a) the Am-
herst-Nelson counties arca, (b) the Roanoke Cou:rty area, (c) the Gooch-
land-Hanover counties area, and (d) the occurrence of rutile in Char-
lotte antl Buckingham counties, which is of scientific interest but not of
commercial importance.

the first chapter is devoted to a general discussion of Ti,tandum: Its
H'i,story, Chem,istry, Ores, Distri,buti,an and, Occwr"renca. Chapter II treats
of the Occum'ence and, Geograpluic Di*trdbuti,on of Ruttle witlt Descri,ption
of Areas. It includes a discussion of rutile distribution in the United
States, Canacla, NorwaS and South Australia, together with a description
of each knomr locality that has produced some rutile.

The thirtl chapter, entiUecl Geologg and Ore Deposi,ts of the Amherst-
Nelson Counties Region, comprises an exhaustive study of the nature anrl
distribution of individual rock-types and o es. This invmtigatioq com-
menced sorne years ago, has resultecl in much that is of scientific interest
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as well as of economic importance. 
. 
The region is shown to be a comag-

matic area o{ unusual scientifie interest, many of the rock-types of which
are new and described, in cletail for the first timd. Economically two
iypes of rutile as regards occunence are fully cliscussecl, in acldition to
ilmenite antl apatite.

The fourth chapter, entitled Geology and, Ore Daposits of the Roanolce

County Area, deals in a similar manner with the ilmenite-apatite deposits

(neisonite) occurring four mitres east of the city of Roanoke, and points

out the similar and dissimilar features. of its geology to that of the Am-
herst-Nelson counties area;

The fifth chapter cliseusses the Geology of the Ore Deposits of Gooah-

tand, and, Eanouer Coumties, in which have been recently founil cornmer-

cial deposits of rutile. In chapters VI and VII are given brief descrip-

tions of the occurrence of rutile in Charlotte and Buckingham counties,

in each of which the mineral is of scientific interest only.
The eighth chapter treats of Economic Aspacts, including a cliscussion

of the future of rutile and apatite mining in Virginia. Chapter IX dis-

cusses the Uses of Ti,tani'wm and Its Compound's, and the volume closes

with a Bibliography on Titanium.
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GEOLOGY OF THE TITANIUM AND APATITE
DEPOSITS OF VIRGINIA

BY THOIIAS I,EONARD WATSON AND STEPHEN TABER.

TITANIUM: ITS HISTORY, CHEMISTRY, ORES, DISTRIBU-
TION AND OCCURRENCE.

IIISTORY.O

'Iitanium was discovered in 1?91b by McGregor rvhile investigating a

magnetic sand found in Menachan, Cornwall. He namecl the black sand

rnenachanite (menaccanite) anil-the newly discoverecl elernent in the

compound he called menachite. In I794,c while engaged in the study of
rutile, Klaproth announcecl the discovery of a new earth. To the metal
of this earth he gave the name titanium in allusion to the "Titans," the

fabled giants of ancient mythology. In 1.79V, Klaproth found that titanium
lvas identical with menachite of McGregor, and the name titanium has

been universally accepted.

CHEMISTRY..,

General properties.-Titanium belongs to the same chemical group of
elements as silicon, zirconium, cerium, and thorium. It resernbles these

elements in being tetravalent, with a lower valence in some cases and, like
zirconium, it is a weak base-forming or a weak acid-forming element. That
it is isomorphous with zirconium and silicon in some compouncls is shown

in the table of titanium minerals given below on pages 10 and 11. In its
behavior torvarcl reagents titanium resembles somewhat closely niobium
and tantalum, with which it is found associateil in some compouncls.

oOhly, J., Analysis, Detection and Cbmrnercial Value of the Rare Meh,ls, Denver,
Col., 1907. 3d ed., p. 209.

Brorvning, P. E., fntroduction to the Rarer Elements, Nerv York, 1909, 2d
ed., p. 96.

bRoscoe and Schorlemmer give the date a.s 1789; Treatise on Chemistry. 1900,
vol. ii, p. 639.

cRoscoe ancl Schorlemrner give the ilate as 1?95; Ibid., p. 639.
dlddings, J. P., Igneous Rocks, 1909, vol. i, p. 60.
Hunter, M. A., Metallic Titanium, Jour. Amer. Chem. Soc., 1910, vol. xxxii,

pp. 330-336.
Roscoe and Schorlemmer, Treatise on Chemistry, 1900, vol. ii, p. 639, et seq.
Watts Chemical Dictionary.
'Browning, P. 8., Introduction to the Rarer Elements, New York, 1909, p. 99

et seq.
OhIy, J., Analysis, Detection and Commercial Value of the Rare Metals, 1907'

3d ed.. p. 208. et seq.
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The atomic weight of titanium is 48.1. Elementary titanium has a

high metallic lustre and in color resembles polished steei. It is hard and
somer.hat brittle 'tuhen colcl, but is malleable at a low, recl heat, and may
be readily forged like iron. As yet all attempts to draw the metal into
wire have been unsuccessful. The specific gravity as cletermined by Moissan
is 4.8?, but working with titanium having a higher degree of purity llunter
determined it to be 4.50. Iluntero determined the melting point to be

between 11800'and.1,850' C.; a rod of the metal began to burn in air at
a temperature of 1,200" C., the heat of oxidation being sufficient to melt
the oxides formed. According to Moissanb titanium combines rvith oxygen
at a temperature of 610'C. with incandescence.

Titanium is soluble in cold dilute sulphurie acicl, hot concentratecl
hydrochloric acid, aquia rcgia, more slowly in nitric acid, and is attacked
by dilute hydrofluoric and acetic acids. On heating titanium combines
r'vith the halogens and oxygen with incandescence to form halogen and
oxygen salts, and with sulphur ancl carbon to form sulphides and carbide.
It combines with nitrogen with extreme readiness to form nitritles.

I:[athods of Ttreytaration.-Prioy to the work of Hunter in 1900, pure
metallic titanium had probably not been prepared. Perhaps the nearest
approach to it was obtained by Moissan in the electric furnace, the prod"uct
of which containecl 2 per cent of carbon. Elementary titanium may be
prepared (1) by reduction of the titanofluorides by the alkali metals, (2)
by redrction of titanium clioxide by carbon, and (3) by reduction of
titanium tetrachloride with sodium. According to Hunter moderately
large quantities of pure titanium can be prepared with ease by the last
method. A general review of the methods usecl in the preparation of the
metal follows in summary.

The difficulties involved in the production of pure metallic titanium
are clue to its high fusion point and strong affnity for nitrogen and carbon,
as rvell as for oxygen. The early attempts at the reduction of the metal
from its compounds usually resulted in the production of some of the
nitricles or carbides, rvhich because o{ their high metaliic lustre were often
mistaken for the metal. Among the early investigators in this field may
be mentioned \\rollaston,c Berzelius,d Rose,e 

'Wtjhler,l and Deville.s

llIullgr, M. A., Meta,llic Titanium, Jour. Amer. Chem. Soc., 1910, vol. xxxii,
pp.,3_3!-p36; Rensselaer Poly. Inst., Eng. and Sci. Series No,, l, Feb. l, l9ll.

a]{q!ssa,n, Ilen-ri, Trait6 de Chimie Vin6rale, Tome II, p. +9+.
cPhil. Trans., 1823, vol. 17.
rlPogg. Ann., 1825, vol. 4, p. B.
ePogg. Ann., 1837, vol. 16, p. 57.
fOompt. Rend., 1849, vol.29, p. d05.
oOompt. Rend., 1857, vol. 45, p. 480.
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Nilson ancl Peterssono attempted to prepare metallic titanium by reduc-

ing titanium tetrachloride (TiCl4) with sodium in an air-tight cylincler of
solid steel. The best results obtained by them was a protluct containing
about 94.?3 per cent titanium, the chief impurity being oxygenl ancl as

this was supposed to be present as titanium monoxide (TiO), the material

prod"uced would contain only ?8.92 per cent of metallic titanium'
Mo ssanD succeeclecl in reducing titanium dioxide (TiOr) with carbon

in a lime or magnesia crucible and obtained under the hgat of a powerful

electric arc a procluct that contained S per cent carbon. By reheating this
with additional titanium dioxide the amount of carbon was reduced to 2

per cent, but as it was probably present in the form of calbide of titanium
and as the material must have containecl some oxygen it was far from being

pure metallic titanium. Better results are said to be obtainecl when the
reduction takes place simultaneously with the oxide of another metal with
which the titanium may form an alloy.

The reclucing power of metallic aluminum has been used in the prepara-

tion of titanium from rutile by both the Goidschmidt and the Rossi

processes (see page 288). Kuhnec has proposed a moclifi.cation of the Gold-

schmicit process by which a peroxide, such as barium or soclium, is intro-
duced into the mixture to increase the rate of the reaction and raise the

temperature to a higher point. More aluminum must be used in this case

than in the aluminothermic reaction, as there must be sufficient to combine

with the oxygen of the peroxide as well as with that of the rutile.
An electrolytic process has been employed, by Huppertzd to obtain pure

metallic titanium. Calcium chloride was used as the electrolyte and the

titanium oxicle reclucetl cathodically by the calcium ion, the cell used being

a strontium metallic furnace. The metal obtained by this process is saicl

to be absoiutely free from nitrogen antl carbon and has a perfect metallic
lustre with a brilliant white color.

Recently Hunterr€ in an attempt to recluce sodium titanofluoride
(NarTiFu) with metaliic potassium in an iron cylinder, obtained a product
containing 73.2 per cent of titanium. Potassium and barium titano-
fluorides were tried with no better success. He also repeatecl Moissan's

oZ. physik. Chem., 1887, vol. l, p. 26.
bOompt. Rentl., 1895, vol. 120, p. 290.
cKuhng K. A., Electrochemical and Metallurgical Industry, 1909, vol. vii, p.

127.
dlluppertz, W., Electrochemical and }letallurgical fndustry, 1905, vol. iii, p.

35; Metallurgie Nos. 17, 18, 19,21, xnd-22,1904.
ellunter, M. A., Metallic Titanium, Jour. Amer. Chem. Soc., 1910, vol. xxxii,

pp.330-336; RensselaerPoly. Inst., Eng. ancl Sei. Series No.1,3'eb. 1, I9ll.
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method, but his best results gave a carbon eontent of 4.6 per cent. I-,,ater,
by using the method of Nilson and Petersson ancl exercising extraordinary
care to exclude air from the apparatus, Ifunter succeeded in proclucing
metallic titanium practically {ree from impurities.

The titanium tetrachloride used was prepared by chlorination of
titanium carbide, the chloride formed being refluxed in a current of nitrogen
to remove chlorine and then repeatedly distilled with the rejection of end
fractions. The fraction boiling between 136o and 13?' was shaken
repeatedly with mercury and sodium amalgam, and redistilled to give a
water white product boiling at constant temperature.

The reaction was carriecl out in.a steel bomb, capable of withstanding
a total internal pressure of 801000 pounds, and having a capacity sufficient
to accommodate 500 grams of titanium tetrachloride and the 245 grams
of sodium theoretically required for the reduction. The bomb with its
charge was brought to a low, red. heat, then cooled a,nd its contents leacherl
with water, the residue consisting of metallic titanium, partly in the form
of a ffne gray powder and partly in small metallic beads. The reaction
inside the bomb is supposed to be almost instantaneous anal the heat of
the reaction is sufficient to melt part of the titanium into small beads.
Two analyses of these beacls gave, respectively, 99.9 and 100.2 per cent
titanium, and no trace of iron or sodium could be found. The amount of
titanium produced" by this method was 90 per cent of the metal that
theoretically should have been obtained from the titanium tetrachloride
placed in the bomb.

COMPOUNDS OF TITANIUM.

According to Browning@ the following are typical compouncls of
titanium: Oxides, TiO, TisO4, Ti2Os, Ti?Or2, TiO2, Tirob, TiOu; hy-
clroxides, Ti(OII)n, Ti(OH)6; chlorides, Ticls, TiCl4l bromide, TiBro;
iodide, TiIn; fluoride, TiX'n; titanofluorides, RrTiX'u, etc. ; sulphides,
TirS3, TiS2 I sulphates, Tir(SO4)s, Ti(SO4)r; nitrides, TisN4, TiuNu,
TiNr; carbide, TiC; silicide, TiSi; titanates, RTiOs, RrTiOs; acids
(see hydroxides), If,TiOu.

For the methods of separation of titanium and the preparation of its
salts, and its detection and estimation in materials, the reader is referrecl
to the standard text-books and treatises on chemistry. The methods by
which elementary metallic titanium may be obtained are given on pages
2to4.

aBrowning, P. 8., fntroduction to the Rarer Elements, New York, 2d eil.. 1g09.
p. 0c.
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MINSR,ALOGICAL FORMS OF TITAIIIUM.

Titanium is a characteristic constituent of certain pyrogenetic com-

pouncis. ft enters as an element into the composition of many minerals
but very rarely in considerable quantity in any one locality. It occurs in
a variety of mineralogical forms, chiefly as oxicles, titanates, and silico-
titanates; in many silicates, and in some niobates and tantalates. Titanium
occurs as oxide (rutile chiefly) in some rock magmas rich in silicon and
relatively poor in the base-forming elements; as titanates it combines
with calcium and silicon in most rock magmas in which there is sufficient
calcium and titanium to form calcium titanate (perovskite), and in magmas
lowest in silicon and richest in iron it combines with ferrous iron to form
iron titanate (ilmenite) I and as silicates it either replaces silicon in the
acid radical or enters as a weak base-element.@

Titanium is frequenUy present in iron ferrate (magnetite) and ferric
oxicle (hematite) in variable amounts. It is frequently present in small
amounts in biotite, amphiboles, augite, certain species of garnet, and in
some other silicate minerals. It has been foundb in some mineral waters,
in some varieties of coal, in meteorites, ancl has been detected in the sun's
atmosphere by means of the spectroscope. It has been founcl in the ash

of certain varieties of woocl, in cowpeas, ancl cotton-seed meal, and in the
bones of animals.

TITANIUM ORES.

The commercial source of titanium is entirely limited to the titanium
ores, of which there are only three at present, namely, rutile, ilmenite, and
titanium-rich magnetite. Many of the titaniferous magnetites are too low
in titanium to be of commercial value. Although titanium is rathei widely
disiributed in a variety of mineralogical forms the only three that occur
in nature in suffi.cient quantity to be of c.ommercial value are the
oxide (rutile), the titanate (ilmenite), and the titanium-rich iron ferrate
(titaniferous magnetite). Many other forms of titanium occur but tlrey
are either too rare or complex in composition, or are not founcl in
sufficient quantit;' to be of value, ancl are interesting chiefly on account
of their chemical ancl mineralogical characters. Titaniferous magnetites
occur in large quantity at a number of localities but they are variable in

ald.rlings, J. P., Igneoud Rocks, New York, 1909, vol. i, pp. 60, 64, 145.
bBaskerville, Chas., On the Universal Distribution of Titaaium, Jour. Amer.

Chem. Soc., 1899, r'ol. xxi, p. 1099.
Brovming, P. 8., Introduction to Jhe Rarer Elements, New York, 1909, 2d

ed., p. 97.
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composition, ranging from a fraction of 1 per cent to mole than 20 per cent
of TiOr. Most of the ferrotitanium manufactured at present is matle
either from titanium-rich magnetite or ilmenite, chiefly because they are
cheaper than rutile. Both rutile and ilmenite occur in Virginia in sufficient
quantity to be of commercial value, ancl while titaniferous magnetites are
found in the crystalline region of the State their extent and composition
are imperfectly known.

The general properties (physical ancl chemical) and occurrence of rutile,
ilmenite, and titanium-rich magnetite are briefly described below. The
properties, relationships, associations, and mode of occurrence of rutile and
ilmenite as found in the Yirginia areas form the basis of this report. The
titaniferous magnetites are not consialereal in this report but wilt be

included in a forthcoming bulletin by the State Geological Survey on the
iron ores of Virginia.

OXIDES,

'I'here are many oxicles of titanium occurring in nature but only one
of them, rutile, is important as an ore.

Rutile.-Rtttiie crystallizes in the tetragonal system commonly in
prismatic crystals vertically striated or furrowed; often slencler acicular.
ft is also compact, massive to coarse and fine granular. Twinning is fre-
quent and of several kinds. Cleavage distinct; fracture subconchoiclal to
uneven. Brittle. Harclness 6 to 6.5. Specific gravity 4.18 to 4.Zb; also
to 5.2 in a black variety containing 10 per cent FeO. I:ustre, metallic-
adamantine. Color reddish-brown, passing into red; sometimes yellowish,
bluish, violet, blac\ rarely grass-green. Streak pale brown. Transparcnt
to opaque.

'l'he chemical composition of rutile rvhen pure is TiO, corresponcling to
oxygen 40 per cent, titanium 60 per cent. A little iron ancl vanadium are
usually present, the formet' ranging up to 10 per cent; less often a little
chromium and tin. Rutile is insoluble in aciils, and infusible before the
bldwpipe. Molecular weight, 80.1 ; molecular volume, 19.1.

Rutile occurs in igneous, metamorphic, ancl seclimentary rocks. In
igneous rocks it occurs both as a pyrogenetic constituent ancl as an artera-
tion product. rt is common in the metamorphic rocks, such as gneisses,
mica-schists, amphibolites, and phyllites, and sometimes in granular lime-
stone and dolomite.o It also occurs in some sedimentary rocks, in some
rocks procluced by contact metamorphism, ancl in veins both metalliferous

alddings, J. P., Rock Minerals, New York, 1g06, p. 49S.
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and nonmetalliferous.o According to Emmonsb rutile is formecl in igneous

roeks, in pegmatite dikes, in contact metamorphic deposits, in deposits of

the deep vein zone, ancl as a product of dynamo-regional metamorphism.

Rutile is formed as a secondary mineral, clerivecl from ilmenite and

titanite, and sometimes from certain ones of the ferromagnesian silicates,

especiaily biotite. It is relatively a very stable mineral, but sometimes

alters to leucoxene and is sometimes accompanieal by ihe formation of

ilmenite.

TITANATES.

Of ihe many forms of titanates only one, ilmenite, is important as

an ore.

Ilmenite.-Ilmenite is a heavy, black mineral crystallizing in the

hexagonal system. It is rarely seen in good megascopic crystals in rocks,

but usually occurs in embedded grains and masses, sometimes in plates

of irregular to hexagonal outline, ancl loose as sand. Cleavage not developetl.

Fracture conchoidal; brittle. Color iron-black, sometimes with faint
reddish to brownish tinge; Iustre metallic to submetallic I streak black

to brownish-red. Opaque. Harclness 5 to 6; specific gravity 4.5 to 5.

Slightly magnetic, but variable.
The chemical composition of ilmenite is variable. If normal the

mineral is expressecl by the formula X'eO . TiO, corresponaling to FeO,

47.3 per cent, TiO2, 52.? per cent. There is an isomorphous series

(Fe,Ti) rO, with varialrle amounts of iron and titanium grading to
hematite. Sometimes contains magnesium replacing ferrous iron. Many
analyses of ilmenite do not correspond to the formula given above, but
approximate more closely to the - one suggested by Rammelsberg,

n'eo.TiO,.rzFerOr. (See pages 223-?26 for a tliscussion of the Yirginia
iimenite.) Recent studies of ilmenite from some localities suggest that
the ferric oxide present in the mineral is not in chemical combination, but
is mechanically admixed as inclusions or intergrowths of hematite. Very
difficultly fusible before the blowpipe I becomes magnetic in the reducing
flame. Fused with sodium carbonate, dissolved in hydrochloric acid, ancl

the solution boiled with tin becomes violet, showing titanium. Dif6cultl;r
soluble in acids; decomposed by fusion with bisulphate of potash. l{olecu-

Iar weight, 152; molecular volume, 30.4'

oWinchell, N. H. and A. N., Elements of Optical Mineralogy, New York, 19O9,

n. 347.- bEmmons, W. H., A Genetic Classification of Minerals, Econ. Geology, 1908, vol.
iii, p. 62r.
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Iimenite is a widely distributed mineral, occurring as a common con-
stituent in igneous rocks from granite to gabbro and related rocks and their
iava forms. ft occurs in these rocks in the same manner as magnetite
which it often accompanies. It is similarly found in many metamorphic
rocks, especialiy gneiss, micdr-schist, and amphibolite. According to
Lindgred ancl Emmonsb ilmenite is formed in igneous rocks, in pegrna-
tites, in contact metamorphic deposits uncler regional metamorphic con-
ditions, and in deep veins. flmenite in rocks closely resembles hematite
and magnetite, and unless the grains are of such size that they can be
safely tested, the discrimination of these minerals in rock sections is not
always possible. The most important occurrences of ilmenite are in the
coarser grained gabbros and anorthosites where the mineral is very common,
and is not infrequently segregated in places into large masses.

fnmenite in rocks commonly alters to a whitish, yellowish, or brownish
aggregate, which is highly refracting and when transparent highly double
refracting, usually called leucoxene, sometimes titanite. It alters some-
times to carbonate with the separation of rutile, a change which appears
to be confined to certain phyllites.

FSRRATDS.

Magnetil,e.-Magnetite crystallizes in the isometric system, most com-
monly in octahedro rs, also in dodecahedrons, and in a combinaiion of both.
rt is also noted in rocks as irregular, formless grains of variable size and
at times forms large masses. Cleavage is not distinct, but octahedral
parting is often highly developed. Fracture uneven; brittle. Streak,
black; opaque. Color iron-black; . Iustre metallic ; strongly magnetic,
sometimes showing polarity. Hardness 5.5 to 6.5; specific gravity b.Z.

Magnetite corresponds in chemical composition to FeO.FerOu, contain-
ing X'eO, 3.10 per cent, and FerOr, 69.0 per cent. In many localities the
mineral contains TiO, (titaniferous magnetite) ranging in amount up to
20 per cent. OnIy the titanium-rich magnetites are important in this
connection. The titanium in, the magnetite of several localities has been
;shown recently to be present in the form of ilmenite mechanically admixed
with the magnetite as inclusions or intergrowths. Difficulily fusible before
the blowpipe, becoming nonmagnetic in the oxidizing flarne; slowly soluble
in hydrochloric acid. Molecular weight zz0.Bz; molecular volume 44.Eli.

^ 
alind-g^ren, {., ^The R.elation of ore-Deposition to physical conditions, Econ.'Geology, 1907, vol. ii, p. 125.

... bErnmons, W. H., A Genetic Classiffcation of Minerals, Econ. Gbology, lg0g, vol.iii, p, 621 et seq.
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Magnetite is one of the most widely distributed of minerars. rt occurs
as a pyrogenetic mineral in all kinds of igneous rocks, ranging {rom scant
disseminations of small grains and crystals of microscopic dimensions to
segregated masses of considerable size. rt is found similarly in ilre
crystalline schists, and in many of its occurrences magnetite is often
intimately associated rvith ilmenite. Large bodies of titaniferous magne-
tite, associated usually with gabbroic rocks and regarded as magmatic segre-
gation deposits, occur in the Adirondacks region of New yorlr, in canada,
and in northern Europe.

According to Emmons@ magnetite is formed in igneous rocks, in pegma-
tite dikes, in contact meta norphic d.eposits, in the deep vein zone, as a
product of dynamo-regional metamorphism, and as a secondary mineral
in zones of oxide and sulphide enrichments. Magnetite arters, according to
Yan Hise,b into hematite, limonite, and siderite; the changes taking place
'n'ith the expansion of volume, liberation of heat, and clecrease in svmrnetrv.

TABLE OI' TITANIUM },IINERALS.

The titanium minerals listed below have been recognized in nature and
described.

... aEmmons, \V. H., A Genetic Classification of Minerals, Econ. Geology, 190g, r,ol.iii. o. 620.

-^^ 
bVan^Ft-ise, C. R., A Treatise on Metamorphism, X{on. xlvii, U. S. Geol. Survey,1904, p.229.
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Oxides:
Rutileo......
Octahedrite

Pyrochlore
Aesehynite

( anatase )

Brookiteo
Titano-magnetite ..

Yttrotitanite

Larnprophyllite ... .. .. ..

Neptunite
Johnstrupite

Ilosandrite
Rinkite
Ivaarite
Carlosite
Benitoite . . ..
Lorenzenite
Yttrocrasite

Delorenzite
Davidite

Narsarsukite

Niobates and llantalates :

to astrophyllite....

of the
ehiefly,

the yttrium

iron and

49.7
68.9

50.0+

14.0

FlNb.Ou.R,(Tri,Th)Os.NaF . ..1 S.+-fS.e
i{,Nbno,,. R, (Ti,Th) uO,, . . .121.2
R((Nb.lla)O,)..51i ( (Ti.Zr)O"),...... 118.9ml

oCompiled from Dana, E. S., A System of Mineralogy; IIinLze, C., Handbuch der
Mineralogie; and other sources.

bVarieties omitteil.
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T i,tan'ium Minerals ( C ontinued, ).

Composition

11

Mineral Contains
Tio,

Per cent.Niobates and Tantalates :

Iuxenite

Polycrase . ..
Blomstrandite

Dysanalyte
Striiverite.
Epistolite
Blomstrandine-

Priorite

Marignacite
flmenorutile

Silieates:
Amphibole

Pyroxene

Biotite

lepidomelane ...........

Rosenbuschitc .. .. .. .. .. .

llitanolivine

Andradite

Leucosphenite ...........
Rhiinite.

Miscellaneous:
Ifydrotitanite ......
W"arwiitite . ..: . .. : :: ::::
Zitkelite
Derbylite
Lewisite
Mauzeliite
Ilainite

Senaite

iii(Nbo,)". it, (Tio"),. j H"O .......]zo.o-ze.r

10.7
40.6-59.3
44.0
7.2

and titanates
2L.9-32.9
2.9

53.0-73.8

Variable

fron mica, with variable amounts ollio, .

Na,Ba(TiO,) (Si,O")d .....
(Ca,Na",K, ) "Mgntrre,IrerAln(si,Ti)uo,o

As much
as 8.5

As much
as 4.6

Yariable
up to 4.7

Variable
up to 4.7

6.9-7.6

3.5-6.1

Variable
up to 10.8

13.2

.. 9.5

i

Altered form of dysanalyte.
Perhaps 6MgO . FeO .2TiO, .3B,O, . . .
(Ca,Ie\ O . 2 (Zr,lIi,Th ) O,

16tr'eO.51liO, . Sb,Ou
l5CaO.2lIiO,.3Sb,Ou
14(Ca,Pb)O.TiO,.2Sb,0u
Composition tloubtful, probably al-

lied to mosandrite.

82.8
02r

14.95
o+.o
Lt.7

7.9

UndeterI mined
(Fc.Pb)O.2( Mn)O,. Llneertain. .,
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of the large number of titanium-bearing minerals enumeratecl in the

table above, most of them are rare, and are only of scientific interest. The

largest concentrations of titanium are as oxiale (rutile), iron titanate

(ilmenite), anai iron ferrate (magnetite). At present rutile' (titanium
dioxide) is the principal source, cornmercially, of titanium.

In the \rirginia areas titanium occurs as concentrations of commercial

gracle and quantity in two rnineralogical forms, dioxide (rutile) ancl iron
titanate (ilmenite). Titanium also occurs in the same localities in

different mineralogiial form as an alteration product (leucoxene) derived

from both rutile and ilmenite, anal as an original iron ferrate (magnetite),
and occasionally as a pyrogenetic mineral (titanite) in the rutile-bearing
rocks.

DISTRIBUTION AND OCCURRENCE OF TITANIUM.

Titanium-bearing minerals, of which there are many (see pages 10-11),

occur in a variety of associations, are widely distributed, and in sueh

quantities as to make titanium a relatively abundant element. Clarke'so

estimate of titanium, in 1891, in the solid crust of the earth, was 0.33

per cent, equivalent as oxide to 0.55 per cent. In 1900, he revised his
estimate increasing the amount of titanium to 0.41 per cent, equivalent as

oxide to 0.60 per cent, giving titanium ninth place in the scale of abunclance

ancl stanrling next to potassium.b Van lfise' gives the arnount of titanium
in ?8 shales as 0.65 per cent, in 624 sandstones as 0.33 per cent, and in
843 limestones as 0.0? per cent. He says: "It thus appears that as com-

pared with the original rocks the amount of titanium is somewhat increased

in the shales, is reclucecl to a little more than one-half in the sanalstones,

and is less than one-eighth in the limestones" (p.9?5). Estimating the

amount of titanium in the original igneous rocks by that in the
seclimentary rocks, Van Ilise obtains 0.525 per cent which, as he states,

accords well with the actual amount estimatetl by analyses in the original
igneous rocks, 0.55 to 0.60 per cent (p. 9?5). Dunningtond has shown the

widespread distribution of titanium in soils and clays. Rutile is usually
assumed to be the form in which the titanium occurs in clays. ft mav be

seen under the microscope in many fire clays, ancl analyses sometimes

aClarke, F. W., Bull. No. 78, U. S. Geol. Survey, 1891, p. 39.
bClarke, F. W., Bull. No. 168. LT. S. Geol. Snrvey, 1900, p. 15.
cVan flise, C. R., A Treatise on Metamorphism, Mon. xlvii, U. S. Geol. Survey,

t'o*"tn;"'#i311'u. 
*., Distriburion of ritanic oxide upon rhe surface of rhe

narth, Amer. Jour. Sci., I89f (3d ser.), vol. 42, pp.49l-495.
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shor'v the presence of rio, to the extent of p per cent.o rn some of the
bauxitic clays of Georgiarb TiO, exceeds 9 per cent.

Titanium is not the rare element that it was former'ly consid.ered. rt
is almost invariably present in igneous rocks, usually in very small arnounts,
and in the sediments derived from them. rt occurs in largest amounts in
rocks lowest in silicon and richest in iron. Except silicon, titanium is a
commoner element in igneous rocks than either of the other members of the
titanium group. out of 800 igaeous rocks analyzed in the raboratory of
the uniteil states Geological surveS ?84 contained titanium.c concerning
its occurrence ln igrreous roeks Washington says :d

_'rt (tita-nium) is much more abundant in basic than in acid rocks, and its
affinities in the magrna seem_-to- be decidedly rather with iron than with magnesiunr,
and still less with lime. while it is not-commonly associated with alkallc rocks,
yet when these are low in silicon, it shorrs a, tenderrcy to be present in considerable
amount when the rock is sodic, as indicated by recent roct analyses; and this
tendency to association of titanium with sodium'appears mineraloei"callv. as in the
soda amphiboles, some of whjch are highly titaniferorls, antl in certa-in rail minerals,
astrophyllite and rosenbuschite. Highly potassic and highly ealcic rocks selclom
show large amounts of titanium, ti'ough' most of the fiinLral titanates collta,in
calcium ai the base."

Mineralogically, the commonest occurrencese of titanium in rocks are as
titanite, ilmenite, rutile, and perovskite. Titanium is often concentratecl
in beds of titanic iron ore.

aRies, H., Clays, New York, 1908, 2d ed., p. 88.

^ bwats-orr, Thomas L., Bauxite Deposits bf Georgia, BulI. No. 11, Ga. Geol.
Survey, 1904,

-^--cClark^e, F. W., The Data of Geochemistry, Bull. 491, U. S. Geol. Survey,
1911, p. 20.

. oW3.shjnglon, I[. S., The Distribution of Elements in Igneous Rocks, Trans.
Amer. Inst. Mng. Engrs., i909, vol. xxxix, p. 75b.

eClarke, F. W., Loc. cit., p. 20.



OCCURRENCE AND GEOGRAPHIC DISTRIBUTION OF

RUTILE WITH DESCRIPTION OF AREAS

MODE OF OCCURNENCE.

GENERAI STATEMENT.

Rutile occurs in all varieties of rocks, igneous, metamorphic, and sedi-

mentary, commonly as short, stout, and elongated prisms frequently showing

striations on the prism faces, as acicular hairlike forms, ancl as formless

grains anal masses of variable size. Many of its occurrences in rocks are of

microscopic proportions, chiefly as inclusions in the rock-forming silicate

minerals. Iress often it occurs in granular masses sufficiently concentlateal

to be of commercial importance. It is frequently observed in hairlike

crystals penetrating qnartz, anil sometimes as leticulated platelike masses

of elongated crystals referrecl to as sagenite.

Rutile is a pyrogenetic constituent of igneous rocks, ancl according to

Van llise@ ('has wiclespread occurlence in clastic anal metamolphic locks,

both as an allogenic and as an autogenic constituent, in the latter case

generaily being derived from ilmenite." It may be derived from brookite,

ilmenite. octahedrite. and titanite.
classified genetically rutile is formed as a procluct of (1) igneous rocks

-crystallization 
from magma, (2) pegmatite dikes, (3) contact meta-

morphic deposits, (a) the deep, middle, ancl upper vein zones, and (5)

dynamo-regional metamorphism.b Irindgrenc classified rutile as one of the
,,persistent minerals,, (persistent from igneous conditions to near the sur-

face), and he lists the mineral as being formed uncler igneous conditions,

pegmatitic conclitions, contact metamorphic conclitions, deeper vein zone,

and middle and upper vein zone.

Of the several occutrences listed, above (1) and (2), and rarely (3)

ancl (5), constitute the principal sources of rutile.

ROCK ASSOCIATIONS.

Iqtteous rocks.-Rtlile has been observed in most of the principal types

of igneous rocks, commonly as an accessory constituent, including rocks of

oVan llise, C. R., A Treatise on Metamorphism, Mon. xlvii, U. S. Geol. Survey,
1904. n. 230.

blindgren, W., The Relation of Ore-Deposition to Physical Conditions, Econ.

Geolosv, 1907, vol. ii, pp. 108, I23.125.
frio-oos. \,V. H.,'A Geietic Classification of Minerals, Econ. Geology, 1908,

vol. iii, pp. B2l, 625.
Vari Hise, C. R., Loc. cit, 1904. p' 230. etc.

cf,inalgren, W., T,oc. cit., pp' 108, 123, 125'



OCCIIRRNNCE AND GEOGRAPIIIC DISTRIBUTION OF RUTII]],. a0

acicl, basic, and intermediate composition. rts grains and crystals are
usually of microscopic size, though not uncommonly of macroscopic dimen-
sions. rt occurs in intrusive or plutonic igneous rocks, such as granite,
syenite, and gabbro; and in effusive or volcanic rocks, such as andesite of
Pachuca, Mexico, Assuk, Greenlancl, and pack saddle rsland, cape r{orn.o

Most of the known larger deposits of rutile that are of commercial
importance are associated with gabbro (incruding anorthosite), chiefly
as magmatic differentiation deposits. occurrences of this type include
those of the Amherst-Nelson counties area in virginia, which in major
part form the subject of this report (pages 4Z-ZB4), the Bay St. paul
area in Quebec, canada (pages B1-gg), and the Kragerd area in southern
Norway as aplite cutting gabbro (pages BT-4r). A second important and
new occurrence of rutile is found in the Amherst-Nelson counties area,
virginia, as dikelike bodies of an even-granular, ultrabasic igneous rock
(nelsoniteb) composecl essentially of the ore minerals ilmenite and apatite
lvith sometimes rutile as the dominant mineral (pqgu, 100-155).

Rutile sometimes occurs in igneous rocks in hairlike crystals pene-
trating the rock-forming minerals, such as quartz in granite, etc., anil in
long needJes penetrating andesite from the localities mentioned above.

Bed,im'entary rocks.-Because of its resista.nce to atmosnheric asencics
rutile js a frequent mineral jn beds of sand and gravel, and in the residual
clecay derived frorn the weathering of crystalline rocks in which it originalll,-
occurred. rt is common as grains in many gold-bearing sanils and gravels,
in the monazite sands of the carolinas, and in similar sancls composed of
heavy resistant minerals frorn various localities. rn the investisation of
the blacl< sands of ihe Pacific slope,e by the u. s. Geological surve;-, rutile
rvas reported as a minor constituent in the sancls of some localities.

Mefumorphic rocks.-Rutile has been reported as occurring in most
classes of metamorphic crystalline rocks. rt is describecl as being of
common occurrence in gneiss, mica schist, phyllites, a.ncl sometimes in
granular limestone and dolomite.d clarkee quotes A. Bergeat on flre obser-
vation of rutile, ilmenite, ancl titanite, which had {ormecr as a sinsle

alddings, J. P., Rock Minerals, New york. 1906. ri. it9g.
bWatson, Thomas L., Mineral Resources of Virsiilia. 1002, o. 300.

__ ^ IFt.-or: Thomas_ L., and Taber, S., The Vir6[nia Rutile beposits, Bull. rt30,
fT. S. Geol. Survey, 1909, Part I, pp. 206-207.

cMineral Resources ot the^unitbd states. calendar year. 190b, pp. rlzS-l2bg.
dQ-ang., E. S..,A System of Mineralogy, 1900, p. 289.
9lqlk",x'.{., Bull. No. 330, U. S. deol. Suiv6y, 1908, p. 2s0.
Iddings. J. P.. Op. eit.. 1906. p. 498.

cClarke, F. W.. Op. cit.. p. 290.
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generation and crystailizecl before the rutile, in a hornblende gneiss from

Freiberg. As a seconilary product rutile is common in many slates in the

form of microlites.
In addition to the types of metamorphic rocks mentioned above, rutile

is a frequent constituent of some quartzites, especially some of the Piedmont

quartzites of Georgiaro the Carolinas, ancl Virginia'b Of thc occurrences

of rutite in the Piedmont quartzites, the most noteworthy one is Graves

Mountain, Irincoln county, Georgia, where rutile is found with an interest-

ing association of rather uncommon minerals (see pages 23-27)'

Other f ornzs of occurcence' ueins' pegmatites, etc'-In Norway and

sweden rutile is reported as an important constituent at times in apatite

veins which, according to vogt,, are of pneumatolytic character connected

rrith gabbro, ancl were formed soon after the rock' The mineral is so

abundant in some of the veins as to be mined, ancl is associated with other

titanium minerals, ilmenite and titanite. Lindgrend remar"ks that rutile

and anatase are common in metasomatic vein rocks, as seconclary products

after ilmenite, titanite, titaniferous magnetite, biotite, etc., anil it occurs in

nearly every altered titaniferous rock. Kemp' states that rutile occurs as a

minor constituent, but quite widely distributed, in the copper deposits at

Ducktown, Tennessee. He says "it is included in the sulphides precisely

as are the bits of garnet, zoisite and amphibole, and is regarcled ns older

than the ores."
A not infrequent occurrence of rutile in the Piedmont region of the

southern Appalachians is as simple and geniculated forms in quartz of

quartz veins and stringers. In each instance where this occurrence hag

been observed the rutile has not been founcl in quantity, and is only of

scientific interest.

An important occuffence of rutile as a primary constituent of rutile-
ilmenite-bearing pegmatite dikesf has recently been cliscovered in Gooch-

owatson, Thomas L. and J. wilbur, A Contribution to the Geology and Miner-
nlogy oi'Craves Mountain. Georgia. Bull. Phil. Soc., Univ. 9f Y".. Scientifir' Series.

iilrZ ""t.-i, pp.200-zzt. Referelces to other loealities in the Carolin,t' cited.- dwut.ott,"Tho-u. L., and Watkins, J. H., Association of Rutile and_ Cyani^te

from a Ne# Locality, A*e". Jour. Sti., 19l1,-vol. 32, pp' 195-200' 'faber, S 
'

C.ologv of the Goltl'Belt in the James'River-Basin, Virlinln, V-1' Geol' Survey'
;;Ji. it". Vii; fSiZ, pp. 27-28, 113-114. These occurreneeJ of rutile are described

on pages 262-265 of this rePort.
'cf|ost, J. H. L., probiems in the Geology of Ore-Deposits, Gen-esis . of Ore-

Depositi trans. Amer. Inst. Mng. Engrs', f90I, p' 6+6' Refetences eite'l'
' ,ll,iodg..n, W., Metasomatic 

-Proceises in Fissure Veins, Genesis of Ore-Deposits,

Trans. Arier. Tnst. Mng' Engrs., 190f ' p. 523'
€Kemp, J. X'., The"Depo-sits of copper ores at Ducktown, Tenn., Trans. Amer.

Inst. Mng. Engrs., 1902, vol. xxxi, p. 259.

fgesi f. i., i\u* Rutile Deposits near Richmoncl, Va', I{ng' World, 1910, vol'
33, pp. 305-307.



MINERAL ASSOCIATIONS.

land and }lanover counties, Virginia, near the eastern border of the Pied-
mont Plateau, ancl clescribed on pages 248-261 of this report. I{ess" ]rns

described an interesting association of minerals of the rare-earth metals,
including rutile, occurring in the pegmatite at Baringer Hill, I-.ilano County,
Texas.

Rutile occurs as an alteration product of mica in rnicroscopic prisms
sometimes parallel to the plane of cleavage I also regularly oriented in
certain micas, hematite, and ilmenite; as an alteration product of titanite
in eleolite syenite I ancl as a paramorph after brookite at Magnet Cove,

Arkansas.b lJ:intzec reports rutile as a pseudornorph after hornblende and

feldspar, and after hematite.

MINERAI, ASSOCIATIONS.

The mineral associates of rutile include a wide range of species. As
a product of crystallization from rock magmas it is associated with niost
of the common rock-forming silicate minerals, including quartz. \Yhen
formed in metamorphic rocks by regional metamorphism, the asso-

ciation in addition to the common rock-forming silicate minerals is usually
rvith a group of heavy metamorphic minerals, such as cyanite, magnetite,
ilmenite, etc. As a product of veins the commonest associate of rutile is
probably qaartz, together with other titanium minerals, especially ilmenite,
and the oxides of iron. In some veins and pegmatites the association com-
prises minerals usually regarded as having formed by pneumatolysis, such
as the apatite veins of Norway and Sweden, and Canada. In alluvial and
rvater-sortecl sancls, rutile is associated rrith the hsavy resistant minerals of
a variety of mineralogical form, such as ilmenite, magnetite, chromite,
monazite, garnet, zircon, spinel, etc., ancl sometimes gold..

K:unzd recorals the occurrence of rutile in Mexico as circular crystals
penetrating opal.

ALTERATION OF RUTILE.

According to Van llise,e rutile a.lters to hematite, ilmenite. aucl

titanite. He remarks that the alteration of rutile into ilmenite and titanite

olfess, n'. L., Minerals of the Rare-Earth Metals at Baringer Hill, Llano County,
Texas, Bull. 340, U. S. GeoI. Survey, f908, pp. 287-294.

blddingc, J. P., Op. cit., p. 498,
cHintze, C., Ifandbuch der Mineralogie, pp. 1592, 1603.
rtKunz, G. F., Trans. Amer. Inst. Mng. Engrs., 1902, vol. xxxii, p. 66.
eVan lfise, C. R., A Treatise on Metamorphism, U. S. Geol. Survey, Mon. xlvii,

1904. p. 374.

I7
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is not indicated by those who have studierl the changes, whether they are

deep-seated, but they probably are since they involve liberation of heat and
conclensation of volume, which normally occur in the zone of anamorphism.o
flmenite alters to rutile and other titanium minerals, which occur in the
zone of katamorphism, as the heat and volume reactions corresponcl, but
it is not definitely known whether they occur in the zone of anamorphism.D

A frequent form of alteration in the Virginia rutile is into a strongly
refracting, granular substance, iclentical, so far as can be observecl, rvith
leucoxene, an alteration procluct of ilmenite. This alteration procluct,
called leucoxene by Giimbel, has been identified as titanite by Cathrein, as

anatase by Diller, ancl as perovskite by Popofi." The alteration in the
Virginia rutile progresses along the periphery forming a sharply defined
rim, and along fractures in the mineral, which would indicate that the
change took place within the katam.orphic zone (PIs. IX, fig. 1, and XVI).

Rutile is derived from brookite, ilmenite, octahedrite, ancl titanite.d
The change of brookite and octahedrite (anatase) to rutile is a molecular
one.e Rutile has been observeil as a paramorph after brookite at Magnet
Cove, Arkansas, and as a pseuclomorph after hematite at Binnenthal.f
I,rindgreno mentions the alteration of ilmenite to rutile and siderite, and
titanite to rutile and calcite, in gokl- and silver-bearing veins of deep-seated
origin.

GEOGRAPHIC DISTBIBUTION OT NUTTT,U.

GENERAL STATEMENT.

The known distribution of rutile in quantity to be of commercial value
is exceedingly limited. At present, the more important known deposits of
this mineral are limited exclusively to two localities in Virginia, and one
each in Canaila, Europe, ancl Australia. The localities comprise Virginia
in the United States, Bay St. Paul in northern Quebec, Canacla, Kragerii
in Norway, Europe, and near Mt. Crawford, 25 miles noltheast of Adelaide,
South Australia. Each of these areas has produced some rutile.

The Virginia rutiie deposits form the subject matter of this report,
and are of especial interest because of their commercial and scientific

clbid., p. 231.
DJbid., pp. 227-228.
clddings, J. P., Rock Minerals, New York, 1906, p. 504.
dlbid., p. 371.
elbid., pp. 379-388.
fDana, E. S., A System of Minera.logy, 1900, p. 239.
oliindgren, W., The Relation of Ore-Deposits to Physical Conditions,. Econ.

Geo ogy, 1907, vol. ii, p, ll5.
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importance. They are important commercially because they represent so

far as known the only workable deposits of rutile in the United States,
and are probably the most extensive deposits yet known in the world; they
are of special scientific interest because of their mode of occurrence and
particularly their rock associations. There foilows below a summary of
the rutile occurrences noted in the United States and foreign localities.
The occurrences in the United States, excepting those of Virginia, are of
scientific interest onlp since outside of Virginia none are known to be of
commercial value. Of the foreign localities only those deposits known to
be of commercial value are described. These include the Bay St. Paul
area in Quebec, Canatla, the Kragerii area in Norway, and the Mt. Crawford
area in South Australia.

UNITED STATES.O

Although the occurrence of rutile is reported, from numerous localities
in the United States, the mineral has been found in sufficient quantity to
be oJ commercial value in only two states, namely, Pennsylvania and
Virginia. At present the known commercially workable deposits are limitecl
to Virginia; those of Pennsylvania were very limited, irregular, antl uncer-
tain, as to quantity, and are practically exhausted. 'With the several
exceptions noted above of Ure large number of localities where rutile has

been founcl, the mineral occurs in such small quantity as to be of scientific
interest only. It varies greatly in occurrence in the many localities as to
kind of rock and mineral associations. For most of the occurrences very
little can be given beyond the mere statement of location of the deposit,
since knowledge of them is yet imperfect, owing chiefly to the fact that
they have not seemecl worthy of time for special study and description.

IIEW ENGLAND STATES.

Rutile occurs at many localities in New England, but at none is it
found in quantity. With the exception of Rhode Island it is reporteil
from one or more iocalities in each of the other ffve states. The occurrences
are only of scientific interest. Many handsome specimens of the rutilated
quartz found at several localities have been cut for use in jewelry. The
known localities where rutile has been founcl are listed by states below.

Conneaticut.

Rutile is reportecl as occurring at North Guilford; at l-.lane's mine,
Monroe; and in the acljoining town of T{untington. As eariy as L836, the

oOompiled from Da,na, E. S., A System of Mineralogy; H.intza, C., llandbucb
der Mineralogie; and other sourc€s.
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rutile of Mitltlietown was cut by Prof. Charles U. Shepard into gems that
were almost ruby-red in color.d

Maine.

At Warren rutile occurs with tremolite and chalcopyrite.

Massachusetts.

Rutile occurs at Barre in gneiss as crystals occasionally an inch and a

half in cliameter; at W'indsor, in feldspar veins penetrating chlorite slate I
at Shelburne, in fine crystals in mica slate; at l-,eyden, with scapolite I and

at Conway, with gray epidote.

New Hampshire.

At l-iynne, rutile occurs sparingly with tourmaline; and near llanover
as acicular crystals in quartz, which is observetl only in loose masses.

Magnificent specimens of sagenite ("fleche d'amour"), often cut for use in
jewelry, were founcl in boulclers from the vicinity of llanover from L830

to 1850, but were not traced to their original goutce.D

Vermont.o

Rutile occurrences in Yermont are at WaterburS Bristol, Dummerston,
and Putney; anrl in mitldle and northern Vermont in loose boulders as

acicular crystals in quartz. Some of the specimens axe in transparent
qttartz and are clescriberl as being of great beauty. Hintzed records

magnificent crystals from llartfortl, and rutile needles in rhombohedral
rlolomite from Midcllesex. Kunze describes beautiful sagenite quartz with
clove-brown anrl black rutile neeclles from Midcllesex, and in 1848 from a

railroad cut at W'aterburv.

*,OO"' NOR,TEER,N STATES.

Rutile occurs in three of the group of mitlille northern states, namely,
New Jersey, New York, antl Pennsylvaaia. In only one of these, Pennsyl-
vania, has it been found in quantity to be of commercial value.

oKunz, G. X'., Gems and Precious Stones, New York, 1890, p. 193.
bKtrnz, G. n'., Op. cit., p. 124,
cAmer. Jour. Sci., 1850, vol. 10, pp. 47, 350; Ibid., 1851, vol. 12, p. 389.
illIintze, C., Op. cit., Erster Band, 1907, p. 1620.
eKunz, G. X'., Op. cit., 1890, p. 126.
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New trersey.

Rutile is reported found in the granular limestone at Sparta antl Newton
associated. with sapphire and spinel.

New York.

Dana notes the following localities in New York in which rutile is
found: In Orange County, one mile east of Edenville, with pargasite in
limestone boulders; two miles east of Warwick, in granite with zircon I
one mile east of Amity, in quartz with brown tourmaline, and. two miles
west with spinel and corundum, also two miles southwest with recl spinel
and chondrodite; near -W-arwick, in slender prisms penetrating quartz;
in New York County, at Kingsbriclge, in veins of quartz, feldspar, and
mica traversing granular limestone; and in Essex Coirnty in limestone.

Pennsylvania.

The occurrence of rutile in Pennsylvania is iimited, so far as known,
to the central portion of Chester County, in the extreme southeastern part
of the State. The earliest published reference to the occurrence of rutile
in Chester County, that the writers have been able to f.nd, is in Yolume Cn

of the Pennsylvania Survey reports. The statement follows:a "In this
quarry occur several interesting minerals, the most rema kable being the
chesterlite, once regarded as a variety of feldspar; also rutile and feathery
talc."

Prior to the year 190L, when the Yirginia rutile deposits commencecl
producing, the demand for rutile in the United States was limitecl to a few
hundred pounds annually, usecl chiefly in the dental tracle, andl reporterl
satisfactorily supplied by the Chester County, Pennsylvania, deposits.b
Only a few pounds of rutile have been produced from the Pennsylvania
deposits since 1901. The mineral was picked up from plowerl fields
during their cultivation and sold for collections and to the dental trade for
coloring artificial teeth.c The rutile was reported to be well crystallized.,
in comparatively large crystals, and very pure. Kunzd reports double

2L

, aThe Geology of Chest€r County, Vol. Cn, 2rt Geol. Survey of Pennsylvania,
1883, p. 71.

DMineral resources of the Unitecl States, U. S. Geol. Survey, f901, p. 278.
cHess, X'. L., Mineral Resources of the United States, 1906, p. 580; ibid., 1908,

p. 28.
tl'Ktrnz., G. tr'., Gems and Precious Stones, New York, 18g0, p. lg3.
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geniculated twins of rutile forming complete circles found near Parkes-
burg, some of which weighed over a pound eacli.

Nothing as yet'has been published on the geological occurrence of
rutiie in Chester County, Pennsylvania, but Prof. F. Bascom,@ of Br1'n
Mawr College, who has completed the geoiogical mapping of Chester

County, has kindly furnished a statement of the chief occurrence of the
mineral.

The formations in which the rutile occurs are highly metamorphosed

sediments. Miss Bascom says: "The chief occurrences of rutile in Chester

County, and these can hardly be of commercial importance, are (a) in
the Cambrian (Chickies) quartz-schist, where it is found rveathered out
on slopes of the North Valley hills in the neighborhood of Parkesburg, and
in railway cuts northeast of Pomerog and west of Atglen. (b) Along the
Yalley road southwest o{ Coatesviile, where it is weathered out from
Cambro-Ordovician (Shenandoah) Iimestone. Chester Valley and hills
are part of an overturned syncline of Paleozoic (Cambrian ancl Cambro-
Ordovician) secliments.b (c) Rutile also occurs in Cambro-Ordovician
limestone in the Doe Run region south of Coatesviile and of Chester
Valley. This limestone lies on a folded thrust-plane wjth pre-Cambrian
gneiss above and below it. (d) At the Couniy Poor-house quarry (West
Bradford) south of Chester Yalley, in similar limestone, also in East
Braclforcl."

SOUTI{EAST ATLAIITIC STATES,

Of the southeast Atlantic states rutile is founcl in Alabama, Georgia,
North Carolina, South Carolina, and Virginia. Prior to 1900, rvhen the
Nelson County area in Virginia $ras opened, it was not known that
rutile occurred at any place within the southeastern territory in sufficient
quantity to be of commercial value. It was found. of gem grade at many
Iocalities within this region, and'it was cut ancl usetl in jewelry. Until
the opening of the Virginia deposit in 1900, the most noted rutile locality
in the South was that of Graves Mountain, Lincoln County, Georgia, which
has supplied the collections of the worlcl, and. to some extent has supplied.
rutile for gem purposes.

Alabama.

Very little is known of the occurrence of rutile in Alabama. The
State Geological Survey reports contain very few references to the mineral.
In the report for 1874 mention is macle of the occurrence of rutile in
Section 3-T. 20-8. 16, Chilton County, in mica schist in close proximity

aPersonal communication from Dr. Florence Bascom. Feb. 7. 1910,
bSee Philadelplia folio (No. f62) on region to the east. Geologic Atlas of the

United States, U. S. Geol. Survev, 1909.
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to a pegmatite dike. Simiiar occurrences in pegmatite dikes cutting mica

schist have been noted in Coosa and Randolph counties.@

Georgia.

The known occurrences of rutile in Georgia are limited to Habersham

ancl Lincoln counties, but that of Graves }lountain, Irincoln County, is the

only one of importance.

Graves Mountain.b

Location and, topography.-Graves Mountain lies in the extreme western

part of Lincoln County, Georgia, rvithin less than a mile of the 'Wilkes

County boundary.; 10 miles nearly east of Washington, the county seat of
Wilkes County; 6 miles southwest of Lincolnton; and about 40 miles

northwest of Augusta (map, fig. 1). It is within but near the eastern

bordbr of the Piedmont Plateau province, a short distance north of the

"falI-1ine."

wastdngton

P3

G.. E o\'r R

Fig. l.-Map of micldle northeast Georgia showing location of Graves Mountain in
. Lincoln Countv.

aPersonal cornmunication from Dr. Eugene A' Srnith, State Geologist of Ala"-
bama, April 3, l9ll.

oAbsiracteil from "A Contribution to the Geology antl MineralogT of Graves
Mountain, Georgia," by Watson, Thomas L. and J. Wilbur, Bull' Phil' Soe., Univ. of
Va., Scientiffc Section, 1912, vol. i, No. 7, pp.20I-221.

G ounlrtr [t arnu'e
A f'..c o L U

\ 'l-l 
(



24 GnoLoGy oF TrrE Trl'ANtuM AND Ar'al.r,rE Dnposrrs.

Graves Mountain is a conspicuous ridge (monadnock) of unreduced
harcl rock, which rises to an altitude of ?00 feet above tide-level, and several
hundrecl feet above the Piedmont rertiary base-leveled plain. rt has a
lengtir of 2 miles along an approximate northeast-southwest direction,
coincident with the general structure of the rocks of the area, and is less
than iralf a mile in average width. The slopes of the mountain are very
unequal, being less steep on the northwest side, which is the direction of
dip, than on the southeast side. The upper portion of the ridge is greaily
scarred ancl roughenecl from weathering, antl lor,y and high cliffs are
numerous.

Geology.-The rock composing Graves Mountain is a fine-grained
quartzite. rt varies from moderately thinly foliated to essentially massive
in str.cture. rts position is along the northrvest margin of a metamorphic
sedimentary series of crystalline rocks. The dip o{ the quartzite is toward
the northrvest at a variable angle and the strike is north-northeast. No
igneous rocks have been observeil at Graves Mountain, but they are known
at other localities within the general area. The basal portion of the
mountain ancl for some clistance up the slope on the northwest side the rock
is the foliated variety quartzite-schist, while the crest and for an uncleter-
mined distance down the slopes the rock is massive qtartzite, with only
a slight tendency to schistosity indicated. on top of the mountain the
quartzite is cut by. qttartz veins, some of the larger ones of rvhich measure
several feet in thickness. These are apparently barren, but smaller q:uafiz
veins only a few inches wide contain rutile ancl iron oxide. The rock from
some of the small openings shows fracturing and brecciation.

The quartz schist is composed of qaartz ancl less sericite as the essential
minerals, with cyanite and occasional small grains of rutile and black oxide
of iron as the principal accessory minerals. A partial chemical analysis
of this rock made by J. Wilbur Watson gave: SiOr, ?9.1g per cent; AlrO'
14.14 per clent; and. Ferou, 3.17 per cent. The rutile occurs microscopi-
cally as euhedral and anhedral crystals formed along the boundaries of the
iquartz grains anil as inclusions in the quartz and cyanite.

Tire massive quartzite which occurs on the crest ancr higher slopes of
;the mountain, has essentially the same composition as the quartzite schist.
It is fine-grai.ned in texture, composecl largely of fi.ne, sugary quartz, some
muscovite, and in places contains abunclant large and small tables of
cyanite of pale green color when fresh, crystals of blue lazulite, and small
grains of red rutile. Pyrophyllite is rather common. cyanite, lazulite,
and rutile are usually intimately associated, the first two (cyanite and
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lazulite) are frequently imbedded one in the other, and the rutile occurs
as separate grains and as inclusions in the other minerals, A partial
chemical analysis of the rock colrectecr on top of the mountain gaveJ. Wilbur Watson the following result: SiOrf 69.?4 per cent; AI"OB,
24.86 per centl and Feror, 0.bB per cent.

Graves Mountain has long been known for the occurrence of an interest-
ing association of rather uncommon minerais, inclucling rutile, pyrophyllite,
lazulite, cyanite, and hematite. Knowledge of the occurruor" oi the inter-
e,sting group of minerals at this rocarity was first made known by prof.
C. U. Shepard in a paper published in iASg.

Rutile.-Knowledge of the occurrence of rutile at Graves Mountain
was early made known by Prof. C. U. Sheparil,@ who was the first to describe
and work it. According to Kunz,b the rutile from this locality has rearized
at least $20,000 for cabinet specimens and has suppried the coilections of
the world. 'rhe rutiie was won from the central crepression on top of the
ridge and along the northwest srope. The openings are of long stancling
'and had so greatly caved at the time of the senior writer,s visit in March.
79'1',1, that they were largely obscurecl.

No specimens of coarse rutile were observed by the senior writer during
lris visit but it is plentiful in every specimen coilected, chiefly as nricro-
scopic inclusions in other minerars and frequently as smail crystais and
grains visible to the naked eye. rt has been observed megascopically in
the qnartzite, and in intimate association with cyanite , raririte, pyroptryl-
Iite, and hematite. As a microscopic accessory ,otit. in crystars urrd forrrr-
less grains of red and reddish-brown color has been identified as inclusionsin the 

_lazulite, cyanite, pyrophyllite, hematite, and quartz, and formed
along the boundaries of these minerars. rn each case it shows the usual
optical properties.

veatcho observed rutile with qaartz and iron oxide in veins not exceed,-
ing a few inches in width on top of the mountain. The rock fragments
thrown out of the small pits in this position show fracturing and breccia_
tion, and formation of the vein rutile was probabry sobsequeit to the frac-
turing of the quartzite, but a part of it may have existed in the veins prior
to the crushing.

The coarse rutile crystals from this locaiity observecr in the various
mineral collections in this country are lustrous brack to reddish-brown and

aShepard, C. U., Amer. Jour. Sci., lgb_9,vo|.27, p. B6; Ibi<I., vol.2g, p. l4I.bKunz, q.F.,N.C. Geot. Sjrrvey,'Bull.'W".-rla'rbbZ,'p.-5;:'' '"" --, r' r-r
cPersonal conrmunication, Januiry, tStZ. --' '
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recl, with brilliant orange-real in thin sections. They r,ary in size usually

up to 5 inches and occur both as single and twin forms. K:ijJtza reports

fine single crystals have been found up to four pouncls each antl with it
interesting hydrous anthophyllite. The single crystals al.e usuaily of

prismatic habit and frequently show pyramidal terminations'

Besides the common forms of rutile crystals this locality has {urnished

some rather rare and interesting ones, which have been figured and de-

scribed chiefly by German crystallographers,b especially Rose, IIaiclinger,

vom Rath, and Miigge. Especiaily interesting are the beautiful rutile

twins figured and described by Rose ancl others, conposetl of as many as

sixfokl and eightfoid twins commonly known as sixlings and eightlings;
those made up of a less number of parts such as trillings and fourlings

being not uncommon from the Georgia locality.
The three following analyses quoted by Hintzec serve to sliorv the

essential chemical composition of the Graves Mountain rutile.

Analyses of rutite from Graaes Mountatn, Georg'i'a.

Tio,
Fe,O'

Total 99.841100.161100.25

\44rile coarse rutile was not observecl at this locality by the senior writer,
careful examination of the dumps alongside the numerous openings on the

northwest slope of the mountain, from which the mineral was mined, ancl

the presence of rutile in microscopic proportions in thin rock slices, clearly

indicate the rutile matrix to be a heavy, d.ark-colored rock, composed of

an aggregate of long-bladed and coarsely columnar crystals of cyanite antl

massive granular hematite, with usually some quartz. X'requently the rock

is composetl of excessive hematite with ]ess cyanite, anal as often cyanite

may predominate. In either case the rock presents a more or less porous

texture which is perhaps most pronounced in specimens showing dominant

cyanite. Professor Shepard's description of the occurrence of rutile in
this rock follows. Ile says:d

"The central parb of the mountain, to the thickness of 50 feel, is composed o{ a
hematitic rock, wfiich includes in some places an abundance of a ferruginous kyanite,

oPersonal communication, Feb. 28, 1910.
bsee Dana, E. S., A System of Mineralogy; and Hintze, C., Handbuch der

MineraloEie, for references.
cl{inlze. C.. Handbuch der ilIineralogie.
dShepaid, o. u., op. cit., 1859.
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much resembling in appearance the diaspore from the Urals. With the kyanite is
found rutile, often in_ gigantic crystals (weighing upwards of a pound), anil
possessecl -of much.regulaiity oi cryJtalline forml TIi.e frevailing figurti is a square
prism with trrrncated lateral_eilges, and surmounted at 6oth extremilies by an eight-
sided py-ramid. 'I-h.ry is also found a most remarkably perfect twin crystal, in
which the_ geniculation is sil times repea.ted,-producing an hexagonai prism,
surmounted at each end by a six-sided pyrarnid, wi€h a rednltering, six-sideil h-opper-
shapetl ca_vify,. 1t tfe tips. a'hese crystals are all more .remarkable for their iym-
met_r_v and polish, than any I have ever seen. Some are fully equal in lustre to 

-the

brilliant crystals of cassiteritre frorn Cornwall or Bohemia. - The most perfect
rutiles are generally imbedded in the massive kyanite; and when detached^ leave
behind irrrpressions having a_ polish and lustre e{ual to that of their own planes.
A ti9!t-" common quartz iJ alsb mingled with the'kyanite and rutile.

"Closely associated with kyanite, rutile and quartz are considerable masses

.(8 or l0inghes thick) of a qineral known among tfe miners of Georgia as steatite,
but which is true pyrophyllite,--difiering in nd respect from that"of the Urals,
except in the finer stellulations it presents and in the slight ferruginous stain it
exhibits near their centres."

The production of rutile from the Georgia locaiity has been for cabinet
specimens chiefly, and to so ne extent for the gern trade.

The Carolinas.

During recent years a smail production of rutile has been repo*ed from
the Carolinas from time to time in washing for monazite. The production
has been chiefly from near Ellenboro,. Rutberford County, North Carolina,
and near Gaffney, Cherokee County, South Carolina. In 1906, the pro-
duction of rutile from this source was too small to be reported and there
has been none since. The workabie deposits of monazite, containing some
rutile in places, are confined chiefly to the gravels and sancls of strcam
beds, derived by weathering from the granites, gneisses, and schists. The
Carolina gneiss, mapped by the U. S. Geological Survey as Archean in age,
is the most important formation from which the placers are alerivecl.o

North carolina.-Rutile in various inineralogicai associations has been
reported from more than 20 counties in North Carolina, but so far as
known it does not occur in quantity. Many localities have furnishecl
rutile of gem gracle, and the state has yielded more rutilated. quartz of
unexcelleal beauty for gem purposes than all of the American localities
combined.b specimens of rutiiated quartz have come from many praces
in Randolph, Catawba, Burke, fredell, Jackson, and Alexander counties;
also from the monazite mines in association with handsome ga nets, near
Shelby, Cleveland County.

Hesso reports a sample composeal of ilmenite, magnetite, and rutile

qry

oSterret!, !. Q- \aiqgral Resources of the U. S., 1906, p. 1197.
bKunz,_G. F.,-ry.C.Geol. and Economic Survey,-Bull.'Iio. 12, f907, p. BB.clless, F. L., Mineral Resources of the U. S., f"906. p. 590.
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taken from a large deposit of titaniferous iron occurring north of Irenoir,

North Carolina. The deposit, according to the same authority, is reportecl

to contain 3l to 4L per cent TiOr; and one firm that used the ore reportetl

that it was reatlily convertecl to ferrotitanium, containing 35 to 40 per

cent titanium, and which, by a seconcl process, coultl be made to contain

65 per cent titanium.

The localities@ in North Carolina frorn which rutile has been reported

are: At Crowder and Clubb mountains, Gaston County, in association

with pyrophyllite and cyanite; at the Culsagee mine with corundum, Macon

County; at Hogback mine, Jackson County; at Beattie's Foril, Mecklen-

burg County; at Buckhorn Falls, Chatham County; at Cane Creek,

Mitchell County; at many places in Iredell and Alexander counties; at

Bryson, Swain County; at IIoney Creek, Wilkes County; in the gold sands

of Burke, McDowell, Butherforcl, and Polk counties; at Pilot Mountain,

Randolph County; and in Clay, Yancey, Catawba, Cabarrus, and l-.,incoln

counties.

Prattb reports Iarge black rutile crystals, gingle and twinned, found

quite abundantly loose in the soil near EIf Post-office, CIay County; very

brilliant crystals of rutiie, both single and twinned, in beautifully radiated

pyrophyllite, near Efland, Orange County; and simple prismatic crystals

one-fourth inch long and well terminated., on Buckner Branch, Swain

County.

South Carolinq,.-The principal occurrence of rutile in South Carolina
is as loose grains and crystals in the monazite sancls, especially near Gaffney,

Cherokee County. Rutilated quartz (fleche cl'amour) is also reported

from the monazite belt and rutile crystais are found in the vicinity of Pros-

perity, Newberry County.c Rutile crystals of outward. tlark gray color but
reddish-brown on fracture surface and which show some wear are founcl

in Kershaw County.d

oGenth, F, A., ancl Kerr, W. C., The Minerals and Mineral Localities of North
Ca,rolina, Raleigh, 1885, pp. 35-36.

Dana, E. S., A System of Mineralogy, 1900, p. 239.
Hintzn, C., Hanclbuch der Minera,Iogie, 1907, pp. 1618-1619.

bPersonal communieation from Dr. Joseph Hyde Pratt, State Geologist of Nortlt
Carolina, Jan. 25, 1911.

cSloan, Earle, Catalogue of the Mineral Localities of South Carolina, S. C. Geol.
Survey, f908, p. 157.

dCollection of rutile crystals donated by Dr. J. W. Mallet of the University of
VirEinia.
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STATES WEST OF THE UISSISSIPPI BIVEB.

The states west of the Mississippi River in which rutile occurrences have
been recorded include Arkansas, California, Coloraclo, South Dakota, antl
Texas. Of these, Magnet Cove, Arkansas, is the most noted locality.

Arkansas.@

Ifessenberg, in 1864, was the fi.rst to make mention o{ the occurrence
of rutile at Magnet Cove. Much has been published since oa the mineralogv
of this locality. According to Williams, rutile occurs at Magnet Cove,
commonly associatetl with brookite and perovskite, antl as paramorphs
after brookite. The rutile crystals very selclom occur as single individuals,
but are found.'as twins according to some one of the various twinning laws.
Some of the most interesting forms are the sixlings and eightlings, fi.gured
and desclibed by G. vom Rath. At the southwest'corner of the Cove, in
Perofskite Hill, rutile crystals were formerly reportetl to be exceedingly
plentiful, and are said to be quite common still. At the brookite locality,
at the southeast corner of the Cove, rutile was reported. by Williams to be
not at all uncommon. He described the rutile as a contact mineral formed
on the sanclstones associaterl with the novaculites, and regards the syenite
as the source of the titanium. Aithough the Magnet Cove area has long
been.one of scientiffc interest and. much has been published on the min-
eralogy of it, the rutile has not proved to be of commercial importance.

California.

The only locality in California from which rutile has been reported is
in Nevada County where Lindgrenb has described it as occurring.

Coloratlo.

In Colorado rutile is reported from St. Peter Domec and West Cheyenne
Canon in El Paso County. That from the former locality (St. Peter,s
Dome) is black and belongs to the ferriferous variety nigrine. An analysis
of the rutile shows:

oEintze,_C,, Handbuch der Mineralogie, Erster Band, 1902, pp. l6IE-1612. Ref-
erences cited.

- .William,-J.- {, !!e_ISneous Rocks of Arkansas, Geol. Survey of Arkansas. Ig9l,
vol..ii, pp. 303-330. Refeiences cited.

-Dlindgren, W., Ztschr. f. prakt. Geol., 1g02, 20. euoted by Hintze, C., Op. cit.,
p. 1616.

oSmith, W. 8., Proc. CoI. Sci., 1887, vol. 2, p, 176,
Groth's Ztscht., vol. 17, p. 417,
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Analusis of rutile from Bt. Peter's Dome, Colorado.

Per cent.

TiO,
Fe,O'
sio,
H,O

94.93
Qan

L.37
0 .71

Specifle Eravity
100 .78

4.288

The flesh-colored orthoclase from 'West Cheyenne Canon, El Paso

county, contains minute black crystals of rutile, not in contact with the

feldspar but generally implanted in the more recent qlu.artz.a

Genth and Penfield give the following analysis of the rutile:

Analysis of rutile from West Cheyenne Canon, Colorad'0.

91.96
6.68
1.40

90.80
7.92
1.38

trace

I'io,
Fe"Ot
SnO,

100.04

South Dakota.b

Black rutile with brilliant metallic lustre occurs in the granite of the

Black Hills, South Dakota, ancl lleadden has described crystals of the

mineral from the Harney Peak clistrict. Ile states that the crystals

are found in aggregates usually surrounded by and always associatetl with
muscovite in a mass of feldspar. Two analyses of the rutile yielded:

Analyses of rutile from th'e Black Hills, South Dakota.

Per cemt. t Per cent.

Tio,
FeO
SnO,
MnO

90.78
8.10
L.32

trace

100.20 100. 10

oGenth and Penffeld, Contributions to Mineralogy, Amer. Jour. Sci., 1892, vol.
44, pp. 384-5.' ifreaclclen. W. P.. On Black Rutile from the Black Hills, Amer. Jour. Sei., I89I'
vol. 40. pp. 249-250.'

Hintze, C., Ilandbuch dep Mineralogie, 1907, p. 1620.
Da"na, E. S., A System of Mineralogy, 1900, pp. 238,'239.
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Texas.

lriddend reports the occ'nrrence of the sagenitic variety of vellow n:rtile
upon smoky qaartz crystals, at Baringer HiIl, Llano County, Texas. Hessl,
reports rutile from the same locality in prismatic ancl reticulated forms
one-fourth inch thiek.

CAN.4.DA.C

The occurrence of rutile has been notetl at a number of localities in
the provinces of Quebec, l[ova Scotia, Ontario, and the Yukon Territory,
but, with the exception of the st. urbain locality in the Province of Q'ebec.
none of the occurrences so far observeil in Canada has proved to be of
commereial value.

OUEBEC.

St. Urbain Deposits.d

The principal occurrence of rutile known in Canada is located p miles
west of the little village of St. Urbain in the parish of the same name,
which is located about 10 miies north of Bay St. Paul, on the River Gouffre,
in Charlevoix County, Province of Quebec.

The ilmenite and rutile of the St. Urbain deposits, like many other
occurrences of ilmenite, are contained in anorthosite, which apparently has
large but unknown areal extent. The anorthosite is poor in femic rriinerals
and locally the rock shows some crushing. The feldspars which are chiefly
andesine show eviclence of strain. The larger ilmenite bodies have in
general the form of elongated masses.some of which show dikelike outlines.
The direction of elongation of the bodies conforms to an indistinct gneissoid
structure (east-west direction) in the anorthosite; the contacts between
the ilmenite bodies and the anorthosite are usually sharp though some
gradation occurs in places. There is frequentlv developed along the contacts
a narrol'v band of dark brown mica.

orlidden, w. 8., some Results of Late Mineral Research in Llano countv. Texas.
Amer. Jour. Sci., 1905, vol. 19, pp. 425-433,

oHers,--X'.-!., Minerals of the Rare-Earth Metals at Baringer Hill, Llano County,
Texas, Bull. No. 340, U. S. Geol. S'urvey, 1908, p. 292.

cPersonal communication from Dr. n. W, 
- Brg_ck, Director, Geoll Survey of

9*41 O_c{. 2!, 19_l_Q. List of occurrences of rutile in Canada prepared by" Mr,R A. A. Johnston, Mineralogist of the Canadian Geologieal Survei.
. dTb_" 

-deseription of the Bt. urbain deposits in the" province "of euebec is ab-
stractetl from the recent comp'relrensive puElishecl paper by Dr. charles r[. warren,
entitlecl "The rlmenite Rocks Near st. uibain, euebec; A "New occurrence of Rutile
and Sapphirine," Amer. Jour. Sci., lgl2, vol. xxxiii, pp. 26g-277. See also brief
statement by Mr. Theo. Denis in the Canadian Mining Jburnal, lgll, .Ian. l, p. ll.
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Most of the ilmenite bodies appear to be free from rutile' One of the

most important exposures of the ilmenite rock found. clirectly west of the

village of St. Urbain, consists megascopically essentially of a dense black,

medium- to rather coarse-grained ilmenite, with scattered smali grains of
feldspar or its decomposition proclucts, occasional grains of dark green

spinel (pleonaste), and plates of dark brown mica. All the minerals lack

crystallographic boundaries, ancl the ilmenite grains range in size from
3-4 mm. to L0-12 mm. in cross section, with an average perhaps of 6-? mm'

'Ihe general average amount of accessory minerals in the ilmenite body is

from 5 to 6 per cent, but considerable portions of it will not contain more

than 2.5 per cent. In d.iscussing the composition of the ilmenite
Dr. Wanen developed many facts which strongly point to the conclusion

that hematite is in intimate crystallographic intergrowth with ilmenite,
and the ilmenite and hematite molecules are not isomorphous as so

commonly reported for other localities.
A few thousand tons of ilmenite are reportecl to have been mined for

iron b1, an English company from this ore-body during the late seventies.

Dr. Warren states that the ruins of an old furnace may still be seen just
below the deposit.

The rock that is of chief interest is a rutile-sapphirine-bearing ilmenite,

which occurs with rutile-free iimenite, the two forming a lar$e mass in-
closed.in anorthosite. The rutile-bearing rock is brownish-black in color,

ancl consists of rather finely granular ilmenite sprinkled with grains of

orange-recl rutile, feldspar (andesine) like that of the anorthosite, biotite,
sapphirine, or their d.ecomposition protlucts, and spinel. With the exception

of spinel inclusions in some of the feldspar grains the mineral constitutents
are without crystal boundaries. Microscopically ilmenite forms a back-

ground in which the other minerals lie.
The rutile is described as deveioped in simple crystal grains or clusters,

with slight pleochroism, exhibiting good cleavage, but rarely twinned. In
size the rutile ranges from mere specks up to grains having a diameter of

3.5 mm., the average being about 0.6 mm. It is reported to be quite

uniformly distributed through the ilmenite and is also associated with the

other minerals, being sometimes inclosed by them. An occasional grain

of apatite has been notetl. There is no magnetite present, ancl the rutile
in different samples varies consiclerably, estimated from 8 to 20 per cent

on polished specimens.

A chemical analysis made on a sample of the rutile-rich type yielded

the followins result:
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Analysis of rutile-saTtphiri,ne-bearing ilmenite from St. Urbain, Quebec.
(R. S. ANonnsoN, Anol,yst.)

Per cent.
sio, . 2.24
Itio,. .. 53.35
Al,o" , .. ...... .. 1.65
Fe,Ou . 13.61
FeO . .. 24.49
MnO . 0.30
MsO . .. 4.04
CaO . 0.30

99 .98

Dr. Warren regarals the rutile-bearing rock hs a magmatic differentiatiou
product in which there was an excess of titanic oxide and a smaller excess

of magnesia ancl alumina. It represents an extreme and new ultra-basic
type of igneous rock, and Dr. W'arren has proposed the name urbain'ite
for it. No attempt has been made to classify it in the quantitative system

but it falls into a nerv position in the perfemane class (\r), possibly close

to the rutile nelsonites of Nelson County, Yirginia, described later in this
r-oiume.

The St. Urbain deposits were leased ancl workecl by the General Electric
Co,mpany, ancl a consitlerable quantity of the ore was reportetl mined by
the company in 1910 from an open cut, and shipped to Schenectacly,
Nerv York. It is reported that the property has not been operatecl for
several years.

0ther Localities.

Until the St. Urbain deposits were exploited and workecl in 1910, the
best l<nown locality for rutile in Oanada was in the township of 'Iempleton,
Ottawa County. Here rutile occurs in crystals some of which are quite
large, occasionally as geniculated twins, associated with actinolite, barite,
and dolomite. A few years ago considerable prospecting lvork was carried on
wjth a view to developing the property, but the results were disappointinq,
as the deposit was to ali appearances soon exhausted. Recently a borvlcler
consisting of a similar association as that indicated above was found in the
adjoining township of Buckingham, the origin of which has not been tracecl.

Rutiie has been noted elsewhere in the Province of Quebec in small
crystals in chlorite schist in the townsirip of Sutton, Bromp County, and in
the auriferous gravels of Riviere du Loup, Beauce County. These
occurrences are of minor character and are not at all likely to become of
commercial importance.
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Mr. Denis reports extensive deposits of titaniferous iron ores of similar,
nature to the St. Urbain ilmenite ores as occurring at Seven Islands Bal'
on the north shore of the Gulf of St. Lawrence; in the Lake St. John
district in the vicinity of Lake Kenogami and at Ile d'Alma at the dis-
charge of Lake Si. John; and in ihe vicinity of St. Jerome in Terrebonne
County. There are no data available as to the commercial possibilities of
these occurrences, since the presence of rutile in them is unknown.

NOVA SCOTIA.

In the Province of Nova Scotia rutile has been observed in minor
quantity at Scots .Bay, Kings County, and at Mooselancl, Halifax County.

ONTARIO,

Small occurrences of rutile have been observed at a number of iocalities
in Ontario. In the township of Madoc, Ilastings County, it is found in
crystals in limestone on Green Island, Moira l-:ake; in the adjoining town-
ship of Marmora it occurs in veins with chlorite; at the Wallace mine,
Bay of Islands, north shore of Lake Huron it occurs in delicate acicular
crystals lining quartz cavities; and in the district about Lake Temogami
it forms slender crystals penetrating biotite.

YUKON TER,RITOR,Y.

fn Yukon Territory a compact, massive form of rutile has been ob-
served in small quartz veins on Thistle Creek, one of the smaller tributaries
of Yukon River.

AUSTRAI,IA.

Rutile occurs at a number of localities in Queensland and South
Australia. Yery little is known of the occurrences in Queenslantl. In
South Australia, about 25 miles northeast of Adelaide in the vicinity of
Mount Crawford (3 miles southwest) and Blumberg (? miles west of
north), desultory mining of rutile has been engaged in with reported small
shiPments of the ore' 

.'EEN'LAND.

Recently rutile has been reported as occurring at several localities in
Queenslancl, but the writers have been unable to obtain anv information
relating to the geology of the individual districts. In the Walsh ancl
Tinaroo mining clistricts ore containing from 50 to 90 per cent rutile was
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reported; the heavier specimens contained an excess of iron anil were of
no commercial value.d It is also reportecl that the back country at Cairns

can supply rutile in quantity,b and that six loads of the ore were obtainecl

from another locality 4 miles south of W'hite Springs."

SOUTII AUSTN,ALIA.

The known occurrences of rutile in South Australia are near Mount
Crawforcl, section 119, hundred of Para Wirra; ancl sections 6 and 9,

huntlred of Talunga, six miles north of Blumberg, about 25 miles north-
east of Adeiaide, and 16 miles from Gawler railway station. Practically
nothing has been published on the geology o{ these occurrences' They are

briefly described below.
The occurrence of rutile in sections 8 and 9, hundred of Talunga, 6

miles north of Blumberg, has been described by Mr. Gee as follows:d

"From time to. time, for many years past, work has been carried on by various
parties. but apparently in no initance has there been much enterprise or energy.
the workings, whictr 

-eontinue for about 150 yards in length, are principally a
number of small shafts, cross trenches, antl surface openings, from 3 feet to 3O feet
in depth, disclosing a soft clay kaolinized dike formation, from 10 feet to 12 feet
wide,'striking sligltly east oi south. Through this material rutile crystals in
various formi botlh c6arse and fine, can be seei, in some places dispersed through'
out tho matrix, in others in pockets and seams, ancl can be extracted by dish wash'
ine. Fo'r goms distance on edch side of the formation fine rutile can be obtainecl on
th6 surface, but the most va.luable is in a small seam of gravel resting on a clay
bed about 12 inches below the surfa@, ancl which yieldett very goocl prospects indeed,
much better tha,n had been anticipated, judging fiom the d€bris on the surface, a:rcl
its position no't being on the line-. The-bet-teiclass material is at each enil of the
worLings. From eac-h of those several samples were taken, also from the surface
anrt shillow pits, which, when bulked, gave i.n average return of ll4 per cenl."

Hand specimens of the ore,€ obtained from the leases of Mr. Francis J.
Spence, show chiefly a granular mixture of dark red rutile and light-colored
silicate minerals, the principal ones of which are sericite, sillimanite, occa-

sional feldspar, anal qtrattz. Pressure effects are plainly visible in fractures
in the rutile and quartz, and in the orientation of the sericitic shretls and

fibres of sillimanite, both of which are much curveal and bent. The larger
specimen is composed chiefly of granular rutile encased in or wrapped

about by thin larninre of sericite and a litUe quartz. A saweil surface of
the specimen shows numerous irregular fractures in the rutile, some of

JD

oAustralia Mining Sta,ndard, Dec. ll, 1907.
blbicl., Dec. ll antl 25, 1907.
olbiil., Dee.25, 1907, p, 580.
dRecord of the Mines of South Australia, 4th ed,, pp. 356-357.
especimens donated by Mr. Frank L. Hess of the U, S. Geol. Survey, Washing-

ton, D. C.
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which are filled by strinlers of sericite frequently penetrating inward from
the outer lamine of the same mineral. There is strong indication in places,
especially about the margin of the specimen, of interleaving of the rutile
with the mica.

A thin section cut from the specimen and examined under the micro-
scope showed massive anhedral grains of deep red rutile slightly pleochroic,
but possessing good cleavage and in most cases twinning. Inclusions of a

black opaque metallic mineral occur in the rutile which probably are ilmen-
ite. Pressure metamorphism is eviclenced in the frequent lines of fracture
crossing the rutile grains along which some alteration,to leucoxene has
progressed. There occur small grains of quartz antl occasionally shreds and
folia of colorless mica partly aclmixed with or disseminated through the
rutile, and partly filling fractures, indicating in the latter occurrence
probable seconclary origin.

In another specimen of the ore rutile is associatecl with much sillimanite
in grouped feltlike aggregates with silky lustre, ancl quartz. Sericite ca.n

be observed very sparingly. The specimen indicates considerable mashing
from pressure metamorphism.

Microscopic study of a thin section cut from this specimen showed the
mineral composition to be chiefly rutile, with sillimanite, quartz, and
feldspar (mostly plagioclase), togetherrvith a few microscopic accessory
minerals as inclusions in the quartz and feldspar. The rutile, recl to red-
brown in color, and in some cases showing cleavage and twinning and at
times appreciable pleochroism, occurs chiefly in massive granular form ancl
in aggregates of granules and microscopic crystals having good outward
crystal form. It is quite free from inclusions but contains inclosures of
the silicate minerals, especially qtnrtz. Much sillimanite is present, occur-
ring in aggregates of fibres with partial radiating arrangement penetrating
the qrarlz and feldspar. Some of the fi.bres terminate abruptly and some
are very finely pointed. In some cases the sillimanite fibres are broken
across at right angles to their longer direction. Broken fibres o{ sillimanite,
fractured rutile and qtattz, and slight optical disturbance and partial
granulation of the qtarLz, axe pressure effects shown in the thin section.
Plate III, fig. 7, a microphotograph of the thin section, serves to illustrate
the principal features mentionecl above.

There are in the mineraiogical collections of the University of Virginia
several specimens of rutile labeled Blumberg, South Australia, which show
simiiar associations and general characters to the specimens tlescribecl above.
These specimens likervise bear marl<ecl evidence of mashing frbm pressure
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fig. 1. Nicols crossed.

I]ROI,I NORWAY AND

Fig. _1.-R.ti1e-bearing pegmatite (?) from Soufl.r Australia. Rlack areas rutile,
light areas in.right-h;lf of figure felclspar and qurrtz, medium-gray and lighi
lilrrous aleas in left half sillimanite. Nicols croised. Enlarsed-30 diametels.

Fig. 2.-I(ragerite, a rutile-bearing aplite, from Kragerii, Noru,a;r. Black grains
a_nd -crystals -are. rutile, Iight aren.s chielly sodic feldspar (ilbite-oligociasey.
Nicols crossed. Enlarged 30 diameters.

Fig. 3.-Kragerite, from Klagerii, Norrrav. Same as
Enlalged 30 diameter..

PI'IOTOX{ICROGRAPHS OF RUTILE-BEARING ROCKS
SOUTH AUSI]RALIA.



Fig. _1.-Rutite-be:uing pegmatite (?) frnm South Austlalirr. I3lrrck rrlens mtile,
li8ht areas in.right lrnlf of ligure feldspal anrl t1u:rltz, nrerliurn-gr.:Lr':rrd lighi
liJrtous alels in left half sillimlnite. -\icols cro-.setl. Enlu.rEeil ;:ld dirnrerors.

|IRGI\IA GEOLOGICAL SURYEY. BTLI,I.]1'IN III-A PT,AT!] III

I(ragerii, Norl'av. Black grains
so<1ic feldsprrr' ( albite-oligoclase ) .

fig. l. Nicols crossed.

IRO]T NORW.{Y AND

Fig'. 2.-I(ragerite, n i.ttilc-bcrrring :rpJite, frotu
artl crvstuls:'Lre tutile, Iight zrrerrs chieilv
Nicols crossed. Errlarged 30 di:rnreters.

Fig. 3.-Kraeelile. florn lir agerii, \otl rr-. S:tme :rs
EnJalged 30 dianeters.

}-HO'IO]ITCROGRA}'HS OF RT,TILE I]E.\RD{G ROCKS
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metamorphism. one of the specimens is composed chiefly of kaolinizecl
feldspar with greenish scales of sericite, and large ancl smail grains of red.
rutile, more or less segregated as very minute stringers wtricl he for the
most part in the foliation of the rock.

The mode of occurrence of the south Australia rutile is unknown, but
from the brief statement of Gee it seems not improbable that the rutile is
found in pegmatile. Except for the presence of sillimanite in sevgral speci-
mens, the hand specimens of the ore examineil afford no positive eviclence
against pegmatitic occurrence. The sillimanite-bearing specimens might
readily have come from contact positions.

NORWAY.

The occurrence of rutile has been noted at a number of localities in
Norway, but the one of most importance commerciaily is in the neighbor-
hood of Kragerti on the southeast coast.

According to Yogt rutile occurs in the apatite veins of Norway and
north Sweden in sufficient quantity oftentimes to be mined. The veins are
connectecl with gabbro, and were formed soon after the eruption of the
roclq which shows characteristic pneumatolytic metamorphisni. chlorine,
rvith very little fluorine, is present in the veins in the form of the minerals
scapolite and chlorapatite. Besides rutile there occur other titanium min_
erals, especially ilmenite and titanite, and the veins often contain some
pyrite, and exceptionally.a litfle tourmaline.o

xnecrnci.

Introcluction 
-According 

to professor Brdggerb the occurrence of rutiie
in the neighborhood of Kragerii is confined to a large aplitic clike situated
200 tb 300 meters from the sea and about L00 meters ab&e sea-level, and is
refe'ecl to as a rutile-apiite. The rock is an even-granular white aprite
practically without trace of dark silicate minerals. Brogger refers to the
occurrence of rutile in the middle part of the dike a, treirrg uniformly
distributed through the rock in grains 0.5 to ? mm. in size, and estimated
roughly to amount to about 5 to 10 per cent by weight.

*_ iVggrr,I' H. J., Proble-ms.-in th-e Geolog, of Ore-Deposits, Tfans; Aner. Inst.Mng. Engrs, 1901. pp. 846-647 ; a,lso see ?"f".*rr"". td work Uy eroi. Vogt inZeitsch. f. prakt. Geoiogie, f8g+-iSSZ.
lJriigEer. w. c.. and Reusch, rI. H., vorkom_men des -a"patite in Norwegen,Deutsehe-fu o togisch e Ge"el l sch a f-tZ"i t."f,ri'tt.' iiis. Sr 

"a xxvii, 
- pp. 646_7 02.br"he stat€tr;ents whieh^foro* b"ro; h;o; u.,jri't.ri.i, fr;ff flr""-:";';orr madeby Prof. W. C. Rrijseer. Oc1...5._190+, and fronr tfr" foitowing p"d;.+ Watson,

floma,s L, Kragerit-el A Rurire-Beari"g R""L-i'"-"ii".#;;;.''i%r'#j'r, ii"*. r""r.Sci.. 1912, vol. xxxiv, pp. 509-b14.
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A secontl, ancl commercially the most important, occutrence of rutile in

the aplite is referreal to as stripes or schlieren of local enrichments of the

mineral. Most of the schlieren consist almost exclusively of rutile, and these

portions of the rock crumble easily to a grainy rutile powder. The rutile
-schlieren 

are unequally distributed through the dike, with the richest ones

essentially concentratecl in a few zones, the largest of which is situated

about in ihe middle of the dike.

In 1904, Professor Briigger discussed the rock as a new member of the

aplite series ancl named it lcragerite. concerning this Prof. J. H. I-,. Vogt"

says:

.,Briigger discussed a new rock, kragerite, a nerv member of t}e a-plite series.

1-rr" ioof"ii- oi-p-r*tl.uf inierest on acc6unt of its content of rutile. In theoretic

;;;;"t6"; the'speaker co"ria"tea this rock, which consists almost exclusively
;i ;lbid Jnd mtiie, as a differentiation produc! p.t u guu.utg Tag-n'',analogous .to
ih" uoo"u.u.r* of leitiwaiiie, an aplitie diherentiation product of.a nepheline syenite

;;#;. ;i;:^ i;;adtti;; menrion'was ma.cte, by anatogy, of routivarire, anorthosite,
."a''"rig""i""il;.- ih; content of titanic obla in the'kragerite was attributed to
pneumalolytic processes cluring formation:"

Professor vogt states, in a personal communication to the senior rvriter,

that the rock has been found" only at a single piace in the neighborhootl

of Krager6, anci has not great areal extent. It has been rvorketl in later

years for rutile, the percentage of which is very variable'

General d,esffiption.-The rutile-bearing rockb (kragerite) from

Kragero, Noryay, submitted to analysis is medium-glainecl, of light color,

and granitic texture. Its most prominent megascopic constituents are liglrt

gray and pinkish feldspars ancl much black rutile, with a little quartz.

several small areas of a green ferromagnesian mineral, probably pyroxene

partly altered. ancl associated with rutile, were noteal. 'Ihe feldspar and

qttar!,2 grains measure 1to 2 mm. in size; the rutile grains raxely exceeal

i *-. anal much of it is less than 0.5 mm. The quantity of black rutile

and the reddish color of a part of the fetdspar increase the depth of color

of the rock. Most of the feldspar shows fine albitic twinning on cleavage

surfaces under a pocket lens. The rutile, which is black and highly lustrous,

is partly disseminated as small grains through the rock, but most of it
appears to be segregated along roughly parallel lines, suggesting the ap-

puurun." of jmperfect foliation, which Professor Brdgger refers to schlieren

of local enrichments of the mineral.

oPrmeetlings of the Scientific S_o_eiety_of Christiania, Dec. 2, 1901i personal

communicatiorifrom Prof. J. H. L'. Vogt, March 15, 1908.-- 
bs"v"*al small specimens kindly loaned by Mr. Frank L, Hess, Geologist, u. s.

Geol. Survey, Washington, D. C.
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Microscopic character.-a thin section of the ress rich rutile portion
of the rock was examinecl under the microscope and found to consist of
essentially feldspar, much rutiie, some quartz, and a litile ilmenite. No
ferromagnesian silicate minerals were observed.

x'eldspar is much the most abundant constituent and is composed.
chiefy of a soda plagiociase (albjte-oligoclase) togelher ivjlh Dorne ;icro-
cline and orthoclase, the latter intergrown with a second feldspar (albite)
as microperthite. some of -the feldspar anheilra show partial nricro-
poikiiitic structure developed from inclosures of other feldspar, cTuatrz,
and rutile. The feldspars axe quite fresh though occasional small areas
of colorless mica due to alteration occur. par-tial peripheral glanulation
of a part of the feldspar and quartz was indicated, accompaniecl by siight
bending of the lamellre of several plagioclase inclividuals.

w-hen calcuiated in the usual way from the chernical analysis of the
rock given below, the composition of the feldspar content corresponds to:

Ab .. . 82.40An .. . 5.b6Ab"An- ratio . g.4:l
Or-Ab,An- ratio . 1:g.bTotal plagioclase . 87.96Total feldspar . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . 6i.08

Rutile, the next most abundant mineral to ferclspar, occurs in irregular,
massive grains to smali idiomorphic crystals. some of the larger srains
show partial crystal outline. rt is deep recl-brown, distlncily pl.oJ"oic,
and frequently shows cleavage and twinning. some ilmenite is associated
with the rutile and, in some cases, exhibits slight aiteration to leucoxene.
A singlg small grain of pyrite was observed incrosed in orre of rutile.
Apparently the rutiie cloes not show predilection for one rock mjneral more
than for another. rt occurs entirelv envelopecl by feldspar, along the
sutures of feldspar individuals and of feldspar and quartz, ancl penetrates
for greater or less distance into their substance. The relations of the rutile
to the rock minerals suggest that it crystallized from the magma as did
the feldspar ancl quartz, and that the usual oriier of crystallization from
the magma was observecl. These relations are welr shown in pl. rrr, figs.
2 and,3, microphotographs of thin sections of the rock.

A thin section of the rutile-rich portion of the rock, representing
probably the schlieren of Professor Brdgger, was studied microscopically.
rt was composecl essentially of rutile, together with biotite parily altered
to chlorite, some anheclral grains of apatite, and an altered light-colored
silicate mineral probably a potash-feldspar.

,10
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In reflected light the rutile is tlark brown to gray with faint greenish

tinge; in transmitted, Iight it is pleochroic, usually shows goocl cleavage

and twinning, is marked by irregula fractures, ancl shows some alteration

peripherally and along fractures to leucoxene. Biotite of brown co1or,

stro"gty pleochroic a'rd partly altered'to chlorite, is developed in aggre-

gates-of shteds having at times a radial arangement or grouping' In-
.loro".. of the silicate minerals, chiefly biotite, are noted in the rutile,

and rutile granules are distributed through the silicate minerals-a rela-

tionship which apparently indicates contemporaneous crystallization of the

rutile and silicate minerals.
An analysis of rutile separated. from the rock ancl freecl as nearly as

possible of silicate minerais yielded the follorving results:

^ " " 
- - "',-::: # ",:::I { : : f# : :

Per cent,
97 .68

1 .06
0.81
0.39
tr. oJ

TiO,
sio,
FeO
Cr.O,
v,o"

100.49
4.225

chernicat composition and, classificati,on.-This rock was analyzed by

J. Wilbur. Watson in the laboratories of the university of virginia with

the following result:

Analysis of kragerite (rutile aplite) from Kragero, Nortuay'

(J, W. WlrsoN, An'algst.)

---lrrur-_Her cenl. Lrul.

sio,
AI,O.
3er0,

50.52
13.98
0.49
0.16
0. 34
1.05
6.18
1.00
0.20
0.30

25.00
llrace
n. d.
None
None

0.L2

.842

.r37

.003

.002

.009

.020

.100

::ii
: sii
::::

FeO ..
Mgo .

CaO ..
Na,O .

K,O ..
H,O-
H,O+
Tio, .
DNE 2\-, 6

V,O,
MnO .,co, ..

Total . 99. 13
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A noteworthy feature of the rock as indicated in the anarysis is the
unusually large percentage of Tio, which is present chiefly as rutile and
to a minor extent iimenite. The high Naro, which greatiy exceeds Kro
in amount, and the low cao confirrn the microscop,ic stucly of the composi-
tion of the principal feld'spar, as corresponding lo u ,odi. pragioclase of
the albite-oligoclase series.

The norm as calculated from the analysis and the position of the rocr<
in the quantitative system are as follows:

Norm, of kragerite (rutile aptita) from Krager6, I{orway.

Quartzorthoclase 7^'9?)

Arbite . 6'12l

Anorthite ,..... ....5?.!gl sar_72.31
corunrtum,"""' q'qql

gvn.".firu"b':: . .: :::::::::::: :::::::: :::: : :: : 3:36JHematite X'7li'
Rutile ... .. " " " "' ^9'$l -Pyrite....." 25'04f r'em-26j6
H,O . 0^.?4)

0. 50

Total

- The norm places the rock in the quantitative system in the closalaneclass (rr), in the germanare order i,s;, ln the domalkalic rang (,p)m,onz,n*se, and in the persodic subrang (,5). ft is necessary to further
subdivide into gracr and section in orcrer Io rho* up the pecuriar compositionof the rock. This further. subdivision places if in giad 5 permitic and
??rt:?" 

u; Thislast subdivision (sectioni is not provided for rocks in crassI r (oosalane) oI lhe new system.
'rhe 

- 
rock is a persodic monzonase but no subrang name has beenproposed for the four known representatives of the.pJsodic subrang ofmonzonase, neither analysis of which shows the pecuriaiities of compositiono{ the Norway rock. since the rock occupies an intermediate position inthe q'antitative system ancl on account of i'ts unosoal composition no namefor the magmatic division is suggested.



GEOLOGY AND ORE DEPOSITS OF THE AMHERST.NELSON
COUNTIES REGION.

LOCATION.

The rutile area of Amherst and Nelson counties, virginia, Iies in the

west-central part of the state stightly northwest of the geographicai center,

and is about halfway between chariottesville anil l-,ynchburg. It occupies

the south-central and southwestern parts of Nelson County, antl the

contiguous northeastern portion of Amherst county, but much the largest

part of the area, and probably all urat will prove of economic value in so

far as rutile is concerned, lies in Nelson County, which includes all d'evelop-

ments thus far macle.

The area is approximately paralieled by the southern Railway rvhich

is located at a distance varying from 5 to ? miles to the southeast, Arrington

and Tye River, the two nearest stations, being the principal shipping

points. The area mapped includes approximately 1?0 squale miles and is

rectangular in shape, being 16 miles long by 70t/, miles wide, with the

rutile-bearing formation covering less than one-fifth of the total area.

Its position is shown in the index, map, flg. 2. The rutile-bearing rocks are

timited to this area and are confinecl to the norbhwestern half (Pl. I).
The southern Railway runs along the southeast side and just within

the bountlary of the maP.
'with reference to the major physiographic divisions of the state, the

rutile area is located along the northwestern edge of the Piedmont Plateau,

within the ouilying foothills of the Blue Ridge, and almost directly at

the foot of the steeper slopes to the main range. It lies wholly within
the region of old crystalline rocks of the eastern United States extencling

frorn Maine to Alabama. The rocks included within the area mappecl are

regarded as igneous in origin.

DrsrRrcrs (suBDrvrsroNs),

The area mapped may be divided into three districts, namecl antl their

limits defined, as follows:
I. The Roseland, district which extencls as a long, narrow belt from a

point about 2 miles northeast of Bryant, Nelson county, in a southwest

direction across Piney River into Amher.st county, a total length of 13

miles and a maximum width of about 2.5 miles. Roseland Post-office,

from which the district derives its name, is locatecl near the entlance of

Hat Creek into Tye River, approximately halfway between the northeast

and southwest extremities of the district.
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II. 't-he Louingston d,istrict which has no definite boundaries but

comprises an area about 4 miles long by 2 miles wide, with Lovingston,

the county seat of Nelson County, located near the midclle of the east side

of lhe district.
III. 'lhe Dauis Areek districf rvliich is located on the north side of

Davis Creek, and in some respects is similar geologically to the Lovingston
clistrict but of smaller areal extent.

This threefold division of the region offers certain aclvantages, but it
is only partly followed in the methocl of treatment in the succeecling

pages. In the Lovingston district certain rock types that are found are

described on pagcs 198-201.

TOPOGRAPHY.

A reconnaissance topographic map of the area, adopted from the Buck-
ingham and Lexington sheets of the United States Geological Survey, rvith

the rutile-bearing formation outlined in heavy broken lines. is given on

page 45, fig. 3. The map serves to indicate in a general way the rela-

tions of the larger topographic features of the area to the belt of rutile-
bearing rock. This belt extencls in a general northeast-southwest direction
for approximately 16 miles, while the greatest width does not exceed 2.5

miles.
It occupies an area of comparativel). low relief having an average ele-

vation of about 800 feet, while the surrounding'country immediately to
the north, east, and west, rises to an eievation of from 11400 to 1,500 feet

except where the rivers and larger streams have incised their valleys. The
only elevation of importance founcl within the low-lying, rutile-bearing
formation is Mars Mountain, which has an elevation of a iittle over 1,500

feet; but this mountain, geologically as well as physiographically, belongs

with the surrouncling countiy with which it is probably connectecl. Passing
northeast from the area mappecl the hills become slightly higher, reaching

an average elevation of 2,000 feet or more, while on the northwest, within
5 miles of the rutile-bearing area, outlying peaks of the Blue Ridge rise
to altitudes ranging from 3,000 to more than 4,000 feet.

Tye and Piney rivers drain the central and largest part of the area;
Buffalo River and its northeast tributaries drain the extreme southwest
portion, while a small section around Irovingston occupying the northeast
part of the area is drained by Rucker's Run. The general clirection of
drainage is toward the southeast into James River, the only important
exception being Hat Creek, which drains the northeast encl of the rutile
belt and flows southwest into Tye River.
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Contourr interva,l IOO feet
Liig. 3.-Topogr:rphic map of the Amherst-Nelson counties rutile :rrea. (lrlodified

flom the topographic sheets of the Lr. S. Geol. Surve1,.)



+rl GDOLOGY O!' TIIE TITANIU.M AND APATITE DI'IPOSITS'

WEATHERING.

Inthisregionase]sewhereinthePiedmontPlateauprovinceofthe
Atlantic state-,s erosion has not been srifficiently rapid to remove the

products of rock decay formed by weathering. Most of the area i's coveretl

io a variable depth by a mantll of residual rock clecay, and moderately

fresh hard rock exposures are rare except in stream beds and along stream

courses. This fact together with the intense metamorphism which all the

rocks have unciergone tukes accurate mapping difficult, antl in some plaees

impossibie.
The depth of residual rock ilecay varies ionsiclerably, but in places it

extenils to a depth of 30 feet and is possibly much deeper' A photograph

taken 200 ;,ards west of Lovingston (Pl' IV, fig' 1) shows the gradation

of residual rock decay into the und.erlying, nearly fresh and hard biotite

gneiss. Here near the foot of the mountain a d'eep gully has cut through

Ih. .oo"" of rock decay, which at this point has a maximum depth of about

20 feet. Every gradation is shown from the soil at the surface to the

fresh gneiss exposecl in the bottorn of the gully'

Alluvial soils are confinecl to the immediate vicinity of the rivers ancl

one or two of the larger creeks, but they are in no place extensive for all

the streams in this area have either moderate or steep gradients, ancl at

present are transporting rather than depositing material'

since practically all the soils are resiilual, their character ancl com-

position are directly due to the rocks from which they have been derived'.

bne of the most noticeabie features of the area is the white clay soil found

over much of the central part of the rutile-bearing portion. This white

clay forms a striking contrast to the deep red color of the soils surrouncling

the area, red being the prevailing shade over most of the Piedmont region'

These white soils are residual clays derived by weathering from the decay

of a highly feldspathic rock (syenite) that is practicaliy free from iron-

bea"ing minerals except along border positions. Near the borders of the

rutile-tearing rock (syenite) the soil is often founcl unusually highly

.colored with ferric oxiele, clue to the segregation of iron-bearing minerals,

principally pyroxene and. its alteration product hornblentle, in this portion

of tt. o"a.tlying rock-mass. The color of the soils surround.ing the area,

rvhich are mostty derived from quartz monzonite gneiss, is primarily due

to iron set free as oxicle by the decay of black mica, biotite'

As shown by the analyses on pages 20+-206 all the rocks in this region

average high in phosphoric acicl, ranging from about 0'50 peir cent PrO^
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l'ig. 1".-Granite-gneiss overlain b}'mantle of residual rock decay,200 yards rvestof Lovingston.

Fig..2.-Guller- cut irr resiclurrl lock deca;' exposing conrpJex struciure along cont:rct
lrer\\'petr -\clrir', rn(l 3nciss: 0.g nrilc -orrih of ccnelirl Eleetrir. ( onrp:rnr'. nrin".
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Fig. L-Banded syenite-gneiss
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EULI,ETTN III A I'LI'I'E V.
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of Rosel:rnd.

Ifig. 2.-Detniler.[ r-ierv of sane exT)osllle.
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in the surrouncling gneiss ancl 0.85 per cent in the syenite, up to 18 per
cent in some of the nelsonite bodies. Largely because of this high phos-
phorus content the soils of this area are much more fertile than the average
residual soil of the Piedmont province. rndeed the fertility of the soils of
this district is in marked contrast to much of that of the neighboring
country.

Because of the marked difference in resistance to weathering shown
by some of the minerals locally important as rock-forming constituents,
the rocks rvithin the rutile area frequenily exhibit noteworthy examples
of difierential weathering. The commonest form of differential weathering
is noted in the nelsonites. -wherever 

the nelsonite rocks have been exposecl
for any considerable time at the surface the apatite has been readily re-
movecl through solution by rneteoric waters, leaving the more resistant
ilmenite and rutile of the rock in the form of a cellular or spongelike mass.
Plate Xrr, fig. 2, shows a piece of weathered ilmenite nelsonite iricked un on
the surface of the warwick tract, 1.b miles northwest of Rosers Mill, wirich
illustrates the typical weathering of nelsonite. Likewise the gabbro-nel-
sonites usually show similar pitted surfaces from weathering. A peculiar
occurrence of large crystals of apatite in the syenite and its resultant
weathering is described under syenite on page g1.

A second type of differential weathering in the district is shown
(P1. V, figs. 1 and 2) in some exposures of syenite in the bluff on the
east side of Tye River, three-quarters of a mile northwest of Roseland.
Here the rock is honeycombed with irreguiar cavities ranging up to ? or g
inches in lengt\ 2 inches in width, and B inches in depth, bui averagirrg
about 3 inches long by three-quarters of an inch wide and 1.5 inches deep.
These cavities are parallel to the schistosity of the rock which has a strike
of s. 55' 'w. and dips northwest at an angle of about ?0 degrees. The
rock at this locality is composed' almost entirely of feldspars and blue
quattz, the latter occurring in long rlrawn-out thin lenses and irregular
grains. The cavities are apparentiy clue to kaolinization and removal
of the feldspar.

HISTORY OF MINIIVG.

At many places in the district il:nenite is found scattered over the
surface as sand, or in loose masses varying in size up to a, quarter of a ton
or more. These loose rock masses, which have resulted from weathering of
nelsonite dikes rich in ilmenite, are black, have a metallic lustre, ancl are
usually pitted by reason of the removal by solution of apatite. They early
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attracted attention and were locally known as iron stones, but there is no

record of any attempt to make use of this material until 18?8, when the

Philadelphia and Reacling Coal and Iron Company purchasecl the Wan'vicl<

farm 1.5 miles northwest of Rose's Mill, and the mineral rights on the

Blue Rock farm 2 miles northeast of Roseland.

It was the intention of this company to work the properties for iron,

and development work was begun on the warwick farm where a shaft r,vas

sunk to expose one of the large nelsonite bodies outcropping on the south

side of Piney River, in Amherst County, but this work was soon abanaloneal.

on December 1, 1896, title to both propertjes r,vas transferretl to the

Beading Iron Company. Nothing further was done in the district until
attention was again clrawn to the nelsonite bodies because of their phos-

phatic content.'
In 1889, the Virginia Mining and Manufacturing Company acquired

mineral rights to several properties in the r.icinity of Bryant Post-office

on Hat Creek anci began development work. About 300 yards northeast of
the Post-office a vertical shaft was sunk on an apatite-ilnenite (nelsonite)

body to a depth of about 60 feet, and the dike was proved by numerous

trenches for a distance of 600 yards along the strike. At the same time

pits and trenches $.ere dug wherever there were sulface inclications, antl

many ore-boclies were uncovered.

On the Camden farm, about 2 miles northeast of Bryant, a tnnnel

about 200 yards long \ilas driven to cut one of the nelsonitc bodies. On

Davis Creek several shafts and tunnels rvere driven, but it is reportetl

that the ore-bodies openecl were small and lorv in the percentage of apatite.

At ihis date all workirrgs have caled ancl nothing is to be seen on the

surface. After accomplishing a large amount of development lvork the

Virginia Mining and Manufacturing Oompany failed and the property

owners finally recovered title to the mineral rights by suit'
In April, 1894, the Virginia Phosphate and Paint Corporation pur-

chaserl the'Giles trac! three-quarters of a mile northwest of Rosel:rncl, ancl

a year later the Quinn place, one mile north of Rose's Mill. Both of these

properties r,vere cleveloped by means of trenches, pits, ancl shafts, and on

the Gites tract a number of diamond drill holes rvere borecl to ascertain

thc size and qualit;r of the ore-bodies. It was the intention of this com-

pany to make a separation of the apatite and ilmenite, using the former

for fertilizers and the latter in the manufacture of palnt, but thus far no

rvork has been clone on a commercial scale.

fn 1903, the W. M. Camp Pliosphate Company purchased the Shelton

farm rvhich lies on the rvest side of Tve River, one mile abor,e Roseland,



e,a,.f

EISTORY OI' MINING.

and soon after obtained the mineral rights to many other properties lying
between Bryant and Rose's Mill. Most of these properties were developed
by means of surface cuts, but no work was clone other than to expose the
ore-bod.ies. These properties were transferrecl to the Nelson Mining and
Manufacturing Corporation in November, 1907.

In the Lovingston district as in the vicinity of Roseland the first
prospecting was for iron. On the W'hiteheacl and Braclshaw farms, 1-.5

miles southeast of l-.,ovingston, there are some small pits which are reporterl
to have been opened about 40 years ago. These pits exposed nelsonite
bodies carrying titaniferous magnetite and apatite.

During the past few years there has been much prospecting for phos-
phate rock and some development work has resultecl, especially on the
Dillard farm where several shafts were sunk. A number of car-load ship-
ments of phosphate rock were made from this place, but in 1907 the
property was solcl to the American Phosphate Mining Company, ancl since
then no work has been ilone. The mineral rights to several other properties
in this district have recently been sold, but almost no development worl<

has been undertaken to ascertain what they contain.
The occurrence of rutile in the Amherst-Nelson counties region has

been known for many yeats and, while specimens picked up on the surface
were sometimes sold, no attempt was made to exploit the rutile-bearing
deposits of the district until 1900. In this year the American Rutile
Company began operations on the east side of Tye River, a quarter of a

mile south of Roseland, where rutile occurs as clisseminated grains in the
hard rock syenite, and several shipments of the ore were made to Charlotte,
North Carolina, for concentration. In 1902, the company purchased the
property and erected a stamp mill for crushing and concentrating the
ore, which was minecl entirely from open cuts in the bluffs near the east
side of the river.

The ore, of which there is a large quantity in sight, probably averages

about 5 per cent of the rock, and is remarkably pure. The rocks on this
property, as well as over the clistrict in general, are covered by a varying
depth of residual rock decay which contains large quantities of rutile in
places, especially in the soil overlying the ore-bodies. Some of these
residual deposits could undoubtedly be worked to advantage by hydraulic
mining, as there is usually an abunclance of water close at hand. Since
the above property was openecl the Nelson County deposits have supplied
all the rutile used in this country, and much of the output has been shipped
abroacl, but the demand has been limited and not sufficient to keep the mill
in continuous operation. In 1907, the company purchaserl the Hubard
tract on the opposite sicle of Tye River.

+9
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The General Electric Company enteretl the tlistrict in 190?, ancl, after
prospecting several properties for rutile, began active development of some

rutile-bearing nelsonite boclies on the 'W'arwick farm 1.5 miles northwest of
Rose's MilI. The development work comprisecl several hundrecl feet of
tunneling, including drifts, and two shafts, the deeper of which was sunk to
a depth of 100 feet. In sorne places the rutile is very pure, but of tlarker
color than the syenite rutile mined by the American Rutile Companv; in
others it grades into ilmenite. Rutile has not been found on this property
in the syenite sufficiently segregated to be of workable grade. The ore ]ras

been mined by stoping and shippecl to Allentown, Pennsylvania, for con-

centrating. In 1910, the General Electric Courpany leased and operated the

mines and mill of the American Rutile Company for a part of the year.

Since the expiration of the lease the property has been operated. by the

owner, the American Rutile Company, which is at present the only operator
in the district.

The syenitic rock o{ the Roseland district is often free from iron-
bearing minerals, ancl weathers to a remarkably pure white kaolin. In
1890, the Pittsburg Kaolin Company erected a mill and drying plant on

the Giles farm one mile north of Roseland. The kaolin was minecl from
surface cuts, dried in a steam clry-house, and separated. from the small
amount of quafiz present by screening. It was packed for shipment in
large paper sacks, and most of it was used as a fiIler in the manufacture
of paper. After operating for about 5 years the plant was shut down
because of a law suit among the stockholders; and since then it has not
been in operation.

In 190?, the Saunders farm, 2 miles west of Claypool, was prospected

for kaolin. Nurnerous auger holes were borecl and it is reported that a

very good grade of kaolin was found, but as yet no development work has

been unclertaken.

PROI}UCTION.

Practically the entire production of rutile in the Amherst-Nelson
counties area has been from the American Rutile Company's quarries at
Roseland. During the progress of development work by the General
Electric Courpany of Schenectady, New York, on the Warwick tract 1.5

miles northwest of Rose's MiIl, some ore was shipped to Pennsylvania for
concentrating, but complete statisticso are not obtainable.

aAccording to Mr. Trank L. Hess about 100 tons of rutile ore, containing 50 per
eent TiO", were shipped to a Pennsylvania company in 1909 for concentrating and
reported to have yieldecl 35 tons of concentrates, Min. Res. of the United States, 1909.
pt. I, p. 586.
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The American Rutile Compan/s concentrating mill at Roseland was

completed in November, L902, and the statistics of production given below
date from the time the mill was put in operation, in 1903, to the close

of the year 1972. Owing to the limitecl demand for rutile ore the mill
has been operated only for a part of each year. The millecl stock on hantl
at.the close of 19L0, from ore mineal during Ihat year, was sufficient to
meet the demands of the market during the year 1911, hence there was
no production for 1911, but operations were again resumecl in 1912.

Through the courtesy of Mr. W. M. Slater, President of the American
Rutile Company, we are enabled to give below the complete statistics of
production by the company from the beginning of milling operations, in
1903, to the close of 1912.

Ruti,lea prod,uced, in Nelson County, Virginia, by the Ameri,can Rutile
Company, 1908-1912.

ot

1903
1904
1905
1908
L907
19080
1909.
1910d
1911
l9L2'

Quantity
(Bh,ort llons)

54
43
16
4L

118'
16
86

566
(e,
275

llotal .

USES.

The rutile procluced at present by the American Butile Company,
operating at Roseland, Nelson County, Virginia, alrd the only proclucer in

oRutile concentrates containing 75 to 98 per cent TiO,.
bTwenty-seven tons of ilmenite concentrates were solal by the company,
oFrom Oct, 22d, to Dec. 30th, 1909, the General Electric Company, leasing the

quarries anil mill of the American Rutile Company, produced 86 tons of rutile
concentrateg.

dFrom Jan. Ist to June lst, 1910, the General Electric Company, operating the
American Rutile Company's property at Roseland, produced 248 tone of rutile
oon@ntrates.

oThere wag ng production in 1911, as the unsold concentrates on hand.. at the
close of 1910 were ample for the demands of 1911.

flhe company ditl not begin operations ia 1912 until June, and in adilition
to the 275 short tons of rutile concentrates, averaging from 80 to 85 per cent TiOr,
proiluced 100 tons of ilmenite concentrateg. fire ilmenite was separated from the
rutile by an electro-magnet, and is especially adapteil for making ferro-titanium,

1,2t5
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the State in 19L2, is used. for a variety of purposes. It is used for making
the alloy ferro-titanium for use in the manufacture of titanium steel chiefly
as rails for railroads; for the manufacture of titanium electrodes of the
"magnetite" arc lamp l for the ceramic trade; and in the manufacture of
titanium salts for use in dyeing leather and textiles.

A full discussion of the uses of titanium is given on pages 210-289 of.

this report.

PR,ICES.

The prices paid for rutile range from $30.00 to $160.00 per short ton,
accorcling to purity and quantity. Higher prices are obtained for pul-
verizecl rutile ancl for extra pure grad.es of the mineral.

I,ITER"A,TURE.

Knowledge of the occurlence of rutile in Yirginia dates back many
years, but publications relating thereto are compa atively few. With only
one exception, the published references relating to the Virginia deposits
are of recent clate and have been contributed since 1900, when the

. exploiting of rutile in the State commencecl. The publishecl literature
relating to the area therefore is small. Since the beginning of mining
operations at Boseland, in 1900, by the American Rutile Compann and
near Rose's Mill, in 190?, by the General Electric Company, a number of
geologists have visited the area and published brief statements on the
geologic anal economic features, more especially of those parts of the area
under clevelopment. Most of the published statements relate more to the
economic than to the geologic features of the area. The bibliography
below includes all known publications relating to the Virginia titanium-
bearing areas, including Amherst and. Nelson counties, Goochlancl antl
Ilanover counties, and Roanoke County.

Alrorv. (Special Correspondent). Rutile Deposits of Virginia.
Mining and Scientific Press, 1909, vol. xcviii, p. 896.
Describes the occurrence of rutile and ilmenorutile on the DroDerty of the Gieneral

Electric Compaay in dlkes, composed of rutile and apatite, anct of llmeuorutile antl epetlte,
wlth a small amount of ilmenlte occurrlng iD both Einals of tllkes, antl at tlmes some
feldspar and a small amount of biotlte, lrhe dlkes a.re Etated to rirnse uD to 5 feet ln
thlchess. Mentions tbe occurrence of ilmenite wtth apetlte ln simllai dtk:es, anal stater
that all cut large dtkes of pegmatlte whlch carry rutlle; the llmenite-apatite rock hag
been called "nelsonlte" by Watson. The author refers to the rutlle alepostt workeal by
the American Rutile Company, at Roselaual, as follows: "The rutlle occurs as an orlglnCl
constltuent of a, broatl peguatite dike of the seme varlety a,s that whieb forms the
country rock on the General Electric Company's property at Rose's Mtll, and ls sufrclently
segregatetl to be workable, The other mlnerals eontalned tn the dlke are alblte (formlng
much the grea,ter p&rt of the rock), brlght blue quartz, hornbleoale, entl mlnor amount
ot &patite. A small percentage of the concentr&te ls llmenlte and llmenorutlle."



LITERATUBE. 53

' cerr,nrr, crr,q.nr,rs. occurrence of Rutile in virginia. Discussion of
Paper by T. L. Watson.

Economic Geology, lg0?, vol. ii, pp. 296-792.
' untler the headlne "Discussion," in Economrc Geor-ogy, 190?, Mr. c&flett brlefly Dotestle occu,rrenee of mixlures.of ruttie witn-a-pa-tite,-rcd%i 

"iari,ie^fit" 
iia'i"patite, in tn"Nelson countv area. At ttlres flre magneufJ-is''re-p-racea uv'rrit"iti-*g?iays: .,rue

occurrence is verv necullar tn. vlew of fhe ettr;nsa-j[m;ut# o'fiepi"iti"?"titahtum andphosphorus ln ortlinary chemical bp-eraiions-;-i-p]-,, o, r.

Hoss, X'ru.rr L. Nickel, Cobalt, Tungsten, Vanaclium, Molybd.enum,
Titanium, Etc.

Mineral Resources of the_^U-nitecl_States, U, S. Geol. Survey, 1906, pp. 1Z}_EBI;
Ipid.,_1e07, Part I, pp. tlo^-Jlti rbig., red8, parr r, pp. i+z:i+E;- iuii". ror rooo,Part I, p. 586; Ibid. ior lgl0, i?art t,'pp. 762-ZAZ. 

' '-
D_escribes the general ge.ologjc_ and economic features of the pegmattte rutile minednear Roseland, bv -the Ame-rrcai nutiii cfi-p;n::r;-;ig-iit. tn."i"r"s"i*rtt""litiiu o""o""rognear R_ose's Milt, under dgvelopqggt nv tnri G'iie"rbr-gleciric-Cofriiii."-rn"*'iornor metr_tions the occurrence of tlm.einorutile tn" some of ln? nelsonltte atikes in the Nelson Countyarea. Ele tleflnes ilmenoruflle as -used by him aj;ia mtnera:- con-tirrnine t;ro iucb lron tobe classed as rutlle anat too mucl iitanlum-to--be*ctasseriAs"iiiiiit"riii'""bt-ves statrsticsof rutile production.

Hnss, FnnNr Ir. New Rutile Deposits near Bichmond, Va.
The Minins world. Aug. z0' rgro, pp. B0b-307. illustrated, 2 line-drawings and2 half-tones.
The rutlle deDosrts described wer_e ex_amined by- the author rn May, 1910, and orelocated. one in l{anover county 

"ea"-couloin,-_tle iine" 1n*ciic,i,nra-"a'C,ii"ij-"e&r 1,eers,distant 2b and r? mrres. resiectlvely. trom'riicr'iirno. - Th;-;;;t;y"io'&"'iJ gneiss orvariable composition, containin'g in a"ant-place;'tilcn tiiotlte-ria-n6i"ni"ifr",'-wi1n aroutequat quantities or ferdsnar gn-d quartz." in piices"ire-e;eG E-.;a;;;-ii,i,oit-;otir;ltof white feldspar-- Tbe- srrrke oi tne "octs'iJ;;"ih a-nd--;;uih.**ffi""'g";#,; rs cux oypegmatite dikes. the negmatite.usually tvinE uetwiei- tne-sir-ri;;"e ^p"1"""3s-ti'the 
!-irJJ,and was belteved to have been.intruoe"d inaE" gre'aipr;;r;;:- B;i;, 'gil"ii| Jio pesmatrteare deco.mposed for many feet below the irirli&.---

p-"rlt"'Tf ,flt"b"i*3"t"lof ;idti6:q il l"r"di"-,?it'."fr11"t1fl?o3,t;'.ii"J,.!*"o4"3" Lu",l",iBstreaks of reddish rutile tn association witfi-tim-entie i"-t["-fe!-tiirtliihrtti. 
* 

The rulleIs associated with ilmenite. and-som:e apatite o-ccurs'-wltb the ruflle anat llmenlte. Rutileand ilmenite occur ln strlnsers g- to 114-iiii inicti iii-lloJe *eriiro:tr*ii,*stffiiiir or biotitemica. "The various narrof bandl ana'-s[iingeis ii tne-fegma-fiiii--"v i,iii!il"t in partorigina_l flow_ strgcture, but are also .ttue 1o: tater Crulfin?. --,irie iliroie*ajr.! has beencrushed until tt has taken__on something of tbe-gneigsoio--a-rjpea-"?ir"*i-tirrtturroundlng
I91k_1. Th" quartz has.been re_cemented- and is c"ompdiairveii's6ild,"ni-t iii ""utu" r" roangul&r tragments and has not-been recemented. tn6re i5 iorire-nyaloui"irii oxrae-wnrcfappears to have been formed from the oecomposttion of pyriti.-"in-t[;-;;"e;outL6itoJ the,prospect hotes, whteh a_re o"iv-ro-i6et'ap-i-ri, ue-irithrij oc-.iu.ilj"*tlri, srrrnsersthroushout the wtdtb of the dike. ine strrieeis'iie-?bout--% fi;ii;;"ld;'idi.,ilffieabout 2 to B inches anart." The author mentions;13bs"egaiioirl -&*-p.i.,irnii'rroe 

quartzwltb llmenite and nta-eioctase feldspdr.- stmitar-T5 tne mlnerals accompanylng rutite inthe deposlts at Roserdnd." prosptct:ins,-i;-inl riature- ot]i:pair"#-Efiiidi,. prts, anotrenches for rutlle. has bem earrreh on ii s&erai praces. l niG?-stitifr6iilbt tue ose"of rutite concludes the paper.

Mnnnrll,, Gponan P. Rutile Mining in Virginia.
Eng. and Mne. Jour,, 1902, vol.78, p. 86lr Abstract, Sciencg 1902 (n. s. l),vol. xv, p. B8e; fhe Nonmetariic vri"""ais. N; ili; ldbiiri."iod-iilo.

-. -Describes 
the.loce.tron: of. the rutire deposrts on both stde-q of lye Rtver in the vicinrtyof Roserand, and the lrtholosrc claracterJ of tne ioc[i, ip;i;AhA th"e-d;i,iiv'"-tr, folratettsnelss' the rutile-bearlnE ouirtz-feldspar roit. ino tne oitei-bt-nvper-sliiird ,iii'nu"". Theauthor describes the rutile-bearlng ro?k as ioltows:'-

, "The petro-graphrc_cbaractei of the rock is'very interesting. The most commontvpe' as arready stated. ls a coarsely crystaline a]gregate bi-pota=su- a*n-d eoda_llme
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feldspars of a very light gray, almost white, color, throughout whlctr are disseminateal
in!!-6grr iutties iite ifie 

-pt-eno6rists of quartl tn the chalk-Mountain. Colgr?alo, Nevadlte'
as-ae-s&ife,i ui Dr. Whtthan Cr6ss. wfth tbls ls assoclated a pecu-Iiar .blulsh opalesce-nt
ouartz whlch, however, occurs under such conditions as to suggest that _1t- ls not a result
o'friiimiiv-civsiaiit"atton Occastonatly, as at the opening at present,belng_worke_d, the
oualrtzliiOoriinatetl over all other coristituents. and- masses of several tons' welght are
iroctiied h wniCn tbe rutlle granules occur in quantities up to 26 per cent of- the enttre
fo-;ss.--the roct-le-remarkabiv free from other-minerals tlian those mentloned. with tbe
&deotton of mlcroscopic lncloigures of serlcite resulting from the felalspathlc- alteratlon'
i-n'er-J-is a co-p-tete aisence of titanlferous iron or oth-er heavy mlnerals such as would
rentler difficult -a separation of tbe rutile by ordinary graYlmetric methoils."

Resardinq the dccunenee of the ore, rullle, be says: "The ore occurs,mainly ln the
form of- small- granules of all sizes up to 2 or 3 millimeters In dlameter'. w.hlch a re some'
limes 

-OiJse*tniteA wttn wonalerful rinlformity throughout the feldspathic groundmass or
again segregated in the q1rartz."

Mnnnrr,r,, Gsonan P. The Nonmetallic Minerals.
Nerv York, 1904, pp. 109-110.
Dr. Merrill briefly descrlbes the Nelson.county, lirginla, rutlle-dep-oslts_near Rose-

fanO. ite'-Oescilpiio" "bei-"g issentiatty an abstract_bf his-paper published in 1902, noted
in the tttle above, and does not present any new facts.

PRerr, Josnpu Hvon. The Steel llardening Minerals.
Mineral Resouroes of the United States. U. S. Geol. Survey, 1903, p. 103; Ibid.'

1905, p. 414.
The author ma'kes brief mention of the occurrence of rutile near Roseland, in Nelson

County, Virginla.

RonnRrsoN, Roennr. An
County, Virginia.

The Virginias, 1885, vol. vi,

Exarnination of Blue Qtaftz, from Nelson

pp. 2-3. Reprinted from Chemical News, London,
England.

The author briefly refers to the location, extent, and character of the. rutile-bearllg
blue quartz-feltlspar 6elt in Nelson County, locally known as the "kaolin belt." He
tlescriDes the blue quartz and in explanation of the blue color says: -,,A faaEment ias fusett before- the bot-blast blowplpe flame and retaineil its blue
color. The-pulverlzetl mineral was digesteal in hytlroihioric acid to remove all ferric
oxtde whlch misht exist ln these fllms, and then treatetl with hydrofluoric acid to rcmove
all silica. The-analyses presented the fouowing composition:

X'eruic oxlde. 0.539
Titanic oxlde. 0.069
Silica (by dlfr') . .. 99.392

"A thin section of the rock was examined under the microscope and found to show
throushout the mass a nettvork of extremely thin aciculs.r brown crystals, tbus presenting'
wtren-magnifled, about 400 diameters, an appearance very simllar t-o that of Fege-nl-tp.to
the naked eye.' This thin section is decicletlly yeuow by transmitted light'

. and by reflected light is blue.
"In view oi the color oT some varieties of titanlc oxide when seen by reflecteal light,

It aDDears probable that the paltlal reflectlon of light by the surfaces of these micro-
scopii crvstats occasions the 6olor in question. or the latter may be in a measure due
to ibe in[erfereDce of tight occesioned by tbese crysfals."

The author refers fo the belt as one of grariulitic rocks, and states that frequeltly
masses of rutile are shown on the surface which have weathered out on tlecompositlon.

Swlr,r,rre, \M. O. Titanium Ores.

Mineral Resources of the Unitetl States, U. S. Geol. Survey, 1901, pp.27I'278;
for Virginia, see pp.277-278.

The author refers to the occurrence of rutile in Virginia and quotes at length from
a DaDer reatt by Dr. George P. Merrlil before the Geological soctety of wasllngton--in
des-cribing the geological features of the virginia rutile_ deposits. He mentiols the.quallty
of the rutile as being excellent and very pure. and the supply aS pr&Ctlc8rly Unllmlfeo.
ihe procluction comminceal in 1900, anal io the close of 1901 the output was about 40,000
DOUnOS.
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Tnonuror, Wm. M., Jn. A Feldspar Aggregate Occurring in Nelson
County, Virginia.

Amer. Jour. Sci., 1911, vol. xxxi, pp. 218-220.
Gives an analysis each of nelsonite an{l felalspathlc facies of syenite collected by

Watson anal Taber and analyzed for this report.

WlrsoN, Tsorvres Ir. Occurrence of Rutile in Virginia.
Economic Geoloryr 1907, vol. ii, pp. 493-5O4.
'Ihe author difrerentiates and describes the lithologic and petrographlc types _of rocks,

except nelsonite, in the Nelson County rutile area, Only the begmatite occurrenie of the
rutile was described, which includes both megascoplc and mlcroscopic description, accom-
panieal by map and four ngures of mlcrophotographs of thin sections. He says: "Rutile,in grains of variable size and ln crystals of iemarkable ptlrity, varies in the rock from
scait dlsseminations up to 30 per ce:nt and more of the t6tal itick mass, witb a probable
average of 10 per cent. It is dlsseminateil through each of the three rock-forming
mlnerals, feldspar, quartz, arid hornblende. F rom mode of occurrence and textural rela-
tions of tbe rutlle to the rock-forming minerals, as sbown both by megascopic and micro-
scopic study, the rutile ts believed to be a primary constituent. lAe only metallic asso-
clate is ilmenite, which ls more common ln the quartzose p&rts of the rock then in tbe
feldspathlc facies, but is never present iD large amount."

'W'ersoN, Tnouas L. Ilmenite; Menaccanite or Titanic lron. Rutile.
Nelsonite (Phosphate Rock).

Mineral Resources of Virginia, 1907, pp. 232-235, ilmenite ancl rutile; pp: 300-
302, nelsonite (phosphate rock).

Describes the distribution, occunence, and uses of rutile near Roseland, Nelson County,
and the milling process for concentrating the ore (pp. 232-234\; and the granular
mixture of ilmenite and apatite (pp. 232, 300-302) occurring in the same area ln Nelson
County and in Roanoke County, for which he proposed the name "nelsonlte." Illustrated.

Warsor, Tnom-ts I-r. Annual Report on the Mineral Production of
Virginia During the Calendar Year 1908.

Va. Geol. Survey, Bull. No. I-A, 1909, Phosphate, pp. f28-f29; Rutile, pp.
129-I30.

A later but brief description of the apatlte, ilmenite, and rutile deposlts occurring
in Nelson and Roanolre counties, Vlrginta, Two types of the rutile in Nelsbn County were
distinguished. In the flrst type, tlesigrated pegmatlte rutile, the rutlle occurs chiefly as
disseminated grains of variable slze in a rock of very coarse- to medium-gralnecl crystalll-
zation of feldspars antl blue quartz witb, in places, much hornblende. In the second
type, designeted nelsonite rutile, the rutile occurs in an eyen-granular rock, having dike-
like characters, composed normally oI ilmenlte and apatite, with or without rutile.

WarsoN, Tsouas L. Biennial Beport on the Mineral Production of
Virginia During the Calendar Years 1909 and 1910.

Va. Geol. Survey, Bull. No. VI,1911, pp. f12-113 (phosphate),113-116 (rutile).
Briefly describes the apatite, ilmenlte, antl rutlle aleposits in Amherst and NelsoD

coulties, Roanoke County, and Goochland and Ifanover counties. The rutile production
rs glven.

W-lrson, Trrolras Ir., lNo Tlnon, SrpprrpN. The Virginia Rutile
Deposits.

Contributions to Econornic Geology, Bull. No. 430, U. S. Geol. Survey, 1910,
pp. 200-2f3 and two ffgures (maps).

The writers tliscuss the Yhglnla rutile area under the princlpa.l heaalings, Locatiolr,
Topograplry,-General Geolo-gy..Prlnclpal Rock Groups, Cbemical Composltion o:f the Rocks,
The Rutlle Ore, Elistory of Mining Development, anal Uses of Titanium.
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The rocks in the rutile area a,re igneous in origin, are tlistinctly metamorphosed, anfl
they form a dlstinct comagmatic area cb&r&cterized by tbe promlnence of apatlte atrtl the
titaDium minerals-ilmenite, rutiie, and ln a few places titanlferous magnetite; by a
peculiar blue opalescent quartz; and by pyroxene (chiefly hypersthene) or secondary
hornblende derived from the pyroxene as the alominant ferromagnesian mineral. Named
in the probable order of thelr differentiation, the principal rock types of the area mapped
are (1) meta.morphic igneous gneiss, including schists; (2) pegmattte; (3) gabbro;
(4) nelsonite; and (5) diabaso. In places the rocks of types 2, 3, and 4 appear to be
approximateiy eontemporaneous. The lithologic and petrographic characters of each type
are described, and a chemieal analysis of eaeh one glven. Gabbro, nelsonlte, antl aliabase
are discussed as dike rocks. The two distlnct types of rutile, pegmatlte end nelsonlte
rutile, which occul ln the dlstrict are described in some tletall. The history of the
mining development of the tlistrict is stated, and tbe uses of titanlum are discussed at
some length. These uses are classifled as follows:

Metallic alloys, such as ferro-titanium, clrpro-titanium, etc.
Incandescent media for lighting purposes, inciuding gas mantles, arc-lamp

electrodes, and filaments for incandescent electric lamps.
Iuordants and dyes for leather and textiles.
Refractory coloring material for use in celamics and the manufacture of artiflclal

teeth.
Miscellaneous.

ItrILrsoN, Trrorrls I-r., awo Tasnn, Sroprrpw. Nelsonite a New Rock
T;rpe: Its Occurrence, Association, and Composition.

Abstract, BuIl. Geol. Soc. Amer., 1910, vol. xxi, p. 787.

trVarsoN, Trrolres L., aNl Tenon, Srrprrpm. Igneous Complex of
High Titanium-Phosphorus-Bearing Rocks of Amherst-Nelson Counties,
Virginia.

Abstract, Bull. Geol. Soc. Amer., 1913, vol. xxiv.

W'arsor, Trrolr,q.s Ir., exo Tesnn, Srrprrrn. Magmatic Names Pro-
posed in the Quantitative System of Classification for Sorne New Rock
Types in Virginia.

University of Virginia Publications, Bull. Phil. Soc., Sci. Ser., I913, vol. i,
No. 14, pp. 331-333.

Chemical analyses, norms, and symbols of four new rock types are reported, anal
appropriate magmatlc names suggested by the wliters.

GENERAI, GEOLOGY AND PETROGN.A,PHY.

CENER,AI STATEMENT.

The rocks in the Amherst-Nelson counties rutile district are igneous in
origin, anal are intensely but unequally metamorphosecl. The ilifferent
rock-types exhibit a markecl relationship to one another in mineral as well
as in chemical composition. By their mode of occurrence as well as by
their consanguinity the rocks indicate that they had a common origin.
They form a distinct comagmatic area characterized by the unusual promi-
nence of apatite ancl the titanium minerals-ilmenite, ruile, and in a few
places titaniferous magnetite; by a peculiar blue opalescent quartz; by
pyroxene (chiefly hypersthene) or seconalary hornblende derivecl from
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pyroxene as the dominant ferromagnesian mineral; and in most of the
feldspar-bearing types.by both potash and soda-Iime species, the d.ominant
variety of feldspar being a soda-lime plagioclase corresponcling in composi-
tion to andesine, which frequently contains intergrown spindles of ortho-
clase (microcline)-andesine antiperthite.

Biotite, an important constituent in the surrounding gneisses and
schists, is practically absent from the rocks within the rutiL-[earing area.
rt occurs, however, as a minor constituent in some of the rocks and is gen-
erally present in the nelsonites, but its relations in some cases are such as
to suggest probable secontlary origin.

The rocks are holocrystalline in character and for the most part are
even-granular, ranging from very coarse-grained in portions of the syenite
to very f.ne-grained in some of the nersonite and cliabase dikes. They show
pronouncecl though unequal efiects of dynamic metamorphism, both in hand
specimens and in thin sections under the microscope. Megascopically the
most pronounced effect of metamorphism visible in most of the rocks is
the development of complete or partial schistose structure, frequenily ac-
companied by granulation of certain minerals, and by bent and curved
cleavage lamelle.

Microscopically, metamorphism is manifested chiefly in mashing-gran-
ulation, fractures, and optical disturbance of certain essential minerals-
and sometimes in recrystallization. other changes of a difierent order ancl
kind involve the production of seconclary minerals from ure essential ones,
chief among which is the formation of hornbrend.e from pyroxene, Ieucoxene
from the titanium minerals, rutile and ilmenite, osteorite from apatite, and
sericite as a common alteration product from feld.spar. rn sorne of the
rocks biotite, chlorite, epidote, and zoisite are notecl as alteration prod.ucts.

PN,INCIPAI ROCK GROUPS.

The rocks of the mapped region are divisible into five distinct groups,
brrt intermediate gradations are found between most of them. rn general
the dominant minerals in one type make up the minor accessory minerals
in tltg others, but between some of the ro&-types almost every gradation
in mineral composition may be observecl. Named in the order" of their
probabie differbntiation, inclurling the surrounding rocks, the principal
rock-types of the area mapped are as follows:

(1) Biotite-quartz monzonite_gneiss, antl variant schists.
(2) Syenite formerly referreil to as pegmatite.
(3) Gabbro.
(4) Nelsonite.
(5) Diabase.
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In places the rocks of types 2, 3, and' 4 appear to be approximately

contemioraneoos. Gabbro may be observed grading into syenite, antl in

places u gradation from the gneiss through gabbro into syenite is indicated;
-some 

of the rutiie nelsonites have the appealance of segregations in the

syenite rather than later differentiates that have been intruded; and while

a graclation of gabbro into nelsonite in the same rock-mass was not found,

neirly all intermediate gradations in mineral composition between the two

rock-types occur in the district'

AREiL DISTRIBUTION;

The gneiss with its accompanying schists forms the inclosing or country

rock of ihe region, and is of wide general distribution beyond the limits

of the rutile area throughout the Blue Ridge region of central western

Virginia.
ihe syenite is chiefly confinecl to a single large mass, extending in a

northeast-southwest direction for a distance of about 16 miles, with Rose-

lancl near its center. The maximum width of the syenite mass cloes not

exceecl 2.5 miles. At the northern end of this area the syenite appears to

split up and dikes or apophyses are found extending outwarcl for some

distance into the country gneiss. The boundaries of the syenite area are

shown on the topographic map, fig. 3, page 45, and in greater detail on

the geological map of the district (Pl. I). Sma11 pegmatite and aplite

dikes are of numerous occurrence in the vicinity of lrovingston, and a few

were observed near the headwaters of Davis Creek about 5 miles northwest

of Lovingston.
Exposures of the gabbro are founcl for the most part only within the

boundaries of the large syenite area, but a few gabbro dikes were observecl

near Lovingston. within the syenite area the gabbro is mostly limited to

the outer portibns and in places it apparently occurs as an intermecliate

graclation between the syenite and gneiss. There are, however, other:

o..or".o.., where gabbro in dikelike masses cuts the older syenite with

sharp contacts. Because of the extensive residual rock decay which covers

the rocks of the region to a variable depth, mapping of the gabbro with any

clegree of accuracy rvas found to be diffcult if not impossible; hence,

difierentiation between the gabbro and the syenite was uot attempted in
preparing the geological map (Pl. I).

Nelsonite, including several varieties basecl on flifierences in mineral

composition, is the most abundant type of dike-rock cccurring in the

district. The rutile-bearing variety of nelsonite is confined to the syenr'te
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area, but the ilmenite nelsonite free from rutile, while more numerous
within the syenite area, is also found in the gneiss near the contact, ancl
occurs in the section arouncl Lovingston andl on Davis Creek. Nelsonite
in which magnetite is a prominent constituent is found at several places
in the surrouncling gneiss, but does not occur in the syenite mass. Alt
known outcrops of nelsonite are given on the geological map of the district
(Pr. r).

Gabbro-nelsonite, including a group of rocks intermediate in mineral
composition between gabbro and nelsonite, is founcl boih in the lrovingston
district and in the syenite area of the Roseland district. In the latter
district they are found only within the syenite, usually in border positions.

The diabase dikes are the youngest rocks in the region. They cut all
other formations, but are confined chiefly to the rutile-bearing rocks founcl
within the large syenite area. They occur but are observed less frequentlv
in the outside gneiss.

The five principal rock groups incluclecl within the area mappecl are
separateiy describecl in detail in the following pages in the order enumer-
ated. above.

Biotite-Quart z Monzonite- Gneiss.

DIS'IRIBUTION AND LITHOLOGIC CHARACTTRS.

Distribution 
-The outside or country rock of the rutile-ilmenite-apatite

area is a pronounced foiiated, quartz-biotite gneiss, which shows in many
places a consiclerable development of schists of variant composition. Gneiss
is the dominant type in this complex of metamorphic rocks and has rvide
general distribution beyond the limits of the area mappecl throughout the
Blue Ridge region of central western Yirginia. rts distribution within the
area mappecl is shown on map, Pl. I.

Li'thologic characters.-'rhe gneiss has a pronounced banded or schistose
structure and exhibits considerable textural ancl mineralogical variations,
but the prevailing kind is a medium to dark gray rock varying from a fine-
to medium-coarse, even-granular to porphyritic texture, the rock having in
the latter case a distinct augen-gneiss appearance. The planes of schis-
tosity vary from moderately irregular foliation in the original porphyritic
facies of the rock, where the biotite is wrapped about the lenticuiar eyes
of feldspar, to banding that is more or less regular and continuous, and
ranging from very thin to relatively thick layers. The strike of schistositv
of the gneiss in the Lovingston district is quite uniform, varying rarely
more than a few degrees from N. 40' E. rn the Boseland district Eood

59
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exposures of the gneiss are less frequent, but where measured.,the strike
conforms in general with that of the l-,ovingston district.

The original porphyritic texture which characterized certain parts of
the gneiss is stil readily recog:rizecl, ancl the feklspar phenocrysts plainly
show the effects of pressure metamorphism. In places the feldspar crystals
are drawn out and inclosed between the biotite layers forming distinct
"auget' of the light-colored minerals, and may contain inclosures of the
grountl-mass quafi,z and biotite. The field ancl microscopic evid.ence clearly
indicate that the schistose structure of the gneiss is seconclary, inducecl by
clynamo-regional metamorphism, and not a primary or original structure
as has been recently advocated for some gneisses elsewhere.

The gneiss is derivecl from an original igneous rock as is indicated by
the field, microscopic, ancl chemical evidence. The principal minerals
recognizable with the naked" eye are feldspar, qtattz, and biotite. Ilmenite
ancl muscovite, antl rarely hornblende, are also apparent in some specimens.
The former (iimenite) is frequenUy concentratecl in the sands derived from
the decay of the gneiss. Some of the black grains composing the sand are
magnetic ancl are probably magnetite. Biotite is frequently altered to
chlorite, and in the vicinity of the gneiss-syenite contact much of the
qaarlz in the gneiss is pale blue in color, resembling that of the syenite.
Epidote has been observecl in one or two instances forming a thin veinlet
of less than L mm. in thickness. Occasional masses of amphibolite schist
are observedl in the gneiss. Such an occurrence is noted about half a mile
north of Jonesboro, where amphibolite schist is exposecl within the gneiss,
but not far from its contact with the syenite.

Segregations (schlieren), chiefly basic and usually composed Iargely
of biotite, occur here and there in the gneiss. They are roughly oval in
outline to those that are greatly elongated (lens-shaped), and are usually
of small though variable size. Several lenticular masses included in the
gneiss are exposetl by blasting for the county road three-quarters of a mile
north of Lovingston. some of these resemble diabase whiie others seem ro
be composed almost entirely of feldspar.

Dikes of acid (granite and pegmatite) and basic (diabase) rocks in-
trude the gneiss in places. Granite and pegmatite dikes are especially
noted in the Lovingston district and are described in some detail on pages
200-201. Diabase dikes are confined chiefly to the rutile-bearing rocks, but
are observecl here and. there beyond these Iimits penetrating the surround-
ing gneiss on the southeast side of the Roseland. district. These are found
in place near the contact at Rose's Mill (analysis IV, page 158) and along
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the road leading to Amherst courthouse. About 2 miles northwest of
rrovingston diabase float occurs, but the rock has not been observecl in place.

veins of white quartz intersecting the gneiss are numerous along the
northwest border of the syenite. some of these are quite large, ranging
up to ?5 feet and more in cross-section, and may be traced in the d.irection
of strike for consiclerable distances. These veins rarely occur in the gneiss
ou the southeast side of the area, and they become much less frequent some
ilistance from the contact on the northwest side.

MICROSCOPIC CIIANACTEB.

The exact mineralogical composition of the rock detailed in this
d.escription is the dominant or prevailing type of the outside biotite-quartz
monzonite-gneiss. rt is not possible to describe in detail the exact mineral-
ogical composition of the various schists found here and there within the
gaeiss, for the reason that specimens sufficienily fresh to yield trustworthy
results could not be obtained for the preparation of thin sections. The
important textural and mineralogical variations are notecl in the description
above.

rn thin sections the rock is a biotite-quartz monzonite-gneiss of granitic
texture, varying from fine- to medium-coarse, even-granurar to porphyritic,
sometimes exhibiting a banded or foliated structure. The minerals are
potash feldspar (orthoclase and microcline), soda-lime feldspar (albite-
oligoclase and oligoclase), quartz, and biotite, together *ith aclessory
ilmenite, apatite, rutile, zircon, and occasional titanite and pyrite, and
seconclary chlorite, colorless mica (muscovite), epidote, kaolin, ziisite, cal-
cite, and leucoxene. Thin sections of the weathered. rock show considerable
free iron oxide as a yellowish-brown stain.

An important feature in the mineral composition of this rock, as in the
gtanites and granite-gneisses of the southern Appalachianso in general, is
its large content of plagioclase feldspar, which frequently equals ir' amount
the potash feldspar (orthoclase and microcline), but the ratio varies for
individual thin sections examinecl. Extinction angles measureil against
the twinning strire usually indicate a plagiocrase near oligoclase. This is
confirmecl by both the analyses below and the albite-ano"thit. ratio cal-
culated from the two norms of the qtartz monzonite-gneiss on page 65.
rn each case the norm shows a plagioclase corresponding approximately to
AbrAn, in composition, a calcic oligoclase.

_- .-oWatson, Thomas L., Bull..No. !26, TJ. S. Geol, Survey, lgl0, 2g2 pages. Bull.Philosophical societv. rlniversity of vireini" i;biiilio;i; i6i6: il.ilific Series,vol. i, No. l, pp. l- b,
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some thin sections show a part of the plagioclase to be albite, probably

through loss of calcium, as in each case the soda feldspar is more or less

altererl, partly to lime-bearing minerals as seconclary products. Not in-
frequently the plagioclase lamelle are bent ancl curveil and often broken

across from pressule efiects. Microcline is variable in amount I in some

thin sections it is the dominant feldspar, in others it fails entirely.

A thin section cut from a hand specimen (32)@ of the gneiss, about one

mile N. 65. E. from Roseland, showed microcline with intergrown spindles

of oligoclase to be the dominant feldspar. Also there occul a few crystals

of plagioclase which are much altered but seem to be albite, probabiy from
loss of calcium.

Intergrowths of microcline and orthoclase with plagioclase feldspar, as

microperthite, are abundant, ancl of feldspar with quartz, as micropegmatite,

sometimes occur. The larger feldspar individuals are usually micro-

poikilitic in texture, chiefly from inclosures of quartz and other felilspars.

In addition to these the feldspars contain microscopic incl'rsions of other

minerals, which are so abundant in some cases as to greatly cloud the

feldspar substance. The exact natule of the inclusions was intleterminate I

they include dustlike particles and larger colorless ancl transparent crystal-

lites of prismatic ancl tabular habits to those of irregular outline, ancl are

arranged in some thin sections along definite parallel lines. fn those thin
sections of less fresh rock the feldspar substance is almost entirely obscured

from alteration products, chiefly colorless mica, kaolin, and epidote.

Quartz is the next most abundant mineral to feldspar and is chiefly

colorless, but the pale blue variety is observed in some thin sections. Ii
shows the effects of plessule metamorphism in granulation, fractures, ancl

wavy extinction, ancl occasionally shows inclusions of rutile neetlles antl of

liquid and tlustlike particles.

Biotite, the third essential constituent, is deep brown and strongly

pleochroic, varies both in size of shred. and in amount, and is paruy altered

to chlorite. It is distributed through the rock in long ancl stout shreds

and aggregates with frequent orientation shown along roughly parallel

clirections (schistosity). Some blue-green hornblende is associated wiUr

the biotite in two of the thin sections (Nos. 33 and 196).
Apatite occurs as inclusions in the light-colored minerals, chiefly

feldspar, and in several thin sections (Nos. 35, 36, and 218), as separate

individual grains. Likewise rutile is notecl as inclucletl needles in some

of the quartz anfl sometimes as larger individual, retlclish-brown grains

(Nos.23 and 36). A singte thin section (No. 23) showed some fracturecl
garnet and irregular areas of black graphite.

oNumbers refer to hand specimens and thin sections on file at the office of the
Virginia Geological Survey.
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Fig. 1.-Biotite-quirrtz
Roseland. Nicols

BI]I,LIDTIN III.A PLA'IE YI

monzonite-gneiss near
ctossed. Jlnlarged 30

contact with syenite, 0.75 rnile northeast r-rl

cliameters. Specimen No. 32.

l-ig. 2.-J3iotite-quartz monzonite-gneiss, I mi)e nolth of A. G-_.Br_;'ant's house, Ne]son_
' County, showing mashing fr&n clfnrmic metarnorphism. Nicols crossed. Enlarged

30 diameters, Specimen No. 73.

Irig. 3.-llicitite quirltz ntolzonite-grreiss. 3 i}]ile-. rroltL of Loringstrn._ slloNirrg- granulatior]
' o{ qu:rrtz . frlonr d1-rarrric metarloi'phism. \icol,q clossetl. }lnlalged 30 tliarneters.

Spcciner No. 198.

I-HOTOITICROGBAPHS OF BrOlITE-QLTARTZ IO\ZONITE-CINEISS.
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Iig. 1.-Riotitc-qu:utz rlonzonite-gneiss neitt'
Rosclarrrl. Nicols crossetl. Enl:rrgetl 30

contact u-ith s1'enitc. 0.75 rnilc nortltenst ui
rliarrreters. Speciineu No. 32.

Fig. 2.-Riotite qualtz rnonzolite-gnciss, 1 nrile not'th of A. Cl._.Br_ytrnt's hotrse. Nelson
'- Countl', shori-ing m:rshing fronr d;:namic metzrrnorphism. Nicols crossed. Enlarged

30 tlirLmeters. Specinten )io. 73.

,,'

Irig. 3 
-Iliotite 

quiutz ntolzonitc-gleiss, 3 ruiles ncrtlr of Loving'rt6n._ sLol'ing gr_:tnulation
'oI qu:rr.tz fiorr t'lr-rtrrlic nret:rnrorplrisru. \icols clossetl. llnlni'getl irl0 tli:rmeters.

Specinren No. 19S.

I'HO:fOllICTiOGI-\PHS ()1" llTO'tr'l E Ql-Atl'l Z IIO\ZO\T'I lt (}\liISS.
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Specimens 23, 35, 36, ancl 218 are from points near the gneiss-syenite
contact.

The effects of dynamic regional metamorphism are manifested in the
foliated or schistose structure from the orientation of biotite and the
granulation of the qaartz and feldspar, in strain shadows and lines of
fracture in the qaartz and feldspar, ancl in many of the thin sections in
the bent and often broken lamellre of a part of the plagioclase. fn some
thin sections the larger feldspar grains are much fractured and the lines
are filled with quartz and mica. Photomicrographs of the quartz mon-
zonite-gneiss are shown in PI. VI.

Individual d.escriptions of the gneiss from different localities in the
region are given on pages 84-90 and 198-199.

CHEMICAI] COM?OSITION AND CLASSIFICATION.

The chemical composition of the quartz-biotite monzonite-gneiss is
shown in the two analyses given below, made on specimens collected from
near Colleen and Lovingston,. Nelson County, Virginia. The localities
from which the specimens were collected, yielding the results on analysis
shown in columns I and fI, are on the southeast side of the rutile-bearing
rocks and are separated by a distance of about 5.5 miles. Consiclering the
variable character of the gneiss and the distance between the localities
from which the specimens were collectecl, fairly close agreement is shown
in the two anal;fses.

Analyses of bi,otite-quartz monzonite-gne'i,ss from Nelson County, Virgi,ni,a.
(Wu. M. Tnonrvrolr, Jn., Analgst.)

OJ

III

S..:..,..

63.40
15.94
2.0L
3.91
1 .33
lf.ID
3.53
3.30
0.06
0.76
1.33
0.55
0.05

llrace
Trace

99.94
,R'

66.46
t4.92
1.87
3.08
1.11
3.10
2.63
4.74
0.06
0.80
0.83
0.29
0.07

Traee
Trace

64.93
L5.44
t.g4
3.50
t.22
3.42
3.08
4.02
0.06
0.78
1.08
0.42
0.06

Trace
lfYaee

99.96 99.95
lnc vit

.r. Qua-rtz-biotite monzonite-gneiss, Arrington-Roseland road, I mile north of
Colleen.

__r_r. Quartz-bioti.te monzonite-gneiss, county road, 0.75 mile north of Lovingston.III. Average of I and II.
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A microscopic description of thin sections of the two rocks yieiding the

analyses above follows:
I (Spec.213). In hand specimens the rock ha.s a pronouncecl foliated

structure, with feldspar "augen" (eyes) ranging up to 2 cm. in cliameter'

The principal minerals are feldspar (piagioclase near oligoclase, micro-

cline, ancl orthoclase), quarlz, and biotite, and the minor accessory con-

stituents are apatite, rutile, and titanite. The secondary minerals include

much colorless mica, chlorite, epidote, ancl leucoxene. Microcline and

orthoclase are present in approximately equal amount, and combinetl they

do not exceed plagioclase in quantity. They are developed in irregular

tabular masses considerably altered to fine shreds of colorless mica;
plagioclase shows characteristic albite twinning, the lamellre of which are

frequently bent and broken. Quartz forms distinct areas of f'ne-grained

mosaics filling spaces between the feldspars, is fracturecl, shows wavy

extinction, and contains inclusions of apatite, rutile, etc. Biotite shows

its usual characters and is partly altered to chlorite. The effects of dynamic

metamorphism are manifested in granulation.of the feldspar ancl quartz,

and in bent and broken lamellre of plagioclase (oligoclase)'

II (Spec. 182). Megascopically the rock is a typical coarse-grainecl,

foliated, biotite gneiss exhibiting feldspar "a'ogerf' (eyes) 2 to 3 cm. in
diameter. A thin section of the rock shows essentiallv the same mineral

composition and relations as that described above ( Spec . 273) . The min-

erals are feldspar (orthoclase partly intergrown with plagioclase, micro-

cline, ancl plagioclase near oligoclase), quartz containing inclusions of

rutile needles ancl apatite, brown pleochroic bioiite partly altered to
chlorite, antl occasional grains of apatite antl zircon. The secondary min-

erals include colorless mica, chlorite, epidote, and leucoxene. The usual

eviclence of dynamic metamorphism is strongly shown in the thin section.

It is not possible to calculate from the analyses above the exact pro-

portion of the ferromagnesian constituent in the quartz monzonite-gneiss,

because of the fact that its composition is not definitely known. The norms,@

calculated from analyses I and II, are given in the subjoined table, and

in each case they approximate closely to the actual mineral composition

(mode) of the rocks.

oNorm is defined as the gtandard mineral composition of a rock; i, e', the
chemical composition expresserl in terms of stanclaid minerals. ''A - Quantitative
Classification'of Igneous'Rocks," by Cross, Icldings, Pirsson, antl Washington, Uni-
versity of Chicago Press, 1903.
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Norms corresponding to analysos on page 63.

oo

II

Albite
Anorthite
Corundum .

20.00
19.46
29.87
15.29
4.92
6.60
3.02
2.58
1.24
0.82

9A AO

27.80
22.0L
13.62
0.51
5.84
2.55
t.52
0.62
0 .86

99.80 99.75

The position of the rock in the quantitative system of classification is
shown by the following symbols:

No.
I.

II.

Symbol.
,IT. 4. ?. 3'.
I,. 4. y. 3.

Name.
Adamellose.
lloscanose.

I is a sodipotassic dacase with the subrang name adamellose, and II is a

sodipotassic toscanase with the subrang name toscanose.
The analyses indicate a rock of quartz monzonite character, which is

best illustrated in the annexed table of feldspar composition, calculated
from the two analyses above in the usual way.

Table of feld,spar composition correspomdi,ng to analyses on page 63.

Orthoclase
Albite

Total plagioclase
Total feldspar ..
Ab"An- ratio
Or.-plag. ratio

19.46
29.87
L5.29
44.t6
64.62
2:L
lt2*

27.80 .

22.01
t3.62
35.63
63.43
2:l
l:1+

Attention is clirected in the analyses on page 63 to the more than
appreciable percentages of TiO, ancl PrOu, each of the two constituents
being above the usual average for rocks of this type, as shown in the com-
parison below with analyses of granites and granite-gneisses in general.
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Of the L67 entries of granites and granite-gneisses in Washington's'
list of superior analyses, nineteen, or 11 per cent, contain 0.50 per cent
and more of TiOr; seven, or 2.4 pet cent, contain 0.75 per cent of TiOr;
and only two contain TiO, exceeding the minimum (Lovingstgn qrartz
monzonite-gneiss) percentage in the Nelson County rock (0.83 per cent).
Only one (1.5? per cent) exceeds the maximum (1.33 per cent) and the
average (1.08 per cent) percentages of TiOr.

Likewise the same entries (167) show that ten, or 6 per cent, contain
0.25 per cent and more of PrOu I seven, or 4 per cent, contain more than
0.30 per cent of PrOu; and. three, or less than 2 per cent, contain more
PrOu than is shown in the average (0.42 per cent) of the two analyses of
quartz monzonite-gneiss from Nelson County.

Eight complete analysesb of the commercial grades of granites and
gneisses in eastern Piedmont Virginia show the range in TiO, to be 0.20
to 0.50 per cent, with an average of 0.38 per cent, an amount nearly two
and a half times lower than the minimum percentage of TiO, in the Nelson
County quarf,z monzonite-gneiss (0.83 per cent), ancl the maximum of eight
analyses (0.50 per cent) is much below the minimum of the two analyses of
the Nelson County rock. The eight analyses show the range in PrOu to be

0.02 to 0.49 per cent, with an average of 0.27 per cent, which is less than
the minimum (0.29 per cent) of the two Nelson County rocks, and very
much less than the average of these (0.42 per cent). However, four of the
eight analyses show more PrOu than the T,.ovingston rock (0.29 per cent),
but only one of ihe eight shows more PrOu than the average of the two
analyses of gneiss from Nelson County.

QUARTZ VEINS.

Quartz veins of large and small dimensions are numerous in places
within the area mapped. \reins of white quartz, usually free from other
minerals, especially sulphides, are rather abundant in the outside gneiss
along the northwest border of the syenite. Some of these are quite large,
ranging up to ?5 feet and more in thickness, and may be traced over the
surface for considerable clistances, usually in a northeast-southwest
direction, partly by the disintegrated outcrops and the loose fragments
which litter the surface. Very little white quartz is found within the
syenite area but outside of its limits, especially on the northwest sicle, the
loose fragments on the surface are very plentiful.

oWashington, H. S., Professional Paper No. 14, U. S, Geol, Survey, 1g04.
oWatson, Thomas L., Bulletin I-A, V;. Geol. Survey, 1909, p. 81. -
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Some of the veins contain quartz crystals which weather out antl may
be picked up on the surface. In several places the qaartz crystals are
violet in color, anil on the farm of J. S. Saunders, 3.25 miles west of
Claypool, many beautiful amethysts of gem grade have been obtained.
About half an acre has been worked over by trenching to a depth of from
4 to 6 feet. The amethyst is found in residual red clay cut by small
broken veins or stringers of white quartz striking in various directions.
Occasionally pieces of feldspar more or less kaolinizecl are also found..

The amethyst occurs in small pockets of variable size usually closely asso-

ciated with the quartz stringers, hence it is generally customary in mining
to foilow the veinlets or .stringers. Amethyst picked up on the surface,
which has been exposed to sunlight for some time, is usually facled

and of no value. The oroduct from this mine is controlled" at nresent bv
the American Pearl *nd G.- Company.

Many amethyst crystals have been picked up on the surface of the
Stratton farm a mile southeast of Massie's Mi1l, and at a point about half
a mile northeast of Fancy Hill, but at neither place has any prospecting
been done.

Several qaartz veins of small dimensions composed of biue opalescent
qaartz, which closely resembles in color the same constituent in the syenite,
occur within the syenite area. It is probable that most of the blue quartz
fragments found in large quantities at several places within the area is
clerived from veins, but because of the depth of rock decay they are not
exposed.

About half a mile southwest of Bryant, a vein of blue qrattz, contain-
ing a little pyrite and a seconal mineral too badly altered to be iclentifiecl,
crosses the road entering the farm of M. C. Massie. The vein is about
3 feet wide and trends S. 60' E. A similar vein of sky-blue quartz 1.5

feet wide is exposetl on the north side of the county road one mile north-
east of Bryant. Neither graphite nor sqlphides were identified in the
qtartz of this vein. On the slope of Mars Mountain half a mile south of
Bryant there is much blue quarlz float which probably has been derivetl
from a similar vein. It is a sky-blue opalescent qaarlz containing
numerous disseminated flakes of graphite 2 to 3 mm. in diameter.

Under the microscope a thin section of the blue quartz showecl inclu-
sions of rutile, graphite, and minute clusUike particles, the exact nature
of which could not be determined. The rutile inclusions consist of hairlike
or needle forms anil chains of perfect crystals of brown color with the
longer axes usually orientecl in the direction of the chain. Some crystals



68 cEor,ocy oF TrrE TrrANruM AND APATIIE DnPosrrs.

of rutile have the longer axis normal to this clirection. The graphite is
inclosecl in the quartz as small, irregular areas composetl of ffne-granular
material, and in such relatioa to the host as to indicate contemporaneous

crystallization. Visible pressure effects are manifested in the quartz in
partial granulation and optical disturbance.

Syenite.@

GENERAL STATEMENT.

This rock has been previously called pegmatite in former publications
on the Amherst-Nelson counties area, but more detailecl field antl laboratory
study of the rock mass as a"whole suggests that it is probably not a normal
pegmatite, but an intermediate type between a socla syenite and a less

calcic anorthosite, with modifications in places along borcler positions.
The principal reasons for this change may be briefly summarizecl as follows:

The textural relations of the feldspar and quartz to each other and
of the hornblende when present are, over many parts of the rock mass,

similar to those of a coarse pegmatite. The ratio of the essential minerals
is subject to much variation as intlicated in the description, but the changes
from one kind to another are not so abrupt as to impose a marked. hetero-
geneous texture through the entire rock mass. Many of the larger areas

of anorthosite composed in general of liitle else than basic plagioclase
(labradorite) exhibit very coarse textures and show frequent indications
of gradation into gabbros.

'With the exception of the titanium minerals, rutile aud ilmenite, ancl

occasionally of the phosphate, apatite, none of the numerous accessory antl
exceptional minerals occur, such as result frequently in the production of
comb and ribbon or bantled structures in true pegmatites; nor have
miarolitic cavities been observetl at any point. The absence of special
minerals from this rock does not in itself constitute a valid argument
against its being a pegmatite, since such minerals are by no means present
in all pegmatites, especially in those of gabbros, as it is held by many
geologists that the latter do not as a rule eany special minerals.D

oOhemical and microscopical stuilies of the central and larger portion of this
rock mass, composed chiefly of feldspar, indieate an intermediate rock type in char-
acter, with affinities which probably nore closely ally it to anorthosite than to
qyeqitg. (See analyses on page 76, which are characterized by high CaO and
Na,O, but by a goodly amount of KzO also, giving much normative orthoclase, 16.68
to 23.35 per cent,) The rock is deecribed in this bulletin under the old classiflcation
name sgeni,te, but since the principal feklspar is a calcic-soda variety (anilesine)
with intergrown orthoclase (microcline), the name aniles,i,tue-onnrflzos,ife would deflne
it more exactly.

DHarker, A'., The Natural l{istory of fgneous thocks, 1910, p. 299.
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No uniform decrease in granularity toward the walls is observecl in
the rock mass, although in. many places around the border the contact is
not entirely sharp, but is marked by graduai passage or merging of the
rock into the bordering gabbro rvithout demarkation, so that frequently a
specimen taken from this position is difficult, indeed at times impossible,
of classification, whether belonging to one or the other of the two types.
Unfortunately the contacts over most of the area are obscuretl by the
residual decay of the rocks, so that definite conclusions based on stucly
of exposures are entirely limited to a few occurrences. Probably the best
exposure is founrl on the property of the American Rutile Company extend-
ing southeastward from the mill near Roseland along the east side of
Tye River. Gradation of the syenite on the southeast side into gneissic
uralitic gabbro is indicated, but towards the west from the gradation zone
the hornblenclic or border facies of the rock mass shows very coarse
granularity.

No evidence has been observecl either in the ffeld or in the microscopic
study of thin sections indicating graphic intergrowths, so common a

texture of pegmatites, and which represent simultaneous crystallization.
While the rock is not one of granitic composition except very locally,
yet enough qaarfz occurs to have produced feldspar-quartz intergrowths,
hacl simultaneous crystallization of these two minerals resulted. On the
other hand, intergrowths of the feldspars in the rock is the rule, and this
texture is observed both in hand specimens ancl in thin rock sections. rn
the syenite pegmatites of Norway, Brdggero has shown that perthiiic inter-
growths of the different felclspars are a characteristic feature.

The nelsonite bodies of irregular, clikelike form described on pages
100-155 of this report are found principally in the syenite of the Roselantl
district, but occur also in a few places in the outside gneiss, and entirely
in ihe gneiss in the Lovingston district. They are thought to be basic
segregations (pages 151-L55) somewhat similar in mode of origin to the
well-known segregations of titaniferous magnetite in gabbros. They repre-
sent the latest differentiations from the magma which gave rise upon cooling
to syenite and other igneous rock types in the area.

The genetic relations existing between the syenite, the nelsonites, ancr
some occurrences of gabbro must be regarded as conclusive evid.ence against
a pegmatitic origin for the rock called syenite. Pegmatites ordinarily
represent resitlual differentiates from igneous magmas, but in this area the
nelsonites aqd some of the gabbros were of later soliclification than the
syenite.

69

oBrogger, W. C., Syenitpegmatitgunge, 1890, p. 158.
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. DISTRIBUTION.

syenite is the most extensive of the rock types in the immediate rutile
district. The large mass lying along the northwest sitle of the area mapped

includes approximately 20 square miles of surface. It occupies a narrow

lowland belt that has a general northeast-southwest direction approxi-

mately 13 miles in tength and not exceeding 2.5 miles in greatest width.

(See map, PI. I.)

MEGASCOPIC CHARACTER.

The rock is usually coarsely crystalline in texture and is frequently

gneissic in structure. In places, especially along the southeast border at

the American Rutile Company's quarries, the rock displays an abnormal

coarseness in texture, in which masses of hornblend"e, quattz, and feldspar

measure several inches across. The rock is composed essentially of feldspar

and blue quartz with, in places near the border position, seconilary horn-

blende derived from pyroxene (chiefly hypersthene), r'utilc, and lesser

amounts of ilmenite and apatite. The ratio of these miuerals varies greatiy
in clifferent parts of the rock mass and this gives rise to t'w'o varietal forms.

Feldspar is the dominant mineral except in portions of the border zone.

Trvo facies of the rock mass are recognized: (a) Feldspathic, which

includes the central and vastiy the largest part of the rock mass, and

(b) hornbiendic, rvhich is developed chiefly as a border zone' The two

facies are not separated by a line of sharp demarkation but apparently
grade into each other. Feldspar of the same species in the two varietal

forms of the rock is a less abundant constituent in the bortler or horn-
blenctic zone, while hornblende and biue qtartz are conspicuous minerals.

W'ith but few exceptions rutile, and in smaller quantity ilmenite, are more

abundant toward the border portion of the rock mass, especially along the

southeast sicle. This occurrence of the titanium minerals is strikingly
shown in the quarries of the American Rutile Company along the east side

of Tye River a short distance S. 10' E. of Roseland. Ilere their occurrence

is noted in both facies of the rock with rutile most abunclant in the boriler
portion of the feldspathic mass ancl ilmenite apparently sho.n'ing greater

predilection for the hornblenclic zone.

In general, the central portion of the rock mass consists aimost ex-

clusively of feldspar, with only scattered grains of quarl,z, ancl scarcely

any rutile or other visible accessory minerals. The feldspar is usually
white, occasionally grayish or pinkish, ancl frequently shows fine multiple
twinning on cleavage surfaces. Not infrequently the 

-larger 
eleavable
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Polishetl specirnen of hornblenile syenite from Genelal Electric Comptrnl"s mine, Nelson
County. Dark areas ire coies of hypersthene rvith alteration rims of flbrous
amphibole (uralite). Light-cololed areas are feldspar containing irregular masses

and^ small grains of blue-quartz. (Collected by Frank l. Hess. Photographed by
l . S. C,'ul. Survcr'.)

HORNBLENDE S}'ENITE.
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Polishcd spe(:imen of lrolnblcntlc svenite flonr Generrrl Electlic Comprlnl-''s rnine, Nelson
Count;-. Drrrk irlels ,,r'e cc,te" of hl pelsthcrre rrith :.Llterzrtion rims of flbrous
rrrnplribole (uralite). I-iglit-cololcd rut:ls :rre feldspar coutaining irt'egulal masses

:rnd small glrrins of blue-q.a'tz. (Collected 51- Frzrnk L. Hess. Photographed by
ll. S. Geol. SrLrver'.)

IIORNRL]iND]' S\]E\ITE.
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individuals show curved and bent lamellre antl granulation from pressure

metamorphism.
Deep blue opalescent qaartz ranks second in importance as an essential

constituent I it is always, though often sparingly, present, and in limited
localities may become the dominant mineral. It varies from grains of
almost microscopic climensions to masses many inches across. Merrilld
states that at one of the openings workecl by the American Rutile Com-
pany, in 7902, quaftz was the dominant mineral, irnd masses rveighing
several tons were procurecl. I-.,ike the feldspar the quartz sometimes shows
granulation, and in places it is mashed ancl clrawn out into lenses or thin
plates, oftentimes imparting more or less of a gneissic structure to the rock.

Hornblende, derived from pyroxene (chiefly hypersthene), is a promi-
nent constituent near the border portions of the rock mass; and it or the
original mineral (pyroxene) from which it is 'derived occurs in variable,
usually minute, quantity throughout the area, but in much of the central
portion it is virtually absent. It is dark green and frequently fibrous with
silky iustre. At the American Rutile Company's quarries it occurs in
large cleavable masses, admixed with blue quattz and feldspar, containing
disseminated grains of ilmenite ancl rutile, ancl not infrequently inclosing
variant size grains of blue qvattz. The polishetl surface of a specimen
(Pl. YIl) taken from the General Electric Company's mine plainly shows
rims of hornblende surrouniling cores or eyes of the original mineral
pyroxene. (See also fig. 15.) Titanium minerals are only sparinglSr
present in the rock at this locality.

Rutile, the fourth mineral in relative abunclance, associatecl with some
ilmenite and in places with apatite, varies in amount from practically
nothing up to probably 10 per cent in limited areas. It usually occurs in
grains of varying size, red to reddish-brown in color, and of aclamantine
lustre. In distribution the rutile is confineil largely to the border portions
of the rock mass, being found in largest quantity in the southeast half,
but there are a few small areas near the central portion that carry a high
percentage of the mineral. In the northwest half of the rock mass
rutile occurs in scattered grains that appear to be slightly more numerous
near the border podion. The general character and mode of occurrence
of the rutile are described. in detail on pages 193-196 and,226-229.

Ilmenite, in black grains of varying size, is in general much less
abundant than rutile as a constituent of the svenite. ft coincides in

oMerrill, G. P., Rutile Mining in Virginia, Eng. and Min. Jour., 1902, vol. 78,
p. 351.
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distribution with that of rutile, but it is more noticeable in the hornblendic
portions of the rock mass. Megascopically the mineral presents no unusual
features. Apatite is essentially absent as a megascopic constituent of the
rock exeept where rutile or ilmenite occur in large masses, when it is
Iocalized in consitlerable quantity in places.

At several places in the vicinity of the mine formerly worked, by the
General Electric Company graphite is a prominent constituent, but else-
where it was not identified in the syenite, though this may be due to the
lack of fresh exposures. The sulphicles, pyrite and pyrrhotite, were noticed
at several points ancl are probably generally present in small quantity.
Sericite is of common occurrence in small quantity as a seconrlary mineral.

The syenite frequently shows complete or imperfect foliation, especially
in the hornblende-rich portions, as in the southeast quarries of the American
Rutiie Company, and to a less extent where rutile has been concentratecl.
In places the rock has been crushed to a schist and the rutile mashed into
wavy lines of fragments.

MICROSCOPIC CHARACTER.

Microscopic study was made of a very large number of thin sections
of both facies of the rock collected from all parts of the area. It was
found that these were representative of the two facies of the same rock,
showing only such variations as result from the relative abunclance of the
individual minerals and from structure. The minerals notecl in the hand
specimens also appear in the thin sections, and in addition a few minor
accessories and a longer list of seconilary constituents. The thin sections
show the following minerals: Feldspar which appears in several species,
pyroxene (hypersthene) and more abundantly its alteration product horn-
blende (uralite), blue quartz, rutile, ilmenite, and minor accessory apatite,
zircon ( ?), pyrite, graphite, and biotite, together with secondary muscovite,
epidote, zoisite, kaolin, calcite, leucoxene, garnet, chlorite, and biotite.
rt is unnecessary to state that these are not all found in the same thin
sc'ction, and some of them are only occasionally noted. The texture is
coarsely granitic, and pressure efiects are usually pronouncecl.

Feldspar is the most abundant constituent, except in portions of the
hornblendic facies of the rock, constituting more than 80 per cent of the
feldspathic facies of the rock mass. rt appears in several species, plagioclase
ranging from andesine (dominant) to albite, microcline, ancl orthoclase,
The dominant feldspar is andesine cleveloped in anhedra] fo ms which
usually show abuntlant twin lamella after the albite law and to a less extent
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Irig. 1.-l'eltlsp:rtlric ftrcies of sl.enite from General Electric Compnn-v',s mine,
- shorving ielclspar intergr.orvtls (micrr-rperthite). 'I'he _ptincipal. feldspar i'"

:rnclesirie rvith'inter-gror,r:n spin4les of oithoclase (miclocline). Nicols crossed.

Enlargetl 30 di:rmeters. Specirnen No. I42.

Fig. 2.-Gabbro from W. A. Carnpbell's
intergrowths (microperthite) as in
diameters. Specimen No. 93.

farm, Nelson Count;., shorving f eldspar
fig. L Nicols crossed. linlarged 30

Figs. 3. and 4.-Feldspathic facies of sycnite from General lllectric'- mine, and Americirn Rutile C'ompanj's qualties, shorving a confused
of alteration products flom fe)dip:rr. Nicols crossed. Enlargecl i30

Specimens Nos. I4]-A ancl 9.

PHO'IO]IICROGRAPHS OF }-RESII AND ALTERED FI]LDSPAR IN
AND GAI]BRO.

Company's
aggtegate

cliameters.

SYENITE



Irig. l. [1]1.1-sprrtlric fat'ies oi sr enite f rrttl Gcneral Illecti'itl ( orrrp:lrrr''-< lrirre,
slrou'ing feldspal intet gt otrtlts (nticlopeltlrite). l'hc Irriilciprl feldsprrl is
irrrtlesine l'itlt irtcr'.,.tlaun spirtrlJe; of olthocl:tse (tliclocline). Nitrols r:rossed.
i'ulrrlge(l 30 diametels. Specirren \o. 142.

\-IR(;I\IA C;l.l( )1,( )(i I(',\L St'Il\-ltl Bt l.r.ltTr\ lrr.\ I'L-\'r'E IIII

\elson Count)-, -ql)o\\-inq feldspat
1. Nicols clossetl. Jlnlargerl 30

Fig. 2.-Gabbro from \\'. A. Crunpbell's f:rtrn,
intclglol'tlts ( rlic; opelthite ) trs in 1ig.
diameters. Specinren No. f)3.

Fig,s.3.:rrtl .1.-Feldspat)ric irrcies of sr-cnite front ('leneltrl lilectric- tttirc. anrl Arrtelicirn tiutilc (ionrpant"s rlrritlt ies, shol-ing l colfused
oJ alterntion ploducts iiont feldsprrr'. \icols oossccl' Enltrlgcd i30

Specinrcns Nos. 14I-A and 9.

l']Ho'l.O,\llCP'OGR-\])HS () t'' FRLSH -\\D AT,TERI'D liEl-Dst'-\til l)i
A-\D GAI]IJRO.
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SYTNITE. ry..!

after the periciine law. Most of the individuals show spindle-shaped inter-
growths of microcline (Pl. vrrr, fig. 1) which are often oriented parallel to
the twin lamellre after both laws. The average compositiol of the
plagioclase determined by measurements on the rhombic ,u.tiorr, and deter-
mination of the index of refraction, corresponds to an anclesine of about
AbuuAnru. The intergrown microcline often shows the characteristic
grating structure. rt appears probable that the more soclic species (albite)
present was originally of about the composition of andesine, but in the
process of alteration the lime has been removed and deposited as the
secondary products zoisite and epidote, leaving a piagioelase rich in soda.
Besides their occurrence as spindre-shaped intergrowths with plagioclase,
microcline and orthoclas: are noted as separate, irregular gruio, having
their usual characters. The feldspar is more or less clouded with minute
grains and aggregates of coiorless mica (muscovite), epid.ote, zoisite, and
sometimes calcite. rn some thin sections alteration is in an advancecl
stage and the feldspar substance is largely obscured by the alteration
products (P]. vrrr, figs. 3 and 4). The feldspar usually contains inclusions
of apatite ancl quartz, less often rutile and graphite, ancl exhibits distinct
eviclence of metamorphism in granuration, optical cristurbance, curvecr, bent
ancl broken lamellre of plagioclase, and recrystallization.

Quartz of pronounced blue coror occurs in alotriomorphic areas in
greatly varying quantity. rt may be entirely absent from some thin
sections of the feldspathic facies of the rock though usually present as.a
subordinate constituent, and always a principal mineral of tire hornbiendic
facies. rt is always characterizecl by great abunclance of hairlike inclusions
of rutile, and usually shows the result of pressure efiects in optical
disturbance, granulation, ancr fractures or cracks. rnclusions of graphite
are noted in some thin sections.

amphibole (uralite), having the composition of actinolite, fibrous, and
of blue-green color, is a principar constituent of the border zone of the
syenite, but is essentially absent from the feldspathic facies of the rock,
forming the central and larger portion of the massif. The usuar creavageof amphibole (uralite) is developed. and the fibres generaly show a
tendency to orientation, but occasionalry are bent and brolen fro* pressoru
effects. rt is sometimes studded with minute grains of black oxide of
iron ancl at times contains hairlike inclusions of probable rutile, which are
frequently oriented. paralrer to the f.bres, but may also cut across the
fibres. 

. 
Many fragments shdw paralel extinction, but as a rule an average

extinction angle measurecr on creavage flakes is about r.?.. The indices
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of refraction measuretl by the immersion method are: oc - 1.620-1 0'003'

y : 7.649t 0.003, 7 - 
cc : 0.029. The average of seven measurements

of the birefringence gave 7 - P':0'0123 with values ranging from 0'0115

to 0.0128, : 0.0126, | - 
e' : 0.0310; axial angle measured on pieces

cut nearly normal to the acute bisectrix gave an aYeragc value of 81o.

The mineral is opticaliy negatiYe 1-), the optical orientation being that

of actinolite. Both the chemical ancl microscopical studies of the amphibole

conclusiveiy prove that it is secondary and has been derived from original

pyroxene (hypersthene). (see pages 2L9-222 for a detailed description and

discossiotr of the uralite.) Idiomorphic compact hornbicncle htrs not been

observet[.

Analyses of uralite and, hyersthene of the syenite, Nelson, cottttt,11.

(WM. M. Tnonrrolv, Jn', Analgst.)

III

sio" .

Al,Oe ,

FerO' .

FeO ..
Mgo .

CaO
Na"O .
K"O
H,O-
H,O+

X., /14

J. )l
1 .46

17 .tt
16.73
2.98
0.26
t.24
0.18
1 .96
0.94
0.52
0.05

None
Trace

51 .31
None

5.31
t0.12
17 .93
10. 95
0.22
0.29
0.04
t.26
3.00
0. 11

None
Trace
Nonc

Tio"
ItnO
P,O,

S

I. Hvpersthene separatecl from syenite at General Electric company's mine 1.6
'r.iito. .^rf.hwelqt of Rose's Mill.iniles northwest of Rose's Mi

99.38 100.54

facies of syenite at AmericanII. Amphibole (uralite) separated from hornblentlic
Rirtile Company's quarries near Roseland.

Pyroxene (hypersthene) is the principal original ferromagnesian silicate

mineral in the syenite, but in most localities it has been alteretl by the

process of uralitization to hornblenile, and it is difficult to obtain fresh

ii..ur. It is cleveloped in large, irregular grains without crystal bound.aries,

and almost invariably shows alteration rims of fibrous gre€n hornblentle.

The mineral frequently displays brown-colored inclusions as plates, rocls,

and grains, which often show deffnite orientation. Pleochroism is subject
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1"1E. 2.-Qrr:rrtz-mtile-be:rring s)'glit-e. 0'5

irile soriths'est of Rose L:nion. Light gray
illprr ill llflel prllt nf figure is.blue qtlarlz
|r'rllilinillg inclusions of lulllc needles:

l,,rr." t,tr.t< ilrpil i- lrllile: r'crrraining light
trirv rttea. altIrerl fel'lspal' \ip6ls-ctu-sed'
'Enlalg.d ir0 ,liameters. Sl'ccimen No t lU'

Irig. 1.-Rutile-bealing svetrite, Arn-
erican Rutile Company's quarries
at Rosela,nd. shorving rutile (thc
tl'o dtrrk glains in uppel p:rlt of
figure and the mass in lon-er half )

i'immecl by the alteration Product
leucoxene. Note the s:rme alter4-
iion product fllling fractule closs-
ing rutile mass in lou'er half of
{ieure. Nicols crossed. Enlarged
30 diarneters. Specimen No. 42-W.
See also Pl. XVI.

l'ig. 3.-Blue tluartz in- Electric CompanY's
No. 141-B.

srerrite {illecl tvith inclusions of rutile neeclles' Genetzrl

-in". Nicols clossetl. Jlnlarged 375 diueters' Specimen

PHOTOI'IICROGRAFIISoFRTTILEAI,TERATIONANDNEI]DI,E-LIKE
INC]LLTSTONS OF RUTILtr.



Fil l. lirrtile-be:rling sr-ettitc. Anl-
eliorrr liutilc Conrpnnr''s qrtrtrries
ilt Roselilttd. slrol-ing lutilc (tllc
trro tltrll< gi'rrins irr n])per p:rl t ol
iiguro rurd the nirss irr lttlr er Jlrllt')
linrnrerl tr1- tlre ;rltcratr'ou protluct
leucorere. \ote the slnto ttltt'l rl-

rion piodrrct fllling fractuie cr{)ss-
ing lutile nass irr lol er' lralf of
ligurc. Nicols ci'ossecl. Enlarged
iJ0 diarrrctei's. -Spccimt'tr No. '12-\Y.
See alsr T'1. \\-L

L]LLLD'II\ III.A I'I,A'I'D I.\.

l;it. '1.-(.trrirIlz |rrtilc l)Pillilrg 'r"nite. O.5

i,,il,' .,,irtlrtr"-t ,'i li,'-e I rrion. Li:llrl itey
;tt,'rl itt lll'1,''l lrilll "i ti:ttle it.LIllc {lll,irllz

r'utrlirittilrt i11p!11-1n11-'rl trtlile ne''rllPs:
l:rts. bl:rcl< rtt*rt i' tlllile: tertrlirring li3ht
gt,,l,,,, r- rtltrr'*rl f"l'l-1'rrr" \ic"l-.1"'-::tl'
irlrrlgr:,t ;0 dirrlilctel s. Specinten No Ii0'

;*{

.: ,.

l'ig. 3.-Blue rlurrltz in s1-etrito li]lerl Nith -irrcluqion'* 
of lutile needlcs' (lelcl':rl

' Electric Comp,rrl,s nrine. Nicols cr'o-q-sctl. lirllr'getl 375 tli'rrrrcter's. Specimeu

\o. 111 11.

PI]OTO]IICROCR.\ I'HS ()I- It L TI I-E AI,TI' Ti.\'I ION A\D \}']EDLD-I,IKE



SYENITE. 'to

to some variation, but is always noticeable: x : pale pink, y : pale
yellowish-greett, z: pale green. Measurecl by the immersion method
the indices of refraction are: oc :1.696-+ 0.008, B:1.?10-+ 0.003,
y : 1.713-t- 0.003. Measurements of the birefringence with the Babinet
compensator gave an average value of y- oc:0.018, y-B:0.0086.
The average value of the axial angle measured rvith the Federof stage is
2Y : 53". (See pages 277-279 for further description.) A chemical
analysis of the pyroxene is given above in column r. Brown, pleochroic
biotite, partly altered to chlorite, is sparingly developed, and in part at
least is probably seconilary.

Rutile and ilmenite, sometimes intimately associated, are imporranr
constituents of the rock in places, rutile being most abundant in the
feldspathic facies, and ilmenite in the hornblendic border zone of the
syenite. These are deveioped in formless grains of variable size ancl arc
apt to show partial or complete alteration rims of leucoxene (pis. rX and
xYr). They show their usual characters and are described in detail incjud-
ing chemical analyses on pages 198-196 and pz\-??9. Rutile as microscopic
hairlike inclusions is abundantly developed in the qaarrz (pl. rx, figs. z
and 3). Apatite as separate individuals with rounded and elonsatecl cross-
sections and as prismatic inclusions in the other minerals, espe-cially feld-
spar, is sometimes notecl. The remaining accessories, pyrite, graphite, and
zircon (?), are very subordinate in amount and do not merit separate
descriptions.

Besides uralitic hornblentle, the common secondary minerals include
muscovite, epidote, zoisite, leucoxene, some kaolin anil calcite, ancl in
several thin sections garnet. Except garnet these are usually developecl as
aggregates of minute scaies anil granules forming clouded areas in the
feldspar.

Pressure effects are invariably shown jn the thin sections, chiefly in
bent and fractured folire of plagiociase, and. to some extent the uralite
fibres, mashing and granulation, optical disturbance of qnartz and feldspar,
formation of secondary minerals, especiaily muscovite, resurting fteqoeotS'
in the development of foliation (pl. X, figs. 1 and 2).

CHEMICAL COMPOSITION

The range in chemical composition of the two facies of the syenite
(hornblendic and feldspathic) is shown in the analyses of the subjoined
table. The analyses representing the two facies of the rock show some
differences, due to variation in the proportions of the principal minerals-
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feldspar, quartz, and hornblende. siiica varies rather widely for the horn-

blendic facies, but is quite uniform for the feldspathic facies of the rock

Titania shows great variation in both facies of the rock, ranging from 0.22

per cent in analysis vII to 13.64 per cent in analysis iII. Iron oxides (Feo

and Feror) ancl magnesia are much higher and the alumina and alkalies

(NarO and Kro) are lower for the hornblendic than for the feldspathic

facies. Irime, while subject to some variation, is more uniform for the

two rock-facies.

Ar,talyses of sgeni,te, Nelson County, Virg'i,nt'a.
(Wu. M. THoBNroN, Jn., Analgst.l

Hornblendic facies Feltlspathic facies

I
sio, . .. .1 63.61 56.61

FeO .. 3.81

100.

Specific avit
oProfessor.F. P, Dunnington, analyst.

I. Ilornblerrcle facies of syenite, I00-foot. level, General Electric co.'s mine, 1.5

miles northwest of Rose's Mill.
II. Horneblencle facies of syenite, American Rutile Co.'s quarries, Roselan'l.

III. Ilornblende facies of syenite, American Rutile Co.'s quarries, Roseland'
IV. Feldspathic (gray) facies of syenite, 100-foot level, General Electric CO.'s

mine, 1.5 miles northwest of Rose's Mill.
V. X'elilspatitic facies of syenite, American Rutile Co.'s quarries, Roseland'

\n. Feltlspathie facies of syenite, American Rutile Co.'s -qua,rries,- 
Roseland'

y1I. X.eldspathic (pinkish) iacies of syenite, 100-foot level, General Electric Co.'s
mlne. 1.6 miles northwest of Rose'e Mill.

vI[. Average bulk sa,rnple of syenite, including horoblencle and feklspar facies,
American Rutil-e Co.'s quarries, Roeelancl'

Average
A.M. R.

Co.

vIIr
59^84
20.59
0.55
0.71
0.76
4.48
5.23
2.97
0.18
0.75
0.02
3.75
0.35

Trace

99.78

2.744

ilI TV VALVI VII

L4.
1.
4.
+.
4.
3.

50 .97
13.
t.*L
5.42
4.68
3.66
2.72
2.24
0.05
l.4l
0.05

13.64

61.51 j

23.17
0.371
0.26
0.26
5.96
4.64
3.94

59.92
24:23
0.29
0.24
0.23
6.47
5.03
2.93
0.08
0.28

Trace
0.22
0.09

Trace
Trace

100.01

2.68

Tio, . 0.40
P,Oo '. .. . ' .. 0.15
CO, .... Tracel
S . .... ...lTracei

I .51
0
1.
0.01
7.
0.
0.
0

0.08
0.32

Trace
0.29

0.31
0 .04

0.10
Trace

100.43

2.705

60.03
21 .38

2.8r

0.01
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Fig. 2.-Feldslathic facie-
southeast of Bryant,
clossed. Enla rged B0

BI]LLE'IIN ]II-A I'I,ATE X.

Fig' l.-Feld.spathic facies of syenite, General Erectric company's mine, showing
granu.la^tlo1.of feldspars from dynamic metamorphism.'Ni'cols crossed. E;
latged 30 diameters. Specimen No. llg.

o{ s;'enite ne:r,r entrance to }Iajor Royrl,s farm, 0.5 mite
showing banding from dvnamic metamorphism. Nicols
diameters. Speclmen No.'77.

Ilig. .3.-uralitizecl g'abbro'gneiss derivecl from gabbro by metamorphism. American
Rutile conrpa'j's property. Nicols crossedl Enlargecl B0 diaireters. specimen
No. 14.

I'IIOTO].IICROGRAPHS OF SYE\ITE AND GABBRO.GNEISS.
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Fig. l.-Fe)dspttthic facies of -s1-enite. Generul Electric C_.onrparry,3 nrine, shoivinggriumlation. of fellspar.s fr.om d.vnamic mettlmolphism. 'Nicols 
"rni.,A. Iln-lillgerl ;l(| diirmclels. Spccirrrotr No. l.jS.

Fig. 2.-Feldspatlric frrcies
southe:rst of Brr:Lnt.
'.1',q\e{1. Errlru.gerl 30

of svcnite ne:rr. entr.irnce to llaiol Rold,s frrlnr. 0.5 nrile*L,,u-inl I'inrllinE flonr rllnamic mctrinrolphisni. Nircls
rlriltnelor'.. Spocil)relt \". ;i.

l-ig. 3.-l lrrlitize,l girLl'l.u-gnpiss
Hrrt ile t ot!rl'i1r\'- l,l,'pelt\.
-\n. l+.

PHOt OII IC]t()GR^{t,Ifs

detiterl flu:rr grrbbrr, hl ntel irmo)l'lri.ln. .{rn"r.icrrn
\i,,,,1s r.r'o-.*,1. l.lrr) r I Xn,l 3il ,li,rirr"l,,r -. Slre..irrrerr

O II .SYE\I I-E .\ND GAI]R}IO-G.\ I.]ISS.



SYNNITE.

Attention is directed in the analyses to the high percentages of lime
and. soda; in general the two vary directly with each other, ind.icating the
source of lime to be chiefly from feldspar of the sod"a-lime series, the com-
position of which is discussed below. rn every case socla exceeils potash,
ranging molecularly from two to four times as great, showing that potash
feldspar in the rocks is quite subordinate in amount to ure soda-lime
species, a fact confrmed by microscopic study.

Computing the mineral composition of the feldspars from the per-
centages of potash, socla, ancl lime@ given in the tablb of analyses above,
by allotting the potash to orthoclase, and the soda and lime to albite and
anorthite of the plagioclase series, the analyses correspond to the following
feldspar composition:

Feldspar compositi,on of sgenite, I{elson County, Vi,rginia.
(Numbers correspond to table of analyses above,)

Or.-plag. ratio

Designating the albite molecule (NaAlSirOr) by Ab, and the anorthite
molecule (caAlrsiror) by an, the soda-lime species corresponcr closely to
the following molecular ratios:

I. Ab'Ano - Andesine.Ir. Ab'Anu =Andesine.IrI. Ab,Ano = Andesinc.IV. Ab,Ano - Andesine.V. Ab,Ano - Andesine.

#: ff;i*?"=ft$Elifi:.
\,TII. Ab,An, - Andesine.

As calculatecl from the analyses, it will be observed that in general
the composition of the dominant feldspar present in the two rock-facies
of the syenite is a calcic-socla species, corresponding to antlesine. This
is confirmed. by microscopic study of thin sections of the rocks. These
calculations show the proportions of orthoclase (microcline) to plagioclase
to range from L:3 to 1:5.

63
93
28
:1

23.
39.
28.
67.
91.
L.4
1:3

I

taL

341

131

47
701

'11

I
t2.
29.
2I.
ou.
62.
1.4
L:4

IIIII
s.eol 12.79

27.251 23.06
21.681 16.96
48.931 40.02i
57.831 52.811
1.3:1i 1.4:1
1:5 l1:3 L

osufficient lime was allotted in each case to the percentage of &o" found onanalysis to form the mineral apatite.
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A further noteworthy feature developed in the calculations (readily

apparent from stud.y both of hand specimens and thin sections) is the

"i.ho.g 
of the rocks in feldspar, especially the feldspathic facies. In this

respect this facies of the rock is closely akin to the group of anorthosites,

uui tne difference in the two types is at once apparent in the dissimilarity

of the feldspar species which characterize each' The total feidspar varies,

however, irr the two facies of the syenite within wide limits, as may be

observetl from the tab]e, being lowest of course in the hornblende facies of

the rock, in which the range of total feldspar is about that of the so-called

granites (quartz monzonites chiefly).

CLASSIFICATION.

The norms corresponiling to, and computed from, the analyses on page

?6 are given in tabular form below.

Norms of sEenite corcespond,ing to analyses on paga 76'

, I Average
Minerals I{ornblendc fac Feldspar facies A. M. R. Co.

il1ry VI I YII VIII

6.
23.
39.
28.

5.82
t7.24
42.44
31.14

1.33
0.60
0.46
0.32

5.70
16.681
49.25
21.681
0.82
0.50
0.61i
0.481

16
4L\

19.
n.
to.
26.
+.
0.

9.48
L5.57
44.02
20.57
1.63
1.90
t.52
0.48

0.7r
0.

0
7.
0.

0.32 3.

99.851 100.09
0.82

2.96
0.67

98.80
0.93
0.02

Watcr
Not used

99.85 100.91 100. 99.75

The positions in the "Quantitative System" of the eight rocks corre-

sponding to the norms tabulated above may be expressed as follows:

Bum,marg of Qwntitatiae Classffication.

l Name Proposedr-"1 -.--l._-=.._--
I.

II.
ilr.
rv.
v.

VI.
vII.

VIII.

,rr. 4. 3. 4.
rT. 4.3. 4.
Ty. 4. 3. ',4.r. 5. 3. 4.
T. ,5. 3.'4.
r. 5. ,3. 4.
r. ,5. 3. 4.
I. '5. 2. 4,

Tonalose,
Tonalose.
Tonalose.
No name-analyses known.
No name-analyses known.
No name-analyses known.
No name-analyses known.
Lauwikose.

Piedmontose.
Piedmontoso,
Piedmontose.
Pietlmontose.
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Basetl on mineral composition the hornblende facies of the rock mass
corresponds in the older terminology to granodiorite. As discussecl else-
where in this report hornblende of the rock is shown to be secondary derivecl
from pyroxene (hypersthene), and the original rock probably corresponded
more closely to gabbro, although the texture is vastly coarser than that of
normal diorite and gabbro. This textural difierence is accountecl for on
the basis that the minerals crystallized uncler conditions different from
those in a normal rock, that is from magma supercharged with vapors.

Each of the three analyses (I, II, and III) of the hornblende facies of
the rock mass corresponds, in the quantitative classification, as indicated
in the summary above, to the subrang name tonalose. The norms com-
puted from the three analyses agree, therefore, in placing this rocl< into
class II (dosalane), oraler 4 (quardofelic), rang 3 (alkalicalcic), and
ubrang 4 (dosodic), and is clesignated tonalose. The principal types of

plutonic rocks inciuded in W'ashingtbn'so tables under tonalose are diorites
and granodiorites.

The feldspathic faeies of the rock mass, which composes vastly the
largest part of the massif in the field, and representeal by analyses (IV,
V, Yf, and VII), probably corresponds more closely in the older classifi-
cation to syenite, notr,vithstanding the fact that the dominant feldspar is
a socla-lime species. Although syenites are considered to contain orthoclase
as the dominant feldspar, the numerous analyses indicate that only a few
are dopotassic rocks, the great majority being either sodipotassic or dosodic.
Boih the chemical anaiyses and microscopic study of thin sections of the
Nelson County rock indicate too high a percentage of potash feldspar ancl
too sodic plagioclase (andesine),b which latter is the dominant feldspar
present, to group the rock as anorthosite, most of the analyses of which
corresponcl to docalcic, persodic rocks (labradorose), antl a few to percalcic
(canadase). Neither could the rock be classed as monzonite uncler
Briigger'sc definition, the type of which in the "Quantitative System" is
n'Llnzlnose, and is sodipotassic. The analyses show the rock to be char-
acterized by dominant soda over potash (dosodic), and the proportion of
alkalies and lime nearly equal (alkalicalcic). The position of the rocli
then in the older classification would be intermediate between the alkali

ryo

^^_oWashington, H..S., Professional Paper No. 14, U. S. Geol. Survey, 1903, pp.
236-24r.

bl'he name anorthosite- is now applied to grained roeks composed almost entirely
of lime-soda feldspar, with negligible amounts of other minerals. The commonesl
variety of anorthosite, however, is composed of the lime-soda feldspar, labradorite.

oBrdgger, W. C., Die Eruptivgesteine des Kristianiagebietes, l8gt, vol. ii, p. 21.
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and lime.soda felclspar groups (monzonites) and the lime-soda feldspar

group (anorthosites), corresponcling to dosodic syenite.

As indicated in the summary above, the four norms (IV, V, VI, and

VII) computetl from the analyses are in agreement (being expressed by

the same symbol) and the rock falls into an unoccupied" or new position

in the "Quantitative System." Although analyses of rocks are reported

known that would corresponal to this position, no name has yet been

proposed for this representative. Since the Nelson County, Virginia,
feldspar-rich rock (consisting normally of littie else than feldspar) covers

an extensive area, anil the several accurate and complete analyses were

made on reasonably fresh material collected from different iocalities within
the area, piedmontose is proposed by the writers as an appropriate subrang

name for this new representative.
The exact position of this new type in the quantitative classification

would be expressecl as follows:

Class I. Persalane.
Order 5. Canadare.

ff#,"'; r"y#;;z:;;",".
The rock is the first recorcletl representative of the rang and subrang, ancl

pi,ed,m,ontase (rang) and. piad,monfose (subrang) are suggested as appro-

priate names.

The norm calculated from analysis VIII, made on a carefully collected

sample from the American Butile Company's quarries at Roseland, and

representing a bulk (composite) sample of the two facies of the rock mass,

places it into class I (persalane), order 5 (perfelie or canatlare), rang 2

(clomatkalic or pulaskase), and subrang 4 (dosodic or lauruilcose), and is

clesignatecl lauraikose. It is closely similar to pi'ed'montose, differing onlv

in the rang position, which in this case expresses the proportions of alkalies

auil lime in the normative feldspars.
It is worthy of note that the eight analyses representing the two facies

(hornblenclic ancl feldspathic) of the rock are alike in showing d.ominant

soda over potash, ancl are groupetl quantitatively as dosodic.

VARIATIONS IN TEE SYENITE.

The most extensive exposules of the freshest syenite were fountl in the

mine of the General Electric Company and in the open cuts (quarries)

of the American Rutile Company. Complete description of the syenite at

these two localities is given on pages 163 and 1?9. The following descrip-
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tions of the syenite from numerous widely separated localities rviil give a

general idea of the variations in the rock mass.

On the Cox farm, 1.5 miles northwest of Rose lFnion, there is a small
area in which the percentage of rutiie is extremely high, amounting perhaps
to 10 per cent. The surface is almost covered in places with gravel con-
sisting of pebbles of rutile ancl quartz which have been weathered out from
the syenite ancl become concentrateil on the hill slope. A prospect pit
sunk through the residual rock decay reached the fresh syenite at a depth
of little over 6 feet. The syenite is entirely free from hornblend.e or
pyroxene consisting of feldspar, rutile, qu.arLz, and a few scattered grains
of ilmenite. The feldspar is white, partly perthitic in texture, and in
places shows fine multiple twinning. Irarge warped cleavage planes afford
evidence of dynaaric metamorphism. Rutile occurs in irregular angular
grains haviug a maximum diameter of 1 cm., arrangecl in irregular broken
lines running in various directions. Blue quartz is present in irregular
masses ranging up to 3 cm. in diameter. A thin section of the rock (Spec.
101) examinecl microscopically exhibits no unusual characters from the
normal rutile-bearing feldspathic facies of the syenite clescribed on pages
72-15. There are several other localities in this immediate vicinity rvhere
rutile occurs in considerable quantities.

Plate XXXYI, fig. 2, facing page 252, is a photograph of a specimen
of blue quartz and rutile from the Cox farm.

Large pieces of loose rutile are founcl on the surface 1.25 miles west
of Rose Union intimately associatecl with large weatherecl boulders of
syenite. When broken open the syenite boulclers (Spec. 10S) are found to
be honeycombed with large angular cavities ranging up to 3 cubic jnches

in size. The cavities contain a white porous resiclue consisting mostly of
earthy apatite, and it is probable that the cavities are due to removal of
this mineral by solution. They are frequently separated by narrow parti-
tions about an eighth of an inch in thickness composed. of feldspar, blue
quarl,z, and rutile. No minerals other than the ones mentionecl could be
identifed in the rock.

On the south side of Allen Creek, about half a mile southwest of Rose
Ifnion, a large exposure of syenite occurs composed of white feldspar with
much graphite and pyrite. A few scattered grains of blue quattz could be
distinguished but no other minerals were iclentified. Passing up the creek
from this point graphite in small flakes may be found. in most of the rock
exposures, and at a distance of about a quarter of a mile some large pieces
of rock weighing more than twenty-five pouncls were procured from the bed

8L
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of the creek that appear to be composecl entirely of graphite and pyrite.
The pyrite is rapidly oxidized, on exposure to the air. Passing down the
creek graphite was also found at several places. About three-quarters of
a mile northwest of Rose's MiIl an exposure of gneissic syenite in which
quartz'is dominant over feldspar shows numerous small flakes of graphite
and a few grains of rutile and ilmenite.

Near this exposure is another in which graphite is absent. The syenite
is gneissic in structure ancl composed for the most part of feldspar, bluish
gray quartz, hornblende, and numerous scatterecl grains of rutile. A thin
section of the rock (Spec. 11-0) shows the usual primary ancl seconclary

minerals which characterize the feldspathic facies of the syenite. Evidence
of dynamic metamorphism is manifestetl in fractures, wavy extinction, ancl

granulation of the quartz and feklspar.
In the bed of a small branch, 1.5 miles southeast of lrowesville, syenite

is exposed which consists largely of blue quartz with smaller amounts of
kaolinized feldspar ancl numerous small grains of rutile.

Fresh syenite of medium-grained texture and gneissic structure was

exposed in blasting for the foundation of a building on Mr. J. Hill's farm,
half a mile northeast of Rose Union. The rock (Spec. 132) is composetl

chiefly of feldspar, together with gray qloatf,z in f.ne lines or stringers,
pyroxene, and a few grains of rutile and ilmenite.

On Col. J. T. Hubard's farm, about 1.25 miles northeast of Rose Ifnion,
much rutile-bearing float is found scatterecl over a small area. The loose

rock fragments are similar in appearance to the syenite described on page

83 and reproclucecl in Pl. XXXIII. The rock (Spec. 138) is cornposed of
large feldspar masses 1"0 cm. anal more in cliameter surrounclerl and separatecl

by a mixture of rutile, apatite, blue quartz, anrl feldspar. A little secondarv
muscovite is also noted.

In a field three-quarters of a mile north of Roseland is an isolated out-
crop of schist derived from the syenite by locai crushing. .The rock is
much weathered. Small grains of rutile may be identified and lenses of
blue quartz occur in the outcrop, but are not visible in the hand specimen
which seems to be practically free from quartz. The schistose structure of
the rock (Spec. 20) is strongly developed in the thin section under the
microscope. The principal minerals are anclesine and orthoclase feklspar,
nearly colorless to greenish-brown ffbrous hornblende, some quartz con-
taining rutile needles, and several small grains of rutile partly altered to
leucoxene. The feldspar is granulatecl ancl fractured from pressure effects
and consiclerably altered to epidote, zoisite, ancl muscovite. In many cases

the hornblende fibres are bent and. broken from pressure metamorphism.
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About three-quarters of a mile northwest of Roseland, near Tye River,
is an exposure of pronounced schistose syenite of the hornblendic facies,

in which feldspar, blue quartz, and hornblencle are the megascopic con-

stituents. This outcrop is within 500 yards of the syenite-biotite gneiss

contact where crossed by Tye River. For some distance south ancl east of
this point the syenite is of the feldspathic facies bomposed almost entirely
of feldspar with very little blue quartz ancl no hornblentle, so that the rock
weathers to a white clayl but, passing northeastward the character of the
rock soon changes as the contact is approached. The section across the
contact at this point is described on page 84. Schistose structure is

evident in the thin section of the rock (Spec. 22) which exhibits the usual
mineral composition. The principal alteration products are epidote, zoisite,
and. colorless mica. Granulation and undulous extinction of the light-
colorecl minerals are notecl.

On the north side of the county roaal, about a quarter of a mile north-
east of Bryant, are several reeflike exposures of schistose syenite (Pl. XXIV,
fi1. 2). The rock is a medium coarse-grained mixture of feldspar, blue
qaa'rtz, hornblende, rutile, and biotite. The quartz is drawn out into
long broken stringers oriented along a N. 50o-60o W'. direction. Rutile
occurs in disseminated grains. This is the only locality where biotite was

observecl .as a noticeable megascopic constituent of the syenite. Some of
the exposures exhibit the same pitted weathering efiect of the rock surface
as observecl on the east sirle of Tye River above Roselancl (P1. V). \Mhen
studied in thin section under the microscope the rock (Spec. 57) conforms
entirely in mineral composition to the hornblende-bearing syenite.

Specimen 222, taken from an outcrop near the entrance to Major BoyiPs

farm half a mile southeast of Bryant, is a foliated rock composed of light
bands of feldspar with a little quartz, which alternate with dark bancls

containing deep blue qnarl,z, iknenite, and a little biotite. Except for the
presence of brown biotite, a thin section of the rock shows the usual com-
position of the syenite. The schistose structure is plainly marked in the
section accompanied by the development of much seconclary colorless mica,
and granulation of the quartz anil feldspar. (Pl. X, fig. 2.)

On the slope of the mountain about a mile east of Bryant exposures of
gneissic syenite (Spec. 226) occur composed of feldspar, some of which
exhibits multiple twinning, light pink garnets about 2 mm. in cliameter,
and small grains of rutile.

About 700 yards southwest of the American Butile Company's quarries,
in the bluff bortlering the lowlands on the west side of Tye River, there
is an exposure of the feldspathic facies of syenite carrying much rutile.

83
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The photograph of the polished specimen reproduced in PI. XXXIII was ob-

tained from a small opening made in this outcrop. The syenite consists of
an aggregate of large, white feldspar intlividuals averaging 4 to 5 cm. in
cliameter through which are distributed irregular bancls, lenses, antl smaller
areas ranging up to 2 cm. in width, composed of brownish-recl rutile,
grayish.white to glassy apatite, blue quartz, and smaller grains of feldspar.
The large feldspars are partly perthitic in texture antl show goocl cleavage

development, the surfaces of which are slighUy bent in some cases. There
are inclusions of the other minerals principally rutile in the feltlspar, ancl

these increase in number near the borclers. The blue qtafi,z is for the
most part intimately associated. with the rutile, but the apatite is more
often separately segregated. The rutile is in irregular grains ranging up
to 1 cm. ancl over in diameter. The apatite occurs in grayish-white to
transparent granular crystals. A few small, scattered flakes of muscovite
may be distinguished, but the rock is practically free from hornblende or
other ferromagnesian minerals. The rock plainly shows the effects of
intense dynamic metamorphism.

OONTAOTS.

Because of the extensive residual rock decay which conceals the fresh
rock, contacts between the syenite and outside biotite gneiss are exposecl

in but few places. The contact is often indicated by a change in color of
the soil, as the syenite where free from hornblende weathers to a white
clay and the gaeiss usually to a red clay or gray sancly soil. Close to the
contact the red clay is often much deeper in color, indicating a higher per-
centage of iron oxide. The presence of small pebbles ancl grains of rutile
concentrated on the surface also helps in tracing the syenite.

Gmei,ss-syemite contact on the southeast si,d,e.-The only place in the
region where a sha p contact was found between the syenite ancl biotite
gneiss was in exposures of moderately fresh rock on the southeast side of
the syenite area shown in the photograph on Pl. XI, fig. 1. The photograph
was taken in the bed of Allen Creek half a mile north of Rose'e Mill ancl

about 75 yarcls southwest of the county road.. The line of contact between
the two formations runs cliagonally across the photograph ancl clirectly
untler the hammer shown near the center.

Several cleep gullies have been cut in the resitlual rock decay near the
contact between the syenite and biotite gneiss 1.25 miles west of Rose's

Mill. A photograph taken in one of these gullies is reproclucecl in Pl. IV,
U.2. It shows the irregularity of the rocks near the contact and inclusions
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rrig. l_.-contact betr'veen syenite and biotite-quartz monzonite-gneiss exposed in bedof Allen creek, 0.5 mile north of Rose's n'Iill. rrammer'inilicateJ position of
contact.

Fig. 2.-Banded syenit+gnei-ss _near contact betrveen syeuite and biotite-quartz
monzonite-gneiss. East bank of Tye River, I mile nbrth,'vest of Roseland.

SYENITE-GNEISS CONTACT AND BANDED GNEISS.
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monzonite-g'neiss crposed in bed
IIa-mmcr inrlicttes position of

Fig. l.-Contact betl'een sl.enite and biotite-quar.tz
of Allen (lleek. 0.5 nrile nor.ilr of Rose,J llill.
contact.

Fig. 2.-Banded -s1'enite g'eiss near contzrct betri,cen slenite and biotite-quartz
lronzonite-gleiss. East btrnk of r"ye River, 1 mile nl'tlrrvest of Roseland.

SYE\ITE-G\EI,SS CO\TACT AND BA\DED GNEISS.
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of large, angular masses of light-colored material in the darker rock. Both
rocks are completely decayed by the action of atmospheric agencies
(weathering).

Along the east side of Tye Biver, extending downstream in a southeast
direction from the American Rutile Company's quarries, a bocly of
uralitized gabbro more or less schistose in structure lies between the syenite
and biotite gneiss. On the west side the gabbro apparently grades into the
hornblend.ic facies of the syenite, while on the east side the exact nature
of the contact between the gabbro and gneiss is indeterminate because of
lack of outcrops and thick mantle of residual rock decay. Probably similar
relations obtain farther northeast along the same bountlary about 1.5 miies
southeast of Bryant, where gabbro masses are again developed and in
similar position with reference to the syenite and biotite gneiss. Ilere, as

along the border zone in general, lack of exposures and depth of residual
rock decay rencler accurate observation ancl interpretation of the exact
nature of the contacts between the inclividual rock masses uncertain.
. Three-quarters of a mile southeast of Boseland ancl within 200 or 300

yard.s of the syenite contact is a large exposure of biotite gneiss in which
the principal minerals-feldspar, quartz, and biotite-are distinguishable
megascopically. Microscopically the rock (Spec. 36) is identical in
structure antl mineral composition with the normal biotite gneiss. A
sprinkling of both apatite and rutile is developetl in thin section, ancl the
usual eviclence of pressure metamorphism is pronouncecl.

The gneiss-syenite contact is probably located half a mile east of Bose-
land anrl just north of Mr. Vfilsou-s resiclence, as the change in color of
soil from light gray to dark red is marked. A specimen (35) taken from a
piece of float at this point inrlicates both megascopically anrl microscopic-
ally a rock of essentially the same composition as the outside biotite gneiss.
An outcrop on the side of a small stream three-quarters of a mile north-
east of Roseland is composecl of gneiss (Spec. 33) of essentially the same
general character as specimen 35, except that some blue-green f.brous horn-
blende is present in arldition to biotite. The same rock in a more atlvaneed
stage of weathering is exposecl in the creek bed for a clistance of several
hundred yards, and again a quarter of a mile farther east as inclicatetl by
a piece of float (Spec. 32) which from microscopic study is biotite g[eiss
of the usual character.

'On the east side of the roacl 100 yards north of Rose's Mill ancl 600
yarrls from the syenite-gneiss contact on the southeast side is a large
exposure of the typical biotite gneiss cut by several clikes of diabase

6t
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(page 160). The rock (Spec.129) is a tlark gray foliated gneiss con-

taining feltlspar eyes ("augen") about 0.?5 cm. in diameter, biotite, ancl

some white qtaartz. Microscopically the rock is identical with that occur-
ring on the Arrington-Roseland road one mile north of Colleen, and yield-
ing the chemical analysis shown in column I, page 63.

Gneiss-sgenite contq,ct on the northwest st'd,e.-I:n some places near the

contact the syenite is interleaved with bands of a fine-grained gabbroic

rock, so that it presents the appearance of a bandecl and ofteu contorted
gneiss. The blufts along the east side of Tye River about 2 miles north-
west of Roseland furnish the best section across the contact that is found
at any locality on the northwest side of the syenite area, and for that
reason it is described in some detail below.

On the river bank about 300 yards from the contact there is exposetl

a large bare surface of gneissic syenite polished smooth by river erosion.

The rock consists of alternating bands of light- and clark-colored minerals
that have become greatly contorted. through intense folcling ancl minor
faulting (see Pl. XI, fig.2). The dark bancls are clue to the presence of
hornblende and the light-colorecl ones are composed of feldspar with occa-

sional small lenses of blue quartz. In other portions of the outcrop the
dark bancls are absent and tiere is sufficient bloe qoart, present to form
stringers. Some of the bands have the appearance antl composition of
gabbro. The general strike of the schistosity is S. 55o W., and it appears
to dip toward the northwest at an angle of about 70'.

The rock shows two principal directions of jointing; the earliest
fractures have a strike of about N. ?0o W., but are not very strongly
developed, while the later joints are well defined, having a strike of
N. 23" W., ancl in places show slight faulting with displacement of the
previous fractures. The faulting was uniformly toward the left, the
greatest individual displacement observed being about 8 inches. The
folding shown by the contorted bands of the rock is due to displacement
without fracture in the same clirection. In some parts of the exposure
very little contortion is observecl. Because of difference in mineral com-
position, the alternating bands of the rock give rise in places to remarkable
examples of differential decay. A few yards back from the river antl above
the reach of high water there is an outcrop showing the deep-pitted rock
surface due to weathering described on page 4? ancl shown in Pl. V.

Passing upstream from this point and approaching the contact with
the biotite gneiss, the rock exposures vary constantiy in appearance and
composition, showing in one place gabbro and in another typical syenite,



SYSNITE.

but retaining as a whole the banderl or interleaved structure. Detailed
lithologic descriptions follow:

Specimen 23 was taken from the river blufi about one mile northwest
of Roseland and within 100-200 yards of the contact. It is a light brown
gneiss of even-granular texture, composed of white plagioclase feldspar,
showing fine multiple twinning, garnets in irregular brown grains about
2 mm. in diameter, hornblende, and. numerous flakes of graphite ranging
up to 3 mm. in length. Microscopically a thin section shows a metlium
granular rock of granitic composition. The principal minerals are plagio-
clase and potash feldspars partly intergrown, quartz containing inclusions
of rutile neeclles, large irregular areas of garnet considerably fracturecl,
irregular areas of graphite, apatite as inclusions in the other minerals,
chiefly feldspar ancl quartz, much seconclary colorless mica, epidote, zoisite,
antl leucoxene. A single large grain of rutile was identified.

About ?5 yards farther north another specimen (24) was taken of a

dark brown gneiss whose minerals are arranged in distinct bands. It
contains white plagioclase feldspar which with the aid of a lens exhibits
fne multiple twinning, hornblend.e, a little blue quartz, and a few scattered
grains of ilmenite. Graphite in small flakes is also very sparingly present
and possibly some light-colored garnet, but this is uncertain. The contact
between the rutile-bearing rocks and the biotite gneiss passes very close
to this point, but is concealecl by the residual rock decay and can not be
definitely located. A thin section of the rock (Spec. 24) shows it to be a
uralitized gabbro of the same composition as that occurring on the south-
east side of the syenite area. The minerals are plagioclase (andesine)
intergrown with orthoclase, greenish-brown hornblende derived. from
pyroxene, much brown biotite, magnetite or ilmenite partly altered to
leucoxene, a little apatite, and a single grain of rutile. The feldspars are
altered and the thin section shows pronounced evitlence of pressure meta-
morphism.

About a quarter of a mile farther northwest at the head of an old.

mill race is an outcrop of syenitic rock that probably represents aa
apophysis, as it is located at some clistance from the main syenite mass ancl
wholly within the biotite gneiss. The rock (Spec. 25) is composecl of
feldspar and grains of blue quarlz that show a suggestion of graphic texture.
It has been renclered schistose by intense crushing and. shearing accom-
panied by the development of secondary muscovite along the planes of
schistosity. A vein of white qaafi,z penetrates along one side of the out-
crop.

8?
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A thin section cut from a hancl specimen of the rock, shows the chief
feldspar to be microcline intergrown with some plagioclase. There
occur also individual crystals of plagioclase always more or less altered to
white mica and zoisite with some calcite anrl epitlote. Extinction angles
on the rhombic and other sections show the plagioclase to be albite, none
of which showed a higher anorthite content than AbnrAnr. It seems
probable that the plagioclase was originally of about the same composition
as that of the other sections, and in the process of alteration the lime has
been removed and deposited as zoisite, leaving a soda-rich feldspar.
Oriented intergrowths of quartz are common in the piagioclase crystals.
In addition to the plagioclase intergrowths, the microcline contains some
qaarlz which may or may not be oriented, and includecl apatite.

On the south side of the river about a mile south of Massie's Mill and
fifty yarcls above Cow Hollow Ford there is an outcrop of gneissic rock
which is similar to the one last describerl. The rock consists of large
oval-shaped crystals of feldspar, irregular broken stringers of blue quartz,
and secondary muscovite and biotite. (See fig. a.) The mica has the
appearance of being wrapped around the feldspar and quartz individuals,
ancl upon weathering the latter stand. out in strong relief. Microscopically
a thin section of the rock (Spec. 26) shows, except for the presence of
biotite, a similar composition to that described above (spec. pb). color-
less mica, epidote, and kaolin are the common seconclary minerals derived
from alteration of the feklspar.

X'ig. 4.-Sketch of porphyritic gneiss exposeil on south sicle of Tye River 1.5 miles
' north of Claypool. (b) Biotite chiefly, (f) feldspar, (g) blue quartz.
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specimen 28, taken from an outcrop of the bioiite gneiss exposed in the
roacl cut about half a mile south of cow rlollow Ford, is a gray, coarsely
crystalline rock in which feldspar, biotite, muscovite, and a few grains of
light blue quattz are identified megascopicarly. under the microscope the
rock shows identical composition in both principal ancl accessory minerals
with the outside normal biotite gneiss of the region described on pages
59-66. The thin section shows consirlerable alteration of the principal
minerals, especially the feldspars. Granulation of the feldspar and suartz
resulting in the development of fine-grained mosaics of the two minerals
from pressure metamorphism is very pronouncecl.

About half a mile northeast of Jonesboro, within the biotite gneiss area,
but not far from its contact with the syenite, occurs uo .*pogir. of fine-
grained, dark green amphibolite schist, with numerous loose fragments of
the rock scattered over the surface. schistose structure is apparJnt in the
thin section (spec. 46) which is composed. chiefly of nearly colorless to blue-
green fi.brous hornblende. Zoisite ancl leucoxene are developed as minor
secondary minerals.

Specimen 6?, obtained from an outcrop on the side of the mouatain
three-quarters of a mile northwest of Bryant, is a fi.ne-grained gneiss whose
megascopic constituents are feldspar, quartz, biotite, and ilmenite. when
studied in thin section under the microscope the rock is shown to be of
the same composition as the normal biotite gneiss of the region described
on_pages 59-66. Specimen 65, taken a quarter of a mile north of Bryant
ancl close to the biotite gneiss-syenite contact, is essentially identical in
texture and composition with specimen 6p.

specimens 67' 68,69, and ?0, collected from outcrops p0 to B0 yards
apart, close to the biotite gneiss-syenite contact about three-quarters of a
mile northeast of Bryant, are much altered from weathering, but show
the textural variations often observed in the biotite gneiss, esfecially near
the northwest border 

-of 
the syenite. They are composed. of essentially

the same minerals, feldspar, quartz, and biotite, u". ..hirtor. in structure,
but vary from fine- to medium coarse-grained in texture. High up on the
sitle of the mountain, at a distance of one mile from the svinite contact
with the biotite gneiss, are bold exposures of dark gray goeiss showing
lenticular eyes (phenocrysts) of felclspar, and smaller- amoirnts of biotite
and quartz. Microscopically the rock is identical in composition with the
normal biotite gneiss of the area.

About 1.5 miles northeast of Bryant the syenite apparenily fi.ngers out
into the surrouncling biotite gneiss, and pegmatite o, granite dikes are
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rlevelopecl for some tlistance beyond the main syenite mass. Fairly gootl

exposures of these are shown in the bluff along the east bank of Hat creek

3.5 miles northeast of Bryant. The rock at this point is badly weatheretl

but a fresh specimen was obtained from a loose piece a short clistance below,

which shows a meclium coarse-grained rock composetl of felclspar and

bluish-gray qaattz with a litue chlorite ancl a few grains of i]menite. The

feldspar shows good cleavage development and frequently contains rounclecl

inclusions of quartz measuring 0.5 mm. in diameter. Microscopically the

rock (spec. 223) corresponds to granite in composition. The principal

minerals are feldspar (microcline, plagioclase near oligoclase, ancl some

orthoclase) greatly alterecl to an aggregate of colorless mica antl epiclote,

quartz containing inclusions of rutile needles ancl clustlike particles as well

as those of liquid or gas, brown pleochroic biotite, and ilmenite alterecl

peripherally to leucoxene.

The rock observecl near the north end of the syenite area, just before it
fingers out into the surrouncling biotite gneiss, is very schistose iu structure,

the minerals being mashed out into thin parallel lines. Feldspar, blue

quarlz, and hornblencle are the principal minerals, but they vary nluch in

their relative proportion. Ilmenite is present in places.

Mars Mountui,n.-The peak locally called, Mars Mountain, located one

mile southwest of Bryant, is composed largely of biotite gneiss of the same

general chararter as that rlescribed on pages 59-66. It is almost if not

entirely suffounaleal by the syenite, but appears to be connectecl with the

outside biotite gneiss on the west side. This connection coulcl not be

definitely established because of the complete burial of the rocks at this

point under the alluvial material in Hat Creek valley. Because of its
greater resistance to weathering ancl erosion, the gneiss forms the mountains

and ridges, while the syenite is largely occupied by valleys. The fact that

Hat Creek has eroded its valley along the west side of Mats Mountain

argues against a direct connection between the outside gneiss and that

forming the mountain.
The loose rock fragments on the mountain indicate a gradation from

the syenite through a rock of gabbroic composition into the gneiss, but out-

crops are few except near the summit. Ilere the gneiss is medium-grainecl

in texture, composecl of feldspar, pale blue qaartz, and biotite. under the

microscope a thin section shows the rock (spec. 218) to be essentially

identical in composition with that of the outside bioiite gneiss.
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Gabbro.

DISTRIBUTION,

With the exception of a few dikes in the I-,ovingston district the gabbro
is confined to the limits of the large syenite area. Most of the occurrences
are near the contact with the outsicle gneiss, forming in places irregular
areas between the gneiss and syenite. .Because of insuperable difficulties,
the gabbro was not differentiated from the syenite and delineated as a
separate type on map, PL f.

The gabbro exposed on the property of the American Rutile Company,
which is not far from the southeast contact, grades into the syenite on
northwest side, but, owing to ihe depth of residual decay, its relation to the
gneiss on the southeast sicle could not be determined. This gabbro is
described in detail under the geology of the American Rutile Company's
property (pages 165-168).

In the mine of the General Electric Company gabbro occurs as a dike
with well-defined walls but the rock mass is very irregular in shape, widen-
ing rapidly towards the east, and it is by no means certain that it does
not grade into the syenite. The lack of exposures makes it impossible to
determine the true relationship of the gabbro to the other rocks except
where it is exposed in the underground workings. A description of this
gabbro accdmpanied by an analysis will be found in the cliscussion of the
geology of this mine (pages 191-192).

MEGASCOPIC CHASACTER.

The gabbros occurring in this area range from light to dark gray in
color, and metlium, even-grained to porphyritic in texture, with the even-
granular texture predominant. fn most of them a slightly schistose
structure has been developed and in some cases the rock is strongly schistose,
yielding a typical uralitized, gabbro-gneiss (P1. X, fig. 3).

The principal constituent minerals of the gabbro are feldspar (plagio-
clase anil orthoclase), pyroxene, chiefly hypersthene altered in part to
hornblende, with subordinate ilmenite, qraytz, rutile, and apatite. The
ratio of pyroxene and its alteration product hornblende to feklspar varies,
but the latter is usually dominant. 'Pyrrhotite anrl graphite are generally
present, the graphite occurring in considerable quantity in some localities,
especially in the gabbro of the General Electric Company's mine where
the mineral also occurs in the surrounding syenite. In some of the rocks
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metamorphism has changed a part and in some cases all of the pyroxene

to hornbiende. By increase of the ore minerals, ilmenite, rutile, aacl

apatite, anil clecrease of the silicate minerals, the gabbros pass through
gabbro-nelsonite into nelsonite. This does not take place as a gradation
in a single tock mass, but almost every intermediate phase between the

two rock-t1pes may be found at some place in the district.

MICROSCOPIC CHARACTER.

Thin sections of the gabbro show the essential minerals plagioclase

feldspar of the andesine part of the series and pyroxene, chiefly hypersthene,
frequenUy partially or wholly altered to hornblende, together with ilmenite,
apatite, orthoclase, quartz, biotite, rutile, graphite, pyrite, ancl zircon. The
principal seconclary minerals are hornblende, chlorite, epidote, zoisite,

Ieucoxene, garnet, biotite in part, and ferrite (iron stain). Not all of
these minerals are present in a single thin section of the rock, antl of the
accessory ancl seconclary minerals some are more frequent than others.

Feldspar, usually the most abundant constituent, inclucles plagioclase

of the composition of anclesine, containing variable microcline or orthoclase

in spindle-shaperl intergrowths, as the dominant variety, and a variable but
smaller amount of potash feldspar, usually orthoclase, sometimes micro-
cline. The plagioclase occurs both in tabular and formless masses or
grains and not infrequently shows slightly elongatetl shape. It is made

up of thin twinning lamellm according to the albite law. The lamellre are

sometimes bent or curvecl and fractured from the effects of pressure meta-
morphism. The spindle-shaped intergrowths of microcline and orthoclase

are usually parallel to the twinning lamellre after the albite anil pericline
laws. In a thin section of the typical rock (Spec. 19) six measurements

made on the rhombic section of the plagioclase gave ll.2o,18.5", Llo, L9",
18o, ancl 18o, corresponding to range in composition from AburAn* to
AburAnrn, with an average of AburAnrr. Neither zonal structure nor graphic
intergrowths were obseryed. Plate XX, fig. 1, is a photo nicrograph of a

thin section (Spec. 19).
Orthoclase, including microcline, is always present but in greatly vary-

ing amounts. It is occasionally observecl as formless grains, but its
principal occurrence is as spindle-shaped intergrowths with the clominant
feldspar, analesine, identical with the intergrowths in the syenite and the
intermecliate facies bdtween the gabbro and syenite (Pt. VIII, fig.2). In
this mocle of occurrence analesine usually forrns the host and microcline or
orthoclase the roughly para1le1, long, and nanow spindles. Microcline is
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variant but as spindle-shaped intergrowths with anclesine it is probably
more abundant than orthoclase.
' The feldspars, especially plagioclase, usually contain inclusions which

are so abundant in some cases as to largely obscure the substance of the
host. The inclusions are of divers kinds and shapes. I-rong, narrow-shaped
bodies, probably feldspar (orthoclase or microcline), are notecl sometimes
in two sets which cross at a definite angle. Transparent ancl colorless
grains irregularly rounded. to rectangular outlines of probably feldspar of
lower refractive index than the matrix are shown. Dustlike particles, the
identity of which was indeterminate, apatite, ancl rutile occur.

Pyroxene, chiefly hypersthene, together with its alteration product
hornblende, next to feldspar, is the most abundant constituent. The change
of pyroxene to hornblend"e is most extensive and the hornblende is most
abundant in the thin sections of gabbro showing the greatest dynamo-
metamorphism. In some thin sections seconclary hornblende is more
abundant than pyroxene. The pyroxene occurs in subhedral crystals
flattened or prismoid and in irregular grains. It is of light to moderate
color, pleochroic, possesses good cleavage, ancl carries inclusions which fre-
quently impart a submetallic or bronze-Iike lustre. Irregular fractures
are not infrequent. Pleochroism J: greenish, X : reddish-yellow,
Z : reddish-brown. Besides inclusions of apatite, magnetite, and hairlike
forms, probably rutile, the hypersthene frequenUy contains brown inclu-
sions often regularly arrangecl ancl rectangular in outline, which give to it
a rather distinctive bronze-like lustre. Ilornblende is the commonest
alteration product of the pyroxene. The hornblencle shows the usual
optical characters indicative of seconrla y origin. It is usually a pale
bhie-green, fibrous and frayed-out, anil pitted arouncl the borclers. It
frequently shows columnar ancl irregular platy masses, with pronouncecl
pleochroism in the deeper colored forms. Occasional pieces show the two
prismatic cleavages mottled by inclosures of feldspar. In some cases the
hornblende shows partial alteration to chlorite, sometimes accompanierl by
the separation of grains of black oxicle of iron clistributecl through the
substance of the chlorite.

Biotite is present in many of the thin sections, ranging from a few
scattered. shreds in some to a goocliy proportion in others. It occurs in
single shrgds and aggregates, browa in color, strongly pleochroic, and in
many cases is partially or entirely altered to chlorite.

Quartz is quite generally present but in variable amount. It is most
abund.ant id sections of the transitional type anrl like that of the syenite
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it contains inclusions of rutile needles. It occupies distinct areas, fre-
quently shows mashing and optical disturbance, ancl, besides hairlike inclu-

sions of rutile, it carries inclusions of graphite and. indeterminate dustlike

particles.
Ilmenite, variable in amount, is usually present in considerable quantity

as euhedral and anhedral crystals of small and large size. It is frequently

altered peripherally to leucoxene, in many cases completely altered, in

others a nucleal particle of the ilmenite remains sunounclecl by leucoxene,

with nearly all gradations between these extremes.

Apatite, in varying amount, occurs as separate inclividuals of euhedral

and subhedral form ancl as inclusions in the principal minerals. It is

usually fresh, without inclusions, but is sometimes fractured. Rutile is

frequent as needle-like inclusions, and was observed in several thin sections

in occasional formless grains. Garnet, as nearly colorless anhedra exhibit-
ing fractures, is present in several thin sections.

Graphite was identified in a number of the thin sections, as inclusions

in the qtartz, as small, irregular areas associatetl with the principal min-

erals along lines of fracture and boundaries (sutures) between the minerals,

and to some extent in their substance in a manner suggestive of replace-

ment. It is probably most frequenuy associated with the light-colorecl

minerals. The relations are such as to suggest that the graphite in part

at least is primary. Epiclote ancl zoisite occur in many thin sections as

seconclary minerals derivetl from feldspar. The former is probably the

most abundant, andl when zoisite is present, they are closely associateil as

an epidote-zoisite aggregate, the individuals being differentiated by their

contrasted double refraction. Pyrite is sometimes present but always in
small amount. It is intimately associatecl in one section with graphite.

CHEMICAL COMPOSITION AND CLASSISICATION.

The chemical compositiop of the gabbros is shown in the table of
analyses below. The analyses wele macle on specimens of gabbro collectetl

along the southeast border of the syenite mass in the vieinity of Roselantl,

ancl the American Rutile Company's quarries, and in the mine of the

General Electric Company.
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Al"O' .
Fe"Ot
FeO .

MgO...,!!......
CaO .
NarO
KrO
II"O-
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MnO.
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Speciflc gravity..

50.99
12.40
2.t0

11 .80
4.09
6.46
2.38
2.r9
0.L2
t.2L
4.66
1 .86
0. 11

Trace
Trace

54.80
14.28
3.08
J.DO
2.52
o.or
2.61
2.00
0.16
t.23
4.15
0.70
0.02

Trace
0.02

OJ.bD
15.51
1.86
8.33
4.27
6.26.
3.06
1.80
0. 11
r.a2
3.62
0.75
0.06

Traee
0.05

100.37 99.69 100.19 100.31

I. Gabbro dike exposed in north cross-cut on the 100-foot level, b0 feet from
shaft, General' Electric Co.'s mine, 1.5 miles northwest of Rose's Mill.
Width of dike where sampled 8 feet,; strike S.76" E; dip 58. N.

il, Gabbro in Roseland-Arrington roacl, near Mr. Adarns's house, ibout 100 yards
south of Roseland post-offiee. Cut by diabase dike yielding analysis in
column II, p. 158.

IIL Gabbro along east sirle of Tye River, 525 feet south of American Rutile Co.,s
south quarry. Gabbro shows gneissic strucrure.

IV. Gabbro alolg east side of Tye diver, about g5 feet north of III; specimen
collected. on east side of and near contraet with cliabase dike 8 feet wide

. yielding g"gJyqi. in column III, p. 168. Glabbro gneissic in structure.V. Average of I, If, III, and IV.

The microscopical character of the gabbro yielding the analysis in
column I is given on page 192, and the analyses in columns III and IY on
pages 166-167.

The sample used for analysis II was from an exposure of gabbro on the
county road between Roseland. anrl the mill of the American Rutile Com-
pany. It is a medium gray, even-granular rock, massive in thin section
but showing yery slight schistose structure in the hanrl specimens. Und.er
the microscope, a thin section shows the principal minerals to be pyroxene
chiefy hypersthene, altering peripherally to hornblende, plagioclase feldspar
(andesine) of the composition AburAn* containing variant microcline in
spindle-shaped intergrowths usually orientecl parallel to the twin lamella
after the aibite anrl pericline laws,. a little microcline, ilmenite altering to
leucoxene, rutile as hairlike inclusions and separate grains, apatite, and

GABBRO.

Analyses of gabbros from Nelson Countg, Vi,rgini,a.
(Wu. M. THoBNroN, Ja., Analgst.)

w
ot.l+
18.90
1.42
3.87
3.52
6.42
9.74
1.72
0.06
1.11
1.24
0.28
0.02 ITrace 

I0.20 I

51.08
16.45
0.84

10.08
6.95
D. D/
3.49
1.28
0.08
0.51
4.44
0.14
0.08

Traee
Trace

100.99
2.977
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inclosures of quartz in the feldspar. A photomicrograph of a thin section

of the rock is reprocluced in PI. XX, fig. 1.

The norms calculated Jrom the analyses above are as follows:

Norms corcesponilting to analyses of gabbro on page 95.

101.02 99 .61a 100.34

ofncludes MnO; .02; S, .02.

No.

I.
II.

IIr.
IV.

Symbol

,rfI. q. 3. ,4.
,rII. 5. g. 4.
rI. 4. 3.'4.,rI. ,5. y. 4.

Name

Vaalose.
Andose-camptonose.
Tonalose.
Ilessose-andose.

Attention is directed in the composition of the gabbros to the variable

but reasonably high SiO, and KrO, indicated in the thin sections by the

presence usually of quartz and potash feldspar (microcline and orthoclase)

as occasional separate grains, but chiefly as spindle-shaped intergrowths
with the dominant feldspar (andesine). The analyses are further note-

worthy for the uniformly high percentage of TiO, antl to a less extent
PrOu, a characteristic feature in the composition of the rocks of this area

that is discussecl elsewhere in this report. Excepting the ferromagnesian

mineral, pyroxene, whose exact chemical composition is unknown, there
is reasonably close agreement in the norms and the actual mineral com-

position of the gabbros.

Like the diabase (pages 155-160), the albite-anorthite ratio of the

gabbros, calculated from the analyses, corresponcls very closely in each case

to a plagioclase feldspar having the composition Ab'Anr.
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DETAILS OF OCCURRENCNS.

The brief descriptions which follow below will give a general idea of

the character and occunence of the gabbro in other localities within the

area:
Blasting for a roaclway on the farm of Major Boyd, three-quarters of a

mile southeast of Bryant, furnished a fresh exposure of gabbro (Spec. 86).
It is an even-granular, light gray rock slightly schistose in structure, antl

composed of the following minerals given in the order of their relative
abundance: White feidspar, dark green pyroxene, irregular grains of light
pink garnet, graphite, quartz, ilmenite, and pyrrhotite. Examined in thin
section, under the microscope, the principal minerals are feldspar (plagio-
clase neai andesine, orthoclase and microcline chiefly as intergrowths ivith
audesine), pyroxene chiefly hypersthene, ilmenite, garnet, quartz, a litUe
graphite, pyrite, and zircon (?). Rutile and apatite occur as inclusions.

The secondary minerals are kaolin, muscovite, ancl leucoxene. Qtrartz,
present in small amount, contains inclusions of rutile neeclles ancl shows

wavy extinction. Some of the plagioclase feldspar shows bent and curved
lamella which are broken across in some cases.

On the farm of A. W. Campbell, about 1.5 miles south of Bryant, there
occurs a gabbro (Spec. 93) very similar to that described above except that
it contains less graphite and a little more quartz. It contains occasional

bands that are coarsely crystalline in texture, the individual minerals
averaging 1 to 2 cm. in diameter. This coarse portion of the rock is com-

posed for the most part of feldspar, pyroxene, and ilmenite. Considerable

seconclary pyrite is present as a coating on the other minerals.
Microscopically, a thin section of this rock indicates that it represents

a probable transitional facies between the syenite and the gabbro proper.

The evidence is based chiefly on composition. The principal feldspar is an

intergrowth of andesine with orthoclase (microcline), in fhich andesine is

the host and orthoclase (microcline) the spindles, giving the structure but
reverqing the order of species in microperthite. Much of the quartz con-

tains abundant inclusions of rutile needles. The principal minerals are

feldspar (chiefly andesine-orthoclase (microcline) intergrowths, separate

individuals of plagioclase Rear andesine, antl some microcline), pyroxene,

chiefly hypersthene, quanz containing hairlike inclusions of rutile, ilmenite
altering to leucoxene, some graphite, pyrite, and apatite inclusions. Partial
granulation of the feldspar and quartz is indicatecl, and the quartz shows

wavy extinction. Plate YIII, fig. 2, shows a photomicrograph of the thin
section.

9?



98 cEor,oey oF Trrx rrrANrItM AND Aparrrl .Dgposrrs.

There is an outcrop of gabbro (Spec. 220) near the south side of the
county road, 1.?5 miles south of Bryant. The rock is dark gray in color and
contains felclspar, pyroxene, ilmenite, and a little quartz. X'rom the large
percentage of ilmenite present the rock resembles gabbro-nelsonite, and it
may grade into it as there are outcrops of the latter (Spec. 219) within
a fewyards (page 145). Much ilmenite sancl is concentrated on the surface
in places. Microscopically the chief minerals are the same as in specimen
93, page 9?, except that microcline is less in amount, and though quartz is
present in goodly quantity very few rutile inclusions were observecl. The
,character of the feldspar is the same for the two thin sections, and like
specimen 93 this rock represents a probable transition facies between the
syenite and the gabbro. Pyroxene, chiefly hypersthene, and ilmenite are
present in their usual amount; the former (pyroxene) is partly altered to
pale green fbrous hornblende, and ilmenite partly to leucoxene.

On the farm of Cubus 'Whitehead, about 1.?5 miles southeast of Lowes-
ville, there is much gabbro float (Spec.116). The rock is porphyritic in
texture, which on weathering gives a pitted surface. It is dark gray in
color and is composed of irregular-shaped feldspar phenocrysts about 0.?5
cm. in diameter imbedded in a ground-mass of hornblende, feldspar, qaarf,z,
ancl ilmenite. Much rutile, in pieces as large as a walnut, is intermingled
with the gabbro float. In thin section, under the microscope, the rock is
seen to be composed of feldspar chiefly plagioclase (andesine), pale green
f.brous hornblende, qtartz, ilmenite, a little apatite, ancl an occasional grain
of zircon (?). Feldspar shows alteration into muscovite and kaolin, and
ilmenite into leucoxene. Mashing from dynamo-metamorphism is mani-
fested. in some of the minerals in thin section.

An exposure of gabbro (Spec. 125) is shown in the blufi that borders
the south side of Piney River opposite the mine of the General Electric
Company. It is a dark greenish-brown rock, consiclerably altered, but com-
posed for the inost part of feldspar, hornblende, ancl chlorite. When
examinecl in thin section, under the microscope, the principal minerals are
seen to be feldspar (plagioclase and. orthoclase (microcline)), pyroxene
largely altered to hornblend e, qaartz, biotite, ilmenite, and inclusions of
rutile and apatite. Secondary pale green hornblende, in columnar ancl
irregular platy fibrous form, is the most abundant mineral. X,eldspar and
quartz show granulation ancl the latter wavy extinction. Much of the
ilmenite is largely altered to leucoxene.

On the northwest bank of Tye River, about 1.P5 miles east of Rose
rrnion, a gabbro dike (spec. 137) is exposerl close to the contact between
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the rutile-bearing rocks and the outsicle gneiss, but probably lies within
the latter. The dike is about !2 feet wide and has a strike of N. 45' E.
It is a fine-grained, dark gray rock, schistose in structure, composecl of
felclspar, biotite, hornblende, blue quartz, and ilmenite. The large amount
of biotite present is unusual for the gabbros of this area, ancl the rock
may represent a border phase intermediate between the outside gneiss ancl

the gabbro. Microscopically the principal minerals are pale green fibrous
hornblende, brown biotite, qaartz, ilmenite, apatite, rutile, zircon, calcite,
antl leucoxene. Most of the minerals are secondary with no trace of the
original minerals from which they were derived. The quartz shows

pronouncecl wa'ryr extinction and granulation. X'elclspar was not identiffecl.
A small dike of dark-colored, disintegrated rock crosses the county roatl

a quarter of a mile northeast of Roseland. A piece of nearby float (Spec.

34), probably derived from this dike, is composed largely of pyroxene, with
lesser amounts of feldspar, pyrrhotite, ancl ilmenite. Examined. in thin
section under the microscope the principal minerals are seen to be pyroxene
(monoclinic and orthorhombic forms), some intermediate plagioclase
(andesine), less orthoclase, a little quartz, ilmenite, ancl occasional grains
of pyrite. Much pale green fibrous hornblende, derived. from the alteration
of pyroxene, is present. FJ'roxene and its alteration product make up more
than ?5 per cent of the thin section. Plagioclase feldspar (andesine),
present in limited amount as small anhedral grains, is probably the next
most abundant mineral. The alteration of pyroxene to hornblende is
frequently accompanied by the formation of much black iron oxide as inclu-
sions in the hornblende substance. Inclusions of apatite were notecl in the
qrartz.

A rock that appears to be intermediate between gabbro and syenite
outcrops half a mile northeast of Rose Union (Spec. 131). It is gneissic
in structure, showing imperfect banding of the light- and dark-colored
minerals. IVhite feldspar is dominant with dark green pyroxene, ilmenite,
qtartz, ancl a little apatite as the other constituents. On weathering the
pyroxene and ilmenite stand out in relief. Many small pieces of ilmenite
and rutile, probably weathered from this rock, are founcl scatterecl over the
surface in this vicinity. Microscopically, the rock appears to be a transi-
tional type between gabbro and syenite. The principal minerals are
feldspar (plagioclase of andesine composition containing intergrowths of
microcline), orthorhombic pyroxene (hypersthene), a few grains of quartz,
ihnenite, ancl some rutile. The feldspars usually carry inclusions, among
which are apatite anil occasional rutile I show some alteration, anrl are of
similar composition to those of the syenite. Quartz shows optical dis-

oq
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turbance and contains occasional hairlike inclusions of rutile. The
pyroxene is of the saJne general character, antl contains similar brown
inclusions of elongated. and rectangular outline, as that described above in
the gabbro. ft shows alteration peripherally ancl along cracks to a fibrous
green mineral, probably hornblende. Rutile occurs as grains of reclclish-

brown color and is less plentiful than ilmenite, both of which show some

alteration peripherally to leucoxene.
Near the bencl in Tye River, on the east side and close to the contact

with the outside gneiss, about one mile northwest of Roselancl, is an ex-
posure of uralitized gabbro in such an aclvancecl stage of weathering as to
rencler it almost impossible to obtain a fresh specimen. Study of a thin
section under the microscope likewise shows the rock to be greatly altered.
The principal min_erals are greenish-brown hornblende (uralite) derived
from pyroxene, soda-lime feldspar (andesine), inegular shreds of brown
biotite, a sprinkling of large grains of apatite, much magnetite or ilmenite
rimmed with leucoxene as an alteration product, and a single large grain
of brown rutile. The feldspar exhibits marked alteration chiefly to
sericitg, much of which is discolorecl a dirty brown from iron oxide which
almost obscures the substance of the original mineral. (See Pl. VIII,
fis.2.)

Nelsonite.

NAME.

Nelsonite is the name given to a group of high titanium-phosphorus-
bearing rocks of igneous origin, occurring in dikelike bodies of varying
size and irregular shape in the Amherst-Nelson counties region, Virginia,
and to a less extent farther southwest on the northwest slope of the Blue
Ridge in Roanoke County (pages 247-245). The name was first proposed
by the senior writere for the dikelike bodies in these counties composecl

normally of the ore minerals ilmenite and apatite, and namecl for Nelson
County, Virginia, where the rock was first found. Subsequent cletailed
work by the writersD for this report in Nelson anrl Amherst counties has
resulted. in extending the name to include several closely related anrl
associated varietal forms of the rock occurring in the same area, based on
difierences in mineral composition (pages 103-104). The varieties included
uncler nelsonite as now deffned are described in ,letail in the following
pages 100-155. Ilmenite nelsonite to which the name was first applied is
the normal ancl most abundantly occurring variety of nelsonite.

oWatsonr Thonnag L., Mineral Rpsources of Virgrnia, 1907, p. 300.
bWatson, Thomas I^, anil Taber, Stephen, Bull. No. 430, U. S. Geol. Survey,

1909, Pt. f, p. 206.
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DISTRIBUTION.O

Nelsonite occurs in the form of dikelike bodies both in the Boselancl
and Lovingston districts. Reference to the map (PL I) shows that, in
the Roseland area, the nelsonite dikes usually occur not far from and
distributed along the borcler portion of the syenite, with most of them
conf.ned to the syenite area, but some are found in the outside gneiss
near the contact. The rutile-bearing variety of nelsonite is confined
within the limits of the syenite, but the ilmenite nelsonites free from rutile,
while more numerous within the syenite area, &re also found in the out-
side gneiss near the contact; and they occur in the vicinity of l-,ovingston
antl on Davis Creek. Magnetite nelsonite is found in the surrouncling
gneiss, but does not occur in the syenite.

MEGASCOPIC OI{ARACTER.

The varietal forms included under nelsonite are rocks of holocrystaliine
ancl even-granular texture, of dark color, and are composecl of the principal
ore minerals apatite with ilmenite or rutile, or both, and in some cases
magnetite. Occasionally porphyritic texture is developed in the rock when
apatite forms the porphyritically developect (phenocryst) mineral. The
ratio of the ore minerals is subject to rather wide variation, usually the
dark titanium mineral (ilmenite or rutile, occasionally magnetite) being
in excess of apatite. Subordinate silicate minerals (chiefly hornblende
and biotite) may or may not occur; in a few cases either hornblende or
biotite is present in sufficient amount to be designated a principal con-
stituent. Pyrite is an almost constant minor mineral in the Amhslgf-
Nelson counties rocks, but is essentially absent from the similar types of
the Roanoke County area, possibly because of oxidation, as it was impossible
to obtain perfectly fresh material from the latter area. rn most cases the
granularity of nelsonite is remarkably uniform, the essential minerals
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. orn a recent-trip across the.B_lue- Ridge in virginia, from Arrington to vesuvius,
!y y*y^of_ Roseland and the rrish creek-tin areal Mesgrs. rless ant r.a,rsen, of theu. s' .Geological survey, -collected specimens of nelsonite on top of the Blue Ridge,
0.5 mile north of Montebello, near the headwaters of south 

-tr'ork of rye Riv6r.
According to the Lexington topographic sheet, Montebello is g.b miles norihwest of
l\fassie's Mill, and t'he locality from which the specimens were taken is about 7
mile:-beyontl .the no-rthwest limits of the area mqppeg and described in this report.

Thin sections of the rocks show the_ principai minerals to be ilmenite, apdtite,a much altered ferromagnesian mineral probably pyroxere, and a few scaitered
grains,of zircon 

.( ?),. together with the usual alleraiion products. The specimens
are not fresh but, with the exceptron of zircono the min6rals mentioned -above 

iathin section are readily recognized. megascopically,
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being developed in grains and crystals of approximately equal size and of
nearly equal dimensions in all directions. The individual minerals usually
raage from 1 mm. to 3 mm. in diarneter, rarely less than 1 mm. Plate XII,
frg.2, a photograph of a polished specimen of ilmenite nelsonite, shows the
texture of the normal rock.

' srzE, sHA?r, AND STRITCTURE OF THE BODTES.

Nelsonite, including the several varietal forms based on clifferences
in mineral composition noted below, is the most abundant dike rock occur-
ring in the district. The sizes of the d.ikes vary greaUy. Several of the
more persistent ones may be traced along their strike for considerable
clistances. In length the clikes range up to 2,000 feet, as exposed on the
surface, but lengths of several hundred feet are more common; in width
from a few inches up to 65 feet or more, and in depth, while none of them
have been prospected for more than 100 feet below the surface, thev un-
cloubtedly extencl much farther.

Though dikelike in character the nelsonite bodies are subject at times
to considerable irregularity in outline. Several of them are lenticular
in shape ancl where the more continuous bodies have been exposed for some

tlistance they are found to pinch and swell both in dip and along the strike.
In some instances the dikes before pinching out split into several parallel
stringers. They trend in almost every conceivable direction, but northeast
and southwest is the dominant direction of strike.

Usually the boundaries between the dikelike bodies of nelsonite ancl

the enclosing rock are sharply markecl, but in places there is a gradation
between the two, which is especially true of the rutile nelsonites. As a

rule the nelsonite bodies appear to conform to the structure of the inclosing
rock when schistose, but in places the correspondence seems far from
being exact.

The prevailing texture of nelsonite is even-granular, usually with
remarkable uniformity in granularity and composition of the rock from
center to walls of the clike. In places in some of the dikes, especially
rutile-nelsonite, at the General Electric Company's mine near Rose's Mill,
there is an appearance of imperfect banding or crustification of the
titanium minerals and apatite, but this is exceptional and can not be
interpreted as indicating vein origin as against igneous origin for these
0octres. .

The nelsonite bodies are usually cut by several sets of rather closeJi'
spaced joints, so that the rock breaks into small blocks of rhomboidal
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nelsonite shor'ving texture. General Electric
Light nearly rvhite areas apatite, dark areas

Fig. l.-I'olished section of ilmenite
Conpany's nine, Nelson County.
ilmenite chiefly. Natural size.

Fig. 2.-Surf:rce section of ilmenite nelsonite shor.ing characteristic pitted surface
flotrr diffet'ential leatlreling bv solulion and r.emov:rl of apatite. leavirrg an
outer spongelike mass of ilmenite. General Electric Comp:rnv's mine, Nelson
Countr,. Natural size.

FRESFI AND WEATHERED IL},fENITI] \ELSONIT]I.
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Fig' .1.-Polishecl sct:tion of ilnrerrite nelsonite slion'ing te tur.e. Gerrer;rl Electric(-ornpanl"s mine, \elson countl'. LigLt ne:rlrl rirrirc ai.e,rs aprLtite. dilrk :rr-easilmenite chieflr. Nzrtural size.-

Fig 2.-Sulface section of ilnrerite nelsorr'te shori'irg chirrircteristic pittecl -<rrrfacetronr ditTelential rreathclinS bJ' solution rrntl lenolal of rrpatite. letving anoutet sporrgelike tnass of ilmenite. Generlrl Elccti'ic ('6nrpirirr.,s mino. Nirlson
Countl . \ntrri.:11 size.
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shape when struck with the hammer. In consequence the surface is fre-
quently littered with blocks broken from the rock in place. So far as can
be ascertained from exposures faulting of the nelsonite bodies appears to be

rare. It has been obseryed only in the ilmenite nelsonite dike on the Hight
place, about 1.?5 miles a little west of north from Roselancl, but from fielcl
relations it is inferred in several places, especially the nelsonite occurring
on the 'Warwick tract where is opened the General Electric Company's
mine (page 1?6). The horizontal displacement is only slight in amount
as may be seen in Pl. XIV, a photograph taken of the dike as exposetl
by a shaliow cut.

MINERAI, COMPOSITION.

Yariation in mineral composition gives rise to several varietal forms
of nelsonite, the normal one of which is an even-granular mixture composed
essentially of ilmenite and apatite. Ilmenite or apatite may be the
dominant mineral but the former is usually in excess. At several localities,
notably at the General Electric Company's mine and the openings on the
Bourne place, near Rose's Mill, antl on the Giles tract, near Boseland,
ilmenite is largely replaced by rutile, the rock being composed chiefly of
rutile and apatite, with some ilmenite. The ratio of titanium minerals to
apatite varies, the rocks ranging from one composecl largely of the dark
minerals with but little apatite to one composeal practically of all apatite.
The apatite in the several varietal forms of nelsonite recognized is a
fluor-apatite, as is ind.icaterl in the analyses o r pages 14? and 206. Chlorine
is often present in traces, and in one analysis sufficient manganese \ras
founcl to designate the mineral mangan-apatite.

Magnetite replaces the titanium minerals in some of the dikes occurring
in the vicinity of Lovingston ancl elsewhere beyond the limits of the rutile
area proper, accompanieal by apatite and biotite. Biotite, partiy alterecl to
chlorite, is an important constituent in some of the nelsonites in the
Lovingston district and in the Hat Creek section of the Roseland district.
In several occurrences in the Lovingston district, anal near Bose,s Mill in
the Roseland district, hornblende with apatite, the former largely in excess
and in the Rose's Mill area altered to chlorite, are the dominant con-
stituents in the rock.

In the difierent varieties of nelsonite the percentage of apatite seems
to vary directly with the titanium content; it is greatest in the rutile and
ilmenite nelsonites, much less in the magnetite and biotite varieties, and
probably least in the hornblende nelsonites.
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A second facies of the rock nelsonite is observed in parts of the area,

which shows a predominance of the dark ferromagnesian minerals, more

especially hypersthene ancl secontlary hornblencle, over the ore minerals.

This facies of the rock also contains essential feldspar, chiefly plagioclase

with a little orthoclase, anil occasional qluiartz, It is composed chiefly of
pyroxene (hypersthene) and feltlspar (plagioclase principally), apatite,

and ilmenite or magnetite. In some places the pyroxene is partly or

entirely altered to hornblende. For this facies of the rock the name gabbro-

nelsonite was proposed by the writers, antl is d.escribed in detail on pages

138-145. It occupies an internr,ediate position between gabbro ancl nelsonite.

VARIETIES.

The variation or range in mineral composition of nelsonite described

above gives rise, accortling to the older terminology, to the following
varietal forms of the rock, which are separately described on pages 106-155:
(a) Ilmenite nelsonite, (b) rutile nelsonite, (c) magnetite nelsonite,
(d) biotite nelsonite, (e) hornblende nelsonite, and (f) gabbro-nelsonite.

The preffxes ilmenite, rutile, magnetite, biotite, and hornblende clenote

special richness of the rocks in these minerals. The prefix gabbro denotes

a rock intermediate in composition between gabbro antl nelsonite.

The dikes of nelsonite, composecl essentially of the ore minerals, have

been prospected at many places in the area, chiefly near Roseland., Bryant,
and Lovingston, for phosphate (apatite), and near Rose's MilI, on Pinev
River. bv the General Electric Comtranv for rutile.

GENERAI, MICITOSCOPIC CHARACTERS.

'When examined in thin sections uncler the microscope the variation
rnineral composition, which gives rise to the recognizecl varietal forms
the rock, becomes readily apparent. These are enumerated under
t'Yarieties" on page 104, and the microscopic characters of each separatelv
described in detail, so that it is unnecessary to repeat the descriptions here.

Only a brief general . summary of texture ancl mineral composition,
developed from microscopic study, will be given uniler this heading.

The texture of nelsonite varies from granitoid to porphyritic, accorcling
to variety. In granularity the range is from mediurn to fine-grained
rocks. fn those types of the rock exhibiting granitoid texture, the chief
minerals are usually formed. iri grains of approximately equal size a,ncl of
nearly equal d.imensions in every direction. In the porphyritic types, the
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phenocrysts may be either plagioclase felclspar, as in the gabbro-nelsonites,
or apatite as in several of the nelsonites proper (Pl. XIII, fig. 2).

In thin sections the mineral composition varies with respect to the
chief constituents accortling to types of the rock considered. Variation,
however, is in general mo e one of quantity than od kind, for the dominant
minerals in one type become the subordinate ones in another, ancl vice versa.
fn nelsonites proper the rock is composed of a granular mixture of the
ore minerals in which apatite though variable in amount is alike common
to each type, with ilmenite, rutile, or magnetite, as the second chief con-
stituent. Silicate minerals are frequently sparingly developed, increase
in which marks the passage into other types composecl of a mixture of
silicate anil ore minerals, the former usually being in excess. Ilornblend.e
and gabbro-nelsonites are representatives, the latter connecting the gabbros
with the nelsonites proper. Nearly all gradations between types may be
observed.

Disregarding types, thin sections of nelsonite proper are shown micro-
scopicaily to be composed of the minerals ilmenite, rutile, magnetite, and
apatite, together with the very minor accessories hornblende, biotite, quartz,
and titanite. rreucoxene and osteolite are the commonest seconclary min-
erals, with calcite, chlorite, and hornblende sometimes occurring. The
sulphides, pyrite and pyrrhotite, especially pyrite, are usually present, some-
times in considerable quantity.

In the silicate-bearing types of nelsonite orthorhombic pyroxene
(hypersthene), hornblende, biotite, and piagioclase feldspar (andesine),
together with apatite, ilmenite, magnetite, ancl occasionally a little rutile,
are the principal minerals. An occasionar qaartz grain occurs. The usual
seconclary minerals derived by alteration from these may be present.

Detailed petrographic descriptions of each type of nelsonite are given
in the pages which follow, and to which the reader is referred.

WEATIIERING.

weathering has produced marked changes on the outcrops of the ner-
sonite bodies, breaking them down mechanically. and producing more or less
chemical change. As the result of these changes, which extencl for many
feet below the surface, the rock is softened and crumbles reaclily under the
ha nmer. The apatite, when not removed through solution at the surface,
becomes lustreless and chalklike in character principally through hydration.
The titanium minerals are more resistant chemically and apparenfly have
sufferecl only slight effects through hydration and solution. More or less

NEIJSONITE. 105
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discoloration from iron oxide staining is frequently observecl, ancl in some

cases the formation of a new compouncl of bluish-green color, probably the
hydrous ferrous phosphate, vivianite, is observed. The weatherecl surfaces

of much of the rock are characteristically pitted from the complete removal

of apatite. (See Pl. XII, fig. 2.)

Ilmenite Nelsonite.

DISTRIBUTION.

The rocks described under this head are with very few exceptions
limited to the borcler portions of the syenite area, antl none are found in
the central portion or near the south end. A few occur in the outside
gneiss in the Hat Creek section close to the northwest border of the syenite,

but these contain a little biotite or chlorite though not sufficient to place

them in a second. group. They are most plentiful in the Hat Creek valley
at the north end of the area and along the southeast border in the vicinity
of Tye and Piney rivers.

lIEGASCOPIC CIIARACTER.

The normal type of the rock nelsonite is ilmenite nelsonite, rvhich is
an even-granular mixture composetl essentiaily of ilmenite and apatite.
It is a massive dark-colored, rock of sait and pepper appearance, the
individual grains of ilmenite ancl apatite averaging about 2 cm. in diameter.
(See Pl. XII, fg. 1.) The relative proportion of the two mineral.-. t'aries,
but ilmenite is generally dominant and usually averages between 60 and 80
per cent. The apatite occurs in rouncled individuals, 7 to 2 cm. iu
cliameter, which frequently show roughly hexagonal cross-sections, whiJe
ilmenite surrounds the apatite grains, filling the interstitial spaces ancl

binding the mass together. 'W-herever 
observed, the normal ilmenite nel-

sonite is remarkably uniform in texture ancl mineral composition from
center to walls of the bodies. Weathered specimens from which the apatite
has been removed by solution exhibit a cellular, spongelike or honeycombed
texture. (See Pl. XII, fig. 2.)

The sulphides, pyrite and pyrrhotite, are usually present when the
rock is fresh. They may occur both as a constituent of the rock ancl as a
coating on the surfaces of joini planes which intersect the ore-bodies. fn
the latter occurrence the sulphicles are of later or secontlary formation.
In the nelsonite bodies of the General Electric Company's mine, on Piney
River, much seconclary pyrite has been depositecl as a coating on joint
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planes, but where the joints cut segregations of pure apatite very litile
pyrite is found. Q.uafiz is seldom observecl as a megascopic constituent of
the normal ilmenite nelsonite, and when present is usually confinerl to the
border portions of the body. Biotite ancl seconcrary hornblende derived
from pyroxene are sometimes present as minor constituents.

MICROSCOPIC CHARACTER.

The microscopic petrography of normal ilmenite nersonite is quite
simple. under the microscope thin sections show a rqck of merlium- to
fias-grained, even-granular texture, composecl of a mixture of the essential
minerals ilmenite and apatite, together with a few primary ancl seconclary
minor accessory minerals, some of which are identiffable in the hand speci-
mens. rn most cases the granularity of the rock is remarkably uniform,
the size of grains of the two chief minerals ranging from 1 mm. to 3 mm.,
but in some cases the individual grains average less than 1 rnm. in size.
The two essential minerals are developed in grains of approximately equal
size ancl of nearly equal dimensions.

of the two chief rninerals, ilmenite is usually in excess of apatite,
the ratio of the two varying within rather wide limits, but in several thin
sections the two minerals roughly approximate nearly equal proportions.
rlmenite is usually developed in formless grains, sometimes shows partial
crystal bounclaries, and often exhibits about the borders some alteration to
nearly colorless or light gray leucoxene.

The following analysis of ilmenite separated {rom typical ilmenite nel-
sonite at the General Electric company's mine shows the chemical com-
position of the mineral:

Analysis of ilmenite from nelsonite, Generar Etectri,c compangis mi,ne.

, ,@Analyst.)

$i8: ::Mno ...... .,. o.EtF;;0- : . . . : . : : : : : : : : : : : :: : :::: :: : : . . 4.26sio, . 0.s4Cr"o, . . o.oiv,oo . o.zilsno, . Tracecb,ou . No;;TarO" .rr,o . . .. ... .. Noil
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The melting point of the ilmenite showing the above chemical com-

position, as measured by the Bureau of Standards, is 1390o C.

Apatite, the next most abundant mineral, of slightly bluish-gray color

when fresh, manifests a strong icliomorphic tendency although often
developed in nearly formless grains of rounded outline. Some of the

crystals exhibit faintly developed cleavage, and abundant minute inclusions

of an indeterminate character are sometimes observeal. In some thin
sections much of the apatite shows more or less alteration to the earthy
form osteolite, the stage of decay being so advanced in many of the crystals

as to rencler them entirely opaque. As indicated in the analyses of the

rock on page 109, the mineral is the variety flour-apatite, but frequently
traces of chlorine also occur.

The general tendency of the apatite to develop in grains with cystai
boundaries and its inclosure in part by ilrnenite at times, suggest that
apatite crystallized in some cases at least in aclvance of the ilmenite. In
some thin sections, however, the relations of the two minerals strongly
indicate that they have formed more nearly simultaneously, mutually
interfering with each other.

An analysis of apatite from one of the segregated bands in nelsonite

(Spec. 154) at the General Electric Companls mine gave the follorving
results :

AnalEsi,s of apati,te from nelsonite, General Electric Company's mine.
Analgst.)(*-.*."""--""-, ,t

CaO . 54.37
M?b ..:..::::.:::::::::::::::::::.:......... o.se
P;Ou . 41.30
F .... , 2.50
cr . .. 0.10
sio, . 0.33Tio" o.2o
Fe,os .. ... 0.61
rr,o . 0.19

Excess oxygen......:.

99. 06

As indicated by the analysis the mineral is the fluor-apatite variety,
containing a very small amount of chlorine, which is in accord with the
nelsonites in general, as shown by an examination of the table of analyses
on page 1-4?.

The Bureau of Standards determined the melting point of the apatite
represented by the above analysis to be 1645' C.

Of the minor minerals present in the rock the sulphides, pyrite and
pyrrhotite, especially the former, are probably the most abundant. In

100.13
1.07
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some specimens sulphides will make up several per cent of the rock mass.
They are developed both in formless grains and in crystals, anrl present
no unusual characters. Occasional shreds of brown biotite occur. Colorless
to pale biue-green.hornblende of secondary origin, probably derived. from
pyroxene, though no trace of the latter mineral was observeal, is sparingly
devetroped as large and small individuals in some of the thin sections
studied.

An occasional grain of blue quartz, containing needlelike inclusions
of rutile and. otherwise similar to that of the syenite, is noted in some of
the thin sections. 'When 

observed megascopically in the rock the quartz
has been found limited to the bord.er portions of the nelsonite bodies close
to the contact with the inclosing rock. Sporadic mystals of primary
titanite are found in several thin sections, and graphite was identified in
at least one section.

The secondary minerals include hornblende, biotite, leucoxene, and
osteolite.

CHEMICAI COMPOSITION AND CLASSIN'ICATION.

The chemical composition of ilmenite nelsonite is shown in the four
analyses given below, made on specimens collected in the vicinity of Rose-
land and the General Electric Company's mine, Nelson CountS Virginia.

Analyses of ilmenite nelsonite from Nelson Countg, Virginia.
(Wu. M. Ttronwron, Jn., Anal,gst,)

rtII III

109

IV
Tio,
P,Oo

37.68
12.48
2.70

29.t4
16.05
0.50

Traee

100.78
.70

37.00
13.08
4.31

26.52
16.33
1.11
0.38
0.57
0.09
0.59
0.98

lfrace
llrace

1.45

Less O

Specitrc gravity
99.58 101.15 100.06

99.67
.09

101.22
.07

t02.4L
.79

L0L.62
4.473

I.
II.

ilr.
IV.

Ilmenite nelsonite dike on Shelton farm about I mile northwest of Roseland.
Ilmenite nelsonite tlike on Hight place about 1.75 miles west of north from

Roseland. (See Pl. XIV.)
Ilmenite uelsonite from ore clump at General Hlectric Co.,g mine. 1,75 miles

northwest of Rose's MilI. Probably taken from No. I vein in the a&it level.
Ilmenite nelsonite fro,n ore dump at General Electric Cb.,s mine, 1.75 miles

northwest of Rose's Mill.

42.84
6.89

11.L2
27.93
8.34
0.72
0. 18
0.70
0.15
0.58
0.2t
0.01

llrace

41.46
7.59

15.59
23.57
9.03
0.50
0.26
1 .65
0.53
0.87
0.17

llraee
Trace
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Norms correspond,'ing to amalyses of i,lm,eni"te nelsoni,te 0n pa,go 109.

IVilI
Qaaftz
frvpeistrre"e ....... :..,:: :.: :
Olivine ....;...
I{ematite
Ilmenite
Rutile
Apatite
Pyrite
Water

'1'.i6
4.32

52.46
9.36

30.91
2.76

.68

99.74 101.30 100 .91
.39

101.75
Less excess CaO

100.52

In accordance with the older nomenclature the name ilmenite nelsonite
has been given the general type of dike rock representecl by the four
analyses above, occurring in the Nelson County area, composed of a granular
mixture of ilmenite and apatite as the clominant minerals. The norms
calculated from the four analyses are given in tabular form above. The
position of the rocks in the quantitative system of classification may be

expressecl as follows:

Symbol NameNo.

I.
il.

IIr.
rv.

v.rr. 5. 4$).2. 5.

v.II 5. 4. 2{'31. 5.

Y.u. 5. 5. (2)3. 5.

Y.rr. 5. 5. (2)3. 5.

Nelsonose
(name proposed)

Bocks of this type have not been described from any other locality antl
no analyses are known. They form a new type among known igneous

rocks and, since III and IV are consiilered to be the most representative
of the type, the name nelsomose for the county in which, the rock was first
founcl is proposed as an appropriate subrang name for the rock.

The position of the rock (III ancl IV) in the new system may be

expressecl as follows:

Symbol: Y.n.5. virginare.
V.1.5. 5. virginore.
V.11 5. 5. 3. nelsonase.

Y.U.5. 5. 3. 5. nelsonose (subrang)
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DETAILS OF OCOURRENCES.

Description of some of the typical occurrences of ilmenite nelsonite
and. those showing slight variation from the normal rock are given below.

About half a mile southwest of Rose union a nelsonite dike (spec. 10?)
is exposed by several cuts and may be traced by loose fragments on the
surface for a disfance of 400 yards in a direction s. ?b' w. This dike
is directly in alignment with the long rutile-bearing dike on the property
of the General Electric company (page 1?6) anrl may represent a contin-
uation of that ore-body. The rock is composed of about g0 per cent ilmenite
with disseminated grains of apatite ranging from 0.b to 1 mm. in diameter.
Mjeroscopicalln the rock is even-granular in texture, ancl composed of the
following minerals nametl in order of abundance: ilmenite largely in
excess with apatite as the essential minerals, and titanite as a minor acces-
sory. several small spherulites are observecl formed alonE the contact
between apatite and ilmenite, which suggest probable ,..oirrdu"y forma-
tion. The mineral composing the spherulites courd not be identified with
the microscope, antl it is too scarce to permit of separating from the other
minerals for a chemical determination. rts birefringence is a litfle above
that of qaartz, has parallel extinction (orthorhombie), and is probably
optically positive (f). The direction of slowest vibration e\ is coinci-
dent with the long direction of the fibres.

_ rn the bluff along the south side of piney River, 600 yaids south of
the General Electric company's mine, is a large outcrop of coarsely
crystalline ilmenite (spec. 128) from which the small amount of anatite

.originally present has been completely removecl by solution.
A large dike of nelsonite (specs. 40 and 41) outcrops about hatf a

mile southeast of Jonesboro ancl may be traced for about 600 yards in a
direction N. 13" w. The amount of ilmenite varies in rlifferent portions
of the dike from 60 to perhaps 90 per cent. The apatite occurs evenly dis-
seminated in slightly elongated grains about 1 mm. in diameter. A second
dike approximately parallel to this one outcrops 800 yards to the west. A
thin section of the rock (spec. 40), under the microscope, shows a granular
mixture of ilmenite and apatite, in which ilmenite greafly predominates.
The apatite shows in some cases partial crystar boundaries, Lnd is much
altered at times to the earthy form osteolite. slight alteration of ilmenite
to leucoxene is observed in parts of the thin section.

About three-quarters of a mile northeast of Jonesboro a nelsonite dike
(spec. 49),rraced for nearly 400 yards and having a strike nearry north

111
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ancl south, is exposed.by fir,e small pits. The rock is greatly altered from

weathering, but appears to be a typical nelsonite with perhaps a little
more apatite than is usual. In places the dike contains inclusions of fine-

grairred chlorite one to two inches across. Microscopic study of a thin

section of the rock shows a granular mixture of ilmenite and apatite with

some feldspar and biotite. Al1 the minerals show alteration. Ilmenite is

fractured and partly altered to leucoxene. Apatite contains abundant

inclusions of arindeterminate character ancl, in places, is altered to earthy

osteolite discolored a reddish-brown from liberated iron oxide. The

feldspar is anclesine, AbuoAnno, as shown by extinctions measurecl on the

rhombic section. There is some intergrown microcline in spindles, which

are orientecl parallel to the two twinning planes (001) and (010)' It is

noteworthy that the feldspar is identical with that in the syenite, gabbro,

ancl gabbro-nelsonite.
Another dike (spec. 50) outcrops about 100 yards farther east with a

strike of N. 26" 8., and could be traced for about 200 yards' It has been

opened in two places by small surface pits. The rock is slightly finer

g-rained than the normal nelsonite and the grains of apatite are not as

weli formed as in most places. some of them contain inclusions of iimenite.

Microscopically, the rock is a fine-granular mixture of ilmenite and apatite

in nearly equal proportion. Apatite in large and small irregularly roundeil

and angular gtultrr is chiefly inclosed in the ilmenite, ald is much altered.

In some areas the ilmenite is threaded through the apatite in such fashion

as to suggest an intergrowth of the two minerals. Ilmenite shows some

alteration to leucoxene.

About a quarter of a mile northeast of Bryant a 50-foot shaft was sunk

some years ago on a large nelsonite dike (spec. 56) having a strike of

1{. 55. E. The dike is exposed by many surface cuts and may be traced for

a distance of nearly ?00 yards. The width is uncertain, as the pits had

partly caved at the time of visit by the writers, but it is probably not

i.r, ihuo Z0 feet in some places. The rock is even-granular in texture antl

contains about 60 per cent of ilmenite. All exposures of the rock are

badly weathered. under the microscope a thin section of the rock shorvs

a granular mixture of ilmenite anil apatite with the former in excess.

apatite is inclosed by the ilmenite, the former sometimes displaying partial

crystal outline, is partly altered to osteolite, anil shows cleavage and the

usual inclusions. Ilmenite is very fresh. There occurs quite a sprinkling

of an indeterminate mineral having high double refraction and high index

of refraction with parallel extinction, and is more or less discolored frorn
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Fis. l.-Ilmcnite nelsonite from shaft 0.25 mile northeast of
ap:rtite, shou'ing partial :r,lteration to tlie earthy form;
Single nicol. Ilnlargetl 2I diameters. Specimen No. 56.

BUI,I,E'I'IN III_A I'I,ATE XIII.

Brvant. Light areas
black areas ilmenite.

Fig.2.-l']olphlritir: iinenite nelsonite, tl.7r'i rlile nolthu'est of llrr':rnt. Liglrt
nre:rs altatite, dark areas rnagnetite or ilmcnite paltlv rltclerl to herrratite.
Noter tlre long cr'_-r'stal (pl'Lenocrr,st) of apntite in lol.ei. h:rlf of figule. Single
nicol. l,inlrrlged I0 tli:rmeters. Specimen No. til-A.

PHOTO]'IICROGRAPITS O}' ILIIENITE NELSONITE.
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Fig. I.-tlnrenite nclsoiiite fionr shuft 0.25 mile uoltlte;rst of llrvnlrt. Ligbt arcls
aptrtitc, slrol'ing paltial :rltclution to the ealtlrv folm: bhck tleas ilmc'nite.
Single ricol. Jlnlerged 2 | diameters. Spec:inrcn \o. 5(i.

Fig. 2.-l'orplrr litic ilnrenite nelsorite. 0 75 mile rrolthl est of Rn'arrt. Light
trlens apatite, d:rlk aretrs rrrrrgnetite ol ilrnt'nit, 1,in tl\ rrltele{l t,r lrem;rtite.
Noter the long t'r'r'stirl (phenocrl -qt) of rfrrtite iu lcrl-ct lrrrlf of figui'e. -Single
rtir:ol. l'lrrlrtr'ecrl l0 dirlretcls. Slreciltcu No (ll -\.

PTIOTO] I I C'ROC RAPII S 0}.' TL]IE,\ TTE r_]'I- SO\I'IE.
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iron oxide stain. It occurs as inegular grains between individuals of
apatite and similarly of ilmenite, ancl between apatite and ilmenite
individuais. Plate XIII, fig. 1, is a photomicrograph of the thin section'

On the opposite side of the roacl, 200 to 300 yards therefrom, a number

of pits were sunk in prospecting for nelsonite, but at the present tilne they

are largely refilled and littie is to be seen. On the top of nearly every

ridge a little nelsonite float ancl traces of old pits may be 'founcl. They

fall into approximate alignment in a northeast-southwest direction for a

distance of more than a mile, but it is iloubtful if ihe dike is contimrous

for such a distance. Fioat (Spec. 66) from one of the. old pits 300 yards

north of Bryant is composed of an even-granular mixture of ilmenite and

apatite with lenticular inclusions or segregations of decomposed gray,

talcose material. The lenses range up to 5 cm. in length and probably

represent segregations of a silicate mirieral, for some of them contain
included grains of apatite. The float at most of the old pits contains

more or less biotite ancl seconclary chlorite. Under the microscope a thin
section of the rock (Spec. 66) shows a fine-grained aggregate of biotite
shreds largely altered to chlorite. Much ilmenite extensively altered to
leucoxene is inclosed by the biotite, ancl many crystals of primary titanite
occul.

Three dikes cross the road one mile northeast of Bryant. They are

spaced about 34 yards apart, have a width of about 10 feet, and strike
N. ?5" W. The rock (Spec. ?6) is much weathered but appears to be a
normal ilmenite nelsonite. A thin section studied under the microscope

shows a typical ilmenite nelsonite of normal granularity, and composed of
nearly equal amounts of iimenite and apatite. The onlv other constituents
present are the alteration products osteolite and yellow iron oxide stain,

Both ilmenite and apatite are developed in formless grains and each con-

tains inclosures of the other mineral, indicating aliproximately simultaneoirs

crystallization of the two constituents. The alteration of apatite to
osteolite, a very light gray, nearly white, opaque earthy substance; is
beautifully shown, with ail stages in the alteration readily traceable. l\'Iany

of the apatite grains are almost'completely altered to osteolite.

On the northwest side of the road about 1.25 miles northeast of Bryant
and near the norlh end of the syenite a nelsonite dike (Spec. 80) is exposed

by an old cut. The dike is 15 to 20 feet or more in wiclth ancl has a

strike of N. ?0"-80' E. It is an ilmenite nelsonite coniaining consitler-
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able biotite, and in portions of the dike enough biotite is present to
classify the rock as biotite nelsonite. The rock probably contains some

magnetite also, for it repels and attracts the maguetic needle.

In the outside gneiss 400 yarils west of the last dike (Spec. 80), a

large body of nelsonite is exposed by a surface cut. The strike and width
could not be determined. It (Spec. 79) is a fine-grained dark gray rock
composecl of apatite grains 0.5 to 1 mm. in cliameter, fine-granular ilmenite,
and a little chlorite. The rock is slightly foliated in structure. Micro-
scopically a thin section shows a finer grained rock in texture than normal
nelsonite. ft is cogrposed of ilmenite and apatite in nearly equal amount
with much nearly colorless hornblende present. The ilmenite is altered
along cracks which has resulted in the liberation of much yellow iron oxide
stain, incloses apatite, and in several instances is intergrown both with
apatite and hornblende. The apatite is consiclerably altered but other-
wise exhibits no unusual features. The hornblende appears to be secondary
derived probably from pyroxene although no trace of the original mineral
is indicated.

On the Camden farm about 1.?5 miles northeast'of Bryant, and in the
outside gneiss half a mile or more from the syenite, a nelsonite dike ,{ feet
wide is reported to have been cut by a tunnel 200 yards in length. When
visited in 1909 the tunnel had caved and only a few pieces of nelsonite
(Spec. 81) could be founcl on the dump. These were composeal of an

even-granular mixture of apatite, ilmenite, a little magnetite, and chlorite.
A small flake of graphite was identif.ed in one piece of the rock.

Specimen 214, representecl by the analysis in column I on page 109,
is from a large body of nelsonite exposecl in the bluffs bordering the low-
lands along the west side of Tye River, one mile northwest of Roseland.

A. small cut was matle in .the outcrop to expose the dike which appears
to have a nearly north-sotrth strike. This is probabuy the widest nelsonite
dike in the district, as it is 65 feet or more across. The rock is an even-
granular mixture of ilmenite and apatite, partly altered from weathering.

On the opposite side of the river a large lenticular body of ilmenite
nelsonite has been exploited by a series of small shafts, surface pits, ancl

drill holes. As shown by the map of the outcrop, fig. 5, the ore-body is
very irregular in outline. The rock is a typical ilmenite neisonite and when
fresh contains some pyrite that is partly seconclary. The photograph of
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a drill core from one of the borings showing the contact between nelsonite
and syenite is reprotluced as fig. 6.

Fig. 6.-Drill core from one of the borinEs in nelsonite on the Giles farm I mile
northwest of Roseland, showing contac-i, between nelsonite and syenite. (Loanetl

. by courtesy of W. M. Slater.)-

About 300 yards to the northeast a second dike (Spec. 21L) is exposeal
by a surface cut along the direction of strike. The character of this
tlike is shown in Pl. XIV, a photograph taken in the face of the cut. The
nelsonite bocly is 8 feet wide at the surface but becomes narrower near the
bottom of the opening. The upper portion is displaced several feet to the
left by a small fault that crosses the dike just back of the hammer. The
dike may be traced by exposures and loose surface fragments for a distance
of nearly 400 yards along a direction N. 5?' E. The rock appears to
contain a little more apatite than the ayerage ilmenite nelsonite, and the
grains are somewhat larger in size and less regular. Some fractures in
the rock are fiIled with manganese oxiale in the form of wad. Miero-
scopically a thin section of the rock shows the principal minerals ilmenite
and apatite in the order of abunclance namecl, together with some biotite
which is considerably altered anrl in part may possibly be secondary.
Ilmenite and apatite exhibit their usual characteristics.

A small dike of fi.ne-grained nelsonite (Specs. 45 and 4?) is exposed
near Hat Creek, half a mile northeast of Jonesboro. It has a width of
2-3 fieet and a strike of N. 51' 8., but could be lqgcgd for a distance of
only 40 feet. Portions of the rock are so fine-grainecl in texture that it
is impossible to identify indiviclual minerals by the unaiderl eye, but in
other portions ilmenite and apatite may be ilistinguished; Under the
microscope a thin section of the rock (Spec. 4?) shows a fine-granular
mixture of iimenite and apatite in nearly equal proportion ancl greatly
alterecl. Apatite contains inclusions of dark to black opaque substance of
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Nelsonite 9*: "ll by a 
, 
small fault. Hammer indicates position of fault. I{ight

place 1.75 miles I'est of north from Roselancl.

NELSONITE DIKE.
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indeterminate character, and crystals of strong doubie refraction anrl high
ind.ex of refraction, which resemble zircon. Some biotite occurs in such
relations as to suggest secondary origin in part. Several zircon ( ?) crystals
occur in the large biotite area of the slide. Much leucoxene is notec[ as an
alteration product from ilmenite.

Rutile Nelsonite.

NAME AND DISTRIBUTION.

Rutile nelsonite is the name given to that facies of the rock nelsonite
in which the mineral rutile enters as an important constituent. The rutile-
bearing dikes show all gradations in the ratio of rutile and ilmenite, from
a granular mixture composecl of dominant rutile and apatite with little
or no ilmenite to one (ilmenite nelsonite) composecl of ilmenite and apatite
with or without subordinate rutile. Gradations between these two extremes
are observetl in the same dike. The rock with dominant rutile and apatite
in a given position in the clike may gradually pass vertically or laterally
into a phase of the rock composecl essentially of ilmenite and apatite.

The distribution of rutile nelsonite is entirely limited to the large
syenite area, and is a much nore restricted type than the normal rock,
ilmenite nelsonite. Dikes of rutile nelsonite are found at several places
southwest of Rose union on the w-arwick tract and Bourne farm withia
1,000 yards of the syenite borcler, ancl on the Giles tract half a mile north-
west of Roseland, the latter being the only known occurrence of nelsonite
in the central portion of the syenite area.

MEGASCOPIC CIIA.RACTOR.

In general character, including texture, physical appearance and mode
of occurrence, rutile nelsonite is closely similar to that of ilmenite nelsonite.
rt is a dark-colored. rock of even-granular texture; the individual grains
of which average about 2 cm. in diameter, rt is composed essentially of
rutile and apatite with ilmenite absent or only sparingly present, but by
increase of ilmenite antl clecrease of rutile the rock passes into the normal
nelsonite.

Rutile nelsonite is more variable in composition ancl the minerals,
especiaily apatite, show a tend.ency to segregate out in the forrh of parallel
lenses or bands giving the rock an appearance of imperfect bancling. This
variation cloes not occur suclilenly but takes place as a graclation, and the
size of the indiviclual apatite gtuior remains uniformry-th. uu*!, I b Z
mm. in cliameter, even in the largest lenses of practicairy pure apatite.
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At the General Eleetric Company's mine, near Rose's Mill on Piney

River, masses of coarse rutile occur practically free from impurities other
than sulphides, but they do not seem. to be as numerous as the apatite
segregations. By increase of apatite they grade into the even-granular

nelsonite.
Some blue quartz of the same character as that of the syenite is present

in most of the rutile nelsonite on the Warwick tract, where is opened

the General Electric Company's mine. The quartz is found concentrateal

in largest quantity along the contaet with syenite, or where there are

inclucled masses of the latter in the nelsonite. Along such contacts very

small shreds of light brown biotite can usually be distinguished.
Small bodies of rutile nelsonite occur that have no definite walls but

grade into the inclosing syenite, and have the appearance of segregations

rather than of true dikes. This was not observecl in any of the iimenite
nelsonites.

Plate XY is a polished specimen of rutile nelsonite, natural size, which

exhibits imperfect banding due to partial segregation of rutile and apatite.
Masses of nearly pure rutile grade into bands of nelsonite in rvhich apatite
predominates. (See PIs. XXX and XXXI.) Apatite apparently crystal-
lized first, and in places very fine veinlets of rutile penetrate the apatitt:
grains.

MICROSCOPIC CHARACTER.

Thin sections cut from rock specimens collectecl from the differenb
dikes in the clistrict, show an even-granular mixture o{ the dominant
minerals rutile and apatite with variant ilmenite, which may fail entirely
in some sections. Either rutile or apatite may preclominate in a given
thin section and in some the two minerals may be present in approximately
equal amount. The accessory minerals are ilmenite, pyrite, and in several

thin sections, quartz arid feldspar. Leucoxene antl the earthy form of
apatite, osteolite, are nearly constant seconclary minerals I the leucoxene

being derived from rutile and from iimenite when present. and the osteolite
from apatite. Vlhen present feldspar shows partial alteration to colorless
mica. The principal minerals rutile and apatite, and ilmenite when present,
usually occur in formless grains, although apatite frequently manifests a

tendency towartl crystal outline. The relations of the minerals are such

as to suggest simultaneous crystallization, the individuals mutually inter-
fering with each other at the time of formation, resulting in irregular
jnterlocking boundaries rather than outward crystal form.
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Polished_ specinien of rutile nelsonite, showing parallei (baniled) segregations of
rutile and apatite, General Electric Companyk mine, Nelson County. -The dark
bands are rutile; the light ones are apatite. lCollected b.v tr'rink L. Iless.
Photographed by II. S. Geol. Survev. )

BANDED RUTILE NELSONIT .
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' ' ::'.1.l

Polishecl_ specinrel of r-rtile nelsorritc, shos'ing parallel (bancled) seglegations of
rutile and trpatite, General Electric Conpanr''s nine, Nelson Count,r. -The dark
bands are mtile: the light orres are apatite. (Collectecl by Frank L. Hess.
Phrttoginphecl b1- l-. ,s. Geol. Surve;..)

BANDI]D RUTII-E NELSONITD.
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Figs. I antl 2.-Rutile (dnrk areas) in slenitc,
(lunrries :rt Rosel:r,nd, shorving alteration lilns
llnlarged 30 cliarncters. Specimens Nos. .13-A\V

I3ULLDTIN III A PLATI' XVI.

Amei'ican Rutile Compa,ny's
of leucoxene. Nicols crossed.
and r13-BW. See also I'1. IX.

Iiig 3.-Rutile nelsonite, General Electric
medium dark gray area rutile; black
30 diameters.

l'ig'. 4.-Rutile nelsrinite. Gener.al Electric
nicol. Enlargcd 30 cliarneters.

PHOTOI{ICROGRAI'ITS OF SYE\ITE

Company's rnine. Light areas apatite;
:rreas ilmenite. Single nicol. Enlarged

Comp:rnr''s rnine. Same as fig. 3. Single

RLTII-I] AND RI]T]I,E N]'LSO\IT1].



\-IR(]INI.\ GE0I,o(iI('AT, .SI-i:I\'E\

l"igs. I nltL 2.-llrtile (rlru li ttle:rs ) in sr crite,
qrr:rllies at lioselanrl.,qlrol-ing irlterirtior Iirrri
,trlrl:rtge([ ::]0 di:rrreters. S1;ecirnens \tis. ,lJ -\\\'

I}L:LLETIN III .{ I'LA'T'D X\'I

Aurclir:irn Rulilc Cornpl:Lnr''s
of leucorene. -\-icols crossetl.
rnd 13-Il\Y. -Sce al,.o I'1. TX.

I'ig. 3.-Ruti)e nelsonite. Geneirrl Electrit:
medium d:rlk gr:rl nletr rutile: blrtcl<
30 diainetei's.

C-orlpirnr"s rrrile. T,iglrt areas rrpatite:
irleir-q ilmenitc. -Single nicol. Enlalged

Fig. .{.-Rutile nelsonite. Generrrl Electric C--oruprrnr''s urine. Salre ls 1ig. 3
nicol. Enl:rrgerl 30 tliarneters.
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Rutile, in anhedral form, is dark yeliowish to reddish-brown, often
displaying distinct but variable pleochroism, usually shows both cleavage
and twinning and is remarkably free from inclusions. The absorption is
E > O. Rutile is partly altered peripherally and along fractures to
Ieucoxene. Small granules of rutile are occasionally noted inclosed in the
apatite. (See Pl. XVI, figs. 3 and 4.)

A specimen of rutile, isolated anal cleansed, from rutile nelsonite at the
General Electric Oompany's mine yielded the following results on analysis:

Analysis of rutile from rutiLe nelsonite, Genetal Eleclric Company's nrine.
(Wlt. M. TnoRNroN, Ja., Ana.lyst.)

Tio,
tr'eO
sio,
v,o"
Cr,Ou
SnO,
cb,ou
Ta,Oo

Per cent.
98 .80

1 .68
0.26
0.20
0.07

None
None
None

101.01
4.21Speciflc gravity

The chief interest which attaches to the composition of the nelsonite
rutile, shown in the analysis above, as weli as that of the syenite rutile
(page 194), is the presence of vanaclium anil chromium in very small but
determinable amounts. A determination of the,melting point of the rutile
representecl by the analysis above, made by the Bureau of Standards, gave
1?00" c.

Apatite exhibits the usual optical properties. When fresh ancl free
from inclusions it is fairly clear and of a faint biuish-white color, without
visible pleochroism. It usuaily occurs in somewhat rounded or oval-
shaped grains, with frequent indications of crystal boundaries noted. In
many of the grains traces of cleavage are shown. Unlike rutile the apatite
is usually characterizecl by an abundance and variety of inclusionr oftrtt-
times of an incleterminate nature. These are partiy dark, dustlike particles
and partly crystallites, some 'of which have been identifiecl as rutile,
ilmenite, and apatite. The inclusions not infrequently show orientatjon
along a cleavage direction. In many grains the apatite substance is parily
obscured by irregular areas and patches of an opaque earthy product of
dark gray color which has been identified as osteolite. .Alteration is like-
wise noticeable to some degree along cleavage directions and fractures.
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The composition of the apatite is shown in a chemical analysis of the
lniheral from one of the segregated bancls irr the nelsonite at the General
Electric Company's miae on page 108.

Qvaftz and feltlspar of the same character as that of the inclosing
syenite were noteel in several thin sections. The quartz shows optical
disturbance ancl contains abundant rutile needles. Feldspar is partly
altered to colorless mica. Pyrite is formed between individual grains of
rutile and apatite and to some extent in fractures. The relations suggest

a seconclary origin for at least a part of the pyrite.

OHEMICAI, COMPOSITION AND CIJASSIFICATION.

The chemical composition of rutile nelsonite is shcwn in the two
analyses below of specimens collected from the General Electric Company's
mine near Rose's MiIl, on Piney River, and the Giles tract near Roselancl,
in Nelson County.

Analyses of rutile nalsoni,te from Nelson CountE, Virgi,nia.

Speciffc gravity

69.67
2.87
5.04
0.15

t2.t6
9.41
0. 09
0.11
0.67

Lqt.2t
0.39

65.90
J.bD
7.95
0.25

11.13
8. 14
0.2L
0.35
0.95
0.26

Trace
1 .61
0.34

None

r00.74
0.54

100.82
3.76

100.20

I. Rutile nelsonite taken from ore-dump of adit level, General Electric Co.'s mine,
Nelson County, Virginia.

II. Rutile nelsonite taken from rlike on Giles tract near Roseland. Nelson Countv.
Virginia.

Specimen (2L5) represented by the analysis in column T was collected
Jrom the dump of the General Electric Company's mine. The rock is a
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very dark, even-granular mixture of essentially rutile and apatite through
which is distributed a goodly amount of pyrite. Microsiopically it is
composed of rutile and apatite with some ilmenite and titanite antl much
pyrite. The usual decomposition products are notecl. AII the minerals
show their usual characteristics as described on page 11g.

The anaiysis in coiumn rr is of a specimen (p9) colJected from a
rutile nelsonite dike 4.5 feet thick exposed by a prospebt pit on the Giles"
tract near Roseland. The strike is s. 56" w., and the dip about 6bo
towards the southeast. Another opening was made about i00 ieet south on
what appears to be a second'dike. The float indicates a strike of approxi-
mately s. 17''w The rock is composed of rutile and apatite srains
averaging 1 mm. in diameter, and blue quartz. The blue qrruit, i,
probably primary, but a small veinlet of white q.oafi,z r, to ? mm. wide was
noted cutting the nelsonite. The weathered rock is dark copper, bronze
in color and pitted by the removal of apatite.

Microscopically the rock is composecl of rutile and apatite as the
principal minerals, together with accessory ilmenite, feldspar, ancl quartz.
secondary minerals are leucoxene derived from rutile and iltenite, colorless
mica in small shreds and scales from feldspar, and osteolite from apatite.
The quartz contains abundant rutile needres and shows opiical disturbance
and partial granulation.

Norms of ru,tile nelsoni,te cornespondi,ng to a,nalyses on page 120.

Qaaftz
I{ypersthene
Diopside
Ilematite
Ilmenite
Rutile ...

L.79
3.68

L3.22
58.96
19. 15
3.00
0.56

100.36

Apatite
Pyrite
Water

0.42
0.40

't:88
9.73

64.56
22.I8
0.62
0.20
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The rock representecl by the above analyses ancl ,the norms calculatecl

therefrom is a new type. It is a variety of the general type nelsonite, in

which rutile is a dominant mineral, and in conformitv with the oltler

scheme of classification the llame rati,le nelsoni,te has been given it. The

position of the rock in the quantitative system of classification may be

exoressed as follows:

No. Symbol Name

v.rr. 5. 5. 4. 5.

v.n 5. 5. (1)2. 5.

Virginose

The position in the new system represented by these symbols is un-

occupied, and for No. I which is regarded as the most replesentative the

sobrang'name oirginose is proposed. Its position in the new system is

fixed as follows:
Symbol: V.1. 5. r'irginare.

Y.11 5' 5. virginore.
V.II. 5. 5. 4. 't'irginase.

V.ff. 5. 5- 4. 5. virginose'

No. II has a slightly different position in the scheme from No' I, but,

since it occupies in part a border position and is essentially the samc rock,

it is believed a new name is unwarranted.

OTIIER IOCAIITIES.

on the Bourne farm, 600 yartls northeast of the General Electric corrr-

pany's shaft and approximatel;' in line rvith the strike of the longer dike

oo ih. Iatter property, two trenches have been cut exposing several narrolv

stringers of rutite nelsonite (spec. 11a). These stringers range from less

than an inch to two feet in width. They are even-granular in texture,

and have the appearance of segregations rather than of intrusives, as they

grade into the inclosing syenite and do not exhibit sharply defined contacts'

The syenite is composecl of feldspar and a littie blue quartz with occasional

grains of rutile which, near the nelsonite, are arranged in broken lines

paraliel to the stringers. A tiitle ilmenite nelsonite float is founcl on

the surface intermingled rvith pieces of rutile nelsonite. Thin sections

cut from specimens of the rutile nelsonite show under the microscope the

same minerals with similar c.haracters ancl relations as the rock occurring

I.
il.
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to the southwest on the General Electric Company's property, describecl on
pages 184-191.

An old pit, 600 yards southwest of Rose Union, exposes a dike of
ilmenite nelsonite (Spec. 106) which can be tracecl by float in a direction
S. 60' W. Along this line of strike pieces of rutile nelsonite were found
in several places. One specimen showed. irregular lenses or bands of rutile
1 to 2 cm. wide similar to the occurrences in the General Electric Companv's
mine described on page 184.

Magnetite anrl Biotite Nelsonites.

NAME AND DISTRIBUTION.

The names magnetite nelsonite and biotite nelsonite are given to those
varieties of nelsonite which show special richness in these two minerals.
They grade into each other and for this reason are treated together under
the same head. In most occurrences the two minerals, magnetite and
biotite, are intimately associated, but in unequal ancl variable amounts;
when magnetite is dominant biotite may vary from an abundant to a very
minor accessorS and a similar variation in magnetite may take place when
biotite is the dominant mineral.

Magnetite and biotite nelsonites clo not occur within the syenite area,
but are found in the outside gneiss both in the Lovingston district and in
the Hat Creek section of the Roseland district. In the Hat Creek section
they are found at many places along the slopes of the range forming the
northwest side of the valley, and extend from Brent's Gap to a point about
one mile southwest of Jonesboro. fn the Irovingston district they occur at
many places within half a mile to three miles from the town of Lovingston.

MEGASCOPIC CIIARACTER.

'rhe chief difference in magnetite and biotite nelsonites from normal
(ilmenite) nelsonite is compositionl color, texture, and mode of occurrence
being essentially the same. They are clark, even-granular rocks" varying
from flne- to metlium-grained in texture and massive to schistose in
structure. They are composed essentially of magnetite, biotite, and apatite,
with either magnetite or biotite the dominant mineral. The biotite nel-
sonite in places occurs as a border facies along the walls of maEnetite
nelsonite dikes. A seconcl probable extreme variation in the nelson"ites is
that of a rock composetl of almost pure granular apatite with magnetite or
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ilmenite and biotite as microscopic accessories, as intlicatecl in an occurrence
notetl near the southern end of the line of nelsonite outcrops, 1.?5 miles
southwest of Lovingston, and d"escribed in detail on page 128.

MICROSCOPIC CHARACTER.

Microscopic thin sections of the rocks disclose an equigranular fine-
to medium-grained texture. Their mineralogy, in common with all the
nelsonites of the region, is simple, being characterizetl by only a few
minerals. Magnetite with probably some ilmenite, biotite, and apatite are

the chief primary constituents, with in one section a few crystals of
titanite which are comparable in size to the other minerals. Either
magnetite or biotite may be the preclominant constituent, ancl in practically
all thin sections the two minerals are ptesent, but in very unequal ancl

variable quantity. The secondary minerals inciude chlorite, the commonest
ancl most abunclant, derived, from biotite I osteolite derived" from apatite
which is a frequent alteration product; leucoxene occurs only sparingly.

Biotite is of the ordinary brown variety, possessing strong absorption
and good cleavage, and may be present either as an abundant or as a minor
accessory mineral. It occurs as aggregates of small shrecls, sometimes as

larger platy flakes, and in some thin secfions is partly inclosed in the
magnetite.

Apatite is a constant principal constituent of each variety of the rock.
It exhibits the usual optical characters previously clescribed; shows a

marked tendency toward crystal form, occurring as subhedral to euheclral
forms ancl as rounclecl grains. Abundant dark inclusions chiefly dustlike
particles sometimes larger in size but of an inrleterminate character are
incorporated in the apatite substance. Apatite is frequently inclosed in
the magnetite.

Magnetite probably accompanied by some ilmenite occurs both as a
principal anal as a subordinate constituent. It presents no noteworthy
characters except that in some thin sections much of the apatite and
some of the biotite are inclosed in it, indicating that its period of for-
mation was in part at least subsequent to that of the other two minerals,
especially apatite. Further confirmation of this is shown in the lack
usuaily of crystal boundaries of the magnetite.

CHEMICAL COMPOSITION AND CLASSIFICATION.

The chemical composition of magnetite and biotite nelsonites is shown
in the two analyses given below. The specimens yielding the results in
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the subjoined table were collected two miles southwest (r) ,and half a mile
west (II) of l-,,ovingston, Nelson County.

Analyses of magnetite and, biotite nelsonites fror,n Nelson Cownty.
(WM. M. Trronwrolv, Jn., Arwlgst.)

125

16.48
43.34
18.61
0.66
5.48
4.98
0.51
1.62
0.26

Trace
4.24
lnK

0. 15
0.45
0.12

llrace
Trace

r. Magnetite irelsonite, Dillaril fa"rm 2 miles southwest of LovinEston.II. Biotite nelsonite, half a mile west of Lovingston.

The analysis in column r was macle on material colected from a large
dike, eTposed by an open cut on the Dillard farm, Z miles southwest of
Lovingston. The dike is almost 8 feet wide and dips toward the east at an
angle of 45" to 55o, the strike being nearly north and south" rt may be
traced by the float for a distance of 100 yards or more along its course.

rn the centre of the dike, the rock (spec. 160) is largely composed of
titaniferous magnetite with disseminatecl grains of apatite which range
up to 0.5 mm. in diameter. A few shred.s of biotite mosily altered to
chlorite are present but they are of minor importance. "passing towarcl
the contacts of the dike biotite increases anal magnetite clecreases while the
percentage of apatite remains nearly uniform. Along the contacts there is
a zone 1 to 2 inches wid.e composed almost exclusively of biotite. The dike
rock is so strongly magnetic that a hammer herd within the eut close to the
outcrop becomes magnetized and is able to attract and hold small fragments
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of the rock. when the hammer is raisecl above the oulcrop out of the

lines of magnetic force it loses its magnetism and drops the fragments of

rock.
The surrounding rock, mica-schist, is completely weathered to clay so

that a little kaolinized feldspar ancl some small grains of blue qnattz are

the only constituents that can be observed. Irike ilmenite and rutile nel-

sonites, the magnetite nelsonite on weathering gives the typical pitted

surface by the removal of aPatite.

under the microscope, a thin section of the rock (spec. 160) showed

the principal minerals to be magnetiie and apatite in nearly equal amounts

with much biotite partly altered to chlorite. Magnetite is reasonably fresh

ancl shows no alteration to leucoxene. Apatite exhibits cleavage in some

individuals ancl contains abundant inclusions chiefly of dark opaque dust-

Iike particles. It is partly altered to osteolite in places and some dis-

coloration from liberatecl iron oxide occurs. Biotite is abundant as small

aggregates of shreds ancl larger platy forms. It is brown in color, has

*trorg absorption and good eleavage, ancl much of it is alteretl to chlorite

with the separation of granules of black iron oxide. Plate XVII, fig. 1,

is a microphotograph of the thin section.

Analysis II represents material collected from a large outcrop of

biotite nelsonite (spec. 1?1) located just over the crest of the ridge half a

mile west of l-.,ovingston. The dike is about 8 feet wide and can be traced

for a distance of 400 feet along the strike which is N. 40" E. It is a dark,

fine-grainecl rock, schistose in structure, and composec of magnetite or

ilmenite, apatite, and biotite, the latter being altered largely to chlorite.

Microscopicalty the rock is fine-grained in texture and composed chiefly

of magnetite or ilmenite, less apatite and biotite, with several large

crystals of titanite. Apatite shows some tendency toward crystal form,

is inclosed by ihe magnetite, and is quite fresh, exhibiting its usual optical

characters. Biotite, mostly btown, sometimes green in color, with good

cleavage and strong absorption, occupies distinct areas at times as aggle-

gates of shrecls, but much of it is inclosed- by the magnetite'

The norms calculated from the analyses on page L25 ate':
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Fig. 2.-I'ine-grainerl ilmenite nel-
sonite 0.75 mile northu.est of fig. l.
Light areas apatite, dark areai il-
nenite. Single nicol. Enlarged S0
dianel,ers. Specimen No. f 63.

Fig. l.-lttagnetite nelsonite. DilIarclfalm.2 milos ro11ll1ysst of Lorilg-
Bton. Light areas apatite, dark
alea:s _m_agnetite chiefly. Single
nicol. Enla^rged 30 diameiers. Sp&l_
men No. 160.

Fig. 3.-Intergror'r'th of ilmenite .nd quartz, r.b miles southwest of claypool. Lightareas quartz, da'k areas ilmenite. Single nicol. Enlarged gb' diametdrs.
Specimen No. 99.

PHOTOMICROGRAPHS OF NELSONITE A}iD ILI,IE\TITE.QUARTZ
INTERGROWTH.
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FiE.2.-,t'ine-glained ilnrenite nel-
ronite 0.75 nile trorilrlest of fig. l.Liglrt :rreas apatite. dark ar.eas il_nrenite. .Single rricol. Enlarged B0
rliirnrctels. Specimen \o. 163..-

Fig. 1.--\[agnetite rrelsonite. Dillardtllnl, 2 nriles souilrri.est of Loring_ston. Ligltt at eir-q ap:rtite. thr'i<illeir- rnirgrrelile clricfl.r. Sinolo
rri,.,,l.--[111.1;.e,1 ii0 rlirrnreier-. al.'"i_
rnen No. 160.

'b-ig. 3.-rntelgrol-th of ilrrenite anrl qrrartz. 1.5 miles southrycst of clai,poor, r,ight:rreas q.a-r'tz. clalk arcas ilnrerrite. single nicol. EnJa'ged gb''iiameters.
Specimen No. 99.

I}HO TO]II( ]ROCIR A I'HS O},' N,ELSONITE .{r_D I L]I-ENITJ] - QTiARTZ
INTERGRO\\TH.
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Norms corres'ponding to analyses of magnetite or4 bi,otite nelsonites on
page 125.

II
Qaartz .. .

'Orthoclase
Albite . .. .

Corundum
Leucite .

Nephelite
Ifypersthene
Olivine .....Olivine .....
llmenite 31 .31

12.06
35.20
9.74
2.t3

Apatite
Water .

0.42
2.78
t.57
2.65

Magnetite
Hematite

'0:i0
30.10
19.72
23.04
22.t8
1.t7

98.79 99.46

The position of the first one of these rocks (r) in the "euantitative
System" may be expressed as follows:

No.

Y'u.5'

The position of the rock represented by analysis rr is not figurecl out since
either cao is too low or Prou is too hig\ which makes a arifference in
classification.

These represent new ancl extreme types of ultrabasic igneous rocks.
They are the first recorcled representatives, but no name is suggested for
the one figured out (r) since it occupies a border position in the classi-
fcatory scheme. An accurate analysis of entirely fresh material may
remove the rock from a borcler position and. place it within the proper
classificatory limits. should this prove true the subrang name touiig-
stonose is suggested as an approprjate one.

.oTr{EB OCCUnnnrvcns.

A similar clike to that described above on the Dillard farm occurs l.b
niles north of r-ovingston (spec. 190). There are no outcrops at thie
point but _the float indicates a nearly north and south strike. pieces of
nelsonite may be found in which either magnetite or biotite preclominates.
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Microscopically a thin section shows the rock to be a fine-granular mixture

of magnetite, ilmenite, apatite, and biotite in tfe. older of 
"abunclance

namecl. Biotite o""ors in sma]l shreds and large platy forms of g:reen ancl

brown color, exhibiting ihe usual pleochroism ancl cleavage, and is partly

altered to chlorite. Magnetite or ilmenite and apatite show their usual

characters,
Biotite nelsonite is found. at a number of places along the ridge on

the west side of the l-,,ovingston valley. 'Ihese occurences fall approxi-

mately into alignment and extend for a digtance of 3 miles in a directiol

N. 35' E.
Near the southern end of the line of nelsonite outciops, 1.?5 miles

southwest of Lovingston, there is a lz-foot shaft on the southwest side of

which a vertical dike of nelsonite (spec. 164) not exceeding 1 foot in

width is exposed, but it pinches before reaching the opposite side of the

shaft. The strike appears to be approximately N. 28' E. The rock is

composed of dominani apatite, biotite, and a little ilmenite, antl is much

decoLposed. There is a large open cut a few feet southwest of the shaft

from which a carloail of apatite is reported to have been mined and shipped'

A few pieces left on the clump are composecl of almost pure white apatite,

fine-grained ancl close-textured, with scattered dark gray biotches probably

due io minute inclusions of biotite or ilmenite. The small dike exposetl

in the shaft ls piouatty the continuation of this ore-body which must have

been more or less lenticular in shape.

Microscopically a thin section showed chiefly light-colored apatite in

euhedral and anhedral forms, with the mineral usually exhibiting a strong

tendency toward crystai outline, both basal and prismatic sections being

frequeni. Two directions of cleavage are sometimes notecl and inclusions of

minute dustlike particles and larger clark granules of an indeterminate

character are frequent. The apatite is not entirely fresh but is paruy

altered to the earthy form, osteolite. Brown pleochroic biotite paruy

altered to chlorite and ilmenite or titaniferous magnetite altering to
leucoxene occur as lesser constituents. Areas of a fine mosaic of epitlote

and some zoisite, minute granules of black oxide of iron, and some yellow-

brown hydrous iron oxicle frequently formecl along the bounclaries of the

minerals, cornplete the list of secondary minerals'

About 50 yards southwest of the open cut a dike of biotite nelsonite

(Spec. 168) il exposed in a small pit. The dike is 3 feet"wide ancl has a

,irit. x. +0" E.- It is a dark gray schistose rock, composetl.of biotite"

apatite, ancl magnetite or ilmenite. A part of the apatite occurs in long,
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lathlike cystals ranging up to 2 cm. in length. The biotite is largely

altered to chlorite and some hematite derived either from magnetite or

ilmenite is present.

Microscopic study of a thin section reveals a rock of fine-grained
texture, composecl of the principal minerals ilmenite or magnetite, biotite,

and apatite in the orcler nametl. Biotite, next in quantity to ilmenite or

magnetite, is deep brown in color and pleochroic, ancl occu-rs in aggregates

of shrecls, partly inclosed by the iron-bearing mineral. Apatite is con-

siderably altered to a bright yellowish substance, possibly iron oxitle,

which is especially noticeable along the lines of fracture. Plate XYII,
fig. 2, is a photornicrograph of the thin section.

A dike of magnetite nelsonite (Spec. 27) outcrops on the Stratton
farm, three-quarters of a mile southeast of Massie's Mill. While not

well exposed the body is probably 2 or 3 feet wide and has a strike of
N. 50' E. When fresh the rock is black and has metallic lustre, but on

weathering it becomes rusty brown to black in color due to the production

of limonite. It contains much titanium but is strongly magnetic. Apatite
is evenly distributed in small, elongatecl grains but forms a very small

percentage of the total rock mass. Microscopically the rock is fine-glained
in texture composecl of the principal minerals magnetite, apatite, and

biotite, together with the usual alteration products' Apatite in euhedral

and anhedral forms is developed as inclosures in both magnetite ancl

biotite.
On the slope of the mountain three-quarters of a mile northwest of

Bryant is exposed a rock (Specs. 61-.4' and 61-8) composed of hematite
and apatite. The hematite, f.ne granular and black in color, is secontlary

after magnetite. The rock contains very little titanium. Apatite is largely
segregated, in the central portion of the dike deveioped as phenocrysts

ranging up to 2 cm. in length and 4 or 5 mm. in diameter that frequently
show well-for:necl, hexagonal cross-sections. A few small grains of the

mineral are clisseminated through the outer portions of the rock mass. A
thin section of 61-A studiecl under the microscope shows the following
minerals: Apatite, hematite, magnetite or ilmenite, and biotite. Apatite
is the most abundant mineral antl is developed in large, elongated crystals

containing inclusions and showing alterations. (PL XIII, fig. 2.) 61-B

differs in mineral composition from 61-4. It is composed of hematite,

biotiie, ancl quartz, no apatite or ilmenite being identified. Ilematite is

seconclary after magnetite. Quartz exhibits pronounced optical disturbance

and characteristic peripheral granulation. An occasional hairlike inclusion

l0
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of rutile is noted in the quartz. Although the rock is very fine-graingd in
texture blue quartz is plainly visible in the hancl specimen.

Near the headwaters of Hard Bargain Branch, one of the upper forks
of IIat Creek, 3.5 miles northeast of Bryant, a nelsonite body (Spec. 88)
outcrops that is composed of magnetite, ilmenite, apatite, antl some chlorite
probably derived from the alteration of biotite. A similar rock is exposed
near Brents Gap on the other side of the ridge, one mile to the east. Other
dikes of the same character are reported to occur at several places along
the mountain slopes in this vicinity. Microscopically the rock is fine-
grained in texture antl composed of ilmenite, apatite, and biotite, the first
two being present in about equal proportion, as the principal minerals,
together with some accessory primary titanite. Biotite in brown- anil
gteen-colored shreds showing good cleavage, strong absorption, ancl con-
taining inclusions, is plentiful. rlmenite and apatite are consirlerably
altered to the usual products.

In the outside gneiss about one mile north of Jonesboro a small pit
exposes a dike of nelsonite which can be traced along the sirike N. d. W.
for a d.istance of 500 yards. The rock is f.ne-grained in texture, of dark
gray color, ancl composed of chlorite, apatite, magnetite, and probably
ilmenite. under the microscope a thin section of the rock shows magnetite
or ilmenite or both, biotite, apatite, and accessory titanite, together with
the secondary minerals chlorite, leucoxene, and osteoliie as altetation
products derived from the three principal minerals biotite, ilmenite, and
apatite.

AN EXCEPTIONAL FACIIS.

In several places along the southern portion of the ridge on the west
side of the Lovingston valley, large masses of pure apatite occur associated
with biotiie schists, and as these masses seem to be closely lelated genetic-
ally to the biotite nelsonites they are clescribed below.

About three-quarters of a mile southwest along the ridge there is an
old shaft 30 feet deep and several prospect pits, but onry compretery
weathered schist was observecl on the uhu* ao*p. A piece tf weathered
float picked up near one of the pits is composed almost entirely of biotite
with a little apatite and possibly some ilmenite. A similar specimen from
another cut contains a little hornblende and. shows an includecl mass of
pure apatite about 5 cm. across. Passing southwest there are many pros-
pect pits and open cuts within the next 400 yards, anrl in some of them
large masses of apatite were encountered, closely associaterl with a fine-
grained pegmatite and a peculiar biotite schist. (See figs. ?, g, and 9.)
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Fig. 7.-Section in open cut on the Dillard tarm, 2 miles southwest of Lovingston,- showing geologic relatioas of the rocks. (o) Apatitq (c) residual ilecay,
(g) pegmatite, (za) mica schist.

The geological relations of these rocks (Specs. 169 antt 1?0) to each

other are complicated, and the intense metamorphism to which they have

been subjected, together with the depth to which decomposition has pene-

trated, makes it exceedingly difficult to decipher. The peculiar appeamnce

of the schist is well shown in one of the small shafts, and in figs. 8 antl
9 sections of the shaft are given together with diagrammatic sketches

of the southwest and southeast sides. A photograph of the biotite schist

NE.+ --Sw.

Fie. 8.-Vertical ancl horizontal sections in shaft on the Dillartl farm, 2 miles- southwest of Loviagston. (9) Pegmatil,, (rn) mica schist. (See fig.9.)
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on the southeast sicle of the shaft is reprocluced in Pl. XVIII. The
direction of schistosity is nearly vertical and approximately parallel to
the side of the shaft where the photograph was taken. ihe schist is

clividecl by horizontal partings into wavelike layers about haif an inch
thick, which at a little distance have

the appearance of bedding planes.

These lines of parting may be tracecl
in places across both the pegmatite
and the apatite masses, but are not as

distinctly marked as in the schist, ancl

the rock is also cut by nearly vertical
joints. It is dark brown in color, ancl

is so badly weathered that it readily
crumbles to pieces (altererl mica
folia) between the ffngers. It is
composecl mostly of altered biotite,
anel, as shown unrler the microscope, a
few ahgular grains of quartz. A
chemical test showed the presenee of
much phosphoric acid.

The pegmatite (Spec. 1"65) occurs
as lenses and irregular.masses cutting
the schist, ancl as large bodies that
appear to be includecl in the schist.

SE+

5 Feei

Megascopically it is a medium, coarse Fig-. 9.-Vertical section il shaft on

gruoiti.lock-composea for the most 9j.ro;ltTtr,tfffd": ruti'd"#::
part of feldspar, qaartz, and a little tite, (m) mica- schist, (q) qfafiz.
biotite, together with some muscovite which is probably seconclary.

Apatite in irregular masses is found both in the pegrnatite and in the
biotite schis! and along the contact between the two. It is white to semi-
transparent when fresh, and occurs as a compact, even-grained mass, com-
paratively free from other minerals except occasionally a tittte fine biotite
or ilmenite. In one piece a lenticular veinlet of quartz about L cm. wicle
was noted.

Because of the altered condition of the rocks ancl the imperfect ex-
posures it is not possible to clraw definite conclusions regarding the origin
of these cleposits, but many of the known facts suggest that the apatite
masses may have been formecl as segregations in an igneous rock which
has since been alterect to the biotite schist. The principal facts favoring
this explanation are:
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(1) The known occurrence of this biotite schist and the apatite
masses which accompany it are in alignment with the series of biotite
nelsonites that outcrop along a line 3 miles in length, ancl they are not
found elsewhere.

(2) The close physical resemblance between the biotite schist and
the biotite nelsonites, in which apatite and ilmenite or magretite occur
as minor constituents.

(3) The presence of parallel cracks in many specimens of biotite
nelsonites somewhat similar to the false bedcling in the schist.

(4) The occurrence of small quantities of biotite and ilmenite in the
apatite masses, and the presence of consiclerable phosphoric acid in the
biotite schist.

(5) The small masses of segregated or inclucled apatite that are found
in biotite nelsonite otherwise containing only small amounts of apatite
in disseminatecl grains.

(6) These ore-bodies'are accompaniecl by pegmatite masses and nel-
sonite dikes, the latter having been found only in syenite areas and in the
vicinity of pegmatite dikes. This statement is true of the nelsonite dikes
found in the Roanoke area as well a,s those in the Roseland and Lovingston
districts.

Ifornblenile Nelsonite.

NAME AND LITI{OLOGIC C}IARACTIR.

The name hornblende nelsonite is given to that variety of nelsonite
showing special richness in hornblende. Rocks of this type occur at several
widely separated localities in the Lovingston district, and in the Roseland
district about one mile west of Rose's MiIl. Entirely fresh specimens of
the rock could not be obtainecl. secondary chlorite derived fronhornblende
is a prominent constituent of the rocks and in some specimens it is the
principal mineral.

rn the freshest specimens the rock is dark in co1or, by far the most
prominent constituent being compact, cleavable hornblende more or less
altered. to chlorite. other more altered specimens show a rock ef meclium,
dark blue-gray to greenish-gray color. The other important mineral con-
stituents, apatite and ilmenite, form very small grains frequenuy distributed
through the hornblende and its alteration product, chlorite, in poikilitic
fashion. occasional irregular, fine-granular areas are visible in some speci-
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mens in which the apatite and ilmenite are more prominent than else-

where. The rock is medium to coarse granular in texture ancl massive to

slightly foliated in structure.

MICROSCOPIC C}IARACTEB.

Under the microscope thin sections of the rocks show a micropoikilitic
texture, the large, irregular areas of hornblende and its alteration product,

chlorite, being more or less crowdeil with apatite antl ilmenite. The chief

constituent is pale to deep blue-gteen hornblende in grains and irregular
platy forms, sometimes fibrous, having pronounceil pleochroism in the

deeper colored individuals, and usually showing well-developed cleavage in
one direction. 'Ihe hornblencle is partly altered to chlorite accompaniecl

at times by the separation of granules of black oxide of iron. It seems not,

improbable that much of the hornblende was clerivecl from pyroxene,

although no trace of this mineral was observed except in one thin section

which showecl several sma]I cores or eyes of hypersthene surrouncled by

hornblencle.

The next most abundant constituents are apatite antl ilmenite, the
proportions of which are subject to wide variation, ancl always greatly less

in amount than hornblende. Ilmenite is mostly anhedral and in some thin
sections is partly altered to leucoxene. Much of the apatite in some sections

is in euhedral ancl subhedral crystals, partially altered. at times to the

earthy form osteolite. Both ilmenite and apatite are more frequent as

inclosures in the hornblende imparting poikilitic texture. In one thin
section a part of the apatite was observeal inclosed by the ilmenite, in-
dicating that apatite was the first mineral to form.

Biotite in small amount is occasionally noted associated with horn-
blende. A thin section of the rock from the Roselantl district shows much

biotite and chlorite but no hornblende. It is brown to green in color,

exhibiting the usual absorption and cleavage in fresh folia, but partly
alterecl ts chlorite.

Titanite, quartz, and probably zircon ( ?) were noted as occasional

accessory minerals in several thin sections, but all of these were not
observed in the same thin section.
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Chemical analyses of this rock from the Roselantl anrl IJovingston
,districts are as follows:

Analyses of h,ornblend,e nelsonite, Nelson County, Vi,rginia.
(Wlr. M. Tuonxrox, Jn., Analgst.)

sio,
Al,on
Fe,O'
FeO

33,89
.94

b.6D
22.73
6.85
9.68

QA

.34

.32
1.66

t2.97
3.29

.31

.01

.02
Traceco"

Total 100.02 100.23

I.

II.

Hornblende_-(biotite-chlorite) nelsonite, I mile west of Rose,s MiIl, Nelson
County, Yirginia.

Ilomblende nelsonite, 3 miles north of Lovingston, Nelson County, Virginia.

The norms calculated from these analyses are as follows:

Norms of hornblend,e nelsonite corresponil,,i,n,g to analyses on page 1SS.

I{ypersthene
Irematite
Magnetite
Ilmenite
Titanite
Rutile
Apatite
Water

7.50
2.22
1.57
1.84

i.i:80
11.68

s6:tt
3.53

.16
16.80
3.18

20.02
2.64

11.75
16.98
5.93

l0.27
.23
.39
.71

2.47
20.73

L6+
.23
.02
.31

Trace

99.61
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Separate descriptions of the rocks represented by the two analyses

above follow:
Specimen No. I (126) was collected from large pieces of loose rock,

about one mile west of Rose's MilI, distributed along the direction of

strike of several nearby nelsonite dikes. The rock is medium granular
in texture, of green color, and schistose in structure. It is composed

princip.aily of medium green chlorite and scattered. smaller grains of

apatite and ilmenite.
Under the microscope a thin section of the rock shows it to be much

altered. It is composed of biotite, ilmenite, and apatite as the principal
minerals, together with accessory quatt'2, and the seconclary minerals
chlorite and leucoxene. Biotite is brown to green in color, has strong

absorption and good cleavage in the fresh folia, but much of it is alteretl

chiefly to chlorite. Hornblende was not identified. Chlorite, the most

abundant mineral, may or may not have been derived entirely from biotite.
Ilmenite contains fractures ancl is considerably altered to leucoxene.

Apatite likewise shows alteration to the earthy form osteolite. An occa-

sional grain of quartz is observed.

Specimen No. II (192) was taken from the Shipman farm, 3 miles

north of Irovingston, where many loose pieces of hornblende nelsonite are

found scattered over the slope of the mountain. No rock could be founcl

in place but the float was fairly fresh. The rock is composecl chiefly of

dark green hornblende, partly in large, cleavable individuals 3 to 4 mm.

across, and partly in small grains, through which are distributed small

grains of ilmenite and apatite in poikilitic fashion.

Microscopically a thin section of the rock shows it to be composecl

chiefly of large, irregular, platy, green, pleochroic hornblende having good

cleavage developed in one direction. It is micropoikiltic in texture from

enclosures of the other minerals, and is partly altered with, in some cases,

the separation of grains of black oxide of iron. It is not improbable that
the hornblende is secondary although no trace of an original mineral from
which it may have been derived was observeil in the thin section. The

next most abundant constituents are apatite and ilmenite. Much of the

apatite in euhedral and subhedral crystals is enclosed in the hornblende

ancl to some extent in the ilmenite. Titanite is present in small quantity.

Plate XIX, fig. 2, is a photomicrograph of the thin section.

Under the olcl nomenclature these rocks would be classecl as horn-
blende nelsonite, the prefix hornblende clenoting special richness in that
mineral. In the new quantitative system of classification, the no ms as
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X'iE. l.-Hornblende nelsonite from Bradshar'v- Shows hornblende, ilmenite, and apatite.
Specimen No. I77.

farm, 0.5 mile
Single nicol.

southeast of Lovingston.
Enlarged 30 diameters.

Fig. 2.-Hornblende nelsonite from
Shorvs hornblende, ilmenite,
diameters. Specimen No. 192.

Shipman farm, 3 miles north of Lovingston.
and apatite. Nicols crossed. Enlarged 30

l'ig. 3.-Hornblende nelsonite 1.75 miles
hornblende. ilmenite, and apatite.
Specimen No. 186.

northr'r'est of Lovingston. Shows alteled
Nicols crossed. Enlargetl 30 diameters.

HORNBLENDE NI]LSONITE.PHOTO {ICROGRAPHS OF
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fiu'm. 0.5 mile southeast of Lovingston.
Single nicol. Enla,rged 30 dianreters.

Fig. 1.-Hornblcntle nelsorrite flom Bradsbarv
Slrol's lrorrrblende. ilmenite, and :rpatite.
Specimen No. I77.

Fig. 2.-Hornblende nelsonite flonr
Shorvs holnblende. ilntcrrite.
diametels. Specirren \o. 192.

Fig. 13.-Holnblcrtle nelsonite 1.75 miles
Lolnblcrrde. i)nrcrrite, nrrtl rrprrtite.
Specirnen No. 186.

I'HO'I (I}IIC]ROG TiA]'tIS OT

'shiplrart f:uu. 3 miles nolth of Lovirlgstotr
nntl ap:rtite. Nicols crrtssed. linluged 30

rrorthu'est of
Nicols closscd

J,ovingstorr. Shol's :rltet'crl
. lirrlarged 30 diarueter s,
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shown above, place the rocks near the border position between classes IV
and Y, but they are classed as of IV (dofemane). These rocks are the first
recorded representatives of a new type. Their position in the quantitative
system of classification is expressed as follows:

I. Symbol, fV (near Y). 2. 4. 4. L 2(il. 3(4) almost 4.fI. Symbol, IV-V. 1(2) . 3. 1. 1. 4. $)4. Classed as in IV.
No name is proposed for these rocks at this time since they occupy a

border position between classes IV and V of the .rQuantitative System,r,
but chiefly because of the lack of fresh material for chemical anarysis.

OTIITR OCCURRENCES.

Two other occurrences of hornblende nelsonite in the Lovingston
district are d.escribed below.

About 1.25 miles r'vest from the shipman farm there is a similar
occurrence of hornblende nelsonite (Spec. L86). The float was traceil
for a short distance in a direction N. ?0' w., but no rock was found in
place' The rock is dark greenish-gray, and massive granular but uneven
texture, composed chiefly of large platy, poikilitic hornblende and in places
areas of an even-granular mixture of clominant apatite and ilmenite. Ftoat
found in this vicinity indicates that the country rock is biotite gneiss with
a few dikes of granite and diabase.

Microscopically a thin section of the rock shows it to be composed
essentially of pale green, fibrous hornblende, slighily pleochroic; and
under the single nicol it appears homogeneous and massive. The horn-
blende has been derived from hypersthene as there are some scattered
eyes or cores of the characteristic unaltered pyroxene in the hornblende
substance. Hornblende encloses ilmenite and apatite, the latter probably
slightly in excess, having the usual characteristics. Alteration to horn-
blende is accompanied by the separation of grains of black oxide of iron
through its substance. scveral pieces of primary titanite are observecl.
Plaie XIX, flg. 3, is a photomicrograph of the thin section.

On the Bradshaw farm, 0.5 mile southeast of Lo'ingston, a sma]l
prospect pit was sunk on a dike of hornblende nelsonite (spec. 1??)
several years ago. At present the pii is parily filled, but pieces of rock
found on the dump show the character of the clike. rt is a clark green,
coarsely crystalline rock, composed of compact, cleavable hornblencle
crystals 3 to 4 mm. in diameter, ancl minute grains of apatite and ilmenite.

Microscopic study of a thin section of the rock shows the chief con-
stituent to be green hornblende in grains and platy prismatic forms having
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strong pleochroism. Some biotite is associatecl u'ith the liornblende, ancl

apatite partly altered and ilmenite are sprinkled quite freely through the

slide. Anhedral qtartz, aniL crystals of a mineral having strong refraction
and double refraction, probably zitcon, occut. Plate XIX, fig. 1, is a photo-

micrograph of the thin section.

Gabbro-Nelsonite.

NAMD AND DISTR]BUI'ION.

'Ihe name gabbro-nelsonite was proposed by the writerso for a type of
holocrystalline igneous rock, occutting as dikes and having mineraiogical
composition intermediate betr'veen normal gabbro ancl nelsonite proper.

Gabbro-nelsonite is much more limited in occurrence than that of
either gabbro or nelsonite. It has been observed and studied at many
places within the syenite area, especiaily near the eastern borcler, and

has been observed in the outsidc gneiss near the head of Davis Creek. A
ilescription of each occurrence is detailed in the pages which follorv below.

Most of the occurrences of gabbro-nelsonite are remarkably uniform in
appearance and composltion. hi places the rocli sJrovs a partial gneissic
structure, the constiiuent mjnerals being drarvn out so as to give an

appearance of imperfect banding. Other rocks are found within the district
rvhich are intermediate in mineral composition betrveen gabbro ancl gabbro-
nelsonite. They resemble more closely the gabbro in appearance but con-

tain excessir,e quantities of the ore minerals, ilmenite and apatite.

M]'GASCOPIC C}IARACTER.

Normally gabbro-nelsonite js a holocrystalline, porphyritic rock of
rlarlr color, consisting of lenticular eyes of felclspar (plagioclase) , 1 to 2

cm. in tliameter, embedded in a dark, medium-fine, even-granular ground*
mass of pyroxene, ilmenite, and apatite. Even-granular texture has been

noted in only one or two occurrences of the rock. Other variations, chiefly
mirrcralogical, exist which are described separately below. In the typical
gabbro-nelsonite, the lenticular eyes of feldspar, which give to the rock
porphyritic texture, frequently appear not as a single large feldspar
jnclividual but as an aggregate of small, formless grains, which may and
probably do represent granulation or crushing of an original large feldspar
phenocryst by dynarnic metamorphism.

oWatson, Thomas L., and Taber, Stephen, The Virginia Rutile Deposits, Bull.
No. 430, U. S. Geo. Survey, 1910, p. 59.
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Fig. l.-Gabbro {rom exposule in road in front of Nh'. Adarns'house at Roseland.
Shon's the principal rninerals p"yloxene (h1'persthene), plagioclase (andesine),
ilmenite. antl occnsional rutilc. Nicols ci'osserl. Enlalged,30 dirmeters.
Specimen No. 19.

Fig. 2.-Gabbro-nelsonite from M. C. trtlassie's pl:rce, 1.75 miles southr.est of Brvant.
Shot's pyroxene (h,r''petsthene), plagioclase (andesine, partlv intergrolvnlvith
spintlles of orthoclaseJ, ilnrenite, and apatite. \icols crosietl. Jtnl:Lrged 30
diameters. Specimen No. 49.

Fig. 3.-Gabbro-nelsonite I mile east of Rose Union. Shorvs p)'roxene (h;'persthene).
p_lagioclase (andesine, partly intergr.olvn rvith orthoclase), ilmenite, and apatite.
Nicols crossed. Enlarged 30 diamiters. Specimen No. 135-A.

PHOTOI,IICROGRA}'HS OF GABBRO AND GABBRO-NELSO\ITE.
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Fig. 1. (,'abbi'o ftorr expostrrc in ro:rd il ft'orrt of llr'. -\clarrs'lrouse at Ros,:larrrl.
-Shol's the pi'irrciptrl mincr tls p\ r!\cne (lrl lrerstlierre ) . plagiocl:rse (lndesine ) .

ilrnerrite. antl occasion:ll i'utile. Nicol-q cloiser[. Enllr:gcd B0 di:uretets.
Specimen No. 19.

Fig. 2.-G:rbbrrt nelsottito flnm ll. C. lLassie's plnco. 1.75 miles southl'est of Rr.r'unt.
Shoir's p1-rnxerrc (hlpcrsthenc). plagioclasc (:tndesine. ltrtrtll iiltergrol'n'rvitlL
spindles of orthoclasel- ilrrerrite. ard ap:r1ite. Nicols crossed. Errl:rrgetl i)0
di:rnreters. 'Specinerr No. .1!)

l-i3. 3.-G:rbblo-uelsonite I mile eirst of Roso l,'nion. Slrorvs pylroxene (lrvpersthene).
piagiocl:rse (audesinc, partlr. intergrotvn rvith olthoclaser), ilnrenite.'and apatite.
Nicols crossed. Enlarged 30 diameters. Specimen -\o. 13J-A.

PHOI'OtIIC ROGRA t' HS O l' c:; A ultlio -{ND (}A Bll tio_N t -LS 0\ t't.t.t.
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Mineralogically the typical rock is composed of silicate and ore
minerals in unequal amounts, the former predominating. The dark feno.
magnesian minerals, hypersthene and seconalary hornblencle,. variant
feldspar (chiefly plagioclase with some orthoclase), and occasional quartz,
are the silicate minerals. Apatite, ilmenite, and magnetite are the principal
ore minerals.

MICROSCOPIC CHARACTER.

Under the microscope the rock is found to consist of a holocrystalline
granitoid mixture of silicate and ore minerals in unequal propoftion.
Porphyritic texture is less apparent in some thin sections than in the hand
specimens. The essential silicate minerals, namecl in orcler of their
abundance, are an orthorhombic pyroxene (hypersthene) and an inter-
mediate plagioclase of andesine composition. The ore minerals are ilmenite
and apatite, occasionally approximating neariy equal proportions but usually
one is in excess of the other. Besides these sporadic grains of quartz,
biotite, titanite, and pyrite have been observecl. fn one thin section an
occasional grain of microcline was identified. The secondary minerals
include hornblende, chlorite, and leucoxene.

Pyroxene is the most abundant constituent, and it seems to be hypers-
thene occurring as ill-defined prismoids and anhedral crystals. Ple-
ochroism may be weak or strong corresponaling usualiy in the deeper
colored forms to the absorption formula f, : yellowish-brown, Y : reddish-
brown, and Z : greenish. It sometimes contains inclosures of apatite and
shows various stages of alteration to a confused fibrous greenish aggregate
of probably hornblende. The pyroxene is optically negative (-).

X'eldspar is quantitatively the next silicate mineral of importance. It
is a plagioclase of intermediate composition corresponcling to andesine of
the composition AbuuAnru to AbuoAnno, usually exhibits characteristic
multiple twinning, and does not show crystal boundaries. It sometimes
shows intergrowths of microcline (orthoclase) spindles similar to the
dominant feldspar observecl in the syenite and in the gabbro. Extinction
on rhombic sections averagecl about 20.5'. Micropoikilitic texture is some-
times observed but usually is poorly defined. occasionally the lameellm of a
plagiociase individual are broken by fractures. rnclusions of apatite occur
but are not abundant. Plagioclase (andesine) is subject to considerable
variation in amount and in one or two thin sections it is only sparingly
present. (See Pls. XX and XXI.)

The ore minerals, ilmenite and apatite, are always present in con-
siderable amount, and are more plentiful than feldspar, stancling quanti-
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tatively next to pyroxene. Both are developed as individual crystal grains
of smaller size than either of the essential silicate minerals. Apatite is
chiefly developerl in crystals showing tendency towards idiomorphic ouUine,
is reasonably fresh, is sometimes partially fracturecl, and. in part may be

inclosed by either pyroxene or ilmenite, indicating its earlier crystalli-
zation from the magma. Ilmenite is partly alterecl peripherally to
leucoxene.

The several accessbry minerals are very sparingly present and do not
present any unusual features.

CHEMICAI COMPOSITION AND CLASSIFICATION.

The only sa,mple of gabbro"nelso rite analyzecl during the course of this
investigation was collected from a dike of the typical rock exposed on the
west side of the Arrington roacl, one mile south of Roseland. The analysis
follows:

Analy sis of g abbr o-nels oni,t e, N elson C ounty, V ir gi,nia.

sio,
Al,os
Fe.Ot
FeO ..
Mgo .
CaO .
Na,O .

K,O ..
H,O-
H,O+
PrOu .

lfio, .

cr ...
F....s. ....
MnO.
co,..

Excess O

33.83
5.19

11.38
15.08
8.57
8.22
t.28
0.50
0.45
u. /b
4.84

10. 00
0 .04
0.55
0.25
0.26

Traee

101.39
0.30

101 .09

The rock yielding this analysis is porphyritic in texture, with lens-
shaped areas of light-colored feldspar (plagioclase) about 1 cm. in diameter
tlistributed irregularly thromgh a yery dark, medium-fine, even-granular
grouncl-mass of pyroxene, ilmenite, and apatite. A little pyrite ancl
pFrhotite are visible to the nakecl eye.
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under the microscope a thin section of the rock shows the principar
minerals to be hypersthene, feldspar chiefly plagioclase (andesine corre-
sponding to the composition AbuuAnru) with very subordinate orthoclase,
ilmenite, apatite, ancl occasional grains of qaartz and pyrite. rrypersthene
is altered partly to hornblende with the separation of black granules of
iron oxide. rt occurs mostly in anhedral crystals of irregular shapes, some-
what rounded at times, and has weak pleochroism. ilmenite and apatite,
especially the latter, manifest a tendency toward idiomorphic ouiline and
are more plentiful than feldspar. The chief feldspar is andesine of about
the composition AbuuAnru formetl in subhedral and anhedral crystals which
show characteristic albite twinning. Maximum extinction on sections cut
normal to the albite lamellre is 15'. Several pieces of andesine were notecl
containing spindle-like intergrowths of microcline or orthoclase extending
nearly across the host. Plate XXr, fig. 1, shows a photomicrograph of the
thin section.

The norm corresponcling to the analysis above is as follows:

Norm of gabbro-nelsoni,t, ,onrrponding to the anatysie on pwge 1\0.

Qaartz Z.BgOrthoclase Z.7gArbite- 11.00Aaorthite 6.9bI{ypersthene ZZ.EE
D-iopside .. ... . :. l.blrtagnetite t6.47Ilmenite 19.15
Anatite t1.42rynf,e 0.42

IVater .....
Ixcess Cl, F

99.63
1.20
0.15

100.98

The rock is a new one antl is the first recordecl representative of the
rang and subrang. Roseland,ase and. roseland,lse are suggested as appro-
priate rang and subrang nanres. The position of the rock i-n-the quantitative
slstem may be expressecl as follows:

Symbol: IV.,' g. 1. 2. rose]andase.
tr.'1 3. 1. 2. 3. roselandose.

Bergenose, an ilmenite norite from Storgang, Soggendal, Norway, is
probably the closest known representativ. to ior"tuirios., vet the two
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rocks show wide differences in chemical composition. For comparison with
roselanalose the analysis anal norm of bergenose are given below'

AnalEsis anil norm of berganose (ilm'enite nori'te) from Norway.e

SiO. .. 31.59 Orthoclase 1'1
Ai;o" .. ... . .; . 8.54 Albite . 8.4
Fa;d; . 2.36 Anorthite .'.........'. 11.1
F;O .. 2t.52 Corundum
Mcb .cab......... 2.25 ofivine 3,8
Ua,O ... ....:. 1.03 Magnetite . . .. ... . '. ... . 3.5
K;-O-.
H,O . n. d.
Tio,
P,Oo . 0.02

99.65

oWashington, II. S., Prof. Paper 14, U. S' Geol. Survey, 1903, pp. 364-365'

According to washington, the position of bergenose in the quantitative

system may be expressecl as follows:

Symbol: IV. L 3. 1. 1. 3. bergenose.

It wili be observed that both rocks, roselanrlose ancl bergenose, are

clofamanes (class IV), while roselandose falls into subclass II and bergenose

into subclass I. Both are magnesiferrous rocks.

The essential characters of gabbro-nelsonite may be summarizecl briefly

as follows: (a) Porphyritic texture, the even-granular texture having been

observed in only one case. Iright-colored feklspar (plagioclase) is the

porphyriticaily developed mineral and is distributed irregularly through

a very dark, even-granular grouncl-mass of pyroxene ancl ore minerals,

chiefly ilmenite and apatite. (b) Mineralogically, the rock is composed

of silicate and ore minerals in unequal amounts, the fonner in excess. The

chief silicate minerals are hypersthene and plagioclase feldspar of the

composition of ,andesine, the former always , predominating, ancl the

ratio between the two variable. Minor orthoclase anal some seconclary horn-

blende are usually present. The ore minerals are ilmenite and apatite

which occur in large but varying proportions. Comparing the courposition of

bergenose with that of roselancl,ose (pages 140 and 742), it will be observed

that bergenose is rich in ilmenite but, unlike roselanclose, contains scarcely

more than a trace of apatite. It is noteworthy that plagioclase (andesine)

of similar eomposition is iikewise characteristic of the syenite antl gabbro

masses of the virginia region. (c) chemically, the rock is characterized

by low silica, alumina, ancl alkalies; high iron, magnesia, and lime I antl

by unusual richness in titanium and. phosphorus.
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DETAILS OF OCCI'BRANCES.

Near the headwaters of Davis Greek several pits and tunnels have been
opened in prospecting for apatiter- but the openings were caved when
visited by the writers. A specimen (85) of gabbro-nelsonite was found on
one of the dumps. It is a dark brown rock consisting of feldspar pheno-
crysts 4 to 5 mm. in diameter embedded in a fine-grained mixture of
pyroxene, ilmenite, apatite, and a little chlorite. Under the microscope
the rock appears as a holocrystalline granular mixture of silicate ancl ore
minerals, the former in iargest amount. The silicate minerals are pyroxene
(orthorhombic and monoclinic forms), feklspar (chiefly plagioclase of
anclesine composition with some orthoclase ancl microcline), and an occa-
sional shred of biotite. The ore minerals are ilmenite and apatite in nearly
equal amount. Pyroxene is the most abundant mineral. Micropoikiiitic
texture is developed in some of the larger plagioclase individuals, and occa-
sionally the feldspar shows fractured lamelle. Apatite ancl ilmenite,
especially the former, show marked tendency to irliomorphic outline.
Apatite is frequently inclosed by the pyroxene, anrl ilmenite is parily
altered to leucoxene. Sporadic grains of primary titanite occur.

One mile east of Rose Union are many pieces of gabbro-nelsonite float
(Specs. 135-4, 135-8, and 136) which vary considerably in appearance ancl
composition. Specimen 135-A is a flne-grained rock showing gneissic
structure, the feldspars of which are drawn out into narrow parallel lines.
The principal feldspar is anclesine (AbunAnuu) containing a little inter-
grown microcline. Extinction in rhombic sections gives 15" ancl 18.. In
addition to the intergrown microcline there are inclusions of quartz grains
(rarely oriented) and apatite. Ilmenite, pyroxene, and apatite occur in
small grains. specimen 135-8 is a dark gray even-grained. rock composed
largely of pyroxene with lesser amounts of ilmenite, feldspar, and apatite.
This is one of the few gabbro-nelsonites that do not show porphyritic
texture. Specimen 136 was found in the same vicinity. It is a fine-
grained, dark gray rock composed chiefly of pyroxene, ilmenite, and apatite.
Feldspar could not be identiflecl.

Under the microscope a thin section of specimen ,13b-A shows the
principal minerals to be hypersthene, feltlspar (dominanfly intermediate
plagioclase near anclesine ancl occasional orthoclase), ilmenite, apatite, ancl
a few grains of quartz. The feldspar contains inclusions, ancl shows slight
development of micropoikiliiic texture. rlmenite is partly altered periph-
erally to leucoxene. Apatite is fairly fresh and is crossecl by fractures.

t+3
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Microscopically specimen 135-8 has the same mingral composition as 135-4,

except ihat it contains less feldspar. specimen 136 differs chiefly, under

the microscope, from specimens 135-l\ and 135-B in the absence of feldspar.

Its constituent minerals are hypersthene, apatite, and ilmenite, together

with the usual alteration products derived from each. In each of the

specimens hlpersthene shows pro rounced pleochroism: X : yellowish-

brown, Y : reddish-brown, I : greenish. A photomicrograph of thin sec-

tion 135-4 is shown in Pl. XX, fig. 3.

The hypersthene in thin section No. 136 is altered to a matted aggre-

gate of colorless scales of talc with some black opaque iron ore along the

cracks. The talc scales have a moderately low index of refpction and a

strong birefringence. They show cleavage parallel to their length; their

elongation is optically positive (f ); they have a small axial angle and

are optically negative (-). A little horntlende (uralite) occurs. Nearly

all stages of alteration of hypersthene to talc antl hornblende (uralite)

aie shown, from slight rims of talc and uralite to chiefly all talc antl

uralite inclosing nucleal remnants of hypersthene. Apatite is partly in-

blosed both by ilmenite and by hypersthene. A photomioograph of the

thin section is shown in PI. XXVIII, fig. 3'

Much gabbro-nelsonite float (spec. 5P) is found scattereil_ over the

surface about 600 yards southwest of Bryant. The feidspar lenses are

about 0.5 cm. in diameter and some of the feldspars show fine multiple

twinning. The loose fragments of gabbro-nelsonite which litter the surface

show typical pitted surfaces characteristic of nelsonites in general when

Iong exposed to weathering. In the bluff about L50 yards to the north-

.uri ttt. rock (Spec. bB) occurs in place, but it has more the appearance

of imperfect banding. Microscopically, thin seitions of the rock show

the minerals to be hypersthene, feldspar (plagiociase-anilesine with occa-

sional orthoclase), ilmenite, apatite, ancl several small anhedra of quartz.

Ilypersthene displays the usual color and pleoehroism, ancl shows some

alteration along cracks to probable bastite. The principal feldspar is
' anclesine of the compOsition AbuoAnno, some of which contains long,

narrow bodies of intergrown microcline arrangecl occasionally in two sets

crossing at different angles; and as irregularly roundecl inclosures regu-

larly arranged. Extinctions measured on rhombic sections ga\e 20" ' 2L",

and 21.5". Ilmenite is partly altered peripherally to leucoxene. The

apatite shows some fractules but otherwise is usually fairly fresh. Some

hydrous iron oxide stain, derivefl from the iron-bearing minerals, oeculs.

Plate XXI, fig. 2, is a photomicrograph of thin section of specimen 52.
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road, I mile south of Roseland.
ilmenite. Single nicol. Enlarged

Fig. l.-Gabbro-nelsonite on Arrinston-Roseland
Shows pllorene r hypersthene), rpalile, and
30 rlirmetels. Spocimen No. 212. -

ti'ig. 2.-Gabbro-nelsonite thre_e-eig'hths of a mile southrvest of Br.yant. Sho*.s pj'roxene
(hypersthene), ."p4j!",, iImenite, and plagioclase feklspar "(andesine inrergrorvr.r'n'ith orthoclase). Nicols crossed. Enlarg"ed B0 diamet6rs. specimen No. 52.

lrig. 3.-G:rbbro-nelsonite o! count,r'r'oad. l.ib miles south of r3r'vant, Nelson countr-.
Sirol's the same rninelals as figs. I and 2. Nicols clossed. linltrrgetl 30 diameters.
Specimen No. 219.

PIIOTOMICROGRAPHS OF GABBRO-NELSONITE.
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road. I nile south of Rosel:rnd.
ilnrenite. -Single nicol. Enlarged

Iig 
_1 

.-Gabbro nelsonite on Arlington-Roseland
Shorvs p;'r'oxcne (hr-persthene)i' apatite. :rncl
iJO di:rmcteis. Specinren No. 212.

l'ig. 2.-Gabbro-nelsonite thr.ee-eighths
1 lr;'persthenp), apal iie, ilmeiite.
tu'ith orl lroclir"e;. \ icol. cros-etl.

of a i'1'ant. Shou's p\-r.oxene
and (rndcsiue intelglori.n
Enl Specimen -lo. ;u.

l"ig. 3.-Gabbio-nelsonite on couutv road, I.75 nilcs sorrth of Br.va1t. Nelson (_,o1ntr..
Slrori's the same minerars:rs figs. r and 2. Nicors crossetl. E;l:riged 3d-dian,"ter-".
Syrecirnen No. 219.

PHOTO}IICROGRAPIIS OT' GABBRO-NELSONITE.
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On the n_q1!h slde .of the gounty road, 1.?5 miles south of Fryant,
is an outcrop,o{-gabbro-nelsonite (Spec. 219). Microscopieaily the rock is
closely similar to the gabbro:nelsonite occurring one mile south of Roseland,
an analysis and degcription of which are given on pages f40-f41, except
that the feldspar lenses (phenoerysts) are slightly larger. The principal
minerals are pyroxene (hyper;lhbne), antlesine inlergrown with miclo.
cline in spindle-shaped bodies,. ilmenite, and apatit"e. .. -The usual minor
accessory and seconalary minerals are present. A photomicrograph of the
thin section of this rock is given in Pl. XXI, fig. 3. 

.

An exposure of gabbro (Spee. 220) described on page 98, containing
an unusual amount of ilmenite, is exposeil near by,- and it is probable that
the two (gabbro anct gamro.neisoniiei are facies of the same io.to marr.

Just west of the county road, 1.25 miles south of Bryant, abunclant
loose pieces of typical gabbro-nelsonite (Specs::-89"and 90) showing char-
acteristic pitted weather.ing ,litter the surface. In the same vicinity a
similar rock is founcl which contains lenses of blue quartz ranging up to
3 oy 4 cm. in length and 1 cm. in width embedded in an even-granular
mixture of pyroxene, ilmenite, and apatite. Feldspar could not be
identified in the hancl specimen but the rock probably represents a phase
of the gabbro-nelsonite and may belong to the same rock mass. A thin
section under the microscope shows the chief ferromagnesian silicate rnin-
eral (pyroxene) to be greatly altered ancl of doubtful identiflcatioir. Some
biotite and hornblende, apatite, ilmenite, and quartz complete the list of
mineials. Quartz carries hairlike inclusions of rutile, :and shows wavy
extinction and granulhtion.' Ilmeriite and apatite display their usual
characters.

Chemical Composition of the Nelsonites.

In the accornpanying table are assemblecl, for convenience, eight
analyses of the several varietjes (except hornblende- and gabbro-nelsonite)
of nelsonite, arranged in . the 

. 
order of increasing TiOr. The molecular

ratios of the oxides are given below the percentage figures. The analyses
will give a fair idea of the composition of tn. toct s, more especially the
iange in the importanJ constituenls, T!O, Feroo FeO, CaO, and prOu.
The vaiiations of thes; antl of seveial of the important lesser constituents
are best shown by comparing their molecular proiortions graphically in the
diagram, fig. L0, which is constructed from the analyses in table, page 1Z?,
by plotting the molecular proportions of the oxides as ordinates, taking
those of titania as abscissas.
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Fig. l0.-Diagram showing variation in the molecular conetituents of eight nelsonites
from Nelson County, Virginia.

Detailed study of the diagram shows irregularity in the variations of
the principal oxicles, especially X'eO and X'erOr. The lines representing the
molecular proportions of these two oxicles are antagonistic, except in the
right hatf of the diagram both clecrease but not to the same extent. FerO,
shows a general tendency to tlecrease with increasing TiO, but it is marked
by great irreeularity. This irregularity in FeO and Ferou when compared

with TiO, accords with the variable propodions of the ininerals rutile,
ilmenite, and magnetite present in the rocks. Of these minerals, those

rocks representeal on the left of the table contain magnetite and ilmenite;
while those on the right contain chiefly rutile wiih minor ilmenite.

There is closer correspondence, however, between the lines representing
the molecular proportions of CaO, PrOo, ancl F in the mineral apatite, but
are antagonistic to those of FeO ancl FerO' which emphasizes irregularity
in the ratio of the principal minerals composing the rocks, apatite to the
dark iron and titanium-bearing minerals, magnetite, ilmenite, ancl rutile.

Such irregular variations are notecl not only in closely relatecl rocks

but in different parts of the same rock mass, anrl, as in this case, corresponal

to variations in the proportions of the essential minerals.o

alddings, J. P., I2th An. Rept., U. S. Geol. Survey, 1890-91, pt. 1, p. 630.
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Analgsos of nelsonites from Nelson County, Virginia'
(WM. M. TrronxroN, Jn., Anal,gst.)

1+7

VIIVITV YIII

Tio, .

Fe,O'

FeO

Meo .

CaO .

P,Ou

II,O-
1{,O+
F

CI
SiO, .

Al,O" .

Na,O.

K,O ..

MnO .

co" ..
s.....

Less O

15.78

31.45

n.20

0.64
.01

12.73

9.40

0.20
0.97
0.23

.01
Trace
1.24

37.68

2.70

29.t4

0.50

16.05

t2.48

0.03

1.03

65.90

3.65

7.95

69.67
.871

2.87
.018

5.04
.069

0.15
.004

12.16
.217

9.41
.066

0.09
0. 11
0.70

.037
Traoe
0.67

:9:i

o:B,l'
.011

.006
11. l3

.t

.11
0.25

8.14
.057

0.2L
0.35
0.34

.0
No:
0.95

.016
n.

0.10

0.34
.00

0.23

Traee
L.45

4L r01.22
0.070.79

r00.24 101 .62 101.15 99.58

0.38

99.51
0.09

99.42

100.74
0.54

101.21
0.39

100.20 100.82

I.

II.

uI.

IV.

Magrretite-biotite nelsonite clike on the Dillard farrn 2 miles southwegt of
Lovingston.

Magnetite-biotite nelsonite dike on John Stevens farm about half a mile west
of Lovingston.

Ilmenite nelsonite from ore-clump at General Electrie Co.'s mine, 1.75 miles
norlhwest of Rose's Mill.

Ilmenite nelsonite from ole-dump at General Electric Co.'s mine, I.75 miles
northwest of Rose's Mill. Probablv ta,ken from No. I vein in the adit
level.

V. Ilmenite neleonite dike on Hight place about 1.75 miles west of north from
Roseland.

VI. Ilmenite nelsonite dike on Shelton farm about I mile northwest of Roselantl.
VII. Rutile nelsonite dike on the Giles tract near Roseland.

VIil. Rutile nelsonite from oretlump of ailit level, General Electric Co.'s mine,
1.75 miles northwegt of Rosds Mill.

The aorms calculaterl from the analyses in the table on page 147, are
grYen in the annexeal table.

16.48
.207

43.34
.272

18.61
.258

0.66
.016

5.48
.098

4.98
.035

0.51
t.62
0.26

4t.6 42.84

15.59 Lt.t2

ziJ.57 27.93

0.50 0.72

9.03 8.34
.161

7.59
.l

6.89

0.53 0.15
0.58
0.2L

.01
0.01
0.70

.01

0.87
0. 17

.011

4.24 1.65

3.45

0.15

4.45

0.72

100.78
0.72

100.06
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Nor.ms of nelsoruites correspond,'i,ng to the analgses on page 1177.

LIIlIIIlIVlVlVIrVII

Corundum

Nephelite ..

Olivine
Ilmenite
Magnetite

Apatite
Pyrite
Water

Classifiaation.

Old, sgstem, of classification.-The range in mineral composition of
nelsonite woulcl be designated in the older terminology, as stated above, by
the names ilmenite nelsonite, ruti,le nelsonite, magnetite neT,sonite, hom-
blend,e or biotite nelsoni,te, and gabbro-nelsoni,te, the mineral prefixes
tlenoting special richness in these minerals. As already statecl, the normal
nelsonite, the most abundant varietal fonn of the rock, is an even-granular
mixture of ilmenite and apatite in somewhat variable proportions.

New qumt"titati,ue sgstem of classif,cation.-The positions in the quanti.
tative system of classification of the eight rocks corresponcling to the norms
in the table above may be expressed as follows:

No. Symbol Name proposed

't:88
64.56
22.18
0.62
0.20

I.
ff. a

IIr.
rv.
v.

vr.
YII.

vIIr.

v.il
Y.rr.
V.11

Y'lI
V.r.

(2)3. (2)3. (4-5).

5. 5. (2)3. 5.

5. 5. (2)3. 5.

5. 4. 2(3). 5.

5. 4$). 2. 5.

5. (1)2. 5.

5. 4. 5.

Nelsonose

Virginose

oEither CaO is too low or P;Oo too high, which makes a difference in: classifica-
tion, so not fgured out.
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These are unoccupiecl positions in the new system of classifi.cation, but
for reasons given in the discussion uniler individual varietal forms of
nelsonite only two new na,rnes are suggested at this time.@ As rleveloped
in the d.escriptions on pages 100 to L45, the rocks represented by the
analyses in the table on page 147, and grouped uncler the field- name nel-
sonite, are unique in composition ancl represent new ancl extreme ultrabasic
igneous rock types. In composition they are all alike in containing apatite
as one of the essential minerals. They are unlike as to rutile, ibnenite, or
magnetite being the predominant clark ore mineral. The two types are
represented by the analyses in columns IV and VIII of the table, the
others being regard.ed more as gradational facies and therefore intermecliate
in composition between the two principal types.

As shown in the summary above, all the analyses of nelsonites, except
hornblende nelsonite and gabbro-nelsonite (not inclucled in the table of
analyses above, page 147), fall into class V (perfemane), but into subrang
positions of rangs, sections, ancl ortlers not yet namecl. It is therefore
proposecl that nerv names be given to those varietal forms of nelsonite which
fall within the limits of the classificatory scheme.

The two analyses of hornblende nelsonite and the single analysis of
gabbro-nelsonite are not includecl in the table of analyses on page 14?, but
are given under the separate descriptions of the two types on pages 1Bb anrl
140. The two analyses of hornblencle nelsonite fall into class IV
(dofemane) near class V (perfemane) but are classecl as of IV. They
occupy border positions in the classificatory scheme, hence it is thought best
not to suggest a new name for them. The analysis of gabbro-nelsonite falls
into class rv (do{emane) but into rang ancl subrang positions not yet
named. The names rosela,ndq,sa and. roseland,lse are proposerl as appropri-
ate rang and. subrang names for this rock.

Referring to the table of analyses on page 147, Iy antt VIII represent
analyses of fairly fresh material; r less fresh and more or less altered,
as shown both under the microscope and by the analysis. of these rv is
the normal type, and since nelsonite was originally proposed by the senior
writep for it, the subrang name nelsonosa is suggested for its designation
in the quantitative system. r-rikewise the subrang name airginose is pro-
posed for VIII.

, oThe,analyses..whieh follow on_pages l2E and IBb, of magnetite, biotite, and
h_ornblende nelsonites are new and do not corresponil to any kno-wn robks. but-since
they occupy border pojvitions in the claesiffcatory gcheme i"ue-"tio- 

"u;;s 
are not

suggested Jor .them. rt is prob._able that an analysis made oln fresh specimens ofmagnetite-biotite nelsonite similar to the occurrince on the Dillard'farm ne&r
Trovingston. will 

- 
remove the rock from a border position, which if trre and is notthen occupied, the subrang name lo.oi,ngalozose is.'suggest'eA as apploprlrti.
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The positions of these two new rock types in the quantitative system

may be summaiizecl as follows:

Symbol Name

v'rt.5'
Y.n.5.5.
Y.II.5. 5. 3.

Y.u.5. 5. 3. 5.

Y.n 5.

Y.1.5. 5.

Y.115. 5. 4.

V.n 5. 5. 4. 5.

virginare,
virginore.
nelsonase.
nelsonose.

virginare.
virginore.
virginase.
virginose.

These norms place the rocks in the perfemane class; No. IV in the

calciminic section, and in the preferrous subrang I No. VIII in the docalcic

section, and in the preferrous subrang. Since these are the first recordecl

representatives of the two subrangs, nelsonose (IV) and airginose (VIII)
are suggested as appropriate subrang names. It is worthy of note that
there are no known rocks which stancl near nelsonose and. oirginose.
Adirondackore and champlainore (titaniferous iron ores) are grouped in
the dofemane class,o but resemble in chernical composition the Virginia
rocks in containing high percentages of titanium and iron oxides.

Since I cloes not represent fresh material, ancl the norm gives it a

border position in the quantitative system, it is thought best to await
securing fresh material for a more satisfactory chemical analysis before
proposing a name for it. In the event of a satisfactory analysis made of
fresh material, louingstonose is suggested.

Classif,cation of nelsonites compared, with that of titanif erous
magnetites.-The Virginia nelsonites are probably more closely allied to
the titaniferous magnetite ore-bodies of the eastern Uniied States and

northern Europe than to any other known type of rock. The two are
essentially different and are strongly contrastecl with each other in many
particulars, yet they present some points of similarity. Bccause of this
fact and for convenience of comparison we give in tabular form below the
position in the quantitative system of four analyses of titaniferous
magnetite ores from New York (3) and Sweden (1), which are regariled as

igneous in origin.

oWashington, H. S., Professional Paper No. 14, U. S. Geol. Survey, 1903, p. 365.
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Qu,antitatiue ctassi'fication of ti,tani,f erous magnetite ores.

Locality Symbol Name Authority

151

Essex Co., New York.

Essex Co., New York.

Sanford, New York...

Taberg, Sweden.......

Genesis.

The nelsonite bodies of dikelike form, clescribed in the preceding pages

of this report, occur in the midst of rocks of igneous origin that have been

intensely, though unequally, metamorphosetl, ancl in which the nelsonites

have also shared. The natural inference would be that the nelsonite bodies

were likewise formecl by igneous action. They are founcl principally in the

syenite of the Boseland district, but occur also in a few places in the

outside gneiss, andl entirely in gneiss in the Lovingston district' The

distribution of the nelsonite in the Roseiand'district is near the southeast

border of the syenite (map, Pl. I).
The genetic relationship of the nelsonite bodies to the inclosing rocks

is shown (t) by their close association, and (2) in the similarity of the

minerals composing them. The principal minerals in the nelsonite bodies

have been shown to be ilmenite, rutile, magnetite, and apatite, together

with the same accessory silicate minerals that form the chief constituents

of the surrounaling locks. Ilowever, the occurrence of silicate minerals

in the nelsonites is extremely irregular in distribution anal amount, often-
times present if at all in such minute quantity as not to be observed in
hand specimens, and even in thin sections only a sporadic grain may be

identified. On the other hand they are frequently present'in amount as

to be readily recognizeal in hand. specimens as well as in thin sections of
the rock.

The ore rninerals composing the nelsonite bodies likewise enter into
the composition of the inclosing rocks as minor accessory minerals.
Between these two extremes are dikes of gabbro-nelsonite, composed of large

but unequal proportions of silicate and ore minerals, which may be con-

sidered as the connecting link between the nelsonites proper and the

gabbroic type of silicate rocks. In general then the rocks tlifier from each

other in mineralogy more in the proportion than in the kind of mineralr
composing them.

rY. 4.2. l. t. 4.

rv. 4, 3. 1. 1. 4.

Y. 5, 2. 1. 1. 5.

v. 3. 4. l. l. 2.

Washington's Tables,
P. 364.

Washington's Tables,
p. 364.

Sch. M. Quart., XX,
P. 344.

Seh. M. Quart., XXI,

Adiron-
dackiase
Cham-

plainiase

60.
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The field evitlence gained from a study of exposures of, and openings
made in, the nelsonite bodies is sufficient to indicate thcir general form
or outline. ?hey show marked irregularity in direction of both d4p and
strike but, in general, they are roughly tabular in form with the lotg.,
axis parallel to direction of strike. rn most cases they appear to conform
to the structure of the inclosing rock, but there are a few instances in
which they cut across the structure. some afford evidence of Eradation
at the walls into the inclosing rock while others show sharply deffned
contacts or walls, with complete differentiation of nelsonite and inclosins
rock.

A conspicuous feature of the nelsonite bodies, especially the dominant
or normal variety ilmenite nelsonite, is their remarkably uniform granu-
larity from wall to wall, the size of grain being entirely independent of
width of the body. wherever observeal in the numerous boclies the size
of grain is the same at the contacts as in the center and is uniform for
both large and small bodies, whether 1 foot or 60 feet in width. Another
feature is the entire lack of contact phenomena along the walls of these
bodies. These characteristics, especially that of uniform granularity,
together with that of sharp bounclaries, are regarclecl as indicative of the
conditions under which they were formecl, namely, intruded at depth into
the still hot and possibly unsolidified rocks incrosing them. Under ihese
conditions it is conceived that all portions of the nelsonite maqma were
free to solidify uniformly.

rn a few instances the nelsonites, especially those of the rutile variety,
are banded, layers of apatite alternating with those containing the dark
titanium minerals chiefly rutile-a structure similar to that shown in
some magnetites of the eastern United states and northern Europe, whose
origin is now generally agreed to be igneous. The banded itructure,
however, in the virginia nelsonites is the exception, for vastly the majority
of them do not afiord the stightest eviclence of such structure, but are
entirely massive granular.

The rutile (high titanium) nelsonites afford eviclence of having formed
somewhat in atlvance of the lower titanium-bearing or ilmenite nelsonites,
as they often have fhe appearance of segregations rather than instrusive
bodies because of their gradations along the walrs into the inclosing
'syenite. They are regarded as having formed practically contemporaneously
with the syenite by a process of differentiation in prace (magmatic segre-
gation). on the other hand the ilmenite nelsonites which usually exhibit
sharp boundaries, probably represent intrusives at great depth into the
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still hot rocks either before or soon after complete solicliffcation, for the
ore-bodies are remarkably uniform in granularity from wall to wall,
indicating that all portions of the mass solidified practically uniformly.

The magnetite and biotite nelsonites which penetrate the outside gneiss
frequently show eviclence of segregation along the walls, and difference
in the proportion of minerals in the center and arong the border portions
of the bodies.

From the evidence at hand, therefore, it seems probable that some of
the nelsonite bodies, especially those of the rutile variety, separated in
place from the cooling magma, while others, such as the iimenite variety,
probably formed a little later but at great depth, possibly before the magma
giving rise to the inclosing rock had solidifed, and rrnite it was still hot.
\4rhile these difierences are shown in places, the general principle under-
lying the formation of these bodies is not affected by possible minor
variations in details of genesis, whether some represent differentiation in
place and are normal magmatic segregations, ancr others.were formed
later but before the magma had solidifiecl, representing possibly an inter-
mediate type between true magmatic segregations arrd nor*al igneous
intrusions.

Broadly interpreted from present available evidence the writers resard
the formation of the nelsonite bodies to have been due to oro..rr"* ioru
closely allied to magmatic segregation than to true dike form of intrusion.
Their formation in other words is regarded as a segregation or difieren-
tiation facies of the igneous rocks incrosing them, somewhat similar in
mode of genesis to the well-known titaniferous magnetite ore-bodies in
gabbros anil anorthosites, with which they present many points of similarity.
They represent differentiations from the magma *Li.n guu. rise upon
cooling to the syenite and other igneous rock types in the area.

Additional eviilence in favor of this hypothesis is furnished by the
distribution of the ore-bodies within the syenite area; the nelsonites are,
for the most part, strung out near the southeastern bord.er as are also those
portions of the syenite which are most highry titaniferous-such as the
deposits on the property of the American Rutiie Company.

rt was thought that accurate determinations macle of the melting points
of the principai minerals (ilmenite, rutile, and apatite) of the nelsonite
bodies, when compared with the melting points of the same minerals known
!9 have formed by progesses other than igneous, might possibly shed some
light on the genesis of the rock. A,careful u.u".h of-the liierature un_
fortunately indicated that trustworthy data bearing on this sublect were
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very meager, so that conclusions based on a eomparison of the melting point

of ih. *a*e mineral formed under different conditions can not be stated at

this time.
carefully prepared specimens of the rutile, ilmenite, and apatite of

the nelsoniie, and of rutile from the syenite, were separated from the

rocks. anil cleansecl as thoroughly as possible, ancl sent to the Bureau of

standards, washington, D. C., for an accurate measurement of their melt-

ing points. The results, including a similar determination made on one

of the rocks (ilmenite nelsonite), are tabulated below.

Table of melting points of rutile, ilmenite, and apatite from Nelson

County, Virginia.
. (Determined by the Bureau of Standarcls, Washington' D. C')

No.

I
2
D

4
o

Rock
Melting Point
in degrees C.

Nelsonite
Nelsonite
Nelsonite
Syenite
Nelsonite

(variety ilmenite)

Rutile
Ilmenite
Apatite
Rutile

Ilmenite and apatite

1700
1390
1690
1690
1365

A statement of the methods used in determining the melting points of

the five samples tabulated above was communicated to the State Geologist,

in 1910, by Dr. W. F. Hillebrancl, Acting Director, Bureau of Standards'

ft follows:

The sDecimens rvere heated in a graphite resistance vacuum furnace' They were
placed in'platinum crucibles exceptin fhecase of the apatite, which was heated in
lraphite c'rucibles a,nrl, in one e-ase, in a magnesia crucible. The minerals were
iae[untefy protected frlm any carbon monoxiddor other substaTces.given off by the
e.uphit" ireater, except in the case of the a,patite. IJowever. this did not appear to
6e dontaminatea. m'e temperatures were deterrnine6 with an optical pyrometer.

Two methorls of deterriininE the melting point were used: In one the minera,l
was heated in an open cmcibte'and ihg pgin! 

-at which it floweil was observed visu'
allv. This method is not always reliable because some minerals are so viscous
whLn melted tha.t they do not frow visibly until the temperature is- considerably
above their melting pdints. In this method, there is also a chance of an error of
a. few degrees, owing to the fact that the radiation from the inside of an open

crucible may not be exactly that of a black body..
In the 6ther method, *hich is Lhe more reliable, the crucible was coverred, sav-e

for a sma,ll opening through which the temperature was observed, thus giving black
bodv conditioirs. an"d a heating curve was plotted.

The results-by the two methods were Clways-in-close a-greement for-it happels
that all the mineia,ls submitted became quite fluitl when melted. The meltilg points
are quite sharply deffned, except that bf the rock, No. 5, which is a little less
sha,rply defined than those of t[e other specimens, as was to be expected from its
heterogeneitY.
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In the case of many minerals, the corners of sharp fragments are rouncled at
temperatures considerably below the true melting point, intlicated by the heating
curve. This occurred in the case of the apatite and the rutile sa.mples, and a,ppa.r-
ently to some extent in the case of the ilmrenite. The sintering of powders af
temleratures below 'the melting point was also observed. But in all cases.except
that of No. 5 the change from a solid with rounded corners to a, liquid of quite low
viscosity was very distinsb and clefinite.

In October, 1911, Mr. W. M. Slater,o President, American Rutile Com-
pany, submitted a sample of his high-grade rutile concentrates (95-98 per

cent TiOr) to the U. S. Bureau of Standards for measuring the'melting
point. The rutile was founal to melt at 1?15' C., but uncler certain con-

ditions melting was observeal as low as 1690o C., which Director Stratton
statecl was very likely the result of slow decomposition of the TiO, into. a
lower oxide of titanium.

Summary of Quantitative Classification of Nelsonites.

The six varietal forms of nelsonite recognized in the Amherst-Nelson
counties region and described in the preceding pages of this report repre-
sent new rock types. For reasons previously stated new names in the
quantitative system are proposeal at this time for only three of the six
iypes. These may be summarized below as follows:

Sfrynbol

,Y.tt.5. virginare.
V.''..5. 5. virginore.
V.'' 5. 5. 3. nelsonase.
V.tt.5. 5. 3. 5. nelsonose.

\t.fi. 5 . r'irginare,
V.II.5. 5. virginore.
V.1.5. 5. 4. virginase.
V.n,5. 5. 4. 5. virginose.

IV.U 3. 1. 2. roselandase.
1V.[.3. l. 2. 3. roselandose.

Ilmenite nelsonite.

Rutile nelsonite.

Gabbro nelsonite.

Old name

The rocks groupecl
in thin sections under

Diabase.

INTRODUCTORY STATEMENT.

under this heacling occur only as dikes. They show
the microscbpe the development of two contrastecl

aPersonal communication from Mr. Slatet Dec, 4, l9ll.
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textures, diabasic (ophitic) ancl fine, even-granular, corresponding to
diabase proper and basalt, respectively. They are closely similar in mineral
composition and are grouped here uncler the single heacling, with a state-
ment of the kind of texture of each noted in the description of indivirlual
occurrences.

DISTRIBUTION AND I,ITHOIOGIC CITABACTERS.

Diabase dikes varying in width from a fraction of an inch to 25 feet
and over occur at many places in the area. They are the youngest of the
series of intruded rocks anal may be found penetrating a1l the earlier for-
mations. They are conf.ned chiefly to the rutile-bearing rocks of the large
syenite area, but are observed in several places cutting the surrounding
gneiss. (See Pls. XXII, XXIII, and XXIV, for photographs of diabase
dikes near Roseland.)

They are fine-grained rocks, clark gray to almost biack in color, which
show under the microscope fine, even-granular (basalt) to typical ophitic
(diabasic) texture, and the principal minerals plagioclase feld.spar, augite,
and titaniferous magnetite. The sulphides, pyrite and pyrrhotite, are
usually present in small quantity. In common with other rocl<s of the
area the diabase shows eviclence of metamorphism but not to the same
extent. Megascopically the only alterations observable are the production
of epidote and the development in some instances of a slight schistose
structure. No gradational .rocks intermediate in composition between
diabase and the other rock types occur and there was evidently a consicler-
able time interval between the formation of the earlier rocks and the
intrusions of diabase. The former rocks solidified under conditions of
deep burial, but the latter (diabase) were not intruded until much over-
lying material had been removed aad the rocks were nearer the surface,
for in many places they follow joint-planes anil fractures in the older rocks.

MICROSCOPIC CHARACTER.

Examined in thin sections under the microscope the intrusive rock is
found to contain augite partially or wholly altered to hornblende, plagio-
clase feldspar, magnetite, a little orthoclase, and apatite. Sometimes
olivine and biotite are also present in small amounts, and. scatterecl grains
of pyrite are notetl. clusters of minute brown rutile crystals were observed
jn thin section No. L44. The secondary minerals are a litile leucoxene,
minute, granular, black iron oxide, and less commonly chlorite, pale green
fibrous amphibole (uralite), pleochroic br0wn biotite, epidote, and zoisite.
calcite was not identified among the secondary products in thin sections.
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The texture of the rceks is variable, ranging from fi.ne granular, in
which the chief minerals are formed in grains of approximately equal size
and of nearly equal dimensions, to typical diabasic or ophitic, in which
the augite fills the interstices between the interlacing lath-shaped felclspars.
On the basis of micro-texture the rocks grouped here uncler diabase would
be more accurately classified into (a) basalt of fine-grained, even-granular
texture, and (b) diabase of pronounced ophitic texture. fn each of these
types the larger augites, feldspars, and occasional olivines, are sometimes
scattered through a fine-grained grouncl-mass constituting a micro-
porphyritic (basalt-porphyry) facies. 'With 

only one exception (Spec. 144)
the thin sections show an advanced stage oT alteration in the augite
(uralitization), alteration of augite into hornblende. Along with uralite
more or less seconalary biotite also is sometimes formed. Alteration of
these into chlorite is less often observed. A seconcl evidence of meta-
morphism is apparent in some thin sections in mashing of the feldspars,
and, while schistosity was not manifested microscopicalln it is clevelopecl
to a slight degree in some hand specimens.

Augite, the most abundant constituent, is partially or wholly altered
into a pale green fibrous amphibole, ancl when fresh is pale green to color-
less, rarely exhibiting faint plse.hroism. It occurs in small plates and
irregular grains. Plagioclase feldspar, the second most abundant mineral,
occurs in nearly equant grains in the even-granular facies of the rock,
and in elongated, relatively narrow forms in the diabasic facies. Extinction
angles measured. against the twinning lamellre indicate a plagioclase core-
sponding in composition to an acjd labradorite. Magnetite, the next most
abundant constituent to the plagioclase feldspar, varies greatly in amount
and is usually in smaller grains than the othel two minerals. Alteration
to leucoxene indicates that the magnetite is of ihe titaniferous variety.
secondary black iron oxide, probably magnetite, deriverl from the alteration
of augite, is observed in minute granuleo in the substance of the alteration
products of the augite. olivine is entirely absent with two exceptions
( Specs. 724 and, 744) fuom the thin sections examinecl. ft often shows
crystal outline and presents no noteworthy features. The remaining
minerals occui only in subordinate ambunt ancl since they present no
unusual features they do not merit separate clescription.

. C}IEMICAL COMPOSITION AND CIJASSIFICATION.

The chemical composition of the diabase is shown in four analyses
given in tabular form below, macle. on specimens collected from dikes
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exposed in the vicinity of Roselanfl ancl Rose's Mill, along the southeast

side of the syenite rnass.

Analyses of d;i,abase from Nelson County, Virginia.
(Wu. M. Tuonxtow, Jn., Analgst')

ilI

II,O-
H,O+
Tio,
P,Oo
MnOs ....
co,

sio,
Al,o,
FerO,
FeO
Mso
CaO
NarO
K,O
II,O-
II,O-
Tio,
P,Oo
MnOs ...
co,

Drv 2

Al,o.
FerO'
FeO
Mso
CaO
NarO
K,O
II,O-
II,O+

48.99
13 .93
2.45

10.94
6.29

10.02
2.59
0.80
0.09
1.47
3.33
0.33
0. 11

llrace
llrace

49.65
13.93
4.Lt
9.78
4.89
9.05
2.86
t.7t
0.09
t.49
3.03
$.32
0.14
0.20

Trace

52.34
12.46
o. o,

10 .08
3.97
7.88
2.26
1 .66
0.L4
1.46
2.96
1. 19
0. 11
0.,18

lfrace

50.95
13.53
3.59
9.67
5.19
8.99
2.53
1.4r
0.26
1.43
2.63
0.54
0.09
0.09

Trace

100.34 101 .25 100.06
3.097

100.88 100.90
Specifle gravity..

I. Diabase (basalt) dike on eouth sitle of Piney River, opposite General Electric
Co.'s mine, 1.5 miles northwest of Rose's Mill.

II. Diabase (baialt) dike, Roseland-Arrington road, near Mr. Adams'house,
100 yards south of Roseland post-office; dike 25 feet wide, strike S. 80o W.

ilI. Diabase (basalt) dike, east siile of Tye Fiil,er, 425 feet south of American Rutile
Co.'s south quarry; width 8 feet, strike N. 25" E.

IV. Diabase dike, east side of county road, I00 yartls north of Piney River at
Rose's Mill.

V. Average of I, II, III, anct IV.

The norms calculated from the analyses above are tabulated as follows:

Norms corresplnil,ing to analyses on page 158.

IrIIIIII IV

Quartzorthoclase ....:::::::
Albite
Anorthite
Diopside
Ilypersthene
Magnetite
flmenite
Apatite
Pyriter[,o .

0.42
5.00

22.0L
23.91
20.42
17.30
3.48
6.38
0.68

t.26
10.01
24.10
20.29
19.24
11 .96
6.03
5.78
0.62
0.36
1.58

11.10
10.01
18.86
18.90
11.14
14.89
4.87
5.62
2.48
0.36
1.60

6.96
8.34

19.91
22.80
t6.32
15.27
6.26
2.28
0.62

52.83
13.79
4.42
7.86
5.61
8.99
2.42
t.46
0.71
1.30
1. 18
0.31
n. d.

Trace
Trace

101.10 101.23 99.83 L00.77
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The rocks corresponcling to the calculated norms have the following
position in the quantitative system of classification:

No. Symbol

159

Camptonose-auvergnose .

Camptonose.
Vaalose.
Camptonose.

The analyses indicate close similarity in chemical composition of the
cliabase, which is further emphasized by the fact that, in the quantitative
system of classifrcation, three of the four (I, If, and IV) have approxi-
mately the same position. The norm of III shows more qaattz, and the
quartz-feldspar ratio places it in orcler 4 instead of in order 5 with I, II,
and IY. The rocks are dosodic, and the albite-anorthite ratio in each

coresponds closely to a plagioclase of the composition Ab1An, (labra-
dorite). The analyses are noteworthy for the high percentages of TiO,
especially in I, II, and IfI, and of PrOu in IIL The slightly increasecl
percentage of MgO in I is accountecl for by the presence of some olivine
in the rock. With these exceptions the analyses conform closely to diabase

of the normal type.

DETAILS OF OCCURRENCES.

Detailed descriptions of the diabase clikes occuning on the property
of the American Rutile Company at Roseland, ancl in the mine of the
General Electric CornpanS near Rose's Mi1l, are given on pages 168 and
192, and" will not be reppatetl here. The brief descriptions which follow
belgw are of diabase dikes occurring at other places within the area mapped.

Just across Piney River from the mine recently worked by the General
Electric Company diabase is exposed in the blulf bordering the lowlands
near the river. The rock (Spec. 12a) is fine-grainecl and dark blue-gray,
almost black, in color. Feldspar, chlorite, magnetite, and graphite ( ?)

may be distinguished with the pocket lens. In thin section under the
microscope the rock is seen to be considerably altered but the diabasic
texture is shown. It is an olivine cliabase, composecl of the principal min-
erals augite, soda-lime feldspar (labraclorite), magnetite, ancl olivine.
Augite is largety altered. to pale blue-green hornblende (uralite) anil
olivine to chlorite, each accompanied by the separation of minute grains of
black iron oxide in the substance of the hornblende and chlorite. . A
chemical analysis of this rock is given in column I of the table of analyses
on page L58.

I.
II.
ilI.
IV.

IIr. 5. 34. 4-5.
rrr. 5. 3. 4.,IIr. 4. 3. ,4.
,rII. ,5. V. 4.
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On the eist side of the county roacl, about 100,3,ards north of the river
at Rose's Mill, is a large exfosure,of biotite gneiss penetrated by.several
dikes of diabase which range flom a fraction of aa inch pp to.5 feet in
width. The smaller dikes appear to be ofi-shoois from the large one; which
contains near its border unaltered inclusions of the gneiss. It is a dark
gray rock (Spec.'13Q)_ with small lath-like plrenociysts of feldspar and
contains a little pyrite or pynhotite. Microscopically the rock is por-
phyritic and diabasic in texture, composed chiefly of augiie, soda-lime
plagiociage.(labradorite), titaniferous magnetite, a1d some biotite.. Both
the augite and plagioclase feldspar a,re partly altered,'. A chemical analysis
(column IV of.table of analyses) and the norrn of this rock are given on
page 158.

About half a mile northwest of Soseland an altered diabase dike. 10
feet wide and striking N. 15" E., is exposed in a deep roarl cut. The rock
is completely weathered near the surface, but.a specimen (Spec.2L) ob-
tained-from a piece of float near the outcrop shows a fine-grained, dark
gray, slightly schistose d.iabase, containing a little pyrite. U:rder the micro-
scope ,a thin section of the rock. shows flne even-granular rather than
diabasic texture-a texture more characteristic of basalt than of diabase.
The principal minerals are secondary pale green hornblende (uralite)
derived from augite, soda-lime plagioclase (labraclorite) greatly altered,
ancl much leucoxene derived from 'titaniferous magnetite or ilmenite.
Augite .is compJetely altered to hornblende, which is the most pbundant
mineral, and the feldspar shows mashing anrl advanced alteration.



INDIVIDUAL DESCRIPTION OF MINING PROPERTIES.

GENERAf, STATEMENT.

W-hile several properties in the Roseland district have been prospectecl
for rutiie actual mining operations have been limited to two localities.
The principal and most extensively worked. property lies a quarter of a
mile south of Roseland on Tye River, where the American Rutile Company
has been mining and milling rutile in syenite since 1902. So far as

mining operations extend the rutile associated with the feldspathic facies
of the syenite on this property is essentially free from ilmenite or other
metallic minerals, but that associated with the quartz and hornblende of
the hornblendic facies of the rock is more likely to be mixed with ilmenite.
The other property, on the Warwick tract lying on the north side of Piney
River one and a half miles northwest of Rose's Mill, was formerly worked
by the General Electric Company, but has been idle since 1909. Mining
of rutile by the General Electric Company at this locality was limited to
the rutile-bearing nelsonite bodies. Unlike the syenite near Roseland in
which are opened. the quarries of the American Rutile Company, the syenite
on the Warwick tract eontains rutile in very sparing quantity, frequently
not visible to the naked eye in hand speci-eos, anrl nowhere observecl even
approaching concentrations that might be workable.

Detailed individual d.escriptions of these two mining properties follow
below in the order namecl.

AMERICAN RUTIf,E COMPANY'S QUARRIES.

I,OCATION AND HISTORY.

The rutile-bearing lands of the American Rutile Cornpany lie on both
sides of Tye River about a quarter of a mile south of Roseland Post-office.
As yet mining operations have been confinecl to the east side of the river
and to the immediate vicinity of the mill. A topographic and geologic
map of the property showing the open cut workings (quarries) and mill
buildings is given in fig. 11.

A historical summary of the mining d.evelopments anil operations by
the American Rutile Company is given on page 49. Developments
were begun by this company on its property located a quarter of a mile
south of Roseland in 1900, and in L902 a stamp mill of B0 tons daily
capacity was erectecl for crushing ancl concentrating the ore. Practically
all the rutile used in this country since 1901 has been supplied by the
above company from its Nelson county deposits, ancl much or tn. prbrtuct
has been shipped abroad.

72



Fig. ll,-Topographic antl geologic map of the Ameriean Rutile Ccmpany's property,
Nelson Countv.
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PRODUCTION AND IISES.

Beginning with the year 1903, the total annual production of rutile
to date by the American Rutile Company is given in tabular form on

page 51. Although the consumption of rutile has increasecl since 1903,

the demand has been limited and not sufficient to keep the mill in con-

tinuous operation.
The various uses matle of rutile are cliscussed in detail on pages 270-289.

X'or the prices paid for rutile the reader is referred to the statement made

on page 52.

GEOIOCTCAf, BEIATIONS.

The topography and geology of the American Butile Company's
property worked for rutile are well shown on the accompanying maP,

fig. 11. The line of bluffs, ranging up to 50 feet'in height which borcler
the river on the east side and. in which are opened the quarries yieltling
the ore, afforcl good exposures of the rocks. The mantle of rock tlecay is
not uniform in thickness and often contains large residual masses of
unweatherecl rock, which usually carries more quartz than the avexage

syenite of this vicinity. The rocks are weathererl to a depth of 20 feet in
places, so that a short distance back from the stream exposures of fresh
rock are rarely observecl. As a result of weathering considerable loose

rutile is more or less concentrated in places on the surface anrl in the
mantle of decayed rock. Because of the very favorable conditions much
of the surface mantle of rock decay coulcl probably be worked profitably
by the methods of hydraulic mining.

Syenite.

As indicated on map, fig. 11, the quarries from which rutile is minetl
by the American Rutile Company are located in the syenite body very
close to its eastern margin. Openings are made in both the felilspathic
and hornblenclic facies of the syenite, and while rutile occurs in each facies
of the rock it is most abundant in the feldspar-rich syenite and probably
contains less associated ilmenite.

The syenite is a coarsely crystalline igneous rock composed essentially
of white feldspar with variant blue quartz in the feldspathic facies, ancl

much seconalary hornblende (uralite) in the border or hornblendic facies.
The ratio of these minerals is variant, feldspar being greatly in excess in
the feldspathic facies and in places forms the entire rock mass, while
hornblende is very conspicuous in the border or hornblendic facies. Blue
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q\ar+,z is usually present in small gtains, forming in places a considerable

proportion of the rock and in others it is practically absent. Hornblende

is practically absent from the felclspathic facies of the rock, but is a

rlominant mineral in the border or hornblendic zone. Rutile in deep retl

grains of aclamantine lustre, associated with some ilmenite and in a few

places apatite, occurs as a prominent constituent in portions of the rock.

It varies in amount from zero in some sections up to probably 10 per cent

anal more in certain restricted areas. In the quarries opened and worked

by the company, rutile will probably average 4 or 5 per cent of the rock

mass. The general character ancl mode of occurrence of the rutile; includ-
ing chemical analysis, are described on pages 193-196. Ilmenite, includ-
ing chemical analysis, is tliscussed on pages 223-226. Pyrite has been

observecl in places as a very mino accessory mineral. The rock has been

subjecterl to intense metamorphism as indicated" in the granulatiou of the

feldspar and quartz, in the partial segregation of the rutile antl hornblend.e,

anrl in the more or less distinct schistose sh'ucture, especially of the horn-
blenclic facies.

In the northwest quarries lying nearest the mill, the syenite is practically
free from hornblencle and other iron-bearing minerals, but the rock exposed

in the southeast quarries contains much hornblend.e and some ilmenite.
The feldspathic facies of the syenite exposed in the open cuts (quarries)

and represented by specimens L, 21 3, ancl 4, is composetl clominantly and

in places almost exclusively of white feldspar, chiefly andesine with inter-
growths of microcline or orthoclase. Blue quartz is usually present but
varies greatly in amount, and appears to increase in quantity and size of
grain towartl the southeast, where it becomes most abundant in the horn-
blende or borcler facies of the rock. Rutile in disseminatetl grains is

usually present ancl in limited areas forms a notable percentage of the

rock mass. The rutile grains range up to 3 mm. in tliameter ancl are

often distributecl along broken lines with their longest cliameters approxi-
mately parallel, imparting a slightly gneissic appearance to the rock. The
feldspar often shows large cleavage faces, sometimes 25 to 30 square

centimeters in area, on which fine multiple twinning can be clistinguished
with the aicl of a pocket lens. The cleavage faces are usually bent into
curvetl surfaces, and in other ways show the efiects of great stress sub-

sequent to their crystallization.
In places the syenite is cut by veinlets, approximately parallel, spacecl

from a quarter of an inch to one inch.apart, and ranging in thickness up
to a sixteenth of an inch, but are usually of almost paper thickness. They

are not exactly parallel since they sometimes branch ancl run into one
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another. The veinlets cut across the foliation of the rock and pass through
quartz and rutile as well as the feldspar. They seem to be composecl

almost entirely of feldspar similar in composition to that of the rock
(syenite) traverseil, but a rutile grain was fountl in one of the largest
of them. They are more resistant to weathering than the inclosing rcck
and therefore stand out in relief on a weatherecl rock surface. The rock
fractures more reaclily along these planes than in other directions.
Aithough they are called veinlets, it is possible that they may be rlue to
some alteration that has taken place along parallel fraeture planes.

The hornblendic facies of the syenite (Specs. 5 and 6) is exposeil in
the southern quarries, which show a coarsely crystalline rock composed of
hornblende, blue quartz, and feldspar, with scattered grains of rutile ancl
some ilmenite inclosed in the three principal minerals. The ilmenite seems
to be largely confned to the hornblende and to a less extent the quartz.
The rutile occurring in the hornblende has a somewhat darker color than
that found in the other two minerals. The grains of both rutile and
ilmenite range up to 5 mm. and more in diameter, anil average somewhat
larger in size than those found in the feldspathic facies of the syenite
exposed in the north quarries. The blue quartz varies from microscopic
grains up to masses weighing several pouncls and is more abunclant than
in the hornblende free rock. Aside from its color it presents no unusual
features. The hornblende is usually dark green in color, often fibrous
with silky lustre, and occurs in masses of very irregular outline ranging
up to 10 cm. anil more in diameter. The different masses of hornblenrle
are usually connected by irregular streaks or stringers of the same material
in a manner suggesting seconclary origin. (See PI. XXIII, fig. Z.)

A detailed description (including megascopic ancl microscopic char-
acters, chemical composition, and classification), of boih the feldspathic
and hornblendic facies of the syenite is given on pages 68-84, and will not
be repeated here.

Gabbro.

Several hundred. feet southeast of the south quarries of the company,
a body of uralitized gabbro is exposed along the east side of Tye River,
lying between biotite-quartz monzonite-gneiss on the southeast ancl the
border zone of the syenite on the northwest. The gabbro grades into the
hornblendic or border zone of the syenite on the northwest sid.e, but, owing
to the depth of residual decay, its relations to the biotite-quartz monzonite-
gneiss on the southeast side could not be determined. Both the syenite
and gabbro have, undergone intense dynamic metamorphism which has
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resulted in crushing and bending of the individual minerals and the
production of pronounced foliation or banding in much of the rock. Be-

cause of the development of bandecl structure in much of the gabbro mass,

the rock in many places is more properly designated a gabbro-gneiss. In a

few restricted areas the rocks have been so crushecl ancl shearecl as to
clevelop schists from the original igneous types. Inequality of meta-
morphism as expresseal in structure secondarily developed is a marked

feature in both the gabbro and syenite.
So far as present exposures indicate, the gabbro mass is not litho-

logically uniform but is characterized by marked variations due chiefly
to metamorphism. Variations in structure are from a rock nearly massive

to completely foliated or bandetll in texture from fine- to coarse-grainedl
and in color from medium to dark gray anil grayish-green, accorcling to
the kind and relative proportions of the dark- and light-colorecl minerals.
Variation in mineral composition of the rock is primarily one more of
difference in ratios of principal minerals and the resulting seconclary ones

than of kind, and yet differences in kind of minerals, usually of minor
importance only, are notetl.

Individual descriptions of hand specimens including the results of
microscopic study collectetl from difierent points in the gabbro mass along
the east side of Tye River will serve to emphasize the general character
of the rock.

Specimen 12, taken from the gabbro near the diabase dike describecl
on page 168, is a coarsely crystalline rock exhibiting pronounced banding,
and is largeiy composetl of feldspar and hornblende arrainged in roughly
parallel bancls, with a little blue quartz, and small grains of ilmenite and
probably rutile. A litile graphite, pyrite, and pyrrhotite can also be dis-
tinguished. Passing north or east from the point where the specimen
was taken, the rock appears to grade into typical syenite, lvhile toward the
south the blue quartz disappears and the rock becomes finer grained and
Iess schistose as shown in specimen 13, described below. Microscopically
a thin section of the rock shows it to be composed of fibrous uralitic horn-
blende derived from pyroxene with the separation of grains of black iron
oxide and the principal feldspar, andesine, intergrown with microcline, a

little quartz containing needle-like inclusions of rutile, much ilmenite
partly altered to leucoxene, and some secondary colorless mica derived
from feld.spar. An analysis.of this rock is given in column IV on page 95.

Specimen 13, collected about 100 feet south of No. 72, is a ffne-grained,
clark, greenish-gray rock with irregular light brown blotches of feldspar
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about 3 mm. in diameter, antl without indications of foliation in the hantl

specimen. Megascopically hornblende, feklspar, and small grains of

ilmenite and rutile with very little if any quartz are distinguishable.

Under the microscope a thin section of the rock is identical in composition

with specimen 12 except that additional brown biotite and apatite in

separate individuals occur. Feldspar and quartz show granulation from

mashing, ancl much of the feldspar exhibits bent and broken lamellm. An

analysis of this rock is given in column III on page 95.

specimen 14 is a schist derivecl from the gabbro by intense local

shearirrg and crushing. The specimen is much weathered but is the best

that coutd be obtained. There is no sharp line separating the schist

from the surrouncling gabbro but gradation from one to the other is

observecl. under the microscope a thin section of the rock shows it to

consist essentially of uralitic hornblende pirtlv fibrous, brown biotite,

unstriated feldspar (probably anrlesine), a little grartz, apatite, ancl much

ilmenite partly alterecl to ]eucoxene. Pronounced foliation is exhibited in

the thin section and granulation of the light-coloretl minera],s is observed.

on the east side of the river about 500 yards south of the present

openings (quarries) of the eompany an unusually large mass of rutile is

erposed, weighing possibly 100 pounds or more. The rock in the immediate

vicinity is gabbro (similar to specimen 13 described above) containing

scattered grains of rutile which increase in number anil size as the main

mass is approached. 
'with this increase in rutile the gabbroic rock gracles

into one of syenitic character of unknown but probably limited extent,

and it is in the latter that the rutile is principaliy found. The occurrence

may be explained as a local segregation in the gabbro.

A dike of diabase 2 to 4 feet wide cuts the rocks at this point but its
intrusion has no apparent relatiqn to the rutile. The contact of the diabase

with the inclosing rocks, where exposed, is sharp ancl somewhat irregular,

following joints in the intersected rocks, and without eviclence of contact

metamorphism. In places both the gabbro anrl diabase are altered by

dynamic metamorphism resulting in the production of a schist from the

gabbro similar to specimen 14 described above, ancl from the tliabase an

epidote-bearing rock. Microscopically a thin section of the rock (Spec. 15)

shows a typical schist composed almost exclusively of fbrous uralitic horn-

blende carrying inclusions of apatite and other minute colorless forms,

together with minute grains and dustlike particles of black iron oxid.e.

Large grains of ilmenite or magretite occur.

Numerous cavities are formecl in the large mass of rutile which have

resulted from the removal of some other mineral, probably felclspar or

anatite.
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Between Roseland Post-office (about 100 yards south) and the American
Rutile Company's mill is a large exposure of normal gabbro in and along
the county roacl, cut by a dike of diabase 25 feet in width anrl having a
general strike of N. 80" E. The trine of contact between the two rocks is
sharply clefined and follows quite closely the jointing in the gabbro, the
details of their relationship being clearly shown in the outcrop on the river
bank just below the road (Pl. XXII, figs. l and 2). There is no eviclence
of contact phenomena. As exposed in the roacl cut, the gabbro extends for
a distance of about 50 yards from the diabase and then grades into the
{eldspathic facies of the syenite, which at this point is composecl almost
entireiy of feldspar. Near the river the rocks are well exposed and only
slightty altered from weathering, but, a few yards away, they are com-
pletely covered by a mantle of residual rock clecay, so that it is impossible
to trace the dike for any clistance along the strike.

Megascopically the gabbro is a medium gray, even-granular rock,
exhibiting very slight schistose structure, ancl composed chiefly of plagio-
clase feldspar, 2 !,o 3 mm. in diameter, with fine twinning striae, smaller
crystals of the dark ferromagnesian mineral, and numerous scattered grains
of ilmenite measuring about 1 mm. in diameter. Microscopic study of a
thin section of the gabbro shows the principal minerals to be pyroxene
chiefly hypersthene altering peripherally to hornblende, andesine with
spindle-shaped intergrowths of microcline, a few scattered grains of micro-
cline, ilmenite altering to leucoxene, rutile, apatite, ancl inclosures of quartz
in the feldspar (see page 95). An analysis of the rock is given in column
fI on page 95.

Diabase.

Several dikes of d"iabase (basalt) are noted cutting the rocks d.escribed.
above at different localities on the property of the American Rutile Com-
pany. These are separately described below.

Just south of the open cuts (quarries) of the company on the east side
of Tye River a d.iabase dike about 8 feet wide and having a strike N. Zb. 8.,
can be traced northeast from the river for a distance of about 1pd yards.
ft cuts both the gabbro and syenite and extends across the upper face of
the quarry (Pls. XXIII and XXIV), but there is no eviclence of contact
metamorphism. The contact of the diabase with the gabbro is well defined
but somewhat irregular in places. The diabase (Spec. 11) is a fine-grained,
dark bluish-gray almost black rock, in which pyrite and small grains of
ilmenite or magnetite may be recognizecl by means of a pocket lens. A thin
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l'ig. I.-Diabase dike exposed in open cut on the American Rutile Compa.nr,,s
ploperty at Roseland. See also Pl. XXI\r. fiS. I.

l'ig. 2.-Exposule of tvpic:rl hornblende f:rcies of sr-enite (tonalose). Arc:ricrn
Rutile Companv's quar.ries at Roselantl.

DIAI3ASE DIKE AND HORN]]I-ENDE S\'ENITI]-
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MINING AND MILLING OPERATIONS.

section of the rock studied under the microscope shows a uralitic basalt of
fine, even-granular texture, composecl of the principal minerals basic plagio-
clase feldspar (near labraclorite), much fibrous uralite derived from augite,
some biotite, ancl consiclerable titaniferous magnetite or ilmenite largely
altered to leucoxene. The alteration of augite to uralite has been accom-
panied by the production of minute grains of black iron oxicle.

About half a mile northeast of the above dike a similar rock (Spec. 10)
is observed cutting gabbro. It is a fine-grained, bluish-green rock much
broken by closely spaced joints along which weathering has progressecl.
Microscopic study of a thin section shows the rock to be identical with that
of, the dike (Spec. 1L) rlescribecl above, except that it is slighily finer
grainecl, more alterecl with mashing of the feldspars shown, and the pro-
duction of calcite antl some epido'te.

A diabase dike averaging 25 feer wide and striking approximately
N. 80' E. intersects the mass of gabbro (page 9b) exposed in the county
road about 100 yards south of Roseland Post-office. The line of contact
between the two rocks is sharply defined, the diabase following quite closely
the jointing in the gabbro (Pl. xxrr, figs. 1 and 2). The diabase is also
cut by joints but they are independent of those in the gabbro ancl have a
slightly different direction. rt is a fine-grained, massive, dark gray rock.
rrregular phenocrysts of feldspar are notecl in places. Graphite and
pyrrhotite ( ?) in minute grains are sparingly present. The rock is slightiy
coarser in texture than the dike exposed in the south quarries of the
American Rutile cornpany, desc ibed on page 168. under the microscope
a thin section shows a fine-grained rock of diabasic texture, although the
Iath-shaped outlines are apparent, the feldspar substance is considerabiy.
obscurecl by alteration products. Augite is parfly altered. to ffbrous blue-
green hornblende (uralite) and brown biotiie. Much titaniferous magnetite
or ilmenite is present partly alterecl to leucoxene. The feldspars are fre-
quently g:rouped in individual areas which impart a porphyritic appearance
to the rock both in the thin section ancl hand specimen.-

MININC AND MIILINC OPER,ATIONS.

The ore is mined from open side-hill cuts, in the blufis along the east
side of the river, which range in height from 20 to s0 feet. rn ihe larger
cuts the work is carried on in benches. T{and -drills are used, and after
blasting the ore down, it is shoveled into a small bin from which it is
trammecl to the mill. The rock is cut by numerous intersecting fractures
and joints which break the ore into fairly small blocks and thus increase

169
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the ease of quarrying. The rock is weathered to a consid.-erable depth below

the surface, 15 to 20 feet in some places, and. the early mining wds largely

limited to the alterecl material, because of the lower cost of mining antl

mi[ing. The weatherecl zone is very irregular in depth and large masses

of unaltererl rock occur within the clecayed material which sometimes re-

quire blasting to break down. These residual masses apparently contain

u lu"g.t percentage of blue quarlz than the average amount contained in
the syenite exposed. in the quarries. , A general view of the surface plant

and quarries of the American Rutile Company is shown in Pt' XXVI, fig' 1'

The ore is conveyed to the mill built in 1902, in hantl cats, where

it is dumped into a second car run on an incline track. This car is raised

by a stearn hoist to the ore bin at the top of the mill building (Pl. xxv,
fig. 1) where the ore, after passing over a grizzly, goes to a Blake crusher'

From the crusher the ore falls into a bin and then passes through automatic

feeders to the stamps, of which there are 10 weighing ?50 pounds each.

The rnill has been constructed so that another battery of 10 stamps can

be added when the demand for the product is sufrcient to warrant the

increase in production.
In the stamp battery the ore is reduced to pass a 30-mesh screen antl

then goes to a Brown classifier from which it is delivered to 3 'Wilfley tables,

each L6 feet long by 5 feet wide. on the tables the pulp is separated into

three divisions; concentrates, middlings, and tails. The tails are usually

allowed to flow into the river, but in milling ore that is free from quartz

and hornblende (feldspar facies of the syenite), the tails consist practically

of all feidspar, rvhich in some cases has been savecl and soltl to manufacturers

oI porcelain and pottery.
ihe chemical composition of the tails is shown in the subjoined analyses

furnished by courtesy of Mr. w. M. slater, President American Rutile

Company.
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X'ig. l.-Diabase dike cutting s,venite in American Rutile Conrp:rnv's quarries at
. Roseland. See also Pl. XXIII, fig. I.

Fig. 2.-Outcrop of feldspathic facies of svenite containing sc:rttered glains of rutile,
0.5 rnile north of Brvant.

DIABASE DIKE AND OL]TCROP OF SYENITE.
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American Rutile Company, Roseland.
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Fig. l.-Mill and

"t?"
surface plant of
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Fig. 2.-View of Pinel River valle5- with the

RUTILE MILI, AND PLANT, AND

Blrr" Ritlge "lrnrln in the Lr:rckglounC.

PINEY RIVER VALLEY.



VIli(iINl,\ (;li)Ol,O(;I(',\L SI'IlVI'l\ DI]I,I,E'fI\ III A I'I,A'II' X)iI

f ig. 1.-lli11 and slrlface plarrt of the Anelican Rutile Compan)', Roseland'

Fig. 2.-\rieri' of Pirrel Rilei' r:rlle1 l'ith the

RI-ITILE \TILI, A\D P]-A\T. AND

Blrrc llidge slurl-n in the background.

PI-\-L\' RI\ I.]R V.\LLE\-.



MINING AND MIIJLING OPDRATIONS.

Anal,yses of taili,ngs from Americsn Rutila Company's ore,

(U. S. Dept. of Agriculture, Bureau of Chemistry, Division of Tests.)

7tL

FezOg
FeO
Moflrtrb v t

59. 10
19.85
0.77
1.88
t.74
4.99
4.30
2.74
0.r0
0.75
3.68
0.21
0.02

60.88
24.75
0.25

Ti;;;
4.78
4.58
2.25
0.37
0.74
1.60
0.45

CaO
Na"O
KrO

P,Oo
MnO .

Total . 100. 13 100.26

Expresseci in terms of standard minerals these analyses corresponal to
the following calculatecl mineral composition:

Qaartz
Orthoclase
Albite
Anorthite
Corundum ........
Ilypersthene
Magnetite
Ilmenite
Ifematite
Rutile .
Apatite
II,O .

L2.L2
16.t2
36.15
23.9r
1.02
4.30
1.16
t.52

16 .68
13.34
38.78
20.57
7.24

Total 100.37

The analyses differ chiefly in the percentage amounts of alumina ancl
iron oxicle, a difierence readily accounteal for by assuming the presence of
hornblende in I and its absence from II. They suggest tailings correspontl-
ing in mineral composition to the hornblend.ic (I) and feldspathic (II)
facies of the syenite, which becomes apparent when compared with the
analyses on page 76.
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At present the mitltllings are returned to the battery and fed with the
ore from the crusher. The concentrates, which consist of rutile with small
a,m.ounts of ilmenite and silicate minerals, are rlrieil, passecl through a

W'etherill magnetic separator which removes ilmenite and any pyrite
present, and packed in heary double sacks of 200 pounds each for shipment.
Two grad.es of rutile are marketetl, designated as "N' gracle which ayerages

from 90 io 95 per cent rutile (TiOr), ancl "B" grade which averages

between 85 and 90 per cent. The rutile for use in the ceramic inclustries
is further pulverized in Sturtevant emery rollers, and packeil in casks for
shipment. The generai character and purity of the rutile are describetl
and jndicated in the analyses on pages 172-ll3 ancl 193-196.

The power for the mili is furnished by a S5-horse-power slide-valve
engine and a ?0-horse-power boiler. The miII obtains an abunclant water
supply from Tye River, the water being taken from the river a few hundred
yards above the mill and brought rlown by gravity.

COMPOSITION OF RUTII,E CONCENTBATES.

Through the courtesy of Mr. W. M. Slater, President of the American
Butile Qempany, there are given below in tabular form 26 analyses (includ-
ing titanium, metallic iron, and in a few cases silica) of rutile concentrates
produced by the company. These analyses afiorcl a good general idea of
the composition of the rutile concentrates as regards the chief constituents,
titania ancl iron. Arrangement of the analyses in the table is in the order
of titanium content.

'With 
respect to treatment, the analyses fall into two classes: (1) Those

made on samples clrawn from concentrates that were treated by magnetic
machines, and (2) those made on samples drawn from concentrates thai
were not treated by magnetic machines. The difference in treatment ac-
counts chiefly for the difference in titania ancl iron contents, the analyses
showing low titania and high iron represent concentrates not treaterl
magnetically.
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Commercial analyses (partial) of rutile concentra'tes from the Ameri'can

Eutile C ompany's property.

No. TiO, I Fe lSiO, Analyst

Waller and Renaud, New York CitY.1
2

99.22
98 .60

98.42
97.54
96.50
95. 18
94.65
oA 1,7

94.34
94.12
93.22
93.14
92.94
9r.24
90.58
90. 10
89 .91
89.85
89 .30
89.08
88.73
88.08
87. 16
86.18
85.90
85.60

0.44
0.40

0.48
L,L7
0.42
t.28
2.L5
2.76
4.05
1.58
2.26
4.40
5.46
8.02
5.82
D.UI
3.46
8.85
J.OJ
2.99
7.06
9.45
7.33
8.24
9.60

r0.92

t.20

...0..,.,..

l,il

::::::::

Electric Company's laboratory,
Schenectady, N. Y.

D

r

t)
,7

8
o

10
11
t2
13
t4
15
16
t7
18
19
20
2l
22
23
24
25
26

Waller and Renaud, New York CitY.
Ricketts and Banks, New York CitY.
Waller and Renaud, New York CitY.
Ledoux and Company, New York CitY.
Simoncls and Wainright, New York City.
Waller and Renaud, New York CitY.
Waller and Renaud, New York CitY.
Waller and Renaucl, New York CitY.
Ledoux and Company, New York CitY.

aller antl Renaud, New York CitY.
aller and Renaucl, New York CitY.
aller and Renaud, New York CitY.

aller and Renaud, New York CitY.
cloux and Company, New York CitY.
aller and Renaud. New York CitY.
aller and Renaud, Nerv York CitY.
aller and Renautl, New York CitY.
rdoux and Company, New York CitY.
doux and Company, New York CitY.
aller and Renaud, New York CitY.

GEIiIERAI, ELECTRIC COMPANY'S MINE.

GENERAI STATEME [T.

During the latter part of 190? the General Electric Company began

prospecting for rutile the nelsonite bodies on the W-arwick tract, located

on Piney River about 1.5 miles northeast of Rose's Mill, ? miles northwest
of Tye River station on the Southern Railway, antl 3.5 miles south of
Roseland. A number of nelsonite bodies in this vicinity have been openecl

in prospecting for apatite anrl rutile, but the most extensive development
work has been on two of the nelsonite bodies that outcrop on the 'Warwick
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Fig. 12.-Map of surface and underground workings of the. Gener-al_Electric Com-- pany's dine, showing outcrops of nelsonite dikes. (Atlopted from maps by
R. I{. Tha,yer. )



MINING DEVEI,OPMENTS. 1.7 5

tract about 1.5 miles northeast of Rose's MiII. Here, while prospecting for

rutile ancl mining the rutile-bearing portions of the nelsonite, the General

Electric company exposed the two dikes to a vertical depth of 100 feet

and for a distance of several hundred feet along their strike.

A map of the surface plant showing the location of the nelsonite out-

crops ancl their relation to the underground workings is given in fig. 12

on page 1?4. A historical summary of the mining dwelopments b;' the

General Electric Cornpany on the above property is given on page 50'

IIINING DEVETOPMENTS.

The mine formerly worked by the General Electric company, locatetl

on the w'arwick tract 1.5 miles northwest of Rose's Mi1l, lies on the north

side of Piney River and near the top of one of the hills or bluffs that outline

the river valley and slope steeply down to the lowlands.

The development work was confinecl to two nelsonite clikes; one of

which, known as No. 1- vein, runs nearly east anil west, while the other,

called No. 2 vein, has a strike of N. ?1' E., and both dip in a southerly

direction at an angle of about 50 degrees. Map, fig. 12, of lhe property

shows the location of the surface plant and outcrops ancl their relations to

the underground workings. The surface outcrops of the nelsonite dikes,

as proved by trenching, are inclicated on the map by heavy broken lines'

The development work comprises several hundretl feet of tunneling,

including drifts, and two shafts, the deeper of which was sunk to a depth

of 100 feet. Detailed description follows: An adit level was tlriven from

a deep ravine, in a northwesterly direction under the hill, cutting the two

nelsonite bodies at depths of about 30 and 40 feet, respectively. Drives

were then opened in both directions along the strike of the nelsonite

bodies. A vertical shaft started in the hanging-wall of No. 2 r'ein was sunk

to a depth of 100 feet, cutting through the nelsonite dike between the

surface and the adit level, which is 39 feet below the collar of the shaft.

The adit was-connected with the shaft by a cross-cut, ancl at the bottom

of the shaft cross-cuts were driven to cut the two nelsonite dikes which are

about 150 feet apart at this poini. on the map, fig. 12. the adit level is

shown by broken lines and the L00-foot level by dottecl lines.

The rutile-bearing portions of these dikes were minecl by stoping and

the ore hoisted through the shaft in steel buckets or run out through the

adit level in mine cars. In stoping seYeral raises on both dikes were carriecl

through to the surface; these openings are shown on the map, fig' 12'

The nelsonite dikes are cut by numerous intersecting joints which cause

the rock to break readily into small angular blocks and facilitate mining.



1"7 6 GNOLOGY OF T]IE TITANIUM AND APATITE DEPOSITS.

In the summer of 1909 an incline shaft was started on the outcrop of
No. 2 vein at a point about 320 feet northeast of the vertical shaft and a
clrive was extended from this to connect with the one running east from
the adit, but this work had not been completed at the time of examination
of the property.

The ore was roughly sorted by hand and shipped to Allentown, Pennsyl-
vania, for further concentration ancl separation of the rutile. The mine
was closecl down during the winter of 1909 and since then no work has been

done on the property.

AREAL GEOIOGY.

Introiluctory Statement.

Because of the depth of residual rock clecay almost nothing of the
geological relations of the rocks could be observecl on the surface, except
where openings had recently been matle. Before development work was

commenced, the numerous pieces of nelsonite float, honeycombed by the
removal of apatite through solution ancl found littering the surface, fur-
nished the only surface indications of the presence of nelsonite bodies.

Of the two nelsonite bodies explorecl, one has a strike at the surface of
N. ?1" E., while the other runs nearly east and west, but both dip toward
the south at an angle of about 50'. The first of these was traced by means
of trenches placed approximately 50 feet apart, for a clistance of more than
L,000 feet. The outcrop, however, is not continuous, for just east of the
shaft it is interruptecl for a distance of probably 200 feet by a gabbro dike
that cuts diagonally across it, and farther east a section of the nelsonite
body appears to be faulted approximately 30 feet toward the south. The
gabbro cloes not outcrop at the surface but in the long trench shown on
the west side of the map, frg. 12; it could be recognized by the residual
decay and the iarge percentage of graphite present. The gabbro at this
point has a width of ?0 feet and the nelsonite body, rvhich here is only 3

inches wide, lies approximately on the northern contact with the syenite.
The prospecting was not sufficiently extensive to determine definitely that
the displacement mentionecl above was due to faulting and it is possible
that the nelsonite body pinches out ancl is replaced by parallel bodies with
slight ofiset in strike, but it appears more likely that faulting is the true
explanation for the section of nelsonite that is out of alignment with the
rest of the dike, which is very much broken and the outcrop where exposed
very irregular.

The nelsonite dike varies in width from 4 feet to 3 inches anal in one
trench two parallel dikes were exposed 8 feet apart, having a width of 6 ancl
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8 inches, respectively. In some places the dike is composed of ilmenite
nelsonite and at others of rutile nelsonite. In one of the exposures of rutile
nelsonite the dike was composed in places almost exclusively of apatite.

Although this dike was carefully explored. by surface cuts for a distance
of slightly more than 1,000 feet it is not improbable that it extends a much
greater distance, for with some minor interruptions it may be traced north.
east along the direction of strike by means of much float and a few exposures;
for a distance of 1.25 miles. Most of the float, however" is ilmenite nelsonite
and not the rutile variety.

The second nelsonite dike developed by the unclergrouncl operations
of the company was tracetl on the surface in an east and west direction
for a distance of only 200 or 300 feet. If it continues along the same
course far enough east before pinching out, it intersects the larger dike,
but exploration was not extended in this direction far enough to determine
this point. Passing west along the strike of the dike, it apparently
separates into several smaller stringers before disappearing.

A surface pit on the outcrop, 180 feet north of the shaft (map, fig. 12),
exposeil some of these stringers of rutile nelsonite. The structural rela-
tions of the nelsonite to the other rocks found in the opening are shown
in the sketch, fig. 13. The rocks are cut by parallel joint-planes along
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PLAN OFADIT LEVEL

SECTION ON LINE A-B

59_ 0 50 100Feet

X'ig, I4.-Plaus of atlit and 100-foot levels, and vertical cross-seetion, in the
General Electric Company's mine, Nelson County.
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which siight faulting has taken place. The red clay exposecl on the north
or foot-wa,Il side of the nelsonite stringers is due to the clisintegration of
a diabase dike that apparently parallels the nelsonite dike in both strike
ancl clip. A few boulders of undecomposeal rock, inclutled in the resiclual
decay, indicate its original character ancl the same d.ike rras cut on both

the adit and the 100-foot levels where the rock was perfecUy fresh.
While lack of outcrops anrl depth of residual rock decay precluded

detailed geological mapping on the surface, the undergrountl workings
were sufficiently extensive to expose the structural relations of nearly
all rock tlpes found in the district. Geological maps of the adit and

100-foot levels together with a vertical cross-section showing the geological

structure are given in fig. 14.

As indicated in fig. 14 the order of rock differentiation appears to
be slightly difierent here from that notetl in other localities in the district,
as the gabbro cuts the nelsonite and is therefore younger insteacl of olcler

as elsewhere observed. The probable orcler of tlifierentiation then for this
locality is as follows: (1) Syenite, (2) nelsonite, (3) gabbro, and (a)
rliabase. Many facts, however, indicate that (1) and (2) and perhaps
(3) were essentially contemporaneous in formation.

Syenite.

The syenite exposed in the different parts of the General Electric
Company's mine varies mueh in mineral composition antl structure.
Feklspar, usually white in color, is the dominant mineral I blue quartz,
always present, ranges from almost nothing up to about 10 per cent of
the rock massl pyroxene and its alteration product hornblencle, occur
locally in quantity but elsewhere are only sparingly present or entirely
absent I rutile and ilmenite are usually to be found in small disseminateal
grains, and in places graphite is a prominent constituent. The sulphitles,
pyrite and pyrrhotite, are noticeable in places but were in appreciable
quantity only near the nelsonite bodies.

The syenite plainly shows the effects of intense but very runequal

clynamic metamorphism in different places, there being ,n0 rapparent
uniformity in distribution of the results, and the cause for Fueh tnarketl
irregularity within so localized a section is equally difficult of.,eNplanaiiorr.
In places the rock has been mashed into a stroagly foliated',anil'typich]
gneiss, while in others the development of foliated stfuetur'e is I6Ss

apparent but evidence of recrystallization is'plainly ,sh6106.1 :,r($defPl. SC,

ng. 1.) t l: t'.r'/
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DETAILED DXSCRIPTION OI' OCCURRENCES.

On the adit level the syenite is badly decomposed. except near the north
end of the workings where there is a greater depth below the surface.
Near the portal and between the two nelsonite bodies the syenite is gneissic
in structure, the feldspars are extensively kaolinizecl, ancl the altered rock
is discolored by liberated iron oxide. The iron stain is especially noticeable
near the entrance to the adit.

The syenite (Spec. 149) exposed in the face of the east drive from
the north end of the adit contains much graphite. The nelsonite at this
point is narrow and of the ilmenite variety. The syenite, composecl

chiefly of white feldspar with some blue quartz in grains up to 1.5 cm.
in diameter, is of interest because of the numerous flakes of graphite,
averaging about 2 mm. in cliameter, that are distributed through both
feldspar antl quartz, though more plentiful in the former. The graphite
is arrangeil in parallel flakes which impart a gneissic appearance to the
rock. (Pt. XXVII.) Some pyrite partly secondary, ancl a little sericite
resulting frorn the alteration of feldspar were noted. Microscopically a

thin section of the rock shows, in addition to these minerals, several small
pieces of brown rutile, prismatic inclusions of apatite, and some secondary
epidote. Pyrite and graphite are frequenUy associated in irregular masses,
stringers, and fine particles, possibly subsequently introduced into the rock.
The thin section of Spec. 148, which indicates mashing of the feldspars
from dynamic effects (P1. X, fig. 1), shows the development of some garnet
(P1. XXVIII, fig. 2),

In the short cross-cut driven south from the rvest end of this drive
the neisonite pinches to a narrow stringer. The syenite (Spec. 147) is
essentially the same as that exposed in the other end of the drive but is
slightly more gneissic in structure. The rock is composetl chiefly of white
feldspar which for the most part is fine-grained.. Graphite is distributed
through the rock in parallel flakes largely concentratecl i:rto bands alter-
nating with those of nearly graphite-free feldspar. A little blue quartz
occurs in smail lenses parallel to the banding. A little pyrite and pyrrho-
tite are present, most of the former being closely associatecl with graphite
and probably secondary in origin. The microscope shows aclclitional min-
erals to be occasional small grains of rutile and ilmenite and needle-like
inclusions of rutile, together with the seconclary minerals zoisite, epidote,
and colorless mica derived from the aiteration of feldspar. Both feldspar
ancl quartz exhibit marked. effects of crushing from dynamic forces. Plate
XXVIII, fig. 1, is a photomicrograph of the thin section, showing graphite.
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VIR(;INIA (II'Ot,OGICAL SLITVI]I.

l'ig. l.-Photornicrograph of f eldspathic
facies of sl,enite containing graphite. I-ight
areas feldspal partly altered, and a little
quartz; dark areas graphite with some
pvrite. Cleneral Electric Comp:rnv's mine.
Nicols crossed. Enlarged 30 diameters.
Specimen No. 147.

BULLDTIN III.A I'I,A1'II] XXYIII

FiE. 2.-Photomiclosraph of m:lsled
s1'enite containing galnct. Frac-
tuled areas of high relief are
grrnet. Other minerals ale fibrous
hornblende, altered feldspar, and
ilmenite. Genera.l Electric Com-
panv's rnine. Nicols crossed. En-
larged 50 diameters. Specimen
No. 148.

l.'ig. 3.-l)lrotomicrugrtrpli of gabblo-nelsonite. I mile east of Rose Union, shorving
alteration of hypersthene to hornblende (uralite). I'Iuch ilmenite and a little
apatite:rle also shown. NicoLs crossed. Enlarged 30 diameters. Specimen
No. 136.

I'HOTOMIC]ROCiRAPHS OF SY]'NITE A};I) GABBtiO,NEI,SONI'I]8.
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l:'ig. l.-Plrotorrricrogrirplr of f erldspa thic
f:rcies of slcnito containing gr:rphite. Light
rrleas feldsp:rr' paltlv :rlteled. :rnd :L littlc
11u:rrtz: rltr'l< areas gr:rplritc \r'ith sorne
plr ite. (ierreral Jilcctlic Complrrr''s rrrine.
\icols ci'ossed. llnlalgecl 30 di:tnreters.
Specinrcn No 147.

].It.LLE'I'IN III-A T'I,A'T'I' ,\X\'II I

l"ie. 2.-Plrotonricr oqr llph of marhc{l
slerlite cont:lining gli'ret. Fr irc-
trrlecl :u er-s of lrigh I'elief ale
grrnet. Otltel nrirerrLls tr e fib1'olls
lror rblcntle. :rltclerl feldsp:rr'. rntl
ilrrrettite. (lcncr-nl lilectric llom,
prnr"s nrirre. Nicols crosserl. llu-
l:rr ged 50 di:rnretcrs. -Specinren
No. 11S.

Fig. ;t. l))rotorricloglaplr of gal)bro rrelsorrite. I nrilc east of RosLr linion, slrou'ing
rrlteration of hrperstlrenc to holnblende (uralite). lluch ilmenite and rr little
lupatite :rr e :rlso shol,n. Nicols crossed. Hnlarged 30 dirrneters. Sprecimen
No. 136.

I'TTO'fOItTt TiOGRAT'HS ()}- SY]'\1'I1' A-\: T) CAT]RTiO..\ F] I-SO\ tT}].



SYENITE;

In the face of the clrive 20 feet northeast of this point antl extentling
about 40 feet east very gneissic syenite is exposecl consisting of fine-grainetl
white feldspar, blue quartz clrawn out into long, broken lenses, ancl

seconclary hornblend.e in narrow parallel lines. Ilmenite and rutile are
scattered through the rock; also a little graphite, light brown biotite, and
the sulphides, pyrite ancl pyrrhotite. Microscopically the rock is a horn-
blende syenite-gneiss showing marked evidence of crushing anrl the develop-
ment of some garnets which are much fracturerl. As in the specimens
described above pyrite ancl graphite are usually intimately associated.

On the 100-foot level the syenite is unalteretl. In the cross-cut running

" southeast from the shaft it is composerl almost entirely of white feldspar
with scattered grains of blue qtartz, and a few small grains of ilmenite
and rutile with little if any ferromagnesian minerals present until close to
the nelsonite body.

The syenite forming the foot-wali of the nelsoniie body (vein No. 2) on
the 100-foot level is composed almost exclusively of feldspar and blue
quartz, but on the hanging wall side it contains much pyroxene which is
largely altered to hornblende. Close to the hanging wall side of the nel-
sonite (see frg. 16) the syenite contains much pyrrhotite in bright, irregular
anhedra, ranging up to L cm. or more in size, strung out in broken lines
parallel to the nelsonite body. Pyrrhotite rapidly clecreases in quantity a

short distance from the contact, while pyroxene ancl its alteration product
hornblende increase. A few scattered grains of ilrnenite are noted. The
feldspar frequently shows warped cleavage faces 3 to 4 cm. across.

About 20 feet northeast from the face just described the drive passes

through a light gray syenite (Spec. 142) composed almost entirely of
feldspar. The feldspar is light pinkish-gray and sometimes shows.warped
cleavage faces on which perthitic intergrowths may be distinguished with
the aid of a pocket lens, and some of them exhibit fine multiple twinning,
The Iarge feldspar individuals show granulation near their bounclaries and
grade into mosaics of the fine-grained mineral of similar color ancl appear-
ance. The rock also contains a few small lenses of dark blue quartz ancl a
little hornblende, ilmenite, and pyrrhotite, but these combined make up a
very small percentage of the rock mass. The pyrrhotite is developed in
grains about 2 cm. in size ancl is usually noticed close to the quartz but not
included in it. The microscope shows minor accessory minerals to be rutile
and apatite as inclusions, minute areas of colorless mica derivecl from
feltlspar alteration, with the usual evidence of crushing manifestetl in the
principal minerals. An analysis (IV) of this rock is given in the table on
page 76.

181
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In the same vicinity another specimen (La3) of light gray syenite was
obtained. that shows eviclence of alteration. It consists of white feldspar
cut by intersecting fractures running in clifferent directions and along these
the feldspar appears to have unalergone some alteration accompanied by the
production of sericite. The lines of alteration are gray in color and cut
the large, warped cleavage faces as well as the fine-grained feldspar. fn
places where the lines intersect, considerable areas of the gray may be
seen. A little dark blue qaartz and a few grains of rutile ancl ilmenite are
distributed through the rock. Micoscopically a thin section of the rock
shows the feldspar to contain abundant inclusions, and. is altered on the
surface to light-colored mica, zoisite, and epidote. Crushing is pronounced
in fine-grainecl mosaics of quartz and felclspar. Quartz ranges from very
small granulated grains to large anheclra filled with rutile needles, and
exhibiting markecl wavy extinction.

In the northeast face of the drive, where the nelsonite completely pinches
out, the syenite is similar to the hornblende variety at the other encl of the
drive. The white feldspar is mostly in small anheclra 2 to 3 mm. in size
which sometimes display fine multiple twinning. The small size of the
feldspar grains is evidently due to crushing, for many of the cleavage faces
are warpecl into curvecl surfaces. Pyroxene and its alteration product horn-
blende occur together in large connecting masses 5 to 10 cm. across. .

In Pl. YII is shown a photograph (natural size) of a polished specimen
of the rock and the sketch (fig. 1f ) marle partly from the same specimen,
illustrates the formation of the seconalary hornblende. The unaltered
pyroxene (hypersthene) is dark brown to bronze in color and forms the
centers of the larger masses of hornblende. It is surrounded by a zone of
dark green hornblende (uralite), usually fibrous, with silky lustre, which
extentls out into the feldspar along cleavage planes ancl fractures, giving
the irregular outlines noted in the photograph.

The alteration is probably due to the circulation of solutions along
almost microscopic fractures, since most of the hornblende masses are con-
nected by them. The feldspar has evidently furnished. part of the material
entering into the formation of the hornblencle, for where the fractures pass
through the feldspar, hornblende has been developed and they are markeil
by dark green lines ranging up to 2 mm. in width, but where the fractures
cross the blue quartz no alteration has taken place and they are almost
invisible.

small grains of ilmenite and rutile are scatterecl through the rock to-
gether with the sulphides, pyrite and pyrrhotite, the former being parily



VIRGINIA GITOI,OGICAI, SURVEI. BUI,LE'I'IN III-A PI,A'IE XXIX.

Polished specimen of hornblende f:rcies (bo'tler) of syenite (tonalose) from ilre
American Rutile Companr"s quarries at Rosela,nd. Light coloretl, nearly white,
areas ar€. feldsp_ar containing scattered srnall graini of blue quartz; dark
areas, whicli make up the bulk of the specimen, are mosily fibr6us actinolite(uralite) derived from hvpersthene. llnalteled, scattered, iri'egular areas of
hypersthene are plainl,.r visible, espe.ciallv in the middle and loli.ei. half of the
specimen. (collected by Frank L. Hess. 

'I'hotographed 
by u. s. Geol. s.rvey.)

IIORNBLEND]C FAC]IES OF SYENITE.
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X'ig. 15.-Sketch showing alteration of pyroxene to amphibole (uralite). (f )
X'eldspar, (la) hornblende, (p) pyroxene, (q) blue quartz. (See also Pl. VII.)

seconalary. In places the ilmenite and rutile are concentrated in larger
quantity, when apatite is usually present also. In Pl. XXX is shown a
photograph of another polished specimen of the rock containing ilmenite
and rutile arranged in irregular stringers associated with granular apatite.

An analysis (I) made of an average samptre of the hornbiende syenite
is given in the table on page ?6; also an analysis maile of the una,Itered

pyroxene (hypersthene) is inserted on page ?4.

'Ihe syenite exposeal in the north cross-cut on the 100-foot level presents

no unusual features. It is composed for the most part of feldspar and blue
qvartz, together with rutile, ilmenite, ancl the ferromagnesian minerals as

minor accessory constituents.
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Nelsonite.

In the unclerground workings the nelsonite bodies vary in width from
5 feet d.own to a fraction of an inch. Normally the rock is an even-granular
mixture of ilmenite and apatite, with more or less rutile, a little pyrrhotite,
and seconclary pyrite. The apatite oe,curs in rounded grains 1 to 2 mm. in
size which often show roughly hexagonal cross-sections, and the ilmenite
which is usually dominant suround.s the grains of apatite and fills the
interstices between them. Rutile is usually present in small quantity and
in places becomes the dominant mineral. rn the same d.ike and within
short distances the normal ilmenite nelsonite passes by increase of rutile
into the rutile variety of nelsonite in which ilmenite is absent or only
sparingly present.

.where 
the ilmenite is greatly in excess over rutile the nelsonite is

remarkably uniform in texture and composition, but where rutile pred.omi-
nates the rock becomes much more variable. rn the rutile nelsonite the
apatite shows a strong tendency to segregate in the form of lenses or bands
of the almost pure granular mineral. The change in composition is not
sudden but a gradation from the mass of pure apatite to ordinarv nelsonite.
segregations of pure rutile also occur buf they are not so oo-."roo, as the
apatite masses. This segregation of minerals often gives the dike an ap-
pearance of imperfect banding or crustification.

BIue .quartz is usually a prominent constituent of the rutile nersonite
antl sometimes forms an appreciable percentage of the rock mass. ri
appears to be more closely associated with the rutile than with the apatite
and to have crystallized out at about the same time, for both rutile and
quartz occur as an interstitial filling binding the grains of apatite together.
w-here the percentage of apatite is small the individuar grains of the
mineral, which have the same size ancl shape as when it is clominant,
occur as inclusions in the larger masses of rutile or qrrartz. Blue quartz
is seldom observecl megascopically in the ilmenite nelsonite anil where
present is usually confined to the border portions of the rock near the
contact with syenite.

DETAII,ED DESCRIPTION OI' OCCURRENCES.

rn the face of the east drive from the north end of the adit level the
nelsonite is narrow and of the ilmenite variety. rn the short cross-cut
driven south from the west end of the drive the nelsonite body pinches to
a narrow stringer.



NEISONITE. 185

The nelsonite body exposed by the east ancl west drive (on vein No, 1)
carried a high percentage of rutile where it was first cut by the adit, and
was completely stoped to the surface for a distance of about 40 feet along
the strike. A specimen (215) of the rutile nelsonite is composed of the
following minerals namecl in ord.er of their relative abunclance: Rutile,
apatite, blue quartz, ilmenite and a litfle pyrite, probably seconctary. The
apatite is developed in grains p to 3 mm. long ancl about L mm. fhigk,
some of which show roughly hexagonal cross-sections. As most of the
apatite grains are orientecl in the same direction the rock presents a rudely
banded appearance, which may be due to flowage that occurred after the
apatite had crystallized but before the rock had completely solidifiert. The
rutile and blue quartz surround the apatite grains and bind them together"
Microscopically a thin section of the rock shows rutile, apatite, and il-
menite, with some pyrite, and the usual seconclarv minerals. No unusual
features are observecl. An analysis of this rock is given on page 1p0.

This ore-shoot of rutile nelsonite passed into normal ilmenite nelsonite
by gradual increase of ilmenite. specimens of the ilmenite nelsonite show
no blue quartz but seem to contain a much higher percentage of pyrite.
A photograph of a polished specimen of this nelsonite is rJproduced in
PJ. XIT, fig. 1.

Thirty feet from the east face of the drive the nelsonite splits and
between the two branches a iayer of rock occurs 2 to 4 inches thici and in-
termediate in mineral composition between nersonite and syenite. The rock
(spec. 150) consists of a fine-grained ground-mass composed of apatite, brue
quartz, rutile, ilmenite, biotite, graphite, pyrrhotite, and pyrite, in which are
imbedded larger masses of blue qtartz and feldspar of- irregular ouiline
and ranging up to more than 1 cm. in size. Some of the feldspars show
fine multiple twinning. some chlorite and sericite are notecl as alteration
products. rt is difficult to determine by megascopic examination whether
the feldspar and blue quartz present in this rock are the result of inclusioas
ol. are due to some process of segregation. Microscopic examination of
thin sections of the rock indicates that the silicate minerals are original
and were formed by segregation processes. rt is therefore intermediate in
mineral composition between normal nelsonite and. syenite.

rn the other nelsonite body (vein No. p) a rutile ore-shoot about 40
feet wide was encounterecl between the adit and shaft. This was stoped
out to the surface anil a winze started down io connect with the 100-foot
level. The ore exposed in the winze showed extensive segregation of
apatite and rutile into masses of almost pure minerar. e rrana specimen
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(155) was obtained which showed lenticular segregations of apatite more

than g cm. in thickness. These lenses are composed of granular apatite

with very little impurity except near the border where they grad.e into

nelsonite in which rutile predominates. In the larger masses of'apatite
(Spec, 154) the only accessory minerals that could be identified mega-

scopically were pyrite and pyrrhotite, a grain of the former being found

in the center of an apatite crystal, but the pyrite is largeiy if not entirely

seconclary in origin. Microscopically a thin section of the rock (Spec'

154) showed apatite without trace of titanium-bearing minerals oI

sulphides. A thin section of specimen 155 showed the following minerals:

Apatite ancl rutile, the former greatly predominating, together with acces-

sory pyrite, a few grains of ilmenite partly altered to leucoxene, and an

occasional grain of qtartz. An analysis of this rock (Spec. 154) is given

on page 108.

The nelsonite body is cut by closely spaced joint planes along which

much seconclary pyrite has been deposited coating the nelsonite, but where

the fractures cut segregations of pure apatite scarcely any pyrite is founal.

some blue q]ua-rtz is present in most of the rutile nelsonite, antl it is

founcl concentrated. in greater quantity along the contact with ihe syenite

or where there are included masses of the latter in the nelsonite. Along

such contacts a few small shreds of light brown mica (biotite) may usually

be distinguishecl. Masses of coarsely crystalline rutile (spec. 158) occur

that are practically free from impurities other than sulphides, but they

do not seem to be as numerous as the segregations of apatite. By increase

of apatite they grade into the even-granular nelsonite. In Pl. X\r a

polished specimen of rutiie nelsonite is reprocluced natural size, showing

rudely imperfect banding due to partial segregation of the rutile and

apatite. Masses of nearly pure rutile grade into bands of nelsonite in
which apatite preclominates. The apatite appeals to have crystallized first,
for the grains are surrounded and held together by rutile, and in places

very fine veinlets of the latter penetrate the apatite grains. Some long,

na11ow stringers or irregular lenses of kaolinized feldspar antl blue qttarlz

may be seen on the right side of the plate. Pyrite apparently seconalary

was the only other mineral that could be identified.
sketch fig. 16 shows the appearance of the southwest face in the drive

along the nelsonite botly (Specs. 140A to D) in the 100-foot level. The

nelsonite body (vein No. 2) varies from 6 inches to 18 inches in width, is
an even-granular rock consisting of ?5 to 80 per cent of ilmenite, apatite,

and a Iittle pyrrhotite and pyrite. It is cut by many joint planes along
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X'ig. 16.-Sketch showing nelsonite in face of southwest drive on No. 2 clike, I00-
foot level, of the General Electric Company's mine, Nelson County. (h)
tr"eldspar, blue quartz, and horublende, (il irelsonite,- (s) {eklspar anal blub
qluar:tz, (p) feldspar chiefly with streaks of pyrrhotite.

which it breaks reaclily into angular blocks. On the foot-wall side there
is a strip of nelsonite varying in width from 4 or 5 inches clown to almost
nothing which contains narrow stringers or lenses of feldspar and blue
qtattz. In places the nelsonite in this strip runs higher in apatite, perhaps
as much as 75 per cent, but otherwise it is not difierent from the main
portion of the nelsonite body. The grains of apatite average about 1 mm-
in size and often show roughly hexagonal cross-sections; the ilmenite
surrounds and fills the interstices between the apatite grains. Passing
northeast along the nelsonite body it is found to be irregular in wiclth but
uniform in composition, there being no rutile nelsonite exposed such as was
founcl on the level above.

The east ancl west nelsonite body (vein No. 1), where cut in the cross-
cut on the 100-foot level, was 18 inches wide and. dipped toward the
south 50", but in a raise started at this point the dike rapidly narrowed
and split into a number of stringers similar to those exposecl in the surface
opening on the same dike. The nelsonite at this point is composed
essentially of ilmenite ancl apatite with little, it any, rutile. A little
pyrrhotite ancl seconclary pyrite were also notecl.
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In several places narrow tongues 1 to 3 mm. wicle and as much as 2 cm.

long extend outward from the nelsonite into the syenite. The nelsonite is
uniform in texture anrl composition except along the conJact where there is
a band 1 to 4 mm. in wiclth consisting of small flakes of light brown biotite,
blue quartz, ilmenite, ancl occasional grains of apatite. The syenite form-
ing the walls of this stringer is composed of white feldspar with a litUe
blue quartz clrawn out into broken lines parallel to the nelsonite, anc[ a
few scattered grains of pyrrhotite ancl ilmenite, the latter being more
abundant near the contact. A little pyrite mostly secontlary is present
in the specimen but is almost entirely conf.ned to the nelsonite.

In places the rutile nelsonite grades into the syenite without tlefinite
contacts, which is more noticeable when the rlike is narrow and where

rutile greatly predominates oyer apatite.
This gradation is well shown in a polished specimen obtainetl from one

of the nelsonite bodies on the adit level ancl reproiluced in Pl. XXX. In
this specimen the boundary between the syenite and nelsonite is very
irregular; rutile extends out into the syenite and feltlspar into the nel-
sonite. For a distance of 3 or 4 cm. from the syenite the nelsonite stringer
is composed almost entirely of rutile with about 10 per cent of ilmenite
iri: interlocked anhedra averaging 0.5 cm. in size. There are a,few scattered
grains of apatite most of which are in contact with or wholly inclosecl by
ilmenite. By increase in apatite the stringer grades laterally into typical
nelsonite. There are numerous grains of rutile and ilmenite in the syenite
within 3 or 4 cm. of the nelsonite stringer and also occasional grains of
apatite. The syenite containd a few small lenses of blue quartz with their
longer axis'parallel to the nelsonite stringer.

There are numerous cavities in the nelsonite partly fiiled with ferric
hydioxide and smaller cavities in the syenite surrounded. by redclish-brown
stains. It is believed that these cavities were originally filled with pyrrho-
tite that has been leachecl out ancl in part redeposited below as seconclary
pyrite. The feldspar of the syenite is kaolinized along fractures and
cleavage planes ancl more extensively along the contact with nelsonite.

Near these rutile-apatite stringers the syenite is sometimes composecl

of large feldspar inrlividuals 10 cm. or more in size with irregular rounrled
bounclaries, the spaee between them being fi1led with rutile, ilrnenite,
apatite, blue quartz, and smaller grains of feldspar. This occurrence is
illustrated by the polished specimens shown in PIs. XXX and XXXI.
The large feldspar seen in Pl. XXXII is a light bluish-gray individual of
microperthite twjnnerl on the Carlsbacl law.
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Polished section of a rutile segregation in nelsonite dike from General Electric
Company's mine, Nelson Count5'. The s"venite on the left, composed essentially
of feldspar, shows small eyes of blue quartz, ancl small grains of rutile.
(Collected b,v Frank L. Hess. Photographed by U. S. Geol. Sulvel'. )

RUTILE SI]GREGATION IN NE],SONITE
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Polished section of a lutile segregation in nelsonite dike flom Genelal Electlic
Cornpan"r''s mine, Nelson Countv. The sr-erritc on tlre lcft, composed essenti:rlll-
of feldspar', shorvs srnall er-es of blue qurrltz, nrrl srrrirlI glnils of mtile.
(Collectcd by' Iflrnl< L. Iless. I'hotogi'rrphed br- L'. S. Geol. -Sui'veJ-.)

RLTTILE SEGR]IGA'I ION ]\ \F]],SONI1']I.
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General Electric
the mtile (dark
On each side of

with some small
chiefly feldspar

(Collected b;'

Polished section of a rutile segregation in nelsonite dike from
Com_pan5-'s mine, Nelson County. The blotched appearance of
band) is due to diflerence in the orientation of mtile crvstals.
the rutile is an irregular band composed chieflv of apatite
grains of rutile. The inclosing rock is syenile confaining
]nearly- white-gra-vish mirsses) -and occasi6nal blue qu:rrt7.
Frank L. I{ess. Photogra,phed by U. S. Geol. Survev.) '

RUTILE SEGRTNGATION IN NELSONITE
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General Electlic
the iutiie (rltrlJr
On elch side of

s-ith sonre srnall
chiefly felclspar

( CoJlected bv

Polished scction of:t r.utile segregation in nelsonite clikc from
Conrprnl"s nrile. Nelson Cointj. The blotched lppearrnce of
b:urd) is tlue to differ.ence in the orientatiol of rrtile cr.vstals.
the rrrtile is an ii.r.ogrrlnl birnd conpo of apatite
gr':rins of lutile. 'Ihe inclosing rock coniaining.
,(.nearlr- l hitc-gra-5-islr mas-ces ) itnd ( lue qu:rlt7.
lir':trk I-. Hcss. Photogr.irplrerl lrr. l-. S e,v.)

TtTI'IL]I SEGTiI.]CA'IIO\ TN N]'],SONITH.
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Polishe_d speciriren of a large carlsbad trvin of per.thitic orthoclase on bordei. of
nelsonite dike. Projection at bottom is country- rock (syenite) containingl
feldspar aud some small eyes ,[_!]y" qua_rtz-.___Ru[il" *ng."gntio',*'rimming thE
feldspar twin same as in Pls. xxx and x,\xl (crolle;tea br, l-rank L. Tress.
Photographed b--v U. S. Geol. S,urvev.)

CARLSBAD TWIN OF X'ELDSPAR IN NELSONITE.
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Polishe.d speciruen of a lai.ge Clar.lsbatl tu-in of pertLit
rrelsonite rlike. Proiection :rt bottonr is criurtr.v
feltlspal iLncl sorre srnlll er-es of bhte qu:rrtz. _ttuiit
ferJtlspal tl-in s:rme :rs in Pls. XX\ atul \\\T. (l
Photographed lrr- Ii. S. (ieol. Strver.)

t NCH E5

CARLSBAD T\I-IN Otr' FELDSP.{R INT N]'LSONITE,



NEISONITE.

Most specimens of nelsonite taken from the adit level clisintegrate in
the course of a few months on exposure to the atmosphere. This is ilue
to the rapirl oxidization of one of the iron sulphides, and is accompanied
by the formation of an effiorescesce of ferrous sulphate and sometimes by
the liberation of free sulphur. The nelsonite from the 100-foot level
although containing both pyrrhotite anrl pyrite does not undergo this
rapid oxirlation.

The pyrrhotite appears to have been a primary constituent but it is
believecl that the pyrite is mostly if not entirely secondary in origin and
was probably derived in part at least from the pynhotite in the rocks
near the surface ancl redeposited below. In the nelsonite close to the
surface the sulphides have been almost completely removed by oxidation
and solution. The seconclary pyrite deposited along joint planes seems

to show a preference for the nelsonite, as very little is found in the syenite
or even in the segregations o{ pure apatite occurring in the nelsonite. It
is of interest to note that notwithstanding the extensive solution and
removal of apatite from the nelsonite near the surface no eviclence of
seconclary apatite redeposited at depth was founcl in any of the uncler-
ground workings.

Compositi,on of the apati,te.-An analysis of apatite macle from one of
the segregatecl masses occurring in the rutile nelsonite at the General
Electric Qsmpany's mine gave the following results:

Analysi,s of apatite from General Electri,c Company's mine, Nelson Countg.
(Wu. M. Tuonnrow; Jn,, Analgst.)

Per cent.
CaO . 54.37
MgO . 0.53
P,Oo . 41.30F .... 2.50cl ... 0.10
sio, . 0.33
Tio, . 0.20
Fe,O, . 0.61
rr,o . 0.19

100. 13
Ixcess oxygen l.A7

99.06

'189
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As indicated by the analysis the mineral is the fluor-apatite variety,
containing a very small amount of chlorine. This is in accortl with the

nelsonites in general as an examination of the table of analyses of the

rocks, on page 147, reveals the fact that the variety of apatite present is a

fluor-apatite, in which a variable but minute quantity of chlorine is fre-
quently present. One analysis showed the interesting variety mangan-

apatite to be present in the rock.
The Bureau of Standarcls determined the melting point of the apatite

represented by the above analysis to be L,645" C.

Compositi,on of the ruti,te.-A specimen of rutile isolated antl cleansetl

from nelsonite at the General Electric Company's mine yielded the fol-
lowing results on analysis

Analysi,s of rutile from General Etectri,c Compan{s mi'ne, Nelson County.
(Wu. M. THoRNToN, h., Analgst.)

t Per cent.

Tio, . ... . .:... 98.80
FeO .. 1.68
sio, .. 0.26
Y,O, . 0.20
Cr,o, . 0.07
sno, ' None
Cb"Ou . None
'ra,ou . None

Speciflc Eravitv
101.01

4.21

A determination of the melting point of the rutile representecl by the

analysis above macle by the Bureau of Stanilartls gave 1,?00" C. The chief
interest which attaches to the composition of the nelsonite rutile, shown

in the analysis above, as well as that of the syenite rutile (phge 194), is
the presence of vanarlium anil chromium in very smail but determinable

amounts. It is of interest to note in this connection that the ilmenite
of the nelsonite (page 191) also shows appreciable small quantities of the

same elements. In both minerals, rutile antl ilmenite, tantalum and

columbium were carefully lookecl for but were not cletectetl.

Composi,tion of the itmenite.-The chemical composition of the ilmenite
separatetl from the rock ilmenite nelsonite is shown in the subjoined

analysis:
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Analgs'i,s of ilmenite from the General Electric Company's mine,
Nelson County.

(Wu. M. Tnonxror, Jn., Anal,gst.)

191

Per cent.

Tio, . 54.44
FeO-..
MnO . 0.52
Fe,O' . 4.26
sio, . 0.34
Cr,O' . 0.07
v,o, . 0.29
SnO, . Trace
Cb,Ou . None
Ta,Ou . None

100.86
Specific gravity 4.713

The melting point of the iimenite as measureal by the Bureau of
Standards is 1,390' C.

Gabbro,

A gabbro dike ? feet wide was cut by the adit at a distance of 60 feet
from the portal, where it dipped toward the north at an average angle
of 50'. 'Westward the gabbro cuts the nelsonite body and widens rapitlly,
so that within 50 feet it has increasecl to more than 40 feet in width. (See
fig. 1a). On this level the gabbro is almost completely clisintegratetl
and about the only unaltered mineral constituent is graphite, which occurs
uniformly distributed in laige quantity. There are numerous lenticular
inclusions or stringers of syenite distributed through the gabbro which
show much less alteration than the inclosing rock. They are composetl
chiefly of feldspar with blue quartz clrawn out into long, irregular, broken
lines and usually contain a few small grains of rutile. Some of them
carry much graphite.

One hundred and twenty feet west of the adit the drive passed. through
a partly decomposed diabase dike 15 inches wide, having a strike of N. L5o
E., antl a dip of 45o towarcls the southeast. Just beyond this dike a fairly
fresh specimen (148) was obtained from the face of the drive but it is
uncertain whether it represents an altered inclusion of syenite or a rock
intermediate between it and gabbro. It is a medium-grained, dark gray,
gneissic rock composed of feldspar, blue quartz, hornblende, graphite,
garnet, and biotite. The flakes of graphite are mostly developed in the
feldspar but also occur in the quartz anrl hornblende. The garnet occurs
in irregular pink grains. (See Pl. XXVIII, fiS. Z.)
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The gabbro was cut again in the north cross-cut on the 100-foot level
about 50 feet from the shaft. The dike at this point is 8 feet wide, dips
55o towarcls the north, and has a strike of S. ?6" E. It is a porphyritic
rock (Spec. 145) of dark brown color, the irregular phenocrysts of feltlspar
measuring about 5 mm. in size and imbedded in a ground-mass of blue
qtartz, feldspar, hornblende, ilmenite, rutile, biotite, graphite, and a little
sericite. The rock is quite similar in appearance to the gabbro (Spec. 13)
found on the American Rutile Company's property near Roselancl. Micro-
scopically a thin section of this rock showed pronounced foliated structure.
ft is composed of biotite largeiy altered to brown chlorite, pyroxene
altered to fibrous blue-green hornblende, alkalic feldspar, quartz, apatite
in large anhedra, ilmenite altered peripherally to leucoxene, zircon (?),
ancl colorless mica. A part of the pyroxene (hypersthene) represents cores

rimmed by the seconclary fibrous hornblende. The quartz is granulatecl
antl exhibits marked wavy extinction.

An analysis of the gabbro is given in column I on page 95.

Diabase.

Several diabase dikes are exposed in the unclergrouncl workings on the
General Electric Company's property. The largest one (Spec. 146) is
exposed in the surface cut 180 feet north of the shaft and was cut again
on both the adit and. 100-foot levels. It is 2 feet wide, has a uniform dip
of 49' towarcls the south, and a strike of N. 63' E. It is a dark gray,
fine-grained, massive rock in which small- grains of pyrrhotite ancl

ilmenite ( ?) may be clistinguished by the naked eye. A thin section of the
rock studied under the microscope shows it to be a very fine-grained
uralitic basalt of granular rather than ophitic texture. The augite is
altered to brown biotite and fibrous hornblende accompaniecl by the
separation of minute particles of black iron oxide. Irregular grains and
masses of magnetite or ilmenite partly altered. to leucoxene are abunilant.

A diabase dike cutting the gabbro in the east drive from the adit has

been described on page 191. It was too badly altered to aclmit of miro-
scopic study.

Several small dikes of diabase were encounterecl in the cross-cut on
the 100-foot level 20 feet north of the shaft. They range in witlth from
12 inches clown to less than an inch, observing a strike of about N. 20" E.
A specimen (144) was collected, showing one of the dikes encaseal in the
feldspathic syenite. The contact between the diabase and syenite is not a
perfect plane but a series of small wave-like curves. Slight branches of the
diabase approximately parallel to the main stringer penetrate into the
syenite, and there are minor inclusions of the syenite in the diabase. The
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diabase is very fine-grained at the contact but grades into a slightly
coarser rock at the centre of the dike. I-,ath-like feldspar crystals 1 mtn.
long can be distinguished which appear to be more plentiful near the con-
tact. Under the microscope a thin section showed. it to be an olivine
diabase of microporphyritic texture composecl chiefly of augite, large perfect
Iaths of plagioclase feldspar (labradorite), olivine, magnetite, and rutile.
Olivine is partly developed with idiomorphic form, shows its usual char-
acteristics, ancl contains in a few instances inclosures of the other minerals.
There is frequently associated with it granular aggregates and squarish
crystals of greenish-brown rutile. Rutile is quite abundant. The other
minerals show no unusual characters.

TITE RUTfi,N ON,E.

GENERAI STATEMENT.

Lithologically two distinct types of rutile occur in the Amherst-Nelson
counties region ancl each has been mined. In the first type, designated
syenite (formerly called pegmatite) rutile, the rutile occurs chiefly as

disseminated grains of various sizes antl as segregations in the form of u-av1,

lines modified by dynamic metamorphism, in the coarse-grained syenite. In
the seconil type, clesignatecl nelsonite rutile, the rutile occurs in the even-
granular rock nelsonite, having dikelike characters anal composed normally
of apatite and ilmenite. These two occurrences of the rutile, including
petrologic characters antl chemical analyses, are describecl in the following
Pages' 

syENrrE RUTTLE.

Megascopic character.-The syenite rutile is red to reddish-brown in
color, has a metallic-adamantine lustre, and is remarkably pure. The
rutile grains vary in size from very minute granules, almost microscopic
in dimensions, up to masses weighing many pounds. A singie mass of pure
rutile now in the Survey collections at the University of Virginia, found
on the Bryant farm, 1.5 miles west of Rose lfnion, during the progress o{
field work on this report, weighs 49 pounds.

The rutile occuri as an original minerai irregularly distributed through
the rock, ranging from sparsely disseminated grains to segregations whieh
locally make up probably 30 per cent or more of the entire rock mass.

The probable average where workerl by the American Rutile Company
near Roseland in the syenite is about 4 or 5 per cent. The mineral occurs
as separate crysialline grains ancl aggregates rvith in no instance any
indication megascopically of crystal bounclaries observeal. Aithough
careful search was made in the feld for rutile crystals not one was founcl.

193
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A possible explanation for the absence of rutile crystals may be the effect

of intense though unequal d;,mamic metamorphism to which the rocks of
the area have been subjected since their formation. Segregations of rutile
in the syenite, showing mashing from dynarnic forces, occur as irregular
wavy lines or stringers composecl of ilisconnected rutile grains of variable
size (Pl. XXXIII). Segregations of this character are workecl by the

American Rutile Company near Roselancl antl occur in the same rock at

other places in the district, especially about 700 yards southwest of. the

American Rutile Company's quarries, in the bluff bordering the lowlands
on the west side of Tye River (p. 84 Pl. XXXIII), on the llubard farm
(p. 82), ancl on the Cox farm l-.5 miles northwest of Rose Union (page 81).
Where hornblende has developed in quantity the rock has been crushed into
a gneiss, elsewhere or in the more feldspathic facies of the rock gneissic

structure is less emphasized.
The rutile occurs similarly in the syenite in each of the three rock-

forming minerals-feldspar, quatl,z, and secondary hornblende (actino-
lite)-and locally is associated with some ilmenite, especially in the quartz
and hornblende (uralite). It is disseminated at times quite uniformly in
places through the feldspathic portions of the rock, and so far as mining
operations have extencled, the rutile associated with this facies of the rock
is practically free from ilmenite and other iron-bearing minerals. When
present ilmenite has a similar mode of occurrence to rutile with which it is
intimately associatecl. The rock is remarkably free from other metallic
minerals. Apatite is closely associated locally with the rutile, especially
where large segregated masses of rutile are founil in the syenite.

Composi,tion of the nttile.-A sample of rutile from the "A" gracle

concentrates of the American Rutile CompanS quarried and millecl from
the openings in syenite along Tye River, was further purified and analyzeil
with the following results:

Analys'i,s of rutile from syenite near Roseland,, Nelson County.
(WM. M. TrronNrox, Ja., Analgst.)

Tio,
FeO

'Per cent.
95.7r
oax
0.92
n. d.
0.02
0.15

Trace

sio.
Al,o,
Cr,O'
v,o,
MnO

Total 99.15
4.196Spccific gravity
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Polished specimen of rutile-be:rring {eldspathic facies of syenite from outcrop on
American Rutile Companv's property across Tve River from their mill. Main
mass is feldspar (andesine intergrown with orthoclase (microcline) ) with
scattered grains and streaks of blue quartz. Dark mineral is rutile. Note the
curving brol<en lines. Tlre feldspar has been recrystallizeil. The rough light
gray p-atc}es are apatite. (Collected by Frank L. Hess. Photographed by
U. S. Geo1. Survey.)

RUTILE-BEARING T'ELDSPATHIC T'ACIES OX' SYENITE.
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RUTILE.BEARING F]]I-DSPATHIC FACIES OI' SYENITE.



SYENITE RUTILE.

The melting point determinecl on a part of the same sample of rutile
by the Bureau of Standards gave 1,690' C. Attentio:r is called in the

analysis to the presence of chromium ancl vanaclium, and its striking
similarity to that of the nelsonite rutile on page 197, with which this one

should be compared. Vanadium ancl chromium are present in both rutiles
and in about the same ratio, with vanadium largely in excess of chromium
in each case. Careful chemical tests fail to indicate the presence of either
tin, columbium, or tantalum in the rutile

Vanadium ancl chromium being among'the rarer elements, they have

not been generally sought for in analyses of rutile, antl Yet in the rutiles
of this and foreign countries on which chemical and spectroscopic exam-

inations have been made for these elements, vanailium with only one or
two exceptions ancl frequently though less often chromium, have been

shown to be present in percentage amounts ranging from a trace to con-

siderably less than a fraction of 1 per cent. In every case where these

elements have been determined in rutiles vanaclium is in excess of
chromium. As alreacly stated analyses macle of the rutile ancl ilmenite
from the Virginia district indicate the presence of both vanatlium and
chromium in every instance.

Microscopi,c c'h,aracter.-IJnder the microscope the physical properties

of the rutile are plainly marked ancl show no unusual characters. The

rutile is usually red to reddish-brown, sometimes yellowish-brown in color,
and at times exhibits fairly noticeable pleochroism, but often so slight as

not to be observetl. Cleavage and twinning are frequently developetl ancl

the individual grains are often partly or wholly rimmetl by the colorless

to light gray alteration product leucoxene (titanite) as border zones of
variable width but usually very narrow. I-reucoxene has also formetl along
fracture lines which frequently penetrate and eross the rutile grains as the

result of dynamic metamorphism. Definite inclusions of other minerals
are very rare, and when developed as separate grains adjacent to those of
ilmenite the boundaries of the rutile and ilmenite are sharply tlefined'

Microscopic study of a large number of thin sections shows the rutile
cleveloped in crystalline grains irregularly disseminatetl through the rock-
forming silicate minerals, and also formed between individual feltlspar
grains or between feldspar and" quartz grains, ancl penetrating both min-
erals. Both anguiar interlocking boundaries anal somewhat rouncleil non-
interlocking boundaries are developed between individual rutile grains anil
those of the inclosing rock minerals.

Butile has not developecl along fracture lines, cleavage or twinning
planes of the rock minerals, but it has formed in relations to the silicate
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minerals much after the fashion of primary metallic oxides or ore minerals
in igneous rocks.' Frequentiy the fractures which penetrate the silicate
minerals also cross the included rutile grains. These relations indicate
magmatic crystallization of the rutile with the associated rock-forming
silicate minerals. There is no eviclence for regarding the rutile to be of
second.ary origin, although the masses and grains of the mineral have been
more o less crushed ancl broken in places from clynamic metamorphism,
forming at times wavy lines of rutile grains of variable size (Pl. XXXIII).

I{ETSONITE BUTILE.

Megascopi,c character.-Nelsonite rutile is limited in occurrence to the
clikelike bodies composetl essentially or entirely of the ore minerals, ilmenite
ancl apatite, the normal phase of the rock. The rutile-bearing bodies show
ali gradations in the ratio of rutile anrl ilmenite, from a granular mixlure
composed of dominant rutile and apatite with litUe or no ilmenite to one
composecl of ilmenite and apatite with or without subordinate rutile.
Gratlations between these two extremes are observecl in the same body.
The rock with dominant rutile and apatite in a given position in the nel-
sonite body may gradually pass with increasing depth or laterally into a
phase of the rock composecl essentially of ilmenite and apatite. Accessory
pyrite, including probably pyrrhotite, in part at least second.ary, is a con-
stant though variable constituent of the rock.

The norms calculated. from the analyses on page 147 of a representative
ilmenite-learing rutile nelsonite and of a representative rutile-bearing
ilmenite nelsonite presented in tabular form below, illustrate the variation
in rutile percentage and show the percentages of the three principal
minerals.

"trrr"l.ttt 
tt "tffit
Name of rock

flmenite-bearing rutile-apatite nelsonite
Rutile-bearing ilrnenite-apatite nelsonite

Rutile I Ilmenite I Anatite

64J6 l- S:8 t 22^185.76160.65t29.57

A detailed description of the rutile nelsonite bodies is given on pages
7L7-723.

The nelsonite rutile is uniformly darker in color, both in hand speci-
mens ancl in thin sections, than the rutile of the syenite. The reason for
this difference of color is not entirely apparent since analyses of the two
types of the mineral are closely similar, ancl it can not be ascribed to
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inequality of total iron content, but may be due to a difierence of vanaclium
present. The rutile occurs in formless grains, not exceeding as a rule
3 mm. in size, although occasional segregations of coarse rutile which grarle
into nelsonite are observerl (Pl. XV). Segregations of the rutile in the
nelsonite bod.ies are less frequently developerl than those of apatite.
Detailed descriptions of the rutile nelsonite bodies are given on pages
7L7-I23 to which the rearler is referred.

Composition of t'lte rutile.-At analysis of rutile isolaterl from speci-
mens of rutile nelsonite at the General Electric Company's mine, 1.5 miles
northwest of Rose's Mill, gave the following results. ,

Analysi; of nelsonite rutile from near Rose's Mill, Nelson County.
, (Wu.. M. TsonwroN, JR., Aruilgst,)

t97

Tio,
FeO
sio,
Cr,Os
VrO,

Per cent.

98.80
1.68
0.26
0.07
0.20

Total .

Speeiflc

The melting point of the rutile from the same sample was determinerl
by the Bureau of Standards to be 1,?00' C. Comparison of this analysis
with that of the syenite rutile on page 194 indicates their close similarity.
The ratio of CrrO, and VrO, in the two analyses is of the same general
orcler.

Microscopi,c churacter.-rn thin sections under the microscope the rutile
presents no unusual characters. rt is dark yellowish- to redd.ish-brown
and sometimes though not always exhibits noticeable pleochroism, E > O.
Both cleavage and twinning are frequently developed and the mineral is
remarkably free from inclusions. slight alteration to leucoxene periph-
eraliy and along irregular fractures is noted. The rutile is developed
in formless crystalline grains, sometimes inclosing apatite, Iess often
ilmenite when present, and in turn is inclosed by the same minerars. rn
most cases the evidence suggests nearly simultaneous crystallization with
the other principal minerals. No evidence has been developed. either from
the field or laboratory study for regarding the rutile of the nelsonite bodies
or that of the syenite as of seconclary or subsequent origin.

Rutile-bearing nelsonite bodies have been exploited at several localities
in the district, chiefly in the vicinity of Rose,s MilI and Roseland.
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LOVINGSTON DISTRICT.

INTXODUCTORY STATEMENT.

The country rock of the Lovingston district is a biotite-quartz mon-

zonite-gneiss of the same general character as that described on pages

59-66. It is traversed by numerous dikes of coa.rse- (pegmatite) and fine-

grained granite, and nelsonite. Some of the more important acid dikes

are tlescribed below. Three varieties of nelsonite in which magnetite,

biotite, and hornblende are, respectively, the dominant constituents occur
in this district and are described under nelsonite on pages 123-L38. Normal
ilmenite and rutile nelsonite bodies are not found in the Lovingston
district.

Biotite Gneiss.

Biotite gneiss of quartz monzonitic composition forms the principal rock
type in the Lovingston district. It is identical with the outside gneiss of
the Roseland district of which it is a part, and while minor variations in
structure and composition are shown, its general character is everywhere
the same. It varies from meclium- to coarse-grained in texture, usually of
medium gray color, and having a pronounced banded or schistose stmcture.
Usually porphyritic texture is developed in the rock, the feldspar pheno-
crysts ranging up to 3 cm. in diameter. The direction of strike of the
structure (schistosity) varies from N. 35' E. as measured in the large
exposures of the rock 1.5 miles southwest of Lovingston to N. 57o E., three-
quarters of a mile north of the torvn.

Along the slope of the ridge lying east of Irovingston are many exposures
of the foliated biotite gneiss, partly as broad, smooth surfaces almost bare

' of vegetation which sometimes cover an area of half an acre in extent, and
partly as sheet-like masses that project boldly from the side of the mountain
in a direction parallel to the schistosity. The direction of strike of the
schistosity is remarkably uniform throughout the section around Lovingston,
rarel;r varying more than a few degrees from N. 40o E.

Feldspar, qttartz, and biotite, in the order named, are the principal
components of the rock readily distinguishable by the naked eye. Micro-
scopically thin sections of the rock naturally exhibit some variation in
mineral composition) a difference more one of proportion than of kind of
minerals, described in detail on pages 61-63. In thin sections the minerals
are felclspar (orthoclase ancl variant microcline, and plagioclase (oligo-
clase) ), qtartz, biotite, and occasionally hornblende. Colorless mica, kaolin,
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AMPHIBOIJITE.

epidote, chlorite, leucoxene, ancl sometimes a little zoisite are the seconclary

minerals derived chiefly from the alteration of the primary minerals

feldspar and biotite. Accessory magnetite, zitcon, apatite, and rutile as

inclusions occur. Granulation antl wavy extinction ar€ plononnced in the

quartz and to a less extent the feldspar. (See Pl. VI, fig. 3.) A chemical

analysis of a representative specimen of the rock collected along the counf
roatl, three-quarters of a mile north of lrovingston, is given in column II
on page 63.

Amphibolite.

Dikelike botlies of hornblendic rocks (amphibolite) occur in the

Lovingston district but only two exposures wele fountl that were fres-h

enough to indicate the true character of the rock. One of these is exposecl

in the county road about a mile northwest of lrovingston where a dike

approximately 6 feet witle cuts the biotite-qaartz monzonite-gneiss. The

rock (Spec. 185) is ffne-grained in texture andl composed principally of
hornblende with some feldspar and a little magnetite or ilmenite. A few

scattered phenocrysts of feldspar about 0.5 cm. in diameter are present. A
thin section of the rock shows the principal mineral to be blue-green and

brown hornblende in irregular fibrous to columnar masses partly inter-
grown with shreds of brown biotite. A little plagioclase feldspar and

magnetite or ilmenite partly alterecl to leucoxene also occur' Most if not
all the. hornblende is secontlary derivecl possibly from pyroxene.

About a mile southwest of Lovingston a second clike of a similar rock,

about 50 Jards wide hnd having a northeast-southwest direction of strike,
is crossed by the county roacl. Most of the rock exposed is greatly altered

from weathering, but several fairly fresh pieces were obtainecl which indicate
a fine- to medium-grainecl texture. The minerals visible in the hand speci-

mens are chiefly hornblentle, some feldspar ancl ilmenite or magnetite,

and occasional graphite in tiny flakes. A microscopic study of thin sections

of the rock (Specs. 1?2 and 1?3) shows similar composition to the rock

described above (Spec. 1S5). X'ibrous blue-green and platy brown horn-
blende is the principal mineral. Some unstriated feldspar probably

anclesine, shrecls of brown biotite, and occasional apatite occur. Epiclote,

zoisite, leucoxene, and iron oxide occur as secondary minerals.
A similar rock is observeil outcropping on the side of the ridge half

a mile east of Lovingston. The secondary character of most if not all of
the hornblende in these rocks is clearly indicative of their derivation from
another rock type of probable gabbroic composition, although no trace of
pyroxene was distinguishable in the thin sections.

199
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Pegmatite anil Granite Dikes.

In the vicinity of Lovingston, the biotite-quartz monzonite-gneiss is
cut by numerous pegmatite and granite dikes of similar but more acid
composition than the inclosing gneiss, ranging from fine- to coarse-grained
in texture, ancl from a few inches up to 10 or 12 feet in width. The dikes
seldom occur singly but usually in groups of two or three that are parallel
in strike to the structure of the gneiss. ,rhe granite is more resistant to
weathering than the gneiss and therefore the dikes usually stand out in
relief, sometimes for as much as two inches. Sketch, fi,g. 1.V, shows the
appearance of some of the dikes exposed on the mountain slope about
three-quarters of a mile northeast of I-,,ovingston.

===---=_:----=-:-: :-----=:
+:
=:=r

X'ig. I7.-Sketch of granite dikes in biotite-quartz monzonite-gneiss on mountain
' slope 0.75 mile north of Lovingston, Nelson County. (g) Granite dikes,

( m ) biotite-quattz monzonihe-gneiss.

Pegmati,te diltes.-The following description of a single pegmatite
occurrence may be taken as representative of this class of materials in
the district: A pegmatite dike about 6 feet wide is exposed on the south
side of the county road 1.5 miles'southwest of Lovingston. The rock is
coarse-grained in texture composeal for the most part of feldspar and quartz
with only a very small amount of biotite. The quartz is partly dark blue
to gray in color and partly white to transparent. A thin section of the
rock (Spec. 161.) shows the principal minerals to be felclspar (orthoclase
partly perthitic, some microcline but no separate individuals of striated
plagioclase) antl quartz. Both the feldspar ancl quartz contain inclusions
of both euhedral ancl anheclral forms. The inclusions in the qtattz include
rutile needles and apatite, some of the former being cuwed, bent, ancl
broken. The usual microscopic eviclence of dynamo-metamorphism is mani-
fested in the thin section.
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Granite d,ike*-The rock of these dikes is light gray in color, meclium-
to f.ne-grained in texture, anal composed chiefly of feldspar and quartz with
but little mica. The quartz exhibits a variety of color ranging from bluish
to gray and dark smoky. The dikes range 'p lo 1,2 f.eet ln width and in
some cases are intruded into the gneiss parallel to the structure (schis-
tosity). Thin sections (Specs. 1?9, 181, 188, and 194) show the principal
minerals to be orthoclase partly perthitic, some microcrine, ancl variant
plagioclase, which in some sections may equal in amount the potash
feld.spars, qaartz, and biotite. Minor accessory minerars include rutile
needles as inclusions in the quatlz, apatite, and magnetite or ilmenite.
The secondary minerals are colorless mica (muscovite), epidote, zoisite,
kaolin, chlorite, ancl iron oxide stain. Dynamic metamorphlsm is usually
manifested in granulation ancl wavy extinction of the qttartz and to a Iess
extent in bent and broken plagioclase lamella.

Nelsonite.

Magnetite, biotite, and hornblende nelsonites occur in the r-ovingston
district but no dikes of normal ilmenite or rutile nelsonite have been
found. The magnetite and biotite nelsonites are founcl on the noril5 west,
and southwest sides of Lovingston, respectively, within a radius of p miles.
These are described in detail, including a chemical analysis of the occur-
rence on the Dillard farm P miles southwest of Lovingston, on pages LpB-
133. Hornblencle nelsonites have been noted on the north, west, and south-
west sides of r-iovingston, respectively, and are described includins a
chemical analysis on pages L33-l3g.



GENERAL PETROLOGY OF THE AMHERST-NELSON
COUNTIES REGION.

INIRODUCTION.

The igneous rock types forming the complex in Amherst and Nelson

counties show certain features known as clan characters, which group them

into a definite family distinguished from rock groups elsewhere. The

area is a distinct comagmatic region or petrographic province' In the

virginia region the clan characters are in part mineralogical and, in part

chemicai. Texture is a less important feature.

Mineralogically the rocks are characterized by the prominence of

apatite and the titanium minerals-ilmenite, rutile, and in a few places

titaniferous magnetite; by a peculiar blue opalescent quartz; by pyroxene

(chiefly hypersthene) or secondary amphibole (actinolite) derived from

the pyroxene as the dominant mafc (ferromagnesian) mineral, ancl

microscopically by the chief feldspar being plagioclase, having the com-

position of anclesine containing spindle-shaped intergrowths of microcline'

Biotite, an important constituent in the surrouncling qaartz monzonite-

gneiss is only sparingly developed in the ore-bearing rocks. It is only of
importance in biotite nelsonite rrhich occurs in the quartz monzonite-gneiss.

In general the dominant minerals in one type make up the minor accessory

minerals in the other. Graphite, while not uniformly rlistributed in the

rocks of the area, occurs in practically all rock types and in places is an

important constituent.
These mineral peculiarities are of course dependent on the chemical

composition of the magmas and the physical conditions under which they

solidified.

GTIOLOGIC OCCURRENCE.

The geologic occurrence of the rocks has been described separately

uniler each type in a previous chapter. It is only necessary here to briefly

summarize their occurrence for the region as a whole.

The rocks of the region axe all intrusive ancl holocrystalline in texture.

Most of them are even-granular, ranging from very coarse-grained in the

syenite to very fine-grained in some of the nelsonite and .diabase tlikes.

Porphyritic texture is observecl in some of the nelsonite and gabbro-nel-

sonite dikes. The bulk of the rocks, including quartz monzonite-gneiss,

syenite (feldspathic and hornblendic border facies), and a part of the

gabbros and nelsonites axe aleep-seated (plutonic) masses, trayersecl by dikes
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of gabbro, diabase, and nelsonite. These are genetically related, and with
the exception of diabase nearly all gradations in composition are intlicated
between the extremes of the difierent types.

The dikes are most abundant within the rutile-bearing syenite, but
they are by no means confined to it and in piaces are observecl beyoncl the
limits of this formation in the outside gneiss. They vary greatly in width,
and in many places show almost as great variation in strike, although
most of them conform to a general northeast-southwest direction.

The indications from feld sturly are that the syenite and deep-seatecl
gabbro usually grade into each other, sharp contacts being but seldom
observecl. I-rikewise between the gabbro ancl nelsonite occur nearly all
gradations in mineral composition, from typical hypersthene gabbro
(norite) containing subordinate apatite anil ilmenite to typical nelsonite
containing little or none of the silicate minerals.

The rocks exhibit pronouncecl though unequal e.fiects of clynamic meta-
morphism, both in hand specimens and in thin sections under the micro-
scope. The most pronouncecl effect of metamorphism visible in hand
specimens of most of the rocks is the development of complete or partial
banded or gneissic structure. Microscopically metamorphism is mani-
fested chiefly in mashing-granulation, fractures, and optical disturbance
of certain essential minerals-in recrystallization, and in the complete or
partial change of pyroxene (hypersthene) to seconclary hornblende
(actinolite).

other changes of a different orcler and kind involve the production of
secondary minerals from the essential ones, chief among which are the
formation of leucoxene from the titanium minerals rutile and ilmenite,
antl sericite, epidote, and zoisite from feldspar. rn some of the rocks
biotite, chlorite, and osteolite are notecl as alteration products.

CIIEMICAL CHARACTERS.

X'or the purpose of stucly of the chemical characters of the Amherst-
Nelson counties region, 28 analyses which have been presented in the
preceding pages are assembled in the annexed tables. They are complete
and accurate analyses made by the state survey chemist according to the
latest approved methods of the u. s. Geological survey. They include
every type occurring in the region, and each type is representecl by several
analyses made on representative specimens collected from occunences at
difierent localities in the region.
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The analyses of the silicate rocks are arrangeil in the order of clecreas-

ing silica; those of the ore rocks (nelsonites) are arrangecl in the order of
decreasing titania.

Table of analyses of si,licate rocks from Nelson County, Virgini,a.
(WM. M. Trronrvron, Ja., Analgst.)

II
63. 61
L5.70

1 .98
3.81
3.58
4.bu
3.47
2.L2
0. 14
0.97
0.40

III IV VIIIVIIVI

sio, .
Al,ou .
tr'erO, .
FeO ..
Mgo .

CaO..
Na,O .

K,O ..
H,O-
H,O+
Tio, .

P,Ou .

MnO .

co, ..
s .....

Total .

66.46
t4.94

1 .87
3.08
1 .11
3.10
2.63
4.74
0.06
0.80
0.83
0.29
0.05

Trace

99.96

63.40
15.94
2.01,
3.91
1.33
3.75
DXt

3.30
0.06
0.76
1.33
U. OD

0.07
Trace
llrace

99.94

61 .51
23.r7
0.37
0.26
0.26
5.96
4.64
3.94
0.08
0.03
0.29
0. 10

Trace
Trace
llrace

100.90

60.03
21 .38
0.50
0.25
0.19
4.59
5.80
2.81
0. 16
0 .66
3.66
0.39
0. 01

Trace
None

55.C2
24.23
0.29
0.24
0.23
6.47
5.03
2.93
0.08
0.28
0.22
0.09

Trace
Trace
Trace

57.74
18.90

1.42
3.87
3.52
6.42
3.74
t.72
0.06
1. 11
t.24
0.28
0.02

Trace
0.20

50.99
t2.40
2.t0

11.80
4. 09
6.46
2.38
2.t9
0.t2
L.2l
4.66
1 .86
0. 11

llraee
Trace

Table of analgses of silicake roclcs from Nelson County, Virgi'nia
(Continued).

IXIX xrixrlxrrrlxrv

2

56 .61
14.89
r.04
4.32
4.05
4.94
3. 19
1 .51
0.08
1 .58
7.26
0.26
0.01
0.22
0.03

54.80
74.28
3.08
7.55
2.52
6.57
2.61
2.00
0. 16
r.23
4.L5
0.70
0.02

Trace
0.02

52.83
13.79
4.42
7.86
5.61
8.99
2.42
1.46
0.71
1.30
1.18
0. 31
n. d.

Trace
Trace

CO
S.

Total 99 .99 100.37

59.84
20.59
0.55
0.Tl
0.76
4.48
5.23
2.57
0.18
U. /D
3.75
tt. do
0.02

Trace
None

5134 | 51J8
12.46 | 16.45
3.37 | 0.84

10.08 | 10.08
3.97 | 6.95
7.88 I 5.57
2.26 3.49
1.66 1.28
0.14 I 0.08
1.46 0.51
2.96 4.44
1.19 0.14
0.11 I 0.08

Trace ] Traee
0.18 I Trace

100J6 l-100.ee
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Table of analysas of silicate roclcs from Nelson County, Virgini,a
(Continued").

xY lx VI XVII XVIII XIX XX

50.97 I 49.65 48.99
13.13 I 13.93 13.93
1.441 4.tr) 2.45
5.421 9.78 110.94
4.68 I 4.89 I 6.293.66 9.05 10.02
2.721 2.86 I 2.59
2.241 r.7tl 0.800.05 0.09 I 0.09
L.4r ) I.49 t.47

13.641 3.031 3.33
0.311 0.32i 0.33
0.051 0.141 0.11
0.04 Trace Trace

None l 0.20 Trace
""'i

ee.761101.201101.34

33.89
0.94
6.85

22.73
6.85
9.68
0.37
0.34
0.32
1 .66

t2.97
3.29
0 .31

Trace
None

0. 01
0.v2

33.83
5.19

11.38
15.08
6.O/
8.22
t.28
0.50
0.45
U. /D

10 .00
4.84
0.26

llrace
0.26
0.04
U. OD

20.02
2.64

LL.75
16.98
5.93

I0.27
0.23
0.39
U. /I
2.47

20.73
7.34
0.23

Trace
None

0.02
0.31

r00.23 101.09 99.89

r. Quartz-biotite monzonite-gneiss, county road, 0.?b mile north of Loving-
ston.

il. rlornblendic facies of s-yenite, !00;foot level, General Elestric co.,s mine, l.b
miles northwest of Rose's Mill.rlr. Quartz-biotite monzonite-gneiss, Arrington-Roseland roail, I mile north of
Colleen.

rv. treldspathic ,(gra_y) facies of syenite, 100-foot level, General Electric co.,s
mine, 1.5 miles northwest of Ro;e,s Mill.

_Y. Ieldspathic facies.of syenite, American Rutile Co.,s quarries, Roseland.VI. X'eldspathic !ninkish) lacies of syenite, 100-foot level, Generil Electric Co.'s
mine, L5 miles northwest of Rose;s Mill.vn. Average b^ulk sampie of syenite, including hornblende and feldspar facies,
Americar Rutile Co.,s qua,rries. Roseland.vrrl. Gabb_ro-gneiss along east side of iye River, 480 feet south of American
Rutile Co.,s south quarry.

rx. Hornblendic facies of sy'enite, American Rutile co.'s quarries, Roseland.X. Gabb:o-gneils -along.ealt side of Tle River, 526 feit south of American
Rutile Co.'s south ouarrv.

xr. Diabase dike, east side'of c6unty road, 100 yards north of piney River at
Rose's Mill.

xrr. Diabase -(basalt) dike, east sitle of rye River, 4zE feet south of American
Rutile Co.'s south ouarrv.

X[I. Gabbro dike-, T,oseland-Arrinlton road, near Mr. Adams, house, 100 yards
south of Roseland post-offrce.

xrv. Gabb_ro dike, l0o-foot level E0 feet from shaft, General Electric oo.,s mine,
1.5 miles northwest of Rosds Mill.xv. Homblendic fa'cies o.t syqrite,_ Aloerican Rutile co.'s quarries, Roselancl.XVI. Diab-ase (basalt) dike, Roseland-Arrington road, nd,r Mr.'Adaros, house,
100 yards soutb of Roseland post-ofrce.

xvrr. Diabase (basalt) dike, south side of piney River, opposite General Electrie
Co.'s minq 1.5 miles northwest of Roids Mill. -'XVIII. Hornblende nelsonite, 3 miles north of Lovingston.xrx. Gabbro-nelsonite dike, west of Roselanat-Ariington road, I mile south of
Roseland post-office.

XX. Hornblende (b'iotite-chlorite) nelsonite, I mile west of Rose's Mill.
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Table of a,nal7ses of ttrrclsonite from Nelson County, Virgini'a.
(Wu. M. Trronrvtorv, Jn., Anal'gst.)

I r I II I IIr I rv I Y I vI L \rlr lVrII

-l-

Tio, . ......1 69.67 I 65.90 | 42.84 | 41.46 16.48 | 15.78
Fe,O, ..............1 2.87 1 3.65 I 11.12 I 15.59 | 2.70 43.34 | 37.45
Feo ................1 5.04 7.95 | 27.93 | 23.57 l2s.r4 18.61 20.20
Mgo . 0.15 0.25 0.72 | q.qa | _q.qg b:66 I 

-o:

cto .. ...... 12.16 I 11.13 8.34 I e.03 I 16.05
0.66 | 0.64
5.48 12.73

P,Ou ..............1 9.4t i 8.14 I 6.89 I 7.59 12.48
5.48 12.73
4.98 9.40rr'o-" """'r3:9? l3:3i l3:l3 l3:[?i9:91 ]3:3Bii:8li3:6iF.ol .::.::: .::::::] [.to 0.84 r 0.21 l 0.rz ] .0s 0.e8 a.26 0.2r

Cl . .. . ... ... Trace I None 0.01 Trace Trace lTrace lTrace Trace
sio, ...............1 o.az I 0.e5 0.70 1.65 ..... i O.qz | +.?+ , \.'41

0.26 | 0.18 I 0.26 ;Trace 0.12 i 0.23
3.45 I n. d.
0.15 I 0.10
0.45 0.34

Trace | .....

100. 19 99. 58 101.15 00.24 99.42

I. Rutile nelsonite from ore-clump, General Electric Co.'s mine, 1'5 miles north-
west of Rose's Mill.

II. Rutile nelsonite tlike, Giles tract near Roseland'
III. Ilmenite nelsonite tlite, Shelton farm, I mile northwest of Roseland'
rv' rlmenite nelsonite dike; Hight p:larre, i'75 miles west of north from Roselantl'
V. Ilmenite nelsonite from o"re-clirmg General Electric Co.'s m,ilre, l'5 miles

northwest of Rose,s Mill. Spdcimen probably taken from No. I ore-boily
in the adit level.

vI. Ilmenite nelsonite from ore-rlump; General Electric co.'s mine, 1.5 miles
northwest of Rose's Mill.

vII. Magnetite-biotite nelsonite dike, s'tevens farm, 0.5 mile west of Lovingston.
VIII. Malnetite-biotite nelsonite dike; Dillail farm, 2 miles southwest of Loving-

The important features to be noted in these analyses can best be dis-

cussed by averaging and tabulating uncler a single analysis the several

analyses of each type, of ali types representecl as given in the annexeil

table below The nelsonites, represented by 8 analyses, are given in a

separate tab1e, and their chemical composition, comparing graphically the

molecular proportions of the rocks by means of a diagram, is fully ilis-

cussed on pag€6 I+5-\48.
A study of the individual analyses of the above tables reveals' as

would be expectetl, some variation in the constituents of the same type,

but when considered broadly the analyses show that with decreasing silica

and alumina there is increase of iron, lime, magnesia, titania, and phos-

phoric acid.

0.51 I 0.20

37.00
4.31

26.52
1. 11

16.33
13.08

0 .09
0.59
0.98

Trace
0.57

.i.ii
r;;;;

t.45

00.06 1101.62
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Table of eaerages of analyses of si,licate rocks from Nelson County, Vi,rginia.

- (Wlt. M. THoRNToN, Jn., Anolgst.)

il IIIIIV
sio,
Al"O'

trterOr . ......',..... .

FeO .

Mgo .

CaO .

Na,O .

K,O .

fr,o-
H"O+

Tio, .

PrOu.

MnO .

co,..s ....
ct ....r'.....

Total .

r.22 0.21

D. +J 5.59

64.93
1.082

L5.44
.151

t.94
.0r2

J. il(t

.061
3.08

.014
0,42

60.44
1 .007

23.62
.231

0.29
.002

0. 19

DO. bD
.894

15.51

4.49

.0

1.86
.011

8 .33
.115

A .r7

.106
6.26

.11
3.06

u. /b

vlVIlvrtl
51.231 33.831 26.96

.854 .5641 .449
13.53 1 5.1e1 r.7e

.1321 .0511 .018
3.591 11.381 9.30
.o2s) .0711 .058

9.671 15.08i 19.86
.133 .2511 .276

5.19 8.57 | 6.39
.t29 .2141 .159

8.99 8.22 | 9.98
.161 .1461 .179

2.53 t.28 | 0.30
.040 .021 .005

r.4r | 0.50 0.37
.0151 .0051 .oo4

0.261 0.45i 0.52
.0r7 .0281 .028

L.43 0.75 | 2.07
.078 .0441 .Lt7

2.63 I 10.oo 16.85
.0331 .r24 .210

0.54 1 4.841 5.32
.0041 .0341 .037

0.09 0.26 | 0.27
.001 .0041 .004

Trace Traee Trace
Tracel 0.26
.....1 0.04I 0.02
..... 1 0.55i 0.t7

| .0321 .011
ll

looie rJi.otl rooli

4.02 D.OJ 1 .80

0.06 0.08
.01

0.1I

0. 78 0.32 t.02

1 .08
.01

1.11 ts.62

0 .06

0. 15
.001

0 .06
.001 .00i

Tra

99. 96 100.31 100.05 100 .30

I. Average of two analyses of quartz monzonite-gneiss.
II. Average of four analyses of feldspathic facies of syenite.

IIL Average of three analyses of hornblendic border facies of syenite.
IV. Average of four analyses of gabbro.
V. Average of four analvses of cliaba,se,

VI. One aialysis of gabbio-nelsonite.
VII. Average of two analyses of horrrblencle nelsonite.

In the annexed table are assembled the averages of analyses of all
tlpes of silicate rocks found in the clistrict, a total of seven types. VI and
VIf, containing very low silica, are regaraletl as transitional types between
the silicate rocks anal ore rocks (nelsonites), since they are composed of
both silicate and ore minerals in large amounts but in u4equal proportions.
A study of the analyses shows that the rocks are low in silica, which ranges

57 .06
.951

14.54

.021
0.09

.001
4.04

0.09
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from 65 to 2? per cent-65 to 51 per cent in the silicate.rocks proper
(I to V inclusive) with an average of about 5? per cent. Alumina is

extremely low in VI anrl VII, but for the silicate rocks proper (I to V)
it is quite uniform except in II, where it is appreciably higher as the

iock is composecl chiefly of feldspar-the feldspathic facies of the syenite.

The iron, magnesia, ancl lime increase with diminishing silica ancl

alumina. Except in II, FeO is in considerable excess over FerO* and both
j.ncrease with diminishing silica but not in the same ratio' The ratios

of the alkalies (soda and potash) are variable, but in each type soda

molecularly exceecls potash. This predominance of soda together with high
lime marks the tlominant feldspar in the rocks as a soda-lime plagioclase.

Attention is especially directed in the table of analyses to the per-

centages of TiO, ancl PrOu which are above the avexage for the types of
rocks representecl, ancl in some types their combinations make up the

important minerals that enter into the composition of the rocks. They

increase though unequally from the bnore acid to the more basic types,

reaching a maximum in the extreme basic ones (nelsonites, analyses ancl

their discussion, pages 145-148) in which their combinations as apatite,
rutile, antl ihnenite form the essential rrrinerals. These two constituents
(TiO, and PrOu) form one of the distinctive features of the rock types of

the region, and they emphasize the kinship o{ the types, which must have

sprung from a common parent magma.

\{I
.30O r m-r'

I
.?ao

I

,260 |
.24oi
.2?O
,200

y? .160

f,,raoo.^^

> .rool

. tBo

.oBo

.oo0

'960 t
.o+ol
,ozot,

.447 Molecules of SiO2 1.082 5i02

F'ig. I8.-Diagram showing variation in the molecular constituents of the seven- types of "silicate 
rocks" in the Amherst-Nelson counties area' Based on table

oi^averages of analyses. (Order of diagram reversed from that in the table of
analyses, page 207.)



CHEMICA]T CHARACTXRS. 209

The above. relationships developed from chemical composition of the
rocks are best shown in the cliagram, fig. L8, which compares graphically
the rnolecular proportions of the oxides and is constructed from the analyses

in table on page 207, bv plotting the molecular proportions of the oxicles as

ordinates, anrl those of silica as abscissas. Study of the diagram, fig. 18,

cliscloses certain irregularities in the molecular proportions of the oxicles,

which correspond to variations in the proportions of the essential minerals.
The ferrous and ferric oxicles show somewhat general corresponclence

with each other, being representecl by the same line in I and II, the extreme
acid. end of the series. They increase from the acid to the basic end of
the series, which corresponds to variations in the propbrtions of salic
and femic minerals, the principal iron-bearing femic minerals being
pyroxene and its alteration product hornblencle, and rlmenite. With in-
crease of ilmenite, which is greatest in VI and VII, the lines representing
the iron oxides become wider spaced with slight irregularities indicated,
and ferrous oxicle becomes the dominant constituelt, attaining its maximum
value in VII, the lowest silica-bearing rock of the series.

On the whole magnesia varies in the same direction with the iron
oxides, but is erratic at tjmes with respect to ferrous oxide. The corre-
sponclence might possibly be closer were all the iron reducetl to the ferrous
state, but this has not been attempted.

Discorclance between magnesia and alumina is strongly marketl and
except for the basic end of the series they vary in opposite d.irections.

Lime and alumina vary in the same direction on the acid end of the series,

but are antagonistic on the basic end in which rocks feldspar ahnost
entirely fails and apatite becomes an important constituent. The alkalies,
sotla and potash, vary in general with the alumina with which there is a

fairly close correspondence. They increase from the basic to the acid encl

of the series" but there is a more marked accordance between socla ancl

alumina than between potash ancl alumina. The soda molecules are

greater than those of potash, being more than twice as large in some cases.

Titania and phosphoric acicl, especially the former, are erratic for the
acid end of the series ancl increase in amount, though unequally towarcl
the basic end, both attaining their maximum in VII, in which rock
ilmenite and apatite are important constituents.

The irregularities to which attention has been directed are clue to
variations in the molecular proportions of the essential minerals present
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in the rocks. At the acid end of the series the salic minerals (feldspars

chiefiy with some quaftz) predominate; in the mitldle of the series, IV
and V, femic minerals become more prominent; and at the basic end salic

minerals practically fail ancl the rocks are composed almost entirely of
femic minerals, both ore minerals and ferromagnesian silicates being the

essential ones.

NORJVIS OT' AUITEBST.NELSON COUNTIES ROCKS.

In the subjoined tables are .given the norms of the difierent rocks

calculated from the analyses in the preceding tables, ancl arranged in the

same order. Their study will make clearer the chemical relations of the

rocks, especially their relations to the quantitative system. Some of them
represent new rock types, tlescribed and published for the first time. The

positions of the new types in the quantitative system have been calculated

ancl appropriate names have been suggesterl for them in the preceding

pages.

Norms of silicate roclcs of Amherst-Nelson count'i,es.

Qaartz
Orthoclase
Albite
Anorthite
Corundum
Diopside
Ilypersthene
Magnetite

lrt III r IVlv
18.80
t2.23
29.34
2I.t3

6.66 I 5.70
23.35 | 16.68
39.30 49.25
28.63 21.68
0.7r | 0.82

0.60 | 0.50

I
24.42
27.80
22.01
t3.62
0.51
't:84
2.55
r.52

5.82
t7,24
42.44
31.14
1.33

VII
9.48

t5.57
44.02
20.57
1.63

9.72
10.01
31.44
m.79
'0:i6
12.30
2.09
2.43Ilmenite

Ilematite
Rutile
Apatite
Pyriter{,o .

Rest

Total . 99.75 100.30 99.80 100.88 100. 91 100.05 99.75 100.34

VIII
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19.91 I 28.06

2L1.

XVI

r.26
10.01
24.t0
20.29
L9.24
11.96
6.03

f :1i

:::::
0.62
0.36
I .58

101 .23

t01.23

xlvl xv 
I

&r4 I u.e6 
|

L2.79 | t2.79

::::::::::::::.

Rest

TotaI

xvII XVIII xrx xx
0.42
5.00

22.01
23.91

7. 86
t.67
3. 14

7.86
2.78

11.00
6.95

;;';;
JO.OO
11.68
.]. DD

0.16
16.80

Total 101.10 100 .03 100.59 99.61

Bummary of Classi,ficatiort.

/.DU
2.22
t.57

,o'.4,
17.30
3.48
6.38

No. Name

I.
II.

ilr.
IV.
Y.

\rI.
YII.

VIII.
rx.
.x.
xr.

XII.
xfir.
XIV.
xv.

XYI.
xvII.

XVIII.
xrx.
xx.

Toscanose
Tonalose
Adamellose
Piedmontose
Piedmontose
Piedmontose
Laurvikose
Ilessose-andose
Tonalose
Tonalose
Camptonose
Vaalose
Andose-camptanose
Vaalose
Ilonalose
Camptonose
Camptonose-auvergnose
No name : l

Roselandose

No name
L. t. 2. 3.
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It will be observed that normative qttartz, varying within wide limits,
is noted in all the rocks except one (XIII, andose:camptonose) where it
faiis entirely. Feldspars compose a large percentage of all the norms,
except XVIII and XX, and in most of them they amount to more than
50 per cent. Orthoclase and albite, and anorthite except in XVIII. and
XX, are always present,. and rvith the exceptiop of XVIII and XX albite
and anorthite combined'are greatly in excess of orthoclase, indicating
plagioclase of soda-lime variety to be the dominant feidspar. The com-
position of the soda-lime feldspar ranges from labradorite to albite-oligo-
clase, with the dominant species in most of the rock types andesine usually
intergrown with spindles of orthoclase (microcline). rt is worthy of note
that the salic minerals are clominant at the acid end of the series, with
approximately equal amounts of salic and femic minerals in the middle
members, while at the extreme basic end femic minerals greatly pred.ominate.

The important femic minerals are of two kinds, (L) ferromagnesian
silicates, hypersthene or diopside or bot\ and (P) ore minerals magnetite,
ilmenite, rutile, and apatite with lesser amounts of hematite ancl pyrite, ancl
in three norms, titanite. rlypersthene is always present though in variable
quantity ranging from nearly 8 per cent to Zl .b0 per cent, while normative
diopside occurs in 8 of the 20 norms in usually large amount. of the ore
minerals, ilmenite and apatite are always present, being largest in the more
femic magmas, while magnetite varying within wide limits is only absent
from three of the norms. Hematite, rutile, titanite, and apatite are
present in several of the norms, the first three varying rather widely
while the last (pyriie) is in small amount and is quite uniform.

.tr-t rt trt rr*t f:

Quafiz
Orthoelase
Albite
Corundum
Leucite
Nephelite
Ilypersthene
Diopside
Olivine . ... .. .... . .

Ilmenite
Magnetite
Eematite
Rutile
Apatite
Pyrite'Water

II]NI IY YIYI]]rIIIYIII

100.99 t100.36 | 99.74 100.91 1101.75 99.46
Less excess CaO.. . .
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The first most striking fact to be noted in the annexed table of norms
of the nelsonites is, with but few exceptions, the absence of salic minerals,
and also of the practical absence of the ferromagnesian minerals among
the femic group. Among the salic minerals normatiye qloart,2 is present
in only three of the eight norms and in each in very small amount. Of the
feldspars, orthoclase antl albite, the former slightly in excess of the latter,
and the two combined totaling less than 5 per cent, occur in only one
norm (VII). The lenads, leucite and nephelite, are shown in small
amounts only in the norm of rock VIII.

Of the ferromagnesian minerals in the femic group, hypersthene is
present in the norms of rocks I, III, and VII; diopsicle in the norm of
rock II I and olivine in the norrns of rocks VI and VIII. These are present
in small amounts, neither exceecling in any case 1.?9 per cent.

The norms of these rocks are composecl essentially of the ore minerals
in the femic group. Ilmenite, apatite, and hematite, oaryiog within wide
limits, are always present I ilmenite reaches a maximum of more than 60
per cent, apatite more than 30 per cent, and hematite more than 35 per
cent. Rutile, the next most constant constituent, fails in the norms of
only two rocks, VII and VIII, ancl ranges from nearly 6 per cent to more
than 64.50 per cent. Normative magnetite occurs only in rocks VIf and
VIII, but in large amount in each, while pyrite ranging from less than
1to 3 per cent is present in four of the eight norms (I, II, V, ancl VI).

MINERAIOGICAI CHARACTERS.

INTRODUCTION-

The mineralogical composition of igneous rocks is dependent chiefly
upon chemical composition of the magmas and the physicat conditions
under which they solidified. The chemical composition of the rocks form-
ing the Amherst-Nelson counties reglon has been discussed on pages Z0Z-?IB,
and the chemical relationships of the different types pointed out. In
addition to the chemical characters, there are usually present certain min-
erals which show more or less common characters that are mineralogically
characteristic of comagmatic regions.

The mineralogical eviclences of "consanguinity,, of the igneous rocks
composing the Amherst-Nelson counties region are the presence of a
peculiar sky-blue opalescent quartz, the prominence of apatite and the
titanium minerals rutile, ilmenite, and in a few places titaniferous
magnetite, ancl of pyroxene (chiefly hypersthene) or its alteration product
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amphibole (actinolite). Further kinship of the rocks of this region is
indicatetl microscopically by the character of the tlominant feldspar being
a calcic-soala plagioclase (andesine) with spindle-shaped intergrowths of
microcline (orthoclase) (PI. VIII). Graphite occurs in most of the rock
types of the region and in places is an important eonstituent.

The absence of primary hornblende as a f,rue rock constituent is a

distinctive character in the mineral composition of the rocks of the region.
That primary hornblende dicl not develop as a mineral constituent of
these rocks can not be ascribecl to chemical composition of the magmas,
for pyroxene was rather 'abundantly formed, but to the physical conditions
which obtained durins the solidification of the maEmas.

Quartz.

Quartz is developed in largest amount in the outside quartz monzonite-
gneiss and the hornblende facies of the syenite. It is a prominent con-
stituent in places, and is always present but usually in very subordinate
amount, frequently only in microscopic proportion, in the feldspathic
facies of the syenite. It occurs sparingly in the other rock types, especially
gabbro and some nelsonites. In the nelsonites it is limitecl almost exclusively
when present to border positions, especially in the transitional zones of the
nelsonites which are marked by gradations into the inclosing syenite.

The quartz has developed uniformly as irregular formless grains, with-
out the slightest indication of crystal outline, anil ranges from tiny specks

of almost microscopic dimensions up to masses many inches across. It
is always fresh and of a peculiar but beautiful sky.blue opalescent color
which is its most distinctive Jeature. Its blue color is apparent even in
thin microscopic sections. The most pronounced microscopic character of
the mineral is the abundant, closely crowded, minute hairlike or acicular,
inclusions of rutile, which are distributed rather unevenly through each
grain. The rutile inclusions have higher refraction than the host (quartz),
are usually dark in color, and double refraction is not recognizahle. They
lie at all angles in the quartz grains but sometimes they are arrangerl in
sets of parallel lines which intersect at all angles. These relations are well
ind.icated in Pl. IX, which shows two microphotographs of the same
quartz individual but of difierent magnifications. Other inclusions than
rutile are frequently present to some extent in the qnafiz but they are of
minor importance ancl do not call for description.

Microscopicaily intergrowths of quartz and feldspar as micrographic
structure are rarelv or never developed. Plate XYII, fig. 3, shows arr inter-
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growth of quartz and ilmenite similar to graphic structure in some granites.

Plate XXXYI,fig.2, shows an intergto,w"th of quartz ancl rutile. Dynamic
pr€$sure metamorphic effects are often exhibited in thin sections of the

quartz, chiefly in granulation, fractures, ancl unilulous extinction.
In 1885, Mr. Robert Robertson@ examinecl chemically and microscopic-

ally specimens of the blue opalescent quartz from the Nelson County area

with a view to ascertaining the cause of the blue color. Ile fused a frag-
ment of the mineral before the hot-blasi blowpipe flarne and found that
it retained its blue color. Ile says: "In view of the color of some varieties

of titanic oxicle, when seen by reflected light, it appears possible that the
partial reflection of light by the surfaces of these microscopic crystals occa-

sions the color in question, or the latter may be in a measure due to

interference of light occasionecl by these crystals."
In describing a similar sky-blue opalescent quartz developed as pheno-

crysts in a quartz-feldspar-porphyry from Texas, Idtlings states that the

color of the quartz "is untloubtedly due to reflections of blue light-waves

from the minute colorless prisms, whose width is a fraction of the length
of light-waves. It is similar to the blue color of the sky. It is probable,

however, that there is also blue Iight producecl by interference of the light
reflected from both sides of the minute tabular crystals whose width is
also of the oriler of a fraction of a light-wave length; so that both kinds
of phenomena occur within these quartzes."b

In 1900, Holland described a blue qrartz occurring as a rock con-

stituent in charnockite, a local name given to a hypersthene granite found
in India. Like the blue quartz of the Virginia and Texas areas, that from
India is crowcled with minute hairlike inclusions,. presumably rutile,
arrangecl with crystallographic regularity. Concerning the cause of color

of this quartz Holland says: "I conclude, therefore, that the hairlike
incJusions, to which probably the blue colour of the quartz is.due, are

arrangecl with crystallographic regularity . ."c
It seems probable that the blue color of the quartz characterizing the

rocks of the Amherst-Nelson counties area is to be attribrited to the multi-
tude of minute hairlike inclusions of rutile as explained by Robertson,
Iclclings, and Holland.

oRobertson, Robert, An Examination of Blue Quartz from Nelson CountY, Vir-
ginia, The Virginias, lti85, vol. vi, pp. 2-3.

blddings, J. P., Quartz-X'elilspar-Porphyry (Graniphyro Liparose-Alaskose) from
Llano, Texas, Jour. of Geology, 1904, vol. xii, p,227.

cHolland, T. I1., The Charnockite Series, A Group of Archean Hypersthenic
Rocks in Peninsula, India, Memoirs of the Geological Survey of Inclia, 1900, vol'
xxviii, pt. 2, pp. 138-139.
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Feldspar.

As is inclicated in the chemical analyses ancl confirmed by micro-
scopic study of thin sections, the rocks of the region are characterized by
the development of several varieties of feldspar as rock constituents. Their
composition proves that representatives of both the orthoclase anil plagio-
clase groups occur.

Feldspar is most abundantly clevelopeil in the feldspathic facies of the
syenite, composing more than 90 per cent of the rock mass, and is an
essential constituent of the quartz monzonite-gneiss, gabbro, and diabase.
It occurs in but is a less important component of the gabbro-nelsonite, antl
is only occasionally present in the nelsonites.

fntergrowths of the feldspars are characteristic of the qttartz monzonite-
gneiss, syenite, and gabbro. In the gneiss and to a less extent syenite
and gabbro, the intergrowths are of orthoclase with plagioclase as true
microperthite, but the common form of feldspar intergrowth in the syenite
and gabbro is of a different kind. rt consists of anclesine as the host with
irregular, intergrown spindle-like bodies of orthoclase (microcline) (Pl.
VIII, figs. l and 2). fntergrowths of feldspar with quartz as micropegma-
tite are cleveloped in the quartz monzonite-gneiss but are essentially absent in
the other rock types. Lack of development of zonal structure characterizes
alike the feldspar of all the rock types of the region. Micropoikilitic texture
is commo:r. The feklspars always carry inclusions which are frequently so
abundant and closely crowclecl, especially in the feldspar of the syenite, as
to almost completely mask the feldspar substance. The principal inclusions
are colorless ancl transparent crystaliites of greatly elongated prismatic
and tabular habits of feldspar to those of irregular-outline. These are
sometimes arrangecl along definite parallel lines, but more often they are
distributed entirely rvithout crystallographic regularity. These inclusions
form a nearly constant microstructure of the feldspars. rnclusions of
other kinds usu?ily cominon to feldspars occur but they do not merit
special description.

orthoclase as separate anhedral grains ancl as spindleJike intergrowths
in plagioclase (chiefly andesine) is a constituent of ail the rocks in which
feldspar occurs, but is least in the diabases and is rare in the nelsonites.
In every rock type where it enters as an
ordinate to plagioclase, the ratio ranging
of orthoclase to plagioclase.

important constituent it is sub-
from approximately 1:2 to 1 :d
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Microcline is sometimes developed though always subordinate in amount
to orthoclase in the qaartz monzonite-gneiss, and forms abundant spindle-
like intergrowths in plagioclase (andesine) of the syenite. L,ike orthoclase
it is always developed in anhedral form.

Plagioclase, of which there are several species present, is the dominant
feldspar in every rock type in which this group enters as a rock component.
As stated above the orthoclase and plagioclase molecules entering into the
composition of the feldspathic constituent of the rocks vary from approxi-
mately Or.(AbAn), to Orr(AbAn)u. The composition of the plagioclase,
especially the d.ominant species, varies in a general way accorrling to the
rock type, although several species may be developed in the same rock. The
range in composition is from labradorite to albite. Corresponrling to
composition the chief plagioclase in each rock type is: Quartz monzonite-
gneiss, oligoclase near andesine; syenite, andesinel gabbro, andesinel
diabase, Iabradorite; gabbro-nelsonite, basic anclesine near labrad.orite.

In all the rock types in which {eldspar enters, except diabase, plagio-
clase is developed. in anhedral forms, sometimes approaching irregular
tabular or roughly prismatic forms, but without crystal boundaries. rn
the diabases the plagioclase ranges from anhedral (equant) to elongated
lathlike forms. Twinning according to the albite law is the rule for the
plagioclase observecl in each rock type.

Pyroxene inypu"rtt.rr.l.
orthorhombic pyroxene, hypersthene, is the most ciraracteristic one of

the original mafic silicate minerals of the region. rlypersthene or its
alteration product amphibole (uralite) is an essential mineral in the
borcler facies of the syenite, gabbro, gabbro-nelsonite, ancl occasionally the
nelsonites. rn the cliabases hypersthene is replaced by the monoclinic
pyroxene, augite. secondary amphibole derived. from hypersthene is more
abunclant in some of the rocks, especially locally, than the original ortho-
rhombic pyroxene. The alteration of the pyroxene to amphibole is de-
scribed on page 220.

The color of the hypersthene in thin sections is somewhat variable,
ranging from pale yellow anil green to reddish tints, the latter being
probably the most characteristic. Pleochroism is rikewise subject to some
variation though always readily perceptible. The optical properties of the
mineral and a chemical analysis showing its composition are given on page
218. The mineral is frequently characterized by brown inelusions as plates,
irregular rods and grains, which are often arranged with definite regularity

?L7
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in the hyperstheng. The mineral is never developed in euhedral crystals

but usually occurs in anhedral forms, anil less often subhedral.
Composi,tion ond, optical properti,es.-L specimen of this mineral from

the syenite of the American Rutile Company's quarries near Roselanil,

could not be securecl for analysis, as apparently all of it had altered to
amphibole (actinolite). However, enough of the mineral oecurring in the

same rock at the General Electric Company's mine near Rose's Mill was

isolatecl and freed frorn the alteration rims of amphibole, and analyzecl

with the following results:

Analysis anil ratios of hyperstltene from the General Electri,c Company's

mine, Nelson County.
(Wlr. M. Tnonntorv, J*., Analgst.\

Per cent. Ratio.

Total

52.44
3.51
t.46

t7.1r
16 .73
2.98
0.26
1.24
0.18
1 .96
0.94
0.52
0.05

Trace

99 .38

.874

.034

.009

.238

.418

.054

.005

.013

.011

.007

.001

The ratio of FeO:MgO : 1 :1.?6; if CaO be included with MgO the
ratio then becomes 1 :2. The percentages of FerO, ancl AlrO, shown in
this 'anaiysis are usual in analyses of hyperstheae, the latter (Alror)
being sometimes present up to 10 per cent. The KrO ranges a trifle high
for hypersthene.

The optical properties of the mineral as cletermined by Dr. E. S.

Larsen, show it to be an orthorhombic pyroxene of a variety rich in iron
(hypersthene). 'Ihe obtuse bisectrix Z is parallel to the crystallographic
axis c, and the mineral is optically negative (-). Pleochroism is
perceptible: X: pale pink, y: pale yellowish-green, Z: pale green.
'lhe inclices of refraction measurecl by the immersion methocl are:

oc :1.696-+ 0.003" B:1.?10_+- 0.003. v:1.?13-1 0.003.
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The measurements of the birefringence with the Babinet compensator are:

The axial angle as measured with the Federof stage gave values of
2V:53o, 5+.!",52.+",52.1o,52",54.2'; av€rage 53.0-Fo 1o. The axial

angle computerl from the birefringence sin2y : 4" _ "is 
bB.Z'. Dis-

persioa is barely perceptible, p ) Y.

Amphibole (Uralite).

Compact pyrogenetic amphibole has not been identified in thin secti<ins

of any of the rocks of the region, but fibrous uralite having the composi-
tion of actinolite and derived from orthorhombic pyroxene (hypersthene)
is a common, ancl at times abundant, constituent of all the rocks, except
the quartz monzonite-gneiss. It is developed in minute grains up to very
large masses Iocally abundant in the borcler facies of the syenite. Its
optical properties and a chemical analysis showing its composition are
given on page 219. As described and discussed. on page 220, the alteration
of hypersthene in the rocks to uralite of actinolite composition is not one
of simple paramorphism but has been accompaniecl by marked chemical
changes.

Composition and, optical properties.-.Ln a,nalysis of hornblencle
separated from the rock in the south cut of the American Rutile Company2s
quarries, near Roseland, yielded the following results:

AnaLysis and, ratios of hornblend,e from Nelson County.
(\Ylr. M. Trronrvrox, Jn., Anal,yst.)

Per cent. Ratio.

FeO
Mgo
CaO
NarO

sio"
Al,o"
Fe,O'

51.31
None

5. 31
r0.12
17.93
10.95
0.22
0.29
0.04
t.26
3.00
0.11

None
Trace

100.54

.855

r{,o-
II,O+
Tio"
MnO
P,Oo
CO,

Total
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As computecl from this analysis.the ratio of CaO: (Mg,Fe)O is 1:3
and. corresponcls to, actinolite, which is further confinnecl by the optical
properties given below.

Megascopically the mineral is green in color and has rather duli lustre
except on the fracture surface. The cleavages are not easily seen in hand
specimens on account of the fine fibrous character of the mineral, but large
Iustrous, slightly curved. fracture surfaces resembling cleavage, are
prominent. Sections cut parallel to this surface exhibit most of the fibres
parallel to 100 antl show the emergence of the acute bisectrix.

In normal thin sections the mineral is colorless but in thicker slices

it is green ancl pleochroic. The mineral shows the usual cleavage of
'amphibole and the fibres manifest a tendency to orientation. Oriented
rod.s of a retltlish-brown to opaque material give the effect of shading to
the section. These rods are usually parallel to the fibres but cut across

the ffbres not oriented and probably represent ileavage cracks in the
original mineral. Material for obtaining goocl basal sections was not
procurable so that their orientation in this direction is not known.

The fine powder immersed in a liquid of the same index of refraction
showed many fragments with parallel extinction cut at a small angle to
the acute bisectrix. The extinction angle measured on ten cleavage flakes
gave values ranging from 18.4" to 16o, with an ayerage of !7.4". The
extinction angle on a section parallel to the plane of the optic axis is
18'. The dispersion is strong and complete extinction does not occur.
The indices of refraetion measured by the immersion methotl are:
cc :1.620-t. 0.003, y:1.649+- 0.003, y- c :0.029.

The birefringence was'measurecl directly by measuring the thickness
of oriented sections ancl comparing the interference color with those of
the table given by lddings. The average of ? measurements gave y - B :
0.0123 with values varying from 0.0115 to 0.0128, B - 

a. : 0.01?6,

f - 
a. : 0.0310. The axial angle was measured on five pie'ces cut nearll'

normal to the acute bisectrix ancl gave values ranging from 19.7" Lo 82",
with an average of 81o. The axial angle computed from the values fountl
for the birefringence gave 79.6", which is within the limits of probable
er-ror.

The dispersion of the optic axis is strong and the mineral is optically
negative (-) ; the optical orientation is that of actinolite

Urali,tizati,on' (alteration of hypersthene to uralite). The chemical and
microscopical studies of the syenite, as well as of other roek types of the
region, conclusively prove that the amphibole (actinolite) is secondary ancl
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has been derived from the original mineral, hypersthene, subsequent to the
solidification of the rock. Not only is this change apparent in thin sections
under the microscope where nearly all stages of alteratiou from incipient
change to complete transformation of hypersthene to amphibole, can be

tracecl, but it is clearly shown in some of the hand specimens, where large
and small cores o eyes of hypersthene are rimmecl by an irregu]ar but
usually deep border of amphibole (Pl. VII, and fig. 15).

The hornblende is fibrous actinolite and not the compact variety which
has been ascribed by most petrographers to paramorphic alteration of
augiteo and which, according to Iddings ancl others, has not been conclu-
sively proved to be alteration, but can in some cases at. least be attributed
to synchronous growth. In this case the rock has sufiered intensely from
tllmamic forces uncler deep burial, and idiomorphic compact hornblende
has not been observed,

On comparing the analysis of the original hypersthene (page 218) with
that of uralite (actinolite, page 219), the most important changes notecl
in the essential constituents are the oxidation of ferrous to ferric iron,
slight increase in magnesia, anrl a large addition of lime. It seems
reasonably certain that the source of the additional lime involved in this
change was derived from the lime-soda feldspar, which is present in large
amount and is the principal feldspathic constituent in the rock (Pl. YIII,
fig. 1).

Plate YII is a photograph, natural size, of a polished specimen of the
syenite from the General Electric Company's mine, and the sketch, fig.
15, mad.e partly from the saure specimen, illustrate the formation of ihe
amphibole (actinoiite). The unaltered" pyroxene (hypersthene) is dark
brown to bronze in color and. forms the cores of the }arger masses of
amphibole, which form an outer fibrous zone of silky }ustre, ancl extencls
into the feldspar along cleavage planes ancl fractures, giving the irregular
lines noticeal in the photograph. The alteration is probably due to the
circulation of solutions along alurost microscopic fractures, since most
of the hornblencle masses are connected by them. It seems clear that the
feldspar has furnished" a part of the material entering into the formation
of the hornblende, for where the fractures pass through the feidspar horn-
blende has developed, and they form markedly dark green lines ranging up
to 2 mm. in width, but where the fractures cross the blue quartz no
alteration has taken place and they are almost invisible.

oFor a discussion "On the paramorphic alteration of pyroxene to compact horn-
bleatld'-see Gordon, C. H., Amer. Geologist, 1g04, vol. xr&iv, pp. 40-43. heferenceg
to the literature are cited bv Gordon.
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The chemical analyses clearly indicate that the change from hypersthene
to actinolite was not one of paramorphism but involved chemical changes

clescribed above in the transformation. The change is a deep-seatecl one

as is fully indicated by the character of the rock already describetl.

Accortling to Van Hiseo the change of orthorhombic pyroxene to hornblende
is accompanied by diminution of volume and absorption of heat.

Biotite.

This mineral is an important constituent of the quartz monzonite-gneiss
and some of the nelsonites. It is rare though not entirely absent in the

other rock types of the region. In some instances its relations are such

as to suggest probable ,..oodu"y origin, but in most cases it is undoubtedly
a primary constituent. The color is uniformly brown, with marketl
pleochroism, and it presents no unusual features.

Olivine.

While olivine is met with as a constituent in some of the diabases

including basalt, it is in nowise characteristic of the region. It exhibits
the usual features ancl since it is not a characteristic mirreral of the region

it cloes not call for further comment.

Apatite.

This mineral is observetl either as an essential or suborclinate con-

stituent in all the rocks of the region. It is developed megascopically,
though very unequally in amount, in each type except the quartz monzonite-
gneiss and diabase, in which it occurs only in minute microscopic crystals,
frequently of sharp itliomorphic outline. It forms an essential mineral
in the gabbro-nelsonites and nelsonites proper, and in all other types it
is developed only as a minor constituent.

It has occasionally been noted in fairly large masses in the syenite,

and is fairly uniform in size but variable in quantity in the nelsonites,

averaging 2 to 3 mm. in cross-section. Quantitatively the range in apatite
in the rocks is from 0.3 per cent up to 30 per cent. The mineral is
developed in euhedral and anhedral forms with an almost constant tendency
towarcls crystal outline. It exhibits the usual optical properties, but in

. .oVan Hise, C. R.,- A Treatise on Metamorphism,. Mono. xlvii, U. S. Geol. Survey,
t904, pp. 270-271.
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many of the nelsonites it shows partial alteration to the earthy form
osteolite. It is a fluor-apatite containing at times a little chlorine. This is

in accorcl with the nelsonites in general as shown in the table of analyses

of the rocks on page 147.
A chemical analysis of apatite from

occurring in the nelsonite of the General
given on page 108, is as follows:

one of the segregatedl masses

Electric Company's mine, ancl

Analysis of apatite from nelsoni,te, General Electric Compwny's m'ine,
Nelssn County.

(Wu. M. TuoBNtoN, Jn., Anolgst.)

CaO .
Mgo .

PrOo .
F....

Per cent.

54.37
0.53

41.30
2.50
0. 10
0.33
0.20
0.61
0. 19

100.13
Dxcess oxygen 1.07

99.06

The melting point of the apatite representecl by this analysis was deter-
minerl by the Bureau of Standards to be 1,645" C.

Magnetite.

Magnetite is developed as a minor accessory constituent in most of the
rock types of the region. ft is essentially absent from the felclspathic
facies of the syenite but it forms one of the lesser modal components of
the region. It is developeal as a principal constituent of the magnetite-
biotite va ieties of nelsonite anrl at times is quantitatively the most
abunclant mineral. The mineral occurs chiefly as irregular grains, some-
times in well-developerl crystals, and usually contains more or less titanic
oxide. It exhibits no unusual features and needs no special description.

Ilmenite.

fn abundance ilmenite is one of the characteristic minerals of the
region. fts general characters are similar to those of its many occurrences
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elsewhere, except that it is never developed here in large granular masses,

but is mostly in irregular srnall grains rarely exceeding several mm. in
cross-section. ft forms the dominant constituent in rnost of the nelsonites,
amounting in some instances to as much as 80 per cent of the entire rock
mass, when it forms a background in which lie the other minerals. The
mineral is a prominent component of the gabbro-nelsonites, and is an
important though accessory constituent of the gabbros ancl the hornblend.ic
facies of the syenite, as exposed in the quarries of the American Rutile
Company near Roselancl.

As remarked above one of its characteristics is development in equi-
dimensional grains of usually irregular outline, and not exceeding in size

the other chief constituents of the rock in which it occurs. A seeontl

important feature of the mineral is its composition. In addition to ferrous
oxitle it always contains a considerable percentage of ferric oxicle, less

than 1 per cent of vanadium, anil a much smaller amount of chromium.
As developed in the discussion below of the chemical composition of the
ilmenite, the mineral appears not to be a straight ilmenite (FeO.TiOr)
nor does it conespond to the formula FeO.TiOr.nFe"O" as suggestetl by
some authors for many occurrences of the mineral, Theoretically the
mineral of this region corresponcls in composition to a titanate of ferrous
and ferric oxides (FeO.TiO, antl FerO'raTi0r).

The order of crystallization of the ilmenite from tiie magma in the
nelsonites is regarded as essentially contemporaneous with the other con-

stituents with which the ilmenite is associated, since each mineral contains
inclusions of the other as disclosecl in the microscopic study of thin sections.
The ilmenite always appears fresh in the hand specimens but most of the
thin Sections show more or less alteration of the mineral to leucoxene uncler
the microscope.

Composition of the ilmenite.-Ln analysis of the ilureniie (I) separatetl
from the rock ilmenite nelsonite of the General Electric Company's mine,
and of the same mineral (II) separated from the syenite of the Americaa
Rutile Company's quarries, near Roseland, yielcled the results given in the
annexerl table. These two analyses of ilmenite from Nelson County are

comparecl with one of the same mineral (III) from the ilmenite-rutile
area in Goochland antl llanover counties, Virginia.
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Analyses und, rq,tios of i,lmenite from Nalson and Goochlanil counties,
Virginia.

Tio" .

FeO
MnO .

FerO" .

sio, ............
Cr,O'
V,Ou .

SnO, .

cb"ou
Ta,Ou
II,O .

Per cent.

54.44
40.94
0.52
4.26
0.34
0.07
0.29

Trace
None
None
None

Ratio,
.680
.569
.007
O:T'

::::

Rat'i,o.

.636

.547

i::]

Per cent.

51 .83

:i??"

:::
:::::
None
None
None

Ratio.
.648

::'
: ot8

.:::

::::
99.61 100.36

Snecific eravity. 4.713.

oCalculaterl a,s XbO.

I. Ilmenite separated from nelsordte, Goreral Ellectric Co.'s mine, Nelson County.
IMm, M. Thornton. Jr.. analvst.

il. Ilmenite separated ironi syenite, Anerican Rutile Co.'s quarries, Nelson
County. B. F. Beard, analyst.

rII. Ilmenite collected by F. L. Iless from ilmenite.rutile area, Goochland County.
R. C. Wells, analyst.

The melting point of ilmenite representeal in analysis f, as measured

by the Bureau of Stanclards, is 1,390' C. The analyses in columns I ancl

II indicate that the ilmenite is not uniform in composition, there being
a large percentage of FerO, present in each case. In view of this
circumstance the formula usually applied to normal ilmenite (X'eO.TiOr)
does not corresponcl to the two analyses of the mineral given here. If,
however, the FerO, in each case be changed to the couesponaling amount
of FeO and adderl to that founcl on analysis, the total FeO and TiO,
approximate closely the formula FeO.TiOr. In view of the considerable

amount of X'erO, founcl on actual analysis the statement above is without
value antl cloes violence to the methods usually employed in calculating
mineral formule from chemical analyses.

Neither does the general formula for ilmenite (FeTiOr.raFeror) corre-
spond to the mineral representecl by analyses I and II, since there is found
in each case an excess of TiO, over that necessary to satis{y all the FeO
in the formula FeO.TiOr. Of this excess of TiO, shown to be present on

analysis only the smallest fraction of 1 per cent can be accountecl for as

admixed rutile which, for one cause or another, could not be separated
from the samples of ilmenite analyzetl.
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Metallographic study of polished surfaces of the Nelson Countl'
ilmenite was not attempted, and the FerOu present in the mineral may be

explained on the basis that the ilmenite is not homogeneous in structure
but is composeil of intergrowths of hematite (FerOu) with ilmenite
(FeTiOr) and the two not mixed isomorphously as has been assumed for
many ilmenites. In his investigations of the ilmenite rocks near St.
Urbain, Quebec, Canacla, 

-Warreno 
atlcluces facts which point strongly to

the conclusion that the FerO, is present as hematite in intimate crystallo-
graphic intergrowth with ilmenite.

Theoretically the analyses (I and II) of the table conform to a titanate
of ferrous and ferric oxicles, and the composition of ilmenite as calculated
from these analyses is essentially as follows:

L 87.55 per cent of ferrous titanate (ilmenite), FeO.TiO,.
12.96 per cent of ferric titanate, X"eOr.4TiO.

II. 83.14 per cent of ferrous titana"te (ilmenite), FeO.TtO,.
16.53 per cent of ferric titanate, X'e,O..1.6TtO,.

We have not found ferric titanates corresponding io FerOr.4TiO, and
FerOr.2TiO, described in the literature, but recently Palmerb described
the intermediate one FerOr.3TiO, under the new mineral name arizonite.

The mineral specimen representecl by analysis I of the table was sub-
jectecl to a careful chemical study to ascertain the presence of rare elements.
It is of interest to note the presence of an appreciable amount of vanaclium
with less chromium ancl a trace of tin. Columbium and tantalum were
not detected. In this connection the analyses of rutile from the same

area (page 22?) which show the presence of both vanadium antl chromium
should be comparecl with the analysis of ilmenite in column I.

The exact form or combination in which vanaclium ancl chromium exist
in the ilmenite is not known, but possibly in this case as VrO, anil CrrO.
replacing a part of the FerOr.

Rutile.

Like ilmenite the occurrence of large amounts of free titanic oxide in
the form of the primary mineral rutile in the rocks is one of the most
characteristic features of the region. fts prominence in this region is
destined to play an important r6le in petrography especially in its classifi-
catory relations in the new quantitative system.

nWarren, Chas. H., The Ilmenite Rocks near St. Urbain, Quebec; A New Occur-
rence of Rutile and Sapphirine, Amer. Jour. Sei., 1912, vol. xxrciii, pp.265-267.

bPalmer, C., Arizonite, A Metatitanate, Amer. Jour. Sci., 1909, vol. xxviii, pp.
353-356.



MINERAIOGICAL CEARACTERS.
qqry

Apart from its importance commercially and as a rock-making con-

stituent rutile occurs in great abundance as needlelike inclusions in the

qtrafiz developed in the rocks, imparting a peculiar but clistinctive blue

opalescent color to the quartz, which has already been shown to be a

prominent and to the unaided eye conspicuous clan character of the

region.
As a principal constituent rutile occurs in the rutile nelsonites as

irregular equant grains up to 3 mm. in size antl may form 65 per cent

of the rock mass. It is a prominent mineral in places in both the

feidspathic and hornblendic facies of the syenite and is tlistributetl through
the rock as formless grains of variable size and in wavy lines or streaks,

the percentage of which is very variable. This mineral has nowhere been

observecl megascopically with crystal boundaries but is always characterizetl
by irregular outlines. The important megascopic and microscopic
properties of the mineral are ilescribed in detail uncler the several rock
types in which it forrns an important constituent.

The composition of both the syenite and nelsonite rutiles is shown in
the complete chemical analyses of the mineral given below. Like the

ilmenite the analyses of the two rutiles show appreciable amounts of
vanatlium ancl chromium, and in each vanaclium is much in excess of
chromium. The possible effect of these on color of the rutile is tliscussetl

below on pages 228-229.

Analyses of the syenite anil nelsonita ruti,le, Nelson CountE.
(Wu. M. Trronrvmn, J*., Arua,lgst.)

Tio,
FeO

95.7L
2.35
0.92
0. 15
0.02

Trace
None
None

98.80
1.68
0.26
0.20
0.07

None
None
None

101.01
4.2L

sio,
Y,O,
Cr,O'
SnO"
cb,ou
Ta,Ou

Specific gravity
99.15
4.196

I. Rutile from feltlspathic facies of syenite, American Rutile Co.'s quarries, Rose-
land.

II. Rutile from nelsonite, General Electric Co.'s mine, 1.5 miles northwest of
Rose's Mill.
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Determination of the melting point of the two rutiles by the Bureau of
Stantlartls gave l (syenite rutile) 1,690o C., II (nelsonite rutile) 1,?00" C.

Both tantalum and columbiun were carefully looked for chemically in the
two rutiles but were not detected. Neither were they present in the
ilmenite. Since the rocks containing these minerals, rutile ancl ilmenite,
are of igneous origin, their similarity in composition with respect to the
lesser rare elements is suggestive

The possi,bte effect of aarutd,iwm on the color of rutile.a-There a e

presented. in tabulai form below determinations of VrO' CrrO' antl FeO
in three rutiles which cliffer strongly in color.

Partial ch,em'i,cal analEses of ruti,le.
(Wy. M. Iboentorv, Jn,, Anal,gst.)

III
Y,O"
Cr,O'
FeO

0. 15
0.02
2.35

0.20
0.07
1 .68

0.55
0.39
0.81

I. Reil rutile from feldspathic facies of syenitg R"oselanrl, Nelson County,
Virginia.

III. Very dark rutile from nelsonite on Warwick ttact, 1.5 miles northwest of
Rose's Mill, Nelson CountS Yirginia,

III. Nearly black rutile from kragerite, Kragerd, Norwa.y.

Attention has alreacly been directeil in the analyses to the preclominance

of vanaclium oyer chromiuf . HasselbergD founcl for the rutiles he

examinecl that when vanaclium was present in very appreciable amount
chromium was also present, but when vanadium was present in very small
amount chromium was present either in trace or entirely absent. Although
there are frequent exceptions vanadium is commonly though but slightly
in excess of chro,mium in the known analyses of titaniferous magnetites.c
The exact form or combination in which these two constituents are present
in rulile is entirely conjectural.

It is suggesterl that for the partiai chemical analyses of the rutiles
tabulated above, that the difierence in color, whether real or nearly black,
is probably not to be attributecl to iron oxide. In comparing the per-

oWatson, Thoma,s L., Vanadium and.Chromium in Rutile ancl the Possible Effect
of Yanadium on Color, Jour. Wash. Acad. Sci., 1912, vol. ii, pp. 431-434.

bllasselberg,.8., Astrophysical Journal, 1897, vol. vi, pp. 22-26i also Chem.
News, 1897, vol. 76! pp. 102-f04.

oWalz, Isidor, Amer. Chemist, 1876, vol. vi, pp.453-456; Kemp, J. F., Igth Ann.
Rept. U. S. Geol. Survey, pt. III, 1897-8, pp. 387-397.
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centages of iron (FeO) with those of vanadium (VrOr) in the table above
it will be observed that vanadium increases with decrease of iron, ancl the
color increases with depth in the same direction. In other words, the
rutile (I) containing highest X'eO and lowest VrO, is red in color, while
the rutile (III) showing least X'eO and highest VrO, is nearly black;
If is intermediate in color ancl shows less FeO anil more \'rOu than I.
These results are at least suggestive and it will be of interest to ascertain
whether the possible relation holcls in future analyses of rutile.

It is a noteworthy fact that of the 22 analyses of rutile quoted by
Ilintzeo neither vanaclium nor chromium is reported as heing present in a

single analysis. Sufficient work has been accomplished by recent studlents,
however, to indicate that in future analyses of rutiles careful search should
be made for both vanaclium anrl chromium.

Graphite.

Graphite is noted as a minor constituent in places in most of the
rocks of the area, but more especially in association with the basic rock
types, nelsonite and gabbro. It is most abundant in the General Electric
Company's mine on Piney River, where it occurs as a prominent constituent
in the gabbro, anil locally in the syenite, averaging about P mm. in diameter
anangecl in parallel flakes which impart a gneissic appearance to the rock.
In many instances it is noted as microscopic inclosures in the rock-forming
minerals of several rock types occurring in the district. fn one or two
cases it is found in the blue opaiescent quartz of veinlike character in the
rocks. other occurrences are notecl uncler Miscellaneous Minerals on
page 232.

The graphite is frequently intimately associated with pyrite, sometimes
suggesting the relations of intergrowths, which make it necessary to regard
the two minerals as contemporaneous in origin. such marked. association
of the two minerals undoubtedly indicates that they are in some way
geneticaily related. rt is possible and even probable that they have uncler-
gone some rearrangement on concentration from metamorphism, a feature
so strongly marked in the rocks of the district. und.er the conditions of
rearrangement or concentration pyrite might readily have been precipitateil
in part by the graphite.

In summary it may be stated that sedimentary origin of the graphite
is regarded as untenable since the rocks of the district are igueous.
Neither carbonaceous nor other sed.imentary beds are known in the district.

,ra

aHintze, C., Ilandbuch der Miaeralogie, 1g07, p, 1622.
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The graphite occurs disseminated in the rocks anal not in veins. In view
of these facts, the mineral in the rocks of this district must be regarded as

of magmatic origin.
Other Minerals.

The practical absence of primary hornblencle in the rocks of the region
is a very noteworthy feature. Secondary hornblende derived chiefly from
pyroxene (hypersthene) is an abundant constituent, but with the exception'
of the single occurrence of hornblende nelsonite near lrovingston, primary
hornblende has not been observeil in any of the rocks.

Among the lesser minerals may be rnentionecl the sulphides, pyrite and
pyrrhotite. The former (pyrite) occurs both as a minor constituent chiefly
of the nelsonites and coating the surfaces of joint-planes. In the latter
occur ence it is certainly of secondary formation, ancl its relations are
such in some instances as to indicate probable secondary formation in its
occurrence as a rock component. Pyrrhotite has been observed as a

subordinate mineral in several of the rock types, chiefly as shapeless grains
and is probably an original or primary mineral.

Titanite occasionally occurs as sporatlic crystals and grains in some
of the basic rocks, and zircon has been observed in a few cases in several
thin sections of the syenite.

TEXTUR,AL CIIARACTERS,

The textural characteis of the rocks of the region point to the physical
conditions under which the magmas solidified rather than clepenilence on
chemical composition. The rocks are entirely holocrystalline and their
granularity conclusively shows that with possibly one or two exceptions
(chiefly dikes of diabase or basalt) they solidified at depth and are plutonic.
No effusive types occur.

The even-granular texture predominates, although porphyritic texture
is frequently observecl in the quartz monzonite-sneiss, gabbro-nelsonite, ancl
in some of the nelsonites. In the qtartz monzonite-gneiss ancl gabbro-
nelsonite the phenocrysts are feldspar; in the porphyritic facies of nel-
sonites, apatite.

AGE RELATIONS.

There is no direct eviclence upon which to base an accurate or even a
close determination of the age of the rocks of the district. The principal
facts for regarding the district mapped as a comagmatic region have been
statecl and tliscussecl. n'ive principal rock groups have been recognizecl ancl
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described, which, named in their probable orcler'of differentiation, including

the surrouncling rocks, are : ( 1) Biotite-quartz monzonite-gneiss with

schists, (2) syenite, (3) gabbro, (4) nelsonite, anal (5) diabase' Several

of these are regartlecl as approximately contemporaneous. since graclations

between them have been established. The oldest of thesb is the quartz-

biotite monzonite-gneiss, and the youngest cliabase, since the latter cuts all

other rock types in the district.
The quartz-biotite monzonite-gneiss is the dominant type of the south-

east slope of the Blue Ridge anil southeastwarcl along its base, in middle

western virginia. Just beyond the southeast limits of the mapped area is

an extensive belt of Lower Cambrian rocks, the lowest members of which

have been formed from detritus derived from the quartz-biotite monzonite-

gneiss. The evidence seems conclusive, therefore, that the gneiss at least,

which is the country rock of the region mapped, is pre-Cambrian' Until
more conclusive eviclence can be found, which must be sought beyond the

limits of the area mapped, the remaining rock types, with probably the

exception of diabase, must likewise be regarcled as pre-Cambrian.

The diabase is undoubtedly later in age than the other rocks in the

district, since it has been found cutting them, and probalily much later, as

the joints in several of the other types have guided its intrusion in part at

Ieast.

MISCELIANEOUS MINERAIS.

INTBODUCTORY STATEMEIST.

un{er this heading are included (a) certain minerals occuring within
the limits of the mapped area but not described in the preceding pages of

this report, anrl (b) sevelal minerals occurring in the same general region

but beyond the limits of the area mappecl.

MINERALS OCCURRING WITHIN TI{E MAPPED AREA NOT PREVIOUSLY

DESCRIBED.

Bphateri,te.-It is reported that several years ago a shaft was sunk in

the bed of Allen creek half a mile southwest of Rose union on a vein

carrying the admixed sulphides, sphalerite, pyrite, and galena. When the

locality was visited by the writers the shaft had been filled, but pieces of
the ore said to have been taken from the vein were found near the okl

shaft. The ore, as indicated by these fragments, is composecl largely of
fine-granular, light brown sphalerite, admixed with a little pyrite, ancl
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perhaps galena in quartz gingue. The quartz contains small cavities in
which there are a few imperfectly formed quartz crystals. The vein is
probably too small to be of cornmercial value.

Galena.-Near the top of the ridge, 2.25 miles'southeast of Massie:s
Mill, a qtartz vein is exposecl on the side of an old caved tunnel. It is
Ienticular in shape varying from about one foot at the surface to four feet
at a depth of 15 feet; dip is ?0' S. 50' E. It is reported to carry galena
but only a little oxidized pyrite could be found in the quartz on the dump.
A number of pieces of white qrartz carrying galena have been found on
the ridge half a mile to the southwest. rt is not likely that these deposits
are of any economic value.

Graphite.-Graphite occurs in limited amount in most of the rocks ancl
at m'any places in the area. A small vein of graphite is reported to have
been opened on the west sicle of IIat Creek, p miles above Bryant, but the
pits were filled when the district was visited by the writers. The largest
quantity of graphite was founcl in the General Electric Company,s mine
antl in the rocks in that vicinity, particularly on Allen Creek. These
occurrences are described in part on pages 229-230. A thin section cut from
the hand specimen taken from a rock composecl chiefly of graphite ancl
pyrite, founcl on the north bank of Allen Creek, indicates that the two
minerals are in intimate relationship. Pyrite is more abunrlant than
graphite, which is distributecl through the pyrite in irregular areas of vary-
ing size, anil as stringers and flakelike masses. The relations are somewhat
uncertain of exact interpretation but the pyrite is possibly later than the
graphite. rt is doubtful if any of the graphite occurs in quantities
sufficiently concentratecl to pay for working.

Kaolin.-Kaolin is one of the important mineral resources of the
district ancl must be consiilered in any economic'report on the area, but
in this bulletin it will not be possible to give more than a brief description
of its occurrence, the detailed statement being reserved for a future publi-
cation of the state survey on the clay deposits of the piedmont plateau
province.

All clays found within this area are residual clays resulting from the
decomposition of rock in place. The iron-bearing minerals of the syenite
are segregated near the borders of the area, leaving the central portions
essentially free from such minerals, as is shown by the white clay soil,
which is a very conspicuous feature in a region where recl clays are the
rule. Qu.afi'z is not so prominent a constituent of the syenite cornposing
much of the central area, and over large sections it is only present in very
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small quantity. Auger borings were made in several places and samples
obtained that were free from grit ancl very plastic. Some of this kaolin
is suitable for the manufacture of white-ware proclucts and with better
transportation facilities shoulcl prove of great economic importance as the
quantity is unlimited.

In 1890, the Pittsburg Kaolin Companyo began mining kaolin from open
cuts on the west side of Possum Trot Branch about one mile a few d.egrees
west of north from Roseland Post-office. A mill was erectecl at a reportecl
cost of $50,000 for preparing the product for market, which was used as a
fiIler in the manufacture of paper. operations extended over a period of
about 5 years when they were suspended on account of litigation among
the stockholtlers, ancl have not been resumed since.

MTNEBALS occuRRrNG BEyoND THE trMrrs oF TrrE lrappnl enne.

Allan'i'te and' sipylite.-The rare minerals allanite, a silicate, and sipy-
lite, a niobate of the rare-earth metals, have been found in some quantity on
the x'riar Mountain near Piney River about 4 miles northwest of r-.,owes-
vilie. very little exploration work has been clone but the minerals are
found associated with pegmatite dikes. They are of litfle value except
for their rarity and are mostly sold.to museums and mineral dealers.

Our knowledge of the Amherst County, Virginia, sipylite is due to
the careful investigations of Dr. J. w. Malletrb who ilescribed the mineral
as occurring at the northwest slope of r-rittle Friar Mountain, adhering
to and imbedded in allanite. An analysis of the mineral from this locality
by W-. G. Brown is given in Dana,s System of Mineralogy (page ?81).

cassiterite (tin ore).-The rrish creek tin area of Rockbridge county
is located about 10 miles west of the area mapped and described in this
report. cassiterite (tin ore) occurs principally in gr.eisen veins, which
traverse the inclosing granite in all directions, and have steep but varying
dips. The veins are usually narrow, measuring as a rule less than a foot
in thiclcress, although a width of several feet has been noted. The asso-
ciated minerals includd wolframite, arsenopyrite, pyrite, and beryl. fn
addition to these siderite, limonite, chlorite, muscovite, damourite, and
fluorite have been reported..

l[1fson, Tlomas L., Minera_] Resources of Virginia, L902, p. tZ2.
DMallet, J. W., Amer. Jour. Sci., l8ZZ, vol. t+,1. ZOZ i ibiai, ISSZ, vol. 22, p, 82.
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Ferruginous Conglomerate.

Boulders of feffuginous conglomerate were founcl at two places within
the area mapped; one locality is 100 yards north of Maple Run and 2

miles southeast of Lowesville, the other is 1.25 miles east of Rose Union,
near Tye River, but about 30 feet above the lowlands bordering the river.

In both places the conglomerate consists of gravel subangular to rouniletl,

ranging up to 3 inches or more in cliameter, and firmly cementeal together

by limonite which has been depositecl arounil the sand and gravel. The

Iarger pieces of gravel are derived from the syenite ancl contain feldspar

and blue qrartz. The smaller fragments axe more angular in shape and

consist for the most part of blue gtattz, ilmenite, ancl a little rutile'



GEOLOGY OF THE ORE.DEPOSITS OF THE ROANOKE.COUNTY 
AREA.

LOCATION AND TOPOGRAPHY.

The Roanoke ilmenite-apatite areaa is located in Roanoke County about
2 miles east of Vinton and 4 miles east of Roanoke City as shown on
the accompanying map, fig. 19. It lies on the basal slope ancl near the

Fig.

Scale iz*oa. 1 o 1 2 GMiles

Contour interval 1OO feet
I9.-Topographic map of a part of Roanoke County, Virginia, showing location

of nelsonite dikes 4 miles east of Roanoke Citv. (Based on the Roanoke sheet
of the U. S. Geol. Survev.)

aThe flrst published statement on the ilmenite-apatite cleposits of this area,
though brief, was by the senior writer in "Mineral Resources of Virginia,,, 1g07,
pp. 301-302.
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foot of the Blue Ridge on the northwestern or Valley side at an elevation
of about 11100 feet above sea-level, ancl just north of where Roanoke River
breaks through the mountains.

East of the area the country is roughly mountainous, rising in places

to an elevation of more than 2,500 feet, and is cut by many small streams
which d.rain southward into the river, but toward the west there stretches
a broad valley formed by the river ancl several large creeks that flow into it.
Map, fig. 19, gives a good general idea of the topography of the area.

HISTORY AND DEVELOPMENTS.

According to Mr. Ilorace M. Engle,o of Roanoke, Virginia, the occur-

rence of ilmenite-apatite bodies (nelsonite) in the Roanoke County area

was probably first noted by local parties about L890.' Some shallow open-

ings were reported made and some of the ilmenite-rich ore was submitted
to one of the Roanoke iron furnaces, but was rejected because of its low
iron content and high phosphorus. Irater, atlditional prospecting was done

on several farms within the area untler the direction of Mr. Engle, who

has devoted some time to the investigation of the material. 'When 
visitetl

ancl examined by the writers very little information of value coulil be

obtained, since the shallow openings were of some years standing antl hacl

badly caved. Su,fficient development work has not been clone on which
to base a definite statement as to the extent, especially depth, of the ore-

bodies. Like the Nelson County ilmenite nelsonite bodies, those of the

Roanoke County area show rather wide variation in the proportion of the

two principal ore minerals, ilmenite and apatite.

GEOLOGY AND PETROGRAP}IY.

GENERAL STATEMENT.

The ilmenite-apatite deposits lie wholly withiir'the cystalline rocks

of the BIue Ridge, antl at a distance of about 1.5 miles from their contact

with the Shenantloah limestone of Cambro-Ordovician age, which is traced

through Vinton in a northeast-southwest direction.
The rocks o the area are in an aclvancecl stage of decay from weather-

ing, anrl exposures are rare. The tlevelopment work accomplished does

not penetrate below the depth of rock decay. These conditions make it
impossible to accurately map the various rock formations, but the data

oPersonal communication Augl 19, 1912.
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obtainable are sufficientty definite to permit of drawing general conclusions
as to their probable mode of occurrence and genesis.

The rocks in the immediate vicinity of the ilmenite-apatite deposits

are holocrystalline even-grairular to porphyritic in texture, ranging from
moderately coarse-grainecl in the syenite and pegmatite to very flne-grained
in some of' the nelsonites. They are igneous in origin, are intensely meta-
morphosed, ancl are rlivisible into a number of types which show a close

genetic relationship like those composing the Amherst-Nelson counties
rutile area. While the processes of rock differentiation antl intrusion
appear to have been similar in the two areas, the original magmas were

probably clifferent in composition, for they have given rise to rocks that
asicle from their ilmenite and apatite contents, show important differences
in mineral composition. fn both areas the rocks show the effects of intense
metamorphism in the development of a foliated or gneissic structure, but
notable clifferences are observecl in the development of unlike seconclary

minerals. Ia the Amherst-Nelson counties area hornblende is of general
occurrence as a secondary mineral, while in the Roanoke CountSr area though
some secondary hornblenile is present, epidote is extensirrelv developed in
many of the rocks.

PRIIICIPAT.ROCK GROUPS.

Named in the probable order of their differentiation the principal rock
types of the Roanoke area axe: (1) Hypersthene-quartz syenite closely

simiiar to akerite, (2) pegmatite partly altered to a rock of unakite com-
position, (3) nelsonite, and (4) diabase. These are described. below in the
orcler namecl. The rock types (2) and (3) may in places ha,ve been approxi-
mately contemporaneous in formation, but this is inconclusive; since the
geologic relations were largely, obscureil by the depth of rock decay and
the scarcity of exposures.

Hypersthene-Ouartz Syenite

General character.-Of the four principal rock types identified in the
Roanoke County area hypersthene-quartz syenite is the most extensive.
ft forms the country rock surrounding the ilmenite-apatite bodies and is
cut by all the other intrusives. It is a medium greenish-gray rock of
coarse-grained texture ranging from even-granular to porphyritic, the
former (granitoid texture) predominating, and is usually gneissic in
structure.
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In the several specimens showing porphyritic texture orthoclase is the

porphyritically developerl mineral, the phenocrysts averaging about 3 cm.

in length and twinned on the Carlsbad law. Schistosity was not apparent
in all the hancl specimens. Megascopically orthoclase and plagioclase

feltlspars, pyroxene, and some quartz were identifled. Biotite is usually
present in small flakes and garnet is often abuntlant. . Graphite antl
ilmenite were observecl in several hancl specimens.

Microscopic character.-TJnder the microscope the rc,ck is found in all
cases to contain potash feldspar (orthoclase and microcline) antl soda-lime
feldspar (near andesine), pyroxene (hypersthene), -qu.arl'2, and ilmenite
or magnetite. Other minerals which are present in most but not in all
thin sections are biotite, apatite, and titanite, together with the seconclary

minerals hornblencle, kaolin, and ferrite (iron oxide stain).
Feldspar is the most abundant constituent and is composed of dominant

orthoclase sometimes intergrown with a second feldspar probably albite
as microperthite, usually a little microcline, ancl much plagioclase whose

extinction angles correspond closely to antlesine-oligoclase in composition.
The feldspars exhilit both poikilitic ancl granophyric textures, and are

twinned on the albite anil occasionally the Carlsbad laws. Zonal structure
was not observe[]. Granophyric texture is developed both in orthoclase ancl

plagioclase intergrown with quartz. The feldspar shows some alteration
to minute scales of kaolin more or less tliscolored from iron oxide.

Pyroxene, the next constituent of importance, r'aries in amount for
the thin sections studied. It is the orthorhombic variety hypersthene and

occurs usually in irregular plates of prismatic habit, exhibiting the usual
pleochroism antl cleavage, and is partly altered to fibrous pallgreen horn-
blende. Biotite, usually present in the hand specimens, is not shown in
every thin section. It is developed in small shreds of brown color, strongly
pleochroic, and exhibits the usual perfect'basal cleavage.

Quartz in all the thin sections studietl is developed in varying amount
as formless grains of variant size. It usually exhibits slight optical disturb-
ance from strain effects but granulation is seltlom noticeable.

Ilmenite or magnetite is always present but in greatly varying amounts.

It is generally developed in smaller masses than thg principal constituents
already mentioned. Apatite occurs both as inclusions in the other minerals
and occasionally as separate larger indivicluals. Sporadic crystals of
titanite and pyrite were identiffecl in several thin sections.

Garnet, so generally present and frequently in consitlerable quantity
in hand specimens, was not identified micfoscopically.
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Comparison with syenite of the northern Blue Ri,d'ge, Virgi'nia.-The
hypersthene-quartz syenite of the Roanoke County area is almost itlentical
with the coarse-grained dark gray syenite found on the west sitle of the

Blue Ridge in Greene, Matlison, and W-arren counties, Virginia.o The rock

ranges from massive to schistose in structure and is highly garnetiferous
in places. In hand specimens the rock from the two localities is indistin-
guishable; in thin sections they are identical except that monoclinic
pyroxene (diallage) is tleveloped with hypersthene in the syenite area of

the northern Blue Ridge.
According to Phalenb the unakite-bearing rock at Milam's Gap, lfadison

County, Virginia, is a hypersthene akerite (hypersthene-quartz-cliallage
syenite), a coarse-grained dark grayish-green aggregate consisting es-

sentially of feldspars and black pyroxene. Thin sectiorrs of the syeniie

show the following minerals: Orthoclase, plagioclase, orthorhombic antl
monoclinic pyroxene, quartz, microcline, iron o:e, apatite, and zircon, with
the alteration proclucts epidote, chlorite, and sericite. Hornblende is

essentially absent in the thin sections.
An analysis of the syenite from the Roanoke County area was not made,

but since the rock is essentially identical with that from the northern
Blue Ridge area, the analysis made by Phalen on specimens of the syenite
from Milam's Gap is given below to indicate the general composition of
the Roanoke County rock.

An aty sis of hyp ersttt ene ak erite ( hy persthene- quartz- diatlag e sy eni'te )
from M,ilam's Gap, V'i,rgini'a.

,*. 4. 
"""*-,'r"",
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Al.Oc
Fe"O"
FeO .
Mo-f)rrrh v

CaO ..
NaiO
K.O ..Trr\
DNr 1v5 .

MnO
CrrO,
ZrO"

Per cetut.
60.52
16 .99
0.60
b. DJ
1 .59
4.58
2.83
3.91
0.88
0.74
0.25

lfrace
Trace

Total . 99.42

'Including TiO,.

aWatson, Thomas L., Mineral Resources of Virginia, f907, p. 32.
bPhalen, W. C., A New Occurrence of Unakite, Smithsonian Misc. Coll.' 1904'

vol. 45, pp. 306-316.
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In the "Quantitative System" this rock falls into class II (tlosalane),
order 4 (quardofelic), rang 3 (alkalicalcic), and subrang 3 (sodipotassic).
It is designated by the subrang name hurzose, a:nd its position may be

expressecl as follows:

Symbol
tr. 4. 3. 3.

Name
Ilarzose

Pegmatite Partly of Unakite Composition.

While welfdefined pegmatite dikes traceable at the surface were not
observecl, clue very likely to the extensive surface decay of the rocks, several

specimens collected from tlifferent localities within the area, strongly
suggest their pegmatitic derivation. The general character of these is best

indicated by separate detailed descriptions which follow below.

Specimen 232 was taken from a prospect pit in the bluff below the
county road. about 1.5 miles west of Vinton. It is a coarsely crystaliine
rock composed essentially of bright green epidote, pink orthoclase feldspar,
ancl clear white quartz, with a few scatteretl grains of pyrite. The speci-

men is considerably weathered. and the feldspars aie partly kaolinized. The
rock was probably derived from a pegmatite through epiclotization of the
feldspar, for though greatly aitered it still shows hexagonal prisms of
quartz, and intergrowths of qrartz and feldspar. The average size of the
individual minerals is about 0.5 cm.

Under the microscope a thin section of the rock showeil the principal
minerals yellow-green epidote, qrartz, ancl some orthoclase together with the
lesser minerals biotite ( ?), apatite, titanite, the alteration product
leucoxene, and microscopic inclusions of rutile. The general character of
the epitlote intlicates that it is of secondary origin. It is developed in small
granules and larger platy forms of prismatic habit, ancl is noticeabiy
pleochroic. Titanite shows its usual characteristic crystal form in cross

sections. Qrarl,z exhibits strain shadows, shows some gianulation, and

contains microscopic crystals of dark red rutile. Biotite is present in small
amount and is considerably altered. Apatite is developed chiefly in large
elongated forms.

Specimen 24lwas broken from a piece of float about half a mile north-
east of the one last descibed (Spec.232). It is a light biue quafi'z
probably of pegmatitic origin, for it contains small stringers ancl lenses of
intergrown kaolinized feldspar. Microscopically a thin section of the rock
showed it to be composed essentially of qaartz intergrown with stringers
of felclspbr altered to minute scales of kaolin. The quartz exhibits pro-
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nounced wavy extinction and contains abundant inclusions, the principal
ones of which are irregular, minute, dark dustlike particles, a few rutile
needles and'crystals, ancl a greenish mineral of larger size anil altered, the

exact nature of which was doubtful.

Nelsonite.

General statement.-Nelsonite is developed in numerous clikelike bodies

in hypersthene syenite within the small area stutlieil. Accurate observa-

tions on the size and shape of the masses and of their geologic relations to
the inclosing rock were renilerecl difficult on account of the residual rock
decay, exposures of fresh rock not being observetl. The many shallow

prospect openings made on the nelsonite bodies about 8 years ago were

largely fitled at the time of the field examination in September, 1910,

hence their geologic relations were largely obscurecl. Sufficient clata were

procured, however, to indicate that the nelsonites have close similarity
in form and motle of occunence to those of the Amherst-Nelson counties

area clescribed on pages 100-155.
Mega,scopic character.-The nelsonjte of the Roanoke County area is

very dark gray nearly black in color, fine-grainetl antl porphyritic in texture,
and usually foliated in structure. Apatite is the porphyritically developed

mineral which occurs in phenocrysts, sometimes exhibiting goocl crystal
form, and ranging up to 4 or 5 cm. in diameter. The rock usually shows

alteration from weathering, ancl some surface specimens exhibit the char-
acteristic pitting from the removal of apatite by solution.

The general direction of strike of some of the botlies, cletermined from
float and prospect openings, was N. 60" to ?0' E. By this means one of
the nelsonite bodies was traced on the surface for a distance of more than
a quarter of a mile, while most of them could be tracecl for only short
rlistances. The greatest width observecl was about 50 feet.

Mineralogically the rock belongs to the ilmenite-apatite variety of
nelsonite, rutile not being observed either in hantl specimens or in thin
sections except as occasional inclusions in other minerals. Epidote, biotite,
and chlorite are frequently preseni, the former sometimes in considerable
quantity, while feldspar is less often observed. Other minerals not apparent
in hand specimens are itlentified in thin sections uncier the microscope.

The frequent presence of epidote, sometimes iu large quantity in the nel-
sonite bodies of this area, is a characteristic feature not shown in those of
the Amherst-Nelson counties area.

:a+1
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The nelsonite float in this locality varies much in appearance; some

of it exhibits porphyritic texture and is composecl entirely of apatite ancl

ilmenite, while other pieces show large amounts of seconclary epidote and
chlorite. Much of the ilmenite is altered to limonite and some large pieces

of nearly pure limonite were found. The ilmenite of this area apparentll,
alters to limonite more readily than that of the Amherst-Nelson counties
area, and it is usually more stiongly magnetic.

M,i,croscopic character.-The microscopical petrography of the nelsonite
in the Roanoke County area is comparatively simple, anal as stated above

it belongs to the ilmenite-apatite variety of the rock. Every thin section

examinecl revealecl the presence of several silicate minerals in addition to
the principal ore minerals, ilmenite ancl apatite. The list of silicate
minerals is fairly large, but not all of them occur in any one of the thin
sections and several are very sparingly developed. The proportion of ore
minerals to silicate minerals is variable, with the former predominant.
Irikewise the ratio of the ore minerals, ilmenite and apatite, is variable,
although for the thin sections studied ilmenite is usually in excess of.
apatite. Some specimens, however, show apatite to be in excess of ilmenite.

Microscopically the nelsonite .is composecl of ilmenite ancl apatite as

the principal constituents, with a little unstriated feldspar, sometimes much
biotite, occasional qnartz, and in one thin section hornblende ancl less

pyroxene. Much secondary epidote is developed the exact derivation of
which is in tloubt. It has probahly been derived irr part at least by the
interaction of ferromagnesian minerals and feldspar, although its intimate
association at times with apatite suggests that the alteration of this mineral
has enterecl possibly in part into the formation of epidote. The alteration
products of ilmenite and apatite, leucoxene and osteolite, are alevelopeal to
a limitecl extent. Ilydrous oxide of iron as a yellowish-brown stain is freely
developed from the alteration of the iron-bearing minerals, chiefly ilmenite.
Pyrite occurs but by no means so abundantly as in the nelsonites of the
Amherst-Nelson counties area,

The relations of iimenite and apatite to each other suggest their
probable approximate contemporaneous formation. In some thin sections
the two minerals exhibit the relatiqns of intergrowths; in others ilmenite
contains inclosures of apatite, and apatite sometimes. carries inclusions of
ilmenite. The stronger tenclency of apatite to develop crystal outline
suggests thai, in some cases, it probablv crystallized slightly in aclvance of
ilmen ite.
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,INDIVIDUAL DESCRIPTION.

On the Bush farm 1.5 miles east of Vinton several nelsonite dikes have

been located. One of these is on the hill about 50 feet south of the county

roacl. Much float was founal extending for a distance of about 250 yards

in a direction N. 60' E. Several prospect pits were sunk along the line
of this dike but had filied prior to the field examination in September, 1910.

Three specimens (229, 230, and 231) were selected from the freshest

material obtainable. These three specimens are separately described beiolv.

Specimen 229 is a porphyritic nelsonite exhibiting foliatetl structure.
It consists of numerous phenocrysts of white apatite imbedded in a very

fine-grainecl, bluish-gray grouncl-mass of chiefly ilmenite. The apatite

crystals are for the most part clrawn out into thin bands 1 cm. or more in
length, 2 to 3 mm. wide, and only a fraction of 1 mm. in thickness. A
greenish-brown secondary mineral probably epidote is present in irregular
branching streaks. Microsgopically the rock is composetl of ilmenite,
apatite, unstriated feldspar probably orthoclase, and titanite, together with
secondary epidote, leucoxene, anil iron oxide staining. Ilmenite and apatite
show the same relations as described below uncler specimen 231. The

feldspar exhibits war'y extinction and slight granulai,ion, ancl contains

inclusions of probable ilmenite.
Specimen 230 is a porphyritic nelsonite. The apatite phenocrysts are

prismatic in habit, sometimes exhibiting good crystal form, and range up

to 3 mm. in width anil 1 cm. in length. They are imbedded in a ground-

mass of bluish-black ilmenite inclosing numerous small grains of apatite
which show occasional hexagonal cross-sections. The large apatite crystals
are partly tlecomposecl and removecl by solution, but a few of the smaller
ones axe fairly fresh. A little altered biotite is present. Where long
exposed to weathering the rock surface becomes dark brown from the pro-
duction of limonite and deeply pitted by the removal of apatite. Under
the microscope a thin section of the rock shows the principal minerals to

be ilmenite and apatite chiefly, much biotite, some titanite, ancl a few
grains of unstriated feldspar, together with much epidote associatecl usuallr'

with ihe apatite, sorne leucoxene, osteolite, ancl iron oxide as stain.
Ilmenite contains inclosures of apatite, and apatite carries inclusions of
ilmenite some of which exhibit crystal bounclaries. The biotite folia are

considerably bent, show strong absorption and goocl cleavage, and are partly
altered to chlorite and epidote. The thin section is gteatly altered.

Specimen 231 is similar to 229, but has undergone more alteration,
the ilmenite having changed largely to limonite. Microscopically a thin
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section shows ilmenite and apatite to be the principal minerals with much

seconclary epidote and a little leucoxene. Ilmenite and apatite show the
same relations as described above unaler specimen 230. Along the margin
of a part of the apatite and extending towartls the center of inclivitluals,
the two minerals strongly exhibit the relations of intergrowths, but more
often the apatite is crowded. with skeletal ilmenite inclusions.

About a quarter of a mile southeast of the nelsonite bodies described

above occur two or more dikes on which some prospecting has been tlone.
The larger of these coulcl be tracecl for more than a quarter of a mile
in a direction N. 65" E., anil in one of the surface cross-cuts it was exposetl
for a maximum width of about 50 feet. It is a gray rock containing apatite
as the dominant mineral in grains ranging up to 2 mm. in tliameter, with
some chlorite ancl very little ilmenite. A smaller dike (Spec. 245) that
appears to nearly parallel the larger one is a fine-grained, dark bluish-gray
nelsonite. A thin section of this rock uncler the microscope shows it to be

very f.ne-grained in texture, ancl composeil essentially of ilmenite and
apatite, a little biotite, anil a sprinkling of quartz. The relations of the
apatite, ilmenite, ancl quartz, suggest nearly simultaneous crystallization,
the evidence for this consisting chiefly of mutual inclosure and penetration
of the three minerals. Apatite shows some alteration and contains tlust-
like inclusions of probable ilmenite. Quartz carries inclusions of rutile
in grains and crystals and exhibits some optical disturbance from the effects
of dynamic forces. The few shrecls of light brown biotite display the usual
pleochroism ancl cleavage. Several crystals of titanite were notecl, antl
a sprinkling of deep red crystals of squarish outline occur which
suggest secontlary rutile. The thin section is freely discolored from iron
oxide staining. (See Pl. XXXV, fiS. 1.)

About 100 feet north of the clikes first describerl (Spec. 229 Lo 23L)
is another (Spec.233) that is similar antl approximately parallel, exposed

along the steep slope below the north side of the road. A number of
prospect pits ancl clitches have been opened along the course of the
dike and there are several large outcrops indicating a maximum width of
about 30 feet. A specimen of the rock taken from this dike (Spec. 233) is
composed of apatite in grains about 1 mm. in cliameter, some of which
show hexagonal cross-sections, with hornblende, epidote, ancl ilmenite
filling the interstices. Epidote also occurs in more or less lenticular masses
3 to 4 cm. in iength, and a small amount of pyrite is present. Under the
microscope thin sections of this rock show it to be composecl of apatite,
ilmenite, hornblende, a few pieces of pyroxene, an occasional grain of
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I,'ig. 1.-Irine grained ilnrenite nelsonite.
Single nicol. trlnlai'ged 30 dianeters

TJUI,T,D'IIN III A I'I,A'TIC XXXV.

Light alens ap:rtite. clalk alels ihnenite.
Specinen No. 2'15.

Fig. 2.-Epidote-bearing ilmenite nelsonite, showing apatite
areas), ilmenite (black areas), and epidote (medium
crossed. Inlarged 30 diameters. Specimen No. 233.

(light nearly white
dark areas). Nieols

Fig. 3.-Epidote-bealing ilmenite nelsonite. Same as flg. 2. Nicols clossed. En-
largeil 30 diameters. Specimen No. 233-8.

PHOTON,IICROGRAPHS OF IL {ENI1'I]] NELSONITT FROX{ ROANOI(E COUNTY.
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l'ig. l. liirrc-glnined ilnreuite nelsonite.
Sing)e nicol. ll-nlarsed 30 dilrueters

I3ITI,I,D'I'IN III A I'I,A'|ID XXXV.

Fig. 2.-Epidote-bearing ilnrenite nelsonite. shou'ing apatite
areas ) , ilmenite (black areas 1 , rrnd epidote ("-",li.rtrt
crossed. Enlarged 30 rliameters. Specimen No. 233.

T,iglrt ulcas rl)utite,
-Spccinren No. 2.1i.

rlnLk it|ens i lrnenite.

( light ne:rrly rvhite
dllk areas). Nicols

Nicolr crossed. En-

ROANOrili COLiN'fr.

Fig. 3.-lipidote-bearing ilmenite nelsonite. S:rme rrs fi.g. 2.
lalged 30 diarnetels. Specimen No. 233-8.

I)HOTO}I] (]IrlOGIIAPHS OI.' IL}IENITE N]'I,SONI1'N FTiOI{
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titanite, together with much secondarv epidote and some leucoxene. The
two thin sections are greatly altereil and stained from the presence of
much free hydrous oxide of iron derived. in part from the oxidation of
pyrite. Several shreds of lighi-colored mica were identified. Apatite
shows a noticeable tendency toward hexagonal outline and was probably
the first mineral to crystallize from the magma. Hornblende is developed
in irregular platy forms, a part of which is bluish-green ancl pleochroic,
frequently displaying both cleavages; the remainder is the bluish "reedy"
form and is certainly seconclary. It is entirely probable that none of the
hornblende is original or primary. Pvroxene is less abundant than horn-
blende from rvhich it can be distinguished only by parallel extinction
because of discoloration from the development of iron oxide. Epidote of
pronounced pleochroism is abundantly developed in grains and platy forms,
the latter often exhibiting good cleavage. This mineral is secondary anal,
as a ru1e, occupies distinct areas but it is frequently closely associated rvith
the hornblende. Plate XXXV, figs. 2 and 3, shows microphotographs of the
tl'o thin sections of this rock.

About a quarter of a mile northeast of the nelsonite dike last described
(Spec. 233) is another (Spec. 2a3) the strike of which, as exposed by a

number of surface openings, is approximately N. 6?o E., and the lengtir
not less than 200 yards. The rock is composecl of white apatite ranging
from grains almost microscopic in size up to those (phenocrysts) 4 or 5

cm. in cliameter, biuish-black ilmenite, and a littie chlorite or altered
biotite. Some of the apatite shows roughly hexagonal outline. Studied
in thin section under the microscope the principal minerals are ilmenite
and apatite, with some biotite ancl secondary epidote, a single grain of
quartz, ancl much free hydrous oxiile of iron as stain. Ilmenite and apatite
show the usual relations, that is, the latter exhibits a marked tendency
towarcl crystal outline, is partly inclosed by the ilmenite, and probably
crystallized in advance of the ilmenite. The apatite is greatly altered.

On the Hutchins farm about 600 yards farther north much nelsonite
float is found (Specs. 235 and 239), indicating the presence probably of a
large dike, but no development work has been done and there are no out-
crops. A stone wall in the vicinity is constructed largeiy of the nelsonite
float. rn a gully near this point an occurrence of nelsonite, in resicrual
soil ilerived from the country rock (syenite), was observed which had the
appearance of a segregation rather than of a true dike intrusion, but the
rveathering was too great to permit of drarving definite conclusions.

4+J
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Diabase.

Only one diabase dike was obserr.eil rvithin the limits of the area, ancl

that l-as in an aclvanced stage of decay frorn l-errthering. The countlt road
crosses the dike about 150 yarcls east of Mr'. Hutchins' dll'elling house.

The dike rvas too much altered to obtain a hanrl specimen, but so far as

coulcl be determinecl it presentecl no unusual features.

GENESIS.

It l-ill be readill observed from the iletailed clescriptions alreadl' p;iven

of the rock types forming the small area rnapped, that the rocks are igneoLrs

in origin, and shorv close genetic relationships in mineral composition. The
writers consider them to be clifferentiation products of a common magma,

formerl in the probahle orcler given on page ?3?.

The relationship of tlie syenite antl nelsonite is shorvn (1) by their
close association, and (Z) by the presence of similar minerals in each. The
two rocks difier from each other mineralogically more in the proportion
than in the kincl of minerals composing them. In general the principal
rninerals in one typc make up the minor accessory minerals in the other.
Feldspar, pyroxene, quartz, and biotite, are the principal silicate minerals
in the syenite, and each of these has been cler,eloped, though unequally,
sevetal very sparingll', in the nelsonite. Likervise the dominant minerals,
jlmenitc ancl apatite, of the nelsonites occur as microscopic accessor;' nril-
erals in the s1'enite. )io trccount is takerr here of the secondary sillcate
minerals, epiilote, chlorite, ancl hornblencle.

Tlnfortunately the exact natrLre of the contacts formed b,v the syenite
and nel,qonite coulcl not be cletermined, since thev r-ere obscurecl by the
profound rock clecay which mantles the entire area. It toultl notbe ascer-
tainecl therefore rvhether the bounclaries between the tn'o rocks were usually
-ql'rarp ancl well clefined ol l-hether they rrere 1argel1'' gradational. This is
important since it would greatly aici in cletermining r.hether the nelsonite
boclies rvere intruclecl into thc s1-enite after that rock had completely
soliclifiecl, or rvhether thev l'ere formed earlier antl are to be regardecl as

tnore closelv akin to magrrratic segregations than to true igneous intrusions.
From the gerrelal nrode of occurrence of these nrasses in the syenite and

their close similarity to those of the Amherst-Nelson counties area they
are regardeil by the u-riters as magmatic basic segregations somewhat
similar in mocle of origin to the rvell-l<nol'n segregations of titaniferous
nagnetite in gabbros. 'Ihev represerrt clifferentiations from the magma
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which gave rise upon cooling to the syenite ancl other igneous rock types

in the area, and in point of time their formation rvas probably approxi-
mately contemporaneous wjth that of the inclosing syenite.

AGE.

'I'here are no conclusir,e data at hand on rvhich to base a definite state-

ment as to the exact age relations of the rocks forming the small area

mapped. The rocks are all igneous in origin, are in general intensely meta-

morphosed, and the area forms a part of the Blue Ridge proper. The

eastern edge of the Cambro-Ordovician sediments is removed only a short
clistance west of the area ancl farthcr down slope. Bearing these facts in
mind and our present knorrleclge of the Blue Ridge in general, the area

may be assjgnecl pror,isionally to the pre-Cambrian. l\rhether the single

clike of diabase obsened in the area should be inchided, or assigneal to a

Iater periocl of tinre, is doubtful, since its extreme alteration from r,veather-

ing renderecl its exact nature difficult and uncertain.



GEOLOGY OF THE ORE-DEPOSITS OF GOOCHLAND AND
HANOVER COUNTIES.

IOCATION OF RUTIIE DEPOSITS.

The recently cliscovereil rutile deposits near the central-eastern nargin
of the Piedmont province in Virginia, are locatecl in the northeastern
corner of Goochland County and in the adjacent extreme southwestern part
of Hanover County. They are further located on the Bowe ancl Brown
farms near Gouldin and Waldelock, Ilanover County, 25 miles northwest
of Richmond, ancl on the Nuckols farm between Peers and Johnson's
Springs, Goochland County, 1? miles west of Richmond (see map, fig.20).

The llanover County deposits lie about halfr,i'ay between the main line
of ihe Chesapeake and Ohio railway on the north and the James River
divisio t of the same railway on the south. Thev are about 12 miles nearlr.
due south from Beaver Dam station on the main 1ine, and about the sarne
<listance northeast {rom Maidens, a station on the James River division of
the Chesapeake and Ohio raihva1.. The nearest railway station to the
Goochland Countr deposits, distant 6 to 8 miles south of those in Hanover
Countr'', is Sahot, on the James River division. about 6 miles south 15o-20'
\1'est.

HISTORY.

'Ihe discor,ery of rutile in Goochland anil Hanover counties, l-irginia,
\ras announced in 1910. Loose rutile ranging in size from very small
grains to masses rveighing more than 20 pounds, associatecl with ilmenite,
which litter the surface in i;he iocalities named above antl derived. b1.

weathering from a certain type o{ underlying rock (pegmatite), led to the
identification of the mineral. At one place on the Nuckols {arm near Peers,
in Goochland County, the remnants of former prospect openings are stil1
visible. These are reported to have been made more than 100 vear.s ago
in search for ruby silver, and it has been suggested that the plospector-"
probablr mistook the red rutile for silver ore.

The localities were visited by X'rank L. Hess, of the U. S. Geologicai
Sunef in nlar-, 1910, who was the first geologist to clescribe them.o Thev
rvere subsequently visited and studied bv the writers in December, 1910.

cl{ess, I'rank L., Neu,'Rutile Deposits ne:rr Richmond, \ra., }Ing. World, 1910,
xrxiii, pp. 305-307.
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Fig' 20.-Top-ographic map 9j a part of Goochrand and Hanover counties, virginia,
thoying location of rutile ar-eas. (Based on the Goochrand sheet of the u. s.Geol. Survev.)
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TOPOGRAPIIY.

Map, figurc 20, adoptecl frorn the Goochlancl sheet of the II' S'

(,leological Sun'ey ancl covering parts of Goochland and Hanovel counties,

gives a goocl generzrl jc'lea of the topographl' of the eastern Piedmont border

I'egion in $,hich the rutile deposit-s near Peers, \\raldelock, and Gou)din,

occrlr. The arca comprised within the limits of the map a\-el.ages about

300 feet abovc sea-ler,el and is drained bv Sonth Anna ancl Jamcs rivers,

ancl their tril:ltaries. It is a part of a moileratel-1' dis."ected plateau surface,

without marked clevations founcl over any of its parts. The range in

elevations is from less than 150 feet in the James River basin ancl about

200 feet in the Solth Anna yalleri, to more than 350 feet oyer parts of the

clivide rcgion betl-een the trvo drainage systems.

The rutile area at Pcers in Goochlancl CountY lies in the rLpper drainage

basin of Trckahoc Creck, a tributary to James Rir,er, u'hile the cleposits

near \Iraldelock and Gouldjn in Hanover Countl' lie close to South anna

Ritct, on the south antl north sides oJ the river, respectively'

GENERAI GEOLOGY AND PETROGRAPHY'

INTRODUCTORY STATEMENT'

In common with the Pieclmont province in g-eneral, the rocks of this

eastern borcler region in vhich occul the rutile deposits o{ Goochland ancl

Hanover counties, are in an aiivancecl stage of c-1ecay, and the hard

r-.nocleratclr. flesh rock." are concealed bcncath tlie cover of r,arjable thickness

derivecl b;,- the normal processes of ri'eathering. Exposures in the legion,

tl.rere{ore, of even mocleratell,- fresh rock are rare except along ancl in the

vicinity of stream coulses. Bccause of this fact and in tl'Le allsence of

suflicient development rlork (openings), the exact dctailed geologic relations

arc difficult of complete and accurate interpretation. Horveler, rve llelievc

that our studies in the region have becn sufficientlv detailed to clefinitelv

siate the principal fact-q relatjng io the geologv.

As r.egards rock (irpes) associations, the rutile occurrcnce in Goochlancl

anil Hanover counties is unlike that of the Amherst-Nclson counties area,

but the two areas are similax in that rutile is associated with ilmenite, anil

in each area the accompanling rocks arc igneous in origin. Nelsonite, an

important rock t1,pe in thc Amherst-Nelson counties and the Iloanoke

County ar0as, iS not known to'occur in Goochlancl and HanoYer countjes.

Incleed there js an alniost entire absence of apatitc from the several rutjle

localities in the ]atter counties.
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PR,INCIPAI ROCK GR,OUPS.

\\there observed the rock exposures sholr, the corntry rock to be a
granitic gneiss of r.ariable composition, chiefly micaceous (biotiie anit
muscovite) and at time-q hornblendic, cut in many places by numerous [hkes
of acid (granitic) pegmatite some of rvhich arc r'tile-bearing, and a variety
of basic igneous rocks, incl'ding cliorite, cliabase, and pvroxenite. These
are describecl beiow in the order namecl.

Gneiss.

ilhe country rock of the region is a gneiss of variable composition, and
contains much biotite and hornblende, with the usual large quantities of
feldspar ancl quartz, the proportion of rvhich varies frorn placc to place.
The gneiss band.s containing biotite as the principal dark minerai alternate
in some localities at least u'ith thosc containins ]rornhlencle. This is r,ell
shown in a fresh section of the gnei-*s (garnetlferous) erposerl jn ilrc
railroacl cut just east of Sabot. rn other places the gneissic banils are
composed almost exclusively of rvhite felclspar, r.ith usually some colorless
rnica, and a little quartz. The highly felclspathic gneiss is extensively
cler,eloped in the several rutiie areas extending from the Bowe farm in
llanover county, southri'arcl 8 miles to the N'ckols {arm in Goochland
countv, and probably farther. A thin section cut from feldspar collected
frorn the niore feldspathic phase of the gneiss orr the Brorvn farm at
\valdelock shows it to be perthitic orthoclase, har,ing good cleavage ancl
free {rom inclusions.

The rock varies from meclium- to moileratelv coarse-granular in texture,
tLncl from light ncarly rvhite to dark in color, accorcling to rvhethel the
clark minerals, biotite ancl hornblende. are present and their quantity.
1'hev exhjbit pronouncecl foliation or bancling. rrhile a chemical analysis
of the rocl< has not been mac1e, thin sections of the gneiss studied uncler
the microscope conform in composition to an original acicl igneo,r-rs rock,
corresponding to a granitic tvpe more closelv allied to quartz monzonite,
and the bancled structure to be seconclary intluced by regional clvnamic
fo rccs.

l{icroscopically the essentitrl niinerals are ferdspar (orthoclase r.ith
variant microcline anrl much plagiocla"ee near oligoclase) ancl quarrz, $-ifli
rvhich are associateil in different bands of the rock bioiiie or hornblende,
ancl in the feldspathic portions muscovite, together riith garnet, titanite,
ancl anatite.
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The gneiss is cut b1- numerous pegmatite dikes which usually lie rn
fo iation planes, ancl sonle of rvhich are rutile-beaxing. It is aiso cut

dikes of basic igneous rocks of the several t.vpes described below.

Pegmatite.

Pegmatite dikes, ranging from several inches to 4 feet ancl more in

v,idth, o{ Iight color and granitic composition, cut the gneiss rather abun-

dantly in places. They lie rnostlv in the structure planes of the gneiss

and like the inclosing rock haye been masheil and rentlered, schistose by

pressure effects. Much of the feldspar has been granulated and the quartz

is frequently mashed into lense- or stringer-like masses' Likewise the

larger masses of rutile shorv granulation similar to the feidspar' The

pegmatite bodies cutting the gneiss exposed in the railroad cut east of

sabot are coarse-granular and massive, and the feldspar is chieflv of pink

or flesh color. Rutile was not observed in any of them'

Like ihe inclosing gneiss the pegmatites are invariably decomposed

for a considerable depttr- belorv the surface' In many cases lhe feldspars

have reached an advancecl stage of kaolinization, which frequently renders

the identification of the species almost or entirely impossible' In some of the

freshest specimens, hor,vever, tr,vinning strire were ptainly visible on cleavage

surfaces of a pa"t of ihe feldspar (plagioclase), while other grains could

be as definitely identified as a potash variety, orthoclase or microcline'

chiefly orthoclase.

The pegmatites are highh' feldspathic, containing both potash and

sotla-lime varieties lvith some qtattz, parily of the dark smok,v variety'

less muscovite and biotite, and. in sorne rutils associateil with ilmenite

(P1.XXXVI,fig.1).Thertrtileisanoriginalconstitrrentofthedikes
and occurs in grains and masses up to many pouncis in rveight (fig' 21)'

The rutile-bearing dikes, exposecL by pro-rpecting on the Bowe anil Nucl<ols

farnts, are described on pages 258-260.

l{icroscopic stuily of thin seciions of the pegmatites serves only to

confirm the mineral composition and textures described above. Both

potassic and sodic feldspars (orthoclase and plagioclase) occur, the former

g.reatly in excess in some, and the two in nearly equal proportions in others.

Sericitization ancl kaoljnization of the feldspars are pronounced. Tn adcli-

tion to the foliated structure shown jn hand specimens mashing of the

fcldspars and quartz is emphasized in thin sections under the microscope.
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quartz ancl rutile. l,ight-colored

RUTILN AND QUARTZ.

Fig. _l.-Polished section of a piece of rutile float on the llowe farm near Goulden.
I{anovel Countl'. Shon-s fine bron-n-retl rutile r,viilr interqrown ilmenite. The
pegmatite dil<e fron lr-hich the rutile'weathered hrs Lten mished until the rutile
is squeezed into oval-shaped anri lenticul:r. masses betrveen which are fine
glaluJal pnrticles of.tLe Jrme mineral; and the whole subsequenily f12g1.,..6

'.ith_ 
joints _ryn-ni'g in two directions. (collected by tr'rank i. H..*. photo-

graphed by Lr. S. Geol. Surve5'. ) Natural size.

X'ig. 2.-Section of specimen showing intergrown
zrreas quartz. dark areas rutile. Natural size.

RLITII,E ORH ANI] INTERGROWTHS OF
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Fig. l.-Polislred section of a picce of lutile llorrt on tlre Rol'e firlm neal Goultlen.
llrrnor-el Countr'. Slr,,u-s fi u" l,r.ou-n r.ed i.utile u i|r intergrol-n ilmenitc. l'he
pegtttatitc tlike flom rrhich tho lutilc l-enthelctl lrits L:en ntasLed until tJre rutile
is sllucezed into ovrrl-shrIecl ant'l lerrticulrl milsses betrvcen rilricli are line
g1.ttltrliLr palticles of 1.lte s:rrne rnineral; and tlre rrhole subsoquentlv fractured
n'ith joi'ts lunni'g in tl-o rlirections. (Llollected br. Fr.anl< i,. tteis. photo-
suphed br Li. S. deol. Strrr-ev.) Natural size.

Fig. 2.-section of- specirnen shos'ing interglou'n quartz and mtile. Light-colored
ilte2r,s qurr.tz. rlark irre:Ls rutile. Natural size.

RI.'I'II,E ORH ANI) I\TERGROWTHS OI.- RUTII,E AND OUARTZ.
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lIJi[\NI frstt7 |_I=ft] LI,iIilllllil\\l\\l l/..'z(',,'rl I 'l'\l Llt
6neiss. Pegmatito Rutila Oecoyed gneiss

ond pcAmoiito

X'ig. 2l.-Sketch _of pegmatite ilike in Goochland County, yirginia, showing its
relations to the inclosing granite-gneiss and mode of occurre-nce of rutile.-

^ Diorite.

Diorite is found at a number of localities in the district, but the ex-
posures are poor, and the geologic relations difficult of interpretation,
because of the depth of residual rock decay. Exposures of the rock that
afiorclecl reasonably good specimens were notecl on the roacl between Maid.ens
station and the Bowe farm (Spec. 248), on the Brown farm at Waldelock
(Spec. 257), ancl on the Bowe farm 500 yards north of South Anna River
(Spec. 253).

Hancl specimens of the rock from the several localities mentionecl above
show diorite of dark greenish-gray to greenish-black color, and ranging
from fine to coarse even-granular in texture. They are essentially massive
although seyeral specimens exhibit faint schistose shucture. Black, cleava-
ble, hornblencle in grains ancl prismatic crystals ranging up to b by 8 mm.
in size, is the dominant mineral, with feldspar, a little qvartz, ancl tarnishecl
sulphides (pyrite chiefly) visible, megascopically. The hornblende indi-
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viduals average larger in size than those of feltlspar. Twinning strire are

observecl on much of the freshest feldspar. Much of the feldspar, howevet,

is more or less altered and chalky in appearance. Epidote is readily visible

with the aid of the pocket lens.

Thin sections of the rocks show no unusual features when examined

uncler the microscope. They are composeal of fine- to coarse-granular

mixtures of hornblende (chiefly) anil plagioclase felclspar, with accessory

qttartz, orthoclase, titanite, and apatite, together with secondary epidote,

colorless mica, ancl iron oxicle. Ilornblende of brown to green antl blue-

green color occurs mostly in irregular platy forms, Iess often in euhedral

crystals, and usually exhibits good cleavage ancl strong absorption. Inclos-

ures of qte.artz and feldspar having rounded outlines are notecl in some

of the larger hornblende individuals. Lime-soda feldspar (plagioclase)

is the next most abunclant mineral. It is quite fresh in some thin sections

but in others its substance is largely obscurecl by alteration products.

Limonite pseudomorphs after pyrite are noted in thin section 253. Quartz
is subject to wide variation in amount, being developed but sparingly in
some thin sections and fairly plentiful in others. It is partly seconalary

in some cases.

Diabase.

Only one occurrence of diabase was noteal by the writets in the rutile
areas of Goochland and Hanover counties. This was observecl on the Bowe

farm a short distance nolth of South Anna River. It is a normal Mesozoic

cliabase of fine-grainecl texture and blue-gray colo{. tlnder the microscope

a thin section of the rock (Spec. 25a) shows typical diabasic texture antl

is composecl of plagioclase feldspar (labradorite), augite, antl magnetite.

These present no unusual characters for a diabase'

Pyroxenite.

Pyroxenic masses (Specs. 250, 251,255, and' 260) probably itikes, are

founcl on the Bowe farm (Specs.250 and 251), Hanover Co'unt;', anil on

the Brown (Spec. 255) antl Nuckols (Spec. 260) farms, Goochland County.

The occurrences notecl on the Bowe farm are exposeal in some of the open-

ings made in prospecting for rutile.
The pyroxenites are meilium- to coarse-gianular, massive, dark rocks,

exhibiting distinct bronzv luster, more or less altered from wbathering,

ancl discolored from iron oxicle. In addition to p1'roxene, ranging up to
more than an inch across, aicessory quartz .probabl;' seconclary in most
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cases, pyrite and pvrrhotite, and ilmenite or magnetite (Spec. ?60) occur.
Specimen 251 exhibits several areas, measuring more than an inch in
diameter, cornposed of qua :tz mostly of blue color and roundecl outline.

Thin sections shorv the rocks to be composed chiefl], of nearly' co oriess
non-pleochroic pvroxene, having good cleavage development, and frequentiy
crowclecl opaque brown inclusions arrangerl in definite positions. These
are der.elopeil as plates, rods, and grains oriented in part parallel to the
cleavage, and in pa t at angles to this direction. Some of the inclusions
rvere identified as rutile, but most of them were indeterminate.

The accessory minerals include ilmenite or magnetite, biotite rvhich
is partly secondary, chlorite, and in thin section 250 some coloriess garnet
filled with inclusions ancl associated with a little secondary quartz. The
sulphides, pyrite and probabli' some pyrrhotite, were identifietl in hand
specimens of the rock, but rvere not obserr,ed in thin sections.

The Rutile Ore.

GENER.{L CHARAC'IER.

n[egascopic ch,aracter.-Megascopically the rutile occurring at t]re
several localities in Goochland and Hanor.er counties is similar in general
physical character to the syenite rutilc of Nelson County described on pages
193-196, except that many of the larger pieces are massive fine-grantiar
cornposed of an apparent aggregate of small grains measuring 0.2-8f mm.
in diameter, r.hich is probably due to mashing from dlnamic forces. It is
usually deep lecl in color, sometimes brownish-red, has the characteri.qtic
metallic-adamantine lustre, and rvhile no chemical anah,gss har-e been made
of the mineral, it has every physical appearance of being \rery pure. It
ranges in sizc from small grains up to masses weighing 15 or P0 pouncls anil
occasionallv more. Several masses of the pure mineral were ob-serr.ed on
the surface at one of the shafts on the Nuckol-q farm which exceeded p0

pouncls each in rvcight. Hcss mentions one mass found.on this farm that
lvas reportecl to have weighcd 200 or 300 pounds.
, Microscollic r:haracter.-Microscopically thin sections of the rutile
(Specs. 2+9, 261, and 26?) exhibit no unusual characters. Iach ihin
section agreecl in showing a granular aggregate of thc mineral, which was
light yellow-brorvn, sornetimes deep golden yellow, bv reflected light, and
vcry faintly or non-pleochrbic b-y transmitted light. The hand specimens
are deep recl in color and show a massive fine-granular structure. Goocl
cleavage development is observed in some grains,.and irregular fractures
are common. No inclusions were identifiecl ancl as a rule alferdtion is not



Tio,
FeO
sio,

Ratio.
.648
.642
.038

256 GEOLOGY OF THN TITANIUM AND APATITE DEPOSITS.

shown, although occasional incipient alteration to leucoxene about the

margins of some grains was indicatetl. In two of the thin sections (261

and. 262) the rutile is intimately admixed with more or less black ilmenite
which exhibits a tendency toward" outwaral crystal form. In one of the thin
sections (262) an occasional light-colorecl silicate mineral was observecl.

Ilmenite.-The ilmenite found in the Goochland and llanover counties

areas has the same motle of occuffence as the rutile with which it is asso-

ciated. It may occur as separate gtains ancl masses or admixed and inter-
grown with the rutile as shown in Pl. XXXVI, fig. 1. A:r aaalysis of the
ilmenite collected by Mr. Iless from the Goochlanil County area gave the
following results:

^"-r-t 
tr -*":(.rffiffi

Per cent.
51.83
46.22
2.3r

100.36

As shown by the ratios of titanium ard iron oxicles calculated from
the analysis, the Goochland County ilmenite correspondls closely to the
formula FeO.TiOr. This analysis is comparetl with analyses of the same

mineral from the Amherst-Nelson counties area, ancl the composition of the

latter discussetl on pages 223-226.

MODE OF OCCURRENCE.

The rutile associated with ilmenite occurs (a) as loose grains andl

masses on the surface and in the soil clerivetl by normal weathering pro-

cesses from the unclerlying fresh rock, ancl (b) as dots and streaks in
pegmatite dikes of granitic composition (fig. z1) which cut the gneiss.

The pegmatite is clescribed on page 252. Still a thirtl mode of occurrence

is in the higtrly felclspathic portions of the gneiss, as was observeil in the
rock exposures along the small stream on the Bowe farm. Ilere rutile antl

ilmenite occur in very thin streaks or stringers which prohably represent

crushing of larger grains of the two minerals by the forces of metamorphism-

MINERAL ASSOCIATIONS.

Apart from the nsual silicate constituents of the pegmatites-feltlspar,
quartz, and mica (muscovite ancl biotite)-the minerals associatecl with
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the rutile are exceptionally ferv. Ilmenite is much the most frequent one
antl may occur as separate grains anil masses or as an intimate mixture or
intergrowth with rutile (Pl. XXX\II, fig. 1). Occasional apatite has been
observecl with the rutile and ilmenite. Besides ilmenite ancl occasional
apatite there is indication in places of the former presence of pyrite in
hydrous iron oxicle which was apparently formed from the decornposition
of the original sulphide mineral.

GENESIS.

The abundant grains and larger masses of rutile founcl loose on the
surface and in the soii have been derived from the underlying rock (pegma-
tites chieflR and in places possibly to a limited extent from the more
feldspathic portions of the inclosing gneiss) by the usual processes of
weathering.

The area in which the several occurrences of rutile are notecl is one
of igneous rocks that have been profoundly changed. by metamorphism,
except the dikes of basic materials, some of which are probably of later
age. Both the inclosing rock (granite-gneiss) and the pegmatites have
shared alike in the periods of deformation and are now strongJ.y schistose
in structure. That the rutile was formecl prior to the metamorphism
affecting the rock in which it occurs is evidenced. by its showing pressure
effects in crushing and mashing. Both the rutile and ilmenite frequently
occur in thin stringers orienteil in the direction of schistosity, formecl
probably by the crushing of larger particles of the two minerals.

As has been previously stated the rutile is associated with ilmenite, and
has unequal distribution in the pegmatite dikes. For the clepth reached in
prospecting, rutile has nowhere been found. in the dikes in as large masses
as those cornposing the float ancl from which it must have been d.erived.
Probably larger bodies of rutile'will be found in the dikes at greater depth,
but at what depth can not be stated. No explanation can be offered for
the unequal distribution of the rutile in the dikes, except on the basis of
a process similar to that which resulted in the formation of 'the principal
silicate minerals, feldspar ancl quartz.

So far as field and laboratory studies indicate, both the rutile and.

ilmenite must be regarderl as original constituents o{ the pegmatite dikes,
formed by the same processes anal practically at the same time as the
principal silicates-felclspar, quartz, ancl mica. Since their formation,
the dikes containing rutile have been subjected to intense dynamic meta-
morphism in common with the inclosing rock (graniie-gneiss), which re-
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sultetl in the tlevelopment of pronounceal schistosity in troth. There is no

eviclence to indicate that the rutile bears any genetic relationship to the

clikes of basic igneous rocks in the several localities.
The more highly feldspathic portions of the gneiss containing rutile, as

described above, may possibly represent pegmatitization.

AGE OF THE DEPOSITS.

Beference to the geologic map of Virginiao will show that the several

rutile occurrences clescribed a.bove a e locatecl near to the northern end of
the Triassic area known as the Richmond Coal basin. The rocks forming
this basin, however, are unconformably deposited on the gneiss cut by the
rutile-bearing pegmatites and are therefore later in age. Moreover, it has

been shown that both the gneiss and pegmatite dikes are schistose, a

structure developed in the rocks before Triassic time, antl they can not be

yonnger than Carboniferous, the last intense period of metamorphism
which afiected the rocks of the eastern United States. The rocks fonning
the area in which the rutile is found aie consiclered to be of pre-Cambrian
age, ancl if the genesis outlinerl above is correct, the rutile tleposits are

likervise pre-Cambrian.

ECONOMIC CONSIDERATIONS.

IIINTNG DEVEIOPMENTS.

Prospecting for rutile in these counties has been limitetl chiefl5r to the
Bowe farm near Gouldin on the north side of South Anna River, Ilanover
County, and to the Nuckols farm, 8 miles farther south, near Peers in
Goochland County.

Boute farm.-On the Bowe farm abundant loose rutile grains anal masses

weighing 20 pounds ancl more are scatterecl over the surface of an area of
more than 50 acres in extent. \fithin this area, a short distance to the
southwest and southeast of the Bowe dwelling house, several shallow pits
not exceecling 20 feet in depth were opened by August Meyer, who leasetl

the property. The descriptions of the openings, published by Mr. Iless,
shortlii after his examination of them ancl when they were in better con-

dition for study than at the time of the writers' investigations, are quoted

in full:b

oWatson, Thomas L., A Geological Map of Virginia, Va. Geol. Survey, 1911.
blfess, X'rank L., Neri' Rutile Deposits near Richmond. Va.. Mng. World, 1910,

vol. xxxiii, p.305 et seq.
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"On a hill southwest of the Bo'rve falrnhouse two holes were sunk 15 or
20 ft. deep; a pegmatite dike about 3 ft. wide has been cut in each
Both the bnclosing gneiss and the pegmatite are so decomposed that insects
ancl worms have bulrrowed through them as deepty as the prospect holes
have gone. The dip of the tlike iJ about ?0' west, and it follows the strike
of the rocks, north to south.

"n'or 10 or 12 ft. from the surface, the rocks are so discolored by iro'n
as to be indistinguishable. Below that the decayed (kaolinized) pegmatite
is white and chalky and is from 3 to 4 ft. rn'ide. Through it are dots and
streaks of reddish rrfille a/z in. thick. Sorne of the rutile stringers are
accompaniecl by quartz of similar thickness. There are streaks of biotite
mica from 1 to 3 ins. rvicie, ancl 2 or 3 ft. Iong with which in several places
are stringers of rutile and ilmenite from 12 [s a/a in. thick. The various
narrow bands and stringers in the pegmatite may represent in part flow
structure, but are also due to later crushing. The whole dike has been

crushed. until it has taken on something of the gneissoid appearance of the
surrounding rocks. The quartz has been recementetl and is comparatively
solid, but the mtile is in angular fragments and has not been recemented.
There is some hyclrous iron oxide which appears to have been formed from
the decomposition of pyrite. In the more southerly of the prospect holes,
which are 

-onlv 15 ft. apart, the rutile occurs in thin stringers throughout
the width of ihe dike. 

- 
The stringers are about 7/, in. or iess thick. anil

about 2 to 3 ins. apart.
"Among the flbat pickecl up along the hill are pieces of rutile which

have evidenlly come frorn the gneiss alongside the dike, as they are so much
more crushed than the dike itself. These pieces are lenticular ancl up t-o

4 or 5 ins. broad by 2 ins. thick. Some 
-are 

made up of ilmenite with
streaks of rutile. In other specimens the mass is made up of rutile with a

thin envelope of ilmenite ys io. thi.k. The iron and.-litanium in the
ilmenite have practicail;r the proportions that should be found in the
theoretically purer mineral. (See anal-vsis on page ?56.) Some apatite
occurs with the rutile and ilmenite.

"No rutile has been found in the prospect holes in as large bodies as

those from which the float must have corne. It is probable that if the
prospect holes are continuetl dorvnwarcl larger bodies of rutile will be
encountered, but at what depth or in horv manv plaees can not be prophesied.

"On a hill one-fourth of a mile southeast of the Bowe house. float rutile
has also been founcl, but on thjs hill it is accompaniecl by much more
ilmenite. fn a prospect hole stringers similar to those upon tlre hill first
described were cut, but as the float inclicated rvoulcl be the case, there was
much more ilmenite."

Nuckr.,ls farm.-On this farm, located near Peers in Goochland Countv
and about 8 miles south of the Bowe farm in llanover Countv, similarly
occuming rutile grains ancl large masses, intimately associated with
ihnenite, are founcl loose on the surface antl in the soil at a number of
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places, which will aggregate a consiclerable a ea in size. Some of the rutiie
masses are of unusual size, one piece being reported by Hess to have weighed
between 200 and 300 pounds. Several masses of essentially pure rutile,
exceeding 25 pounds in weight, were observed by the writers on the d.ump at
one of the shafts. Many smaller masses were notecl. Small grains antl
stringers of ilmenite are contained in some of the large masses of rutile
(Pl. XXXVI, fr,g.2).

The Nuckols farm has been more extensively prospected than the Bowe
farm both by pits ancl several shafts not exceecling ?5 feet in depth. The
work was done by the Titanium Alloy Company of Niagara }'alls. The
rocks (pegmatite dikes) in which the openings are matle show decaR
chiefly kaolinization of the feldspars, to the entire depth reached by the
shaft€. The dikes are highly feldspathic boclies containing less quartz but
variable in amount, with irregular distribution of rutile ancl ilmenite in
grains and stringers similar to the occun'ence on the Bowe farm (fig. Pl).

COMMEBCIAI. POSSIBIf,ITIES.

From the description detailerl above, it is clear that the source of the
rutile was in the pegmatite dikes cutting the gneiss. That which is found
loose on the surface and in the soil was derivecl from the pegmatites by
weathering. The commercial possibilities of the area, therefore, may be
considered uncler (a) residual rutile found loose on the surface and in
the rock decay (soil), and (b) u:raltererl pegmatite rutile.

Residual rutile.-In each locality studied, but more especially on the
Bowe farm in Hanover County ancl the Nuckols farm in Goochlanil County,
large quantities of rutile anrl some ilmenite, ranging from fine sand to
masses weighing many pounds, occur loose on the surface antl in the soil
over ma^Iry acres in extent. It wouid be extremely clifficult if not impossible
to accurately estimate the exact tonnage of this material, but there must
be many hundreds of tons. Abunilant water is close at hancl for sluicing
so that the blanket or covering of loose rock decay coulil reaclily be workecl
by the usual methods employed in placer mining, ancl the rutile probably
concentratec[ at a relatively small cost. X'urther cleansing of the rutile
would probably require treatment by an electro-magnetic separator.'

Pegmntite rutile.-The original source of ali the rutile in the several
areas of Ifanover and Goochland counties has been from the rutile-bearing
pegmatite clikes. That deriverl by weathering ancl found. loose on the
surface and in the soil has already been cliscusseal. The present heacling
includes the rutile found in place in the pegmatite dikes cutting the gneiss
below the mantle of resiclual rock decay.
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rt has been pointed out that prospecting has scarcely reachecl below the
zone of rock decaS and that rutile with some ilmenite occurs in the pegma-
tites as small and large masses ancl streaks due to dynamic forces, and of
unequal distribution. The occurrence of the rutile, including structure
ancl mineral associates, has alreaily been described. on the Nuckols farm
in Goochland county, opalescent blue quartz with plagioclase feldspar and
ilmenite, similar to the minerals associated with rntile in Nelson countv.
are observeil with the pegmatite dikes in places.

While no definite law may be formulated as to the depth and position
in the pegmatite dikes at whjch rutile bodies may be found it is regarcled
that as far as prospecting has extended the conditions axe encouraging ancl
fully warrant more careful and systematic development to determine
whether the dikes contain commercial supplies of the mineral.

Conclusion.-It may be stated in summary that the writers regard the
rutile occunences in rranover and Goochland counties as very promising,
and that the conditions fully warrant more extensive and systematic
exploratory work to cletermine whether commercial bodies of rutile are to
be found in the unalterecl pegmatites at depth. tr'rom our investigation
of the area we are satisfied that there already exists a very considerable
tonnage of rutile as loose grains and masses on the surface and in the
soii that can be recovered at probably a minimum cost, when the local con-
ditions favoring mining are consiilerecl. Moreover, we are led to suspect
from the moile of occurrenoe of the rutile, etc., that systematic prospecting
of the pegmatites at depth will possibly indicate a commercial supply of
the mineral. rt must be unclerstoocl, however, that from the very mocle oif
occurrence of the rutile, as described above, prospecting in the hard and.
unalterecl pegmatite dikes is uncertain.

Sufiicient prospecting has been clone to indicate that the original
occurrence of the ore was in the hard and unalterecl pegmatite bodies of
granitic composition. rt has not been sufficient, ho.wever, to conclusively
denonstrate the occurrence of rutile sufficiently concentratecl to justify
regula.r working. Whether additional prospecting should or should not
prove workable ore to be present in the pegmatite bodies, a very eonsiilerable
tonnage of rutile is readily available at present on the surface and in the
resiclual rock decay (soil). so far as prospecting has extendeil, the open-
i'gs indicate extreme irregularity of occurrence as to both quantity and
distribution of the rutile in the pegmatite bodies.
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CHARLOTTE COUNTY .AREA."

GEI{EBAI, STATEMENT.

In 1911, rutile was found by Joel H. Watkins in an area of meta-

morphic crystalline rocks, 12 miles northwest of Charlotte Courthouse,

in the extreme northwest corner of Charlotte County. The area mapped,

fi,g. 22, comprises two types of schist in their well-difierentiated parts, but
are regardeil as probable variations of a single type, since they appear to
gracle into each other in the fieftI, and with the exception of cyanite the

principal minerals are the same in both. The rocks have a strike of
N. 30' E. and an average dip of about 45' southeast, becoming vertical in
places. No igneous rocks are found in the area, and it is distant about 15

miles from the exposed western margin of the granite antl granite-gneiss

belt.
The principal rock type is a thinly foliated quartz-sericite schist of light

color andl meclium coarse grain, composed of quartz and sericite as the

essential minerals, with occasional grains of rutile and other accessory

minerals as microscopic inclusions. The second. rock type is a cyanite

schist of variable texture accortling to whether qaartz or cvanite preilomi-
nates. Some specirnens show a fine-gtanular nearly white rock composetl

almost entirely of sugary quarl,z, with occasional cyanite and sericite. The

other extreme is represented by a coarse aggregate of greenish cyanite in
flat prismatic individuals measuring 2 inches long by 0.5 inch witle, and

containing but little quartz. Between these trvo extremes many gradations

are traceable. Tlie principal minerals are quartz, cyanite, anil sericite,

with a goodly sprinkling of rutile in places. Black tourmaline antl garnet
are notetl in places.

OCCL'NRENCE .{ND CHANACTER OT' TTTE RT]TILE.

The principal occurrence of rutile is in the eyanite schist although
occasional gtains are observecl in the quartz-sericite schist. The rutile is

frequently observecl megascopically as minute grains in the hard rock ancl

in the sancls ilerived from the decay of the schists. It is red to recltlish-
brown, very faintly pleochroic, and the larger grains sometirnes show

cleavage. It is usually fresh, very selclom showing incipieut alteration

oWatson, Ttromas L., and Watkins, J. H., Assoeiation of Rutile and Cyanite from
a New Locality, Amer, Jour. Sci., 1911, vol. xxxii, pp. 195-20f.
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X'ig. 22.-Geologic map of the Qharlotte County, Yirginia, rutile area.
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peripherally to leucoxene. It is associated with both qaartz and cyanite,
more often with the latter, in euhedral and. anhedra"l crystals, single ancl
twinned, and sometimes in aggregates. fn several thin sections rutile
'appeared to be as abundant in the quartz as in the cyanite.

Microscopically the rutile is usually inclosed in the substance of the
cyanite and to some extenl in the quartz. It is sometimes formed along
the boundaries of the cyanite ancl quartz, frequently cutting into their
substance; along cleavage directions in the cyanite I anrl occasionally along
irregtlar fractures, but in such relations as to indicate that the rutile
formed prior to the fracture of the cyanite. Plate XXXVII, figs. 1 and 2,
make clear these relations of the rutile.

The rutile ancl other heavy metamorphic minerals associated with it in
this area, are regarcled as having been producetl under conditions of
dynarnic regional metamorphism. The rutile is not known to occur in
quantity in the Charlotte County area and is only of scientific interest.

SUCKINGHAM COUNTY AREA."

At 'Willis Mountain, Buckingham County, rutile has been found in
cyanite schists, the occurrence being closely similar to the Charlotte County
area clescribed above. Willis Mountain is a solitary monadnock which,
rising abruptly from the average level of the Piedmont Plateau, rearhes a
height of 11159 feet above sea-Ievel and extencls as a narrow' ridge for a

distance of about 2 miles in a north and south direction. The crest of the
ridge is extremely rugged and precipitous, and is formed by a bare wall-like
outcrop of cyanite schist. The dip of the strata is steeply towarcl the west.

The cyanite schist varies in texture according to the relative proportions
of the two principal constituents, qaartz ancl cyanite, ancl passes by gracla-
tion into the quartz-sericite schist with which it is interbedded. In places
the rock is composed clominantly of cyanite in large bladed crystals, white
to light gray or blue in color, ancl there are only minor amounts of quartz
and sericite, the latter sometimes being practically abseat; but elsewhere
medium-grainecl saccharoiclal quartz predominates with small prisms of
cyanite scattered through the rock mass. Rutile occurs in small bright
recl grains disseminated indifferently through the other minerals. The
only other constituent, prominent megascopically, is tourmaline, which may
occasionally be distinguished in small blaek prisms.

oJaber, Stephen, Qeolggy_gf the Gold Belt in the James River Basin, Virginia,
Va. Geol. Survey, Bull. No. VII, 1913, pp.27-28,113-114.
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I'rg. 1.-Cyanite with inclusions of rutile crystals from Charlotte County. Iirlar.getl
105 diameters.

X'ig. 2.-Cyanite altered to muscovite folia, rvith inclusions of rutile cryst:rls sholvn.
Charlotte County. Enlargecl 10b diameters.

PHOTOMICROGRAPIIS OF RUTILE IN CYANITE. CHARLOTTE COUNTY.



VIITGINIA GI,]OI,OGICAL SI,-RVDT IJUJ,I,D'I'IN III A I'LATD XXXVII

l"ig. l.-cyanite v'ith inclusions of rutile cr;'stals from charlotte county. Jirlalgetl
105 diameters.

Tig. 2.-Cyanite altered to muscovite folia, with inclusions of nrtile crrstals slrorvn.
Charlotte County. Enlarged I05 diameters.

PIIOTO}'TICROGRAPHS OX' IIUTILI] IN CYANITN. CHARLOTTE COUNTY.
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The cyanite crystals range up to ? or 8 cm. in length and because of
their resistance, stanal out in relief on surfaces that have long been exposed
to weathering. under the microscope the mineral is colorless with goocl
cleavage, frequently shows a slightly radiating texture, and there is occa-
sionally a little alteration to sericite along cleavage planes. Rutile is
commonly present as included anhedra which have their longer diameters
oriented parallel to the principal cleavage planes in the cyanite.

The chemical composition of the rutile-bearing cyanite schist, together
with its structural relations, suggeBts that the rock was formed from a bed.
of very argillaceous sediments, possibly kaolin. The arteration took place
under conciitions of dynamic regional metarnorphism ancl was doubtless
aidetl by the intrusion of the large masses of granite which are found in
the vicinity.

Another but less extensive outcrop of cyanite schist occurs g miles
northeast of willis Mountain. The rock,is essentially similar to that just
described except that it contains relatively less rutile. Neither occurrence
is of any commercial importance.

ECONOMIC ASPECTS.

FUTUBE OF RUTII,X MINING IN VIRGIMA.

Rutile in very small amounts is of widespread occurrence, but it is
very rarely found in sufficient quantity to be of economic importance. rt
is largely due to the scarcity of workable rutile deposits tbat so little effort
has been made in the past to find uses for titanium and its compouncls.

For many years the demantl for rutile was very limited, and, while
the prices were high, the consumption was not sufficient to encourage active
search for new deposits or the extensive development of those already
known.

urtil the discovery and development of the \rirginia rutile deposits,
nearly all rutile solcl for commercial purposes in this country was obiairied
from chester county, Pennsylvania, though a small u-ooot was recovered
as a by-product in washing the monazite sands of the carolinas. picked
specimens of rutile crystals were shipperl from these states and from Magnet
cove, Arkansas, but they were sold entirely to museums and dealers in
rare minerals. rt is possibly due to the lack of crystal form in the Nelson
county rutile that attention was not sooner drawn to the virginia area.

Tn Europe the deposits at Kragerii, southern Norway have been the
chief source of rutile for many years, and have supplied most of the mineral
usecl in the manufacturins industries.
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The discovery of rutile in workable quantities has reclucetl the cost of

titanium products and encouraged the search for new uses to which it
might prove adaptable. The most promising nses so far annou:rced are

in ihe manufacture of ferro-titanium and of titanium carbitle; the former

being used in the production of special grades of steel, and the latter in
making electrodes for arc lamps. The experimental tests that have been

made with both of these compouncls have proved highly satisfactory, and

they have recently been placed on the market.

The manufacture of these compouncls will necessitate an increaseil

proiluction of rutile, and the clevelopment of a large and steady demand

should result in a material reduction in cost, since operation on a larger

and more economical scale would then be possible. with a constant suppiy

of rutile at reasonable cost, more uses for titanium may be expected to

clevelop.

To supply the increasing demand there are only four known localities

in the worlcl that promise to be important factors in the production of

rutile, and they are widely separated. Named in the order of importance

from the standpoint of production these are: (a) The Amherst-Nelson

counties area in Virginia, and a recently cliscoverecl area of promise in

Goochland ancl llanover counties in the same statel (b) the Kragerti

area in southern Norwayl (c) the Bay St' PauI area in northern Quebec,

canada; and (d) a recently discovered arca}l miles northeast of Aclelaide

in South Australia. ,The three foreign areas (b), (c), ancl (d) are clescribecl

in soure detail on pages 31-41 of this report.
In Norway, Kragerii is the only locality where rutile has been found

in commercial quantity, and this cloes not approach the \rirginia district
in size. The rutile apparentiy contains more foreign material, is quite

irreguiar in clistribution, and can not be concentrated to give as high

grade a product.
In the Bay St. Paul area, Quebec, Canacla, the rutile is apparently

quite pure in composition, but it is so irregularly distributed in small

grains through masses of ilmenite or titanic iron ore in anorthosite as to
render the area uncertain as a source of constant, iarge supplies of the

mineral. This is increasecl by the fact that only a pari of the ilmenite

masses, so far as they have been studied, are rutile-bearing.
The rutile from South Austraiia is apparently very pure in composition,

but, from what can be learnecl of its occurrence, it is probably by no means

so extensive as the Virginia area.

In Virginia there is practically an unlimited supply of very pure

rutile in the Amherst-Nelson counties area, which can be concentrateil to
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yield a very high-grade procluct (over 99 per cent TiOr). This area is
the largect producer of rutile at present, and it will undoubtedly increase

in iarportance in the future. The prospecting that has been done in the
more recently discovered deposits of rutile in Goochland antl llansver
counties, Virginia, encourag€s the belief that these may constitute an addi-
tional source commercially of the minerai in the State. 'With the ttevelop-

ment of new uses for titanium and the consequent increasing tlemand for
rutile the future of rutile miniag in Yirginia is ilecideilly encouraging.

FUTUR,E DEVEIOPMEIIT OI' RUTILE MINING.

The writers believe that the rutile segregations in the syenite will prove
to be more important as sources of rutile than the nelsonite dikes. The
facts on which this statement is based are summarized below.

In the majority of the nelsonite dikes ilmenite largely preilominates
over rutile, although the latter is usually present in smalJ amounts. In
only two localities, the Giles tract and the Warwick farm, are exposures
of nelsonite tlikes found in which rutile is an important constituent. On
the Giles tract the development work is insufficient to show the size of the
ore-bodies and the avemge proportion of their constituents, but on the
Warwick farm two dikes have been opened to a depth of 100 feet and for
a clistance of nearly 200 feet on the strike, while on the surface one of
them has been provecl by pits ancl trenches for about 500 yards. In these
dikes the ratio of rutile to ilmenite is exceedingly variable, ranging from
a rock macle up almost entirely of rutile and apatite to one in which
ilmenite is dominant and rutile practically absent.

The rutile-apatite ore-boclies are largely irregular masses that grade
into the ilmenite nelsonite both in depth and along the strike of the dikes,
and there is apparently no uniformity in their moile of occurrence. Since
the rutile variety of nelsonite is an exceptional occurrence it is unlikely
that it will be found in masses as large or as uniform in composition as

the normal ilmenite nelsonite into which it grades. In mining such ore-
bodies they are apt to pinch out or change to the normal type within
comparatively short distances.

Practically all the syenite contains rutile in disseminated grains, but
only in certain places is it segregated in quantity sufficiently rich to be
workable. These segregations do not average as high in rutile content as
the rutile-apatite (nelsonite) masses, but they are much more extensive anal
the rutile, after separation, is exceedingly pure, running in some instances
over 99 per eent TiOr.
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Rutile derived from the syenite would be preferable in the manufacture
of ferro-titanium, as extremely small amounts of phosphorus are rletri-
nental to iron ancl steel, and the rutile concentrated from the nelsonite
woulcl necessarily contain small amounts of apatite unless removerl by
solution in acids. On the other hand, the apatite produced in mining
rutile would be a valuable by-prod.uct.

Underground mining with its accompanying expense is the only
method adaptable for extracting the nelsonite ore-bodies. The syenite
segregations may be workecl for years by means of surface cuts, ancl when
this method is no longer practicable the "nilling" process, or .,glory-hole,,

method of mining may be resortecl to, but it is believed that even cheaper
methods would prove suitable for handling the decomposetl portions near
the surface.

The rocks of this region are, as a rule, covered by a mantle of residual
clecay ancl, as rutile is more resistant to the processes of weathering than
the feldspar of the syenite, it is found jn large quantities in the soil and
decayed rock over$ing the ore-bodies. These superficial deposits are often
richer in rutile than the underlying rock from which they were derivecl,
as the rutile has undergone a partial concentration by the removal of some
of the lighter material with which it was originally associated. some of
these resiclual deposits could be worked to advantage by hy,lraulic methods
of mining, as there is usually an abunclance of water close at hand.

Kaolin ancl feldspar are possible by-products, for in some places the
rutile-bearing syenite is found free.from the ferro-magnesian minerals and
contains very little qtartz.

FUIURE PROSPECTING FOR APATITE.

Apatite is clecomposecl by weathering, ancl is removed in solution much
more readily than ilmenite or rutile, and for this reason the surface
exposures of nelsonite contain very little apatite, but are usually pitted
by its removal. (Pl. XII, fig. ?.) . Nelsonite, in which ilmenite or rutile
largely predominates over apatite, would not fall to pieces upon the removal
of apatite; it is nelsonite of this character that is founcl outcropping on the
surface in many places over the area. on the other hand, a nelsonite dike
in which apatite predominated would leave on weathering only brack sand
and would not be found exposed at the surface, though its presence might
be inclicated by an excess.of black sand in the soil. For this reason it is
believed that the ore-bodies richest in apatite are not to be found as surface
exposures, but should be sought for at some depth below the soil coverins.
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They are more likely to be found within the borders of the syenite area, but
near its contact with the country gneiss, and the presence of much black
sand on the surface may often be consiclered a favorable indication. rn
prospecting for new ore-bodies there are many places where it woulcl be
aclvantageous to make use of drill-holes rather than surface trenches and
shafts, as has been the custom in the nast.

FUTURE OF APATITE PRODUCTION.

rn the Lovingston district most of the magnetite-apatite (nelsonite)
bodies that have been discovered are probably too low in apatite to be
utilized. A number of irregular pockets and lenticular masses of nearly
pure apatite have been openecl, but, so far as developments show, they are
too small in size to be profitably workecl.

The nelsonite bodies in the Roseland district vary greatly in size, and in
the percentage of apatite. In length they range up to 600 or ?00 yarcls, as
exposed. on the Surface, and in width up to 65 feet or more, but as yet few
of the ore-bodies have been prospected in depth. The 60-foot shaft above
Bryant Post-office, the sh#ts and drill holes of the Virginia phosphate

and Paint company near Roselancl, ancl the shafts and 100-foot level of
the General Electric company's mine, represent the rleepest development
work thus far undertaken in the district. These ore-boclies have been found
to a clepth of at least 100 feet, but further exploration would undoubtedly
show that the dikes continue to much greater depths. rn the exposed dikes
the percentage of apatite varies from 16 to 31 per cen! with occasional
masses of nearly pure apatite, though these are few and small in size. The
analyses given on page 147 show the range in phosphoric acid in the
clifferent ore-bodies. samples taken from many localities indicate an
average of about 23 per cent apatite for the upper portions of the clikes,
but this percentage woukl undoubtedly be higher if samples could have
been obtained at greater depths, where the rock has sufiered. less alteration.

At present it woukl not pay to work such ore-bodies for their apatite
content alone, in competition with the phosphate rock of Floricla, south
Carolina, and Tennessee, which averages ?0 to 80 per cent phosphate of
lime, but the known phosphate desposits in this country are limited.

"The phosphate rock of South Carolina is nearly exhausted; the
Florida deposits have probably reached their maximum production; , the
output of the Tennessee deposits is on the increase," bul at the present
rate of prod.uction, they probably can not, accorcling to Van llorn, last
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for rnany years.d In addition to these localities from which nearly all
the phosphate roek rnined in the United States has in the past been

obtained, there is a nurrrber of low-grade deposits scattered through the

southern and middle west states, and within the last few years a large

area of phosphate-bearing rock has been cliscoverecl in 'Wyoming, 
Iclaho,

and Utah. According to Van Horn, "the rate of inerease in protluction

for the last twenty years has been 11? per cent for each decade," and the

increa,se in production will probably continue.b
When the high-grade phosphate tleposits become exhausted the Nelson

County, Virginia, apatite deposits (nelsonite bodies) may be profitably
worketl. If in the meantime some use for ilmenite on a large scale is

found mining of the nelsonite bodies in the Amherst-Nelson counties

area will at once become profitable, as the ilmenite can easilS' 6s separated

from the apatite. One great advantage that the apatite deposits of this
area have is their close proximity to the large pyrite botlies of Louisa
County, which form one of the principal sources of sulphuric acid used in
the manufacture of fertilizers.

USES OF TITANIUM AND ITS COMPOUNDS.

GENXRAf, STATEMENT.

Titanium compouncls have long been usecl in limited qrrantities chiefly
as a refractory coloring matter, but until recently the production of rutile,
the principal commercial ore of titanium, was so uncertain that there was

Iittle inducement to develop industries dependent upon a steacly supply.

The discovery of rutile in workable quantities has encouraged the search for
possible uses, and the development of the high temperature electric furnace

for metallurgical purposes has macle possible the reduction of titanium
from its ores antl the manufacture of many titanium compounds on a

commercial scale.

Pure metallic titanium, because of its infusibility, has found little use

in the arts anal manufactures but, when alloyecl with other metals antl in
various chemical compounds, it is rapidly coming into various uses of
increasing importance.

The useful products into which titanium enters as an important con-

stituent may be classiffed as follows:

aVan lforn, F. B., Phosphate Rock. Mineral Resources of the U. S. for 19O8, p.
640.

oYan llorn, F. 8., Ibid., p. 639.
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l' Metallic alloys, such as ferro-titaniurn and cupro-titanium.
2. Inca,ndescent"merlia for lighting purposes, incfirding ga.s mantles, arc larnp

electrodes, and filaments for incandeseent eleetric lamps.
3. Mordants and dyes for leather and textiles.
4. Refractory coloring material for use in ceramics and the manufacture of

artiffcial teeth.
5. Miscella.neous.

These proclucts and their uses, as detailed below, have been compiled
from private communications and all literature on the subject available to
the writers. For any particular statement made in the text reference is
given when possible to the original source of information. The principal
references to the literature covering uses of titanium is given in the
bibliography on pages 290-297.

1. METAI,LIC AIIOYS.

Alloys of titanium with various metals and several compound alloys
have been made and their properties studied but, so far as known, ferro-
titanium and cupro-titanium are the only alloys that have as yet been
placed on the market. X'erro-titanium was one of the first to attract atten-
tion, its properties have been thoroughly tested and, within the past four
years it has sprung into commercial importance as an agent for purifying
iron and steel.

The introduction of titanium into the metallurgy of iron and steel
should be credited very largely to Auguste J. Rossi who, for over thirty
years, has devoted much of his time to the investigation of titaniferous
iron ores and processes connected with their utilization. It has been gen-
erally held that the smelting of such ores is not economically possible at
the present time, but this view has always been combated by Mr. Rossi,d
and in proof he has sighted the furnaces that have successfully operated
on titaniferous ores in Sweilen, at Norton-on-Tee, England,, and in the
Adirondack Mountains of New York state. In Germany, Dr. Ilans Gold-
schmidt, in his investigation of "aluminothermics," developed. the first
practical method of reducing titanium from its ores, and greatly aclvanced
the use of the metal in metallurgical processes. It was the superior
qualities of pig iron derived from titaniferous ores that led to the investi-
gation of the influence of titanium on iron and steel, which resulted. in
the interesting and important discovery that the beneficial effect of that
metal is almost entirely due to its high affinity for oxygen ancl nitrogen.

- oRolgl, A. J., The Metallurgy of fitanium, Ttans. Amer. Inst. Mng. Engrs., 1g02,
vol. xxxiii, pp. f79-f97.
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It is well known that metals, while molten, have the property o{ absorb-

ing consiilerable amounts of gas, most of which is expelletl when the

metal is allowed to cool and solidify. The oxygen ancl nitrogen taken

from the atmosphere by iron in the process of smelting is partly combinecl

with the metal, but largely separates out on cooling to form blow holes

and other imperfections in the castings. The desirable physical properties

of many special steels are very largely due to the reduction of oxides and

removal of occluded oxygen by the addition of some element having a high

affi"rty for that gas, but there are few elements possessing the power to
combine with nitrogen and remove it from metals. Titanium unites with
both oxygen ancl nitrogen to form stable compountls which are removed in
the slag, the energy of combination resulting in the liberation of heat-

Titanium also acts as a flux greatly increasing the fusibility of the slags"

Pig iron smelted from titaniferous ores. contains only a very small

amount of titanium, and it has been founcl that this is not present in the

metallic state, but in combination with carbon and nitrogen as carbidle,

nitrides, etc. Since pig iron tloes not contain available titanium, and since

even the little that may be present is removetl in the process of refining
iron for the purpose of making steel, the only way to secure the desiretl
results in the finished product is to add it in some suitable form to the

molten metal just before pouring.
There are two forms in which metal can be introclucecl into iron:

(L) alone as pure metal, or (2) as an alloy with one or more other metals,

ferro-alloys being the commonest. Owing to the great difficulties con-

nected with the reduction of metallic titanium from its compouncls, the
cost of production would prohibit its use even though it were otherwise

desirable, but experiment has shown that its employment is impracticable
anil that the use of feno-titanium is in every waypreferable. It is difficult
to incorporate with the molten iron an alloy containing a high percentage

of titanium, for the melting point of the ailoy increases and its specific
gravity d.ecreases as the titanium content is increased. It is therefore
aclvisable to use alloys containing low percentages of titanium, ancl in actual
practice it is founcl that the best results are obtained with an alloy con-
taining less than 25 per cent titanium. A 10 per cent titanium alloy is
infusible at the melting point of cast iron and steel, but readily dissolves

in a bath of the molten metal. The amount of ferro-titanium to be usecl

varies with the grade of iron to be treated antl the results desired, but in
general it is found that one per cent or less is all that is necessary. The
actual weight of metallic titanium, therefore, amounts to only about 2
pouncls per ton of metal pourecl.
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The addition of ferro-titanium is followed almost imme,liately by an

increase in temperature of the molten metal, clue to the energetic com-
bination of titanium with the oxygen and nitrogen present. Stable oxides
and nitrides are formed which rise to the surface and are removed as slag.
All the titanium passes off with the slag unless more-is added than the
amount necessary to combine with the objectionable elements when the
excess will remain in the metal. The presence of titanium in iron ancl

steel produces no deletorious effects ancl may even improve the metal, but
its chief value is entirely due to the removal of impurities and the pre-
vention of segregation.

Ferro-titanium has been usecl in the production o{ high-grade pig iron
and castings; it is successfully employed in the Bessemer and open hearth
processes for making steel, ancl in the Tropenas, Roberts-Bessemer, and
other modified processes; and it may be used to improve the quality of
various crucible steels, such as the chrome, nickel, mo$bclenum, ancl

tungsten steels.

In most of these processes it is the general practice to introduce the
ferro-titanium in the casting-ladle after about one-third of the molten
metal has run in; the alloy, broken into small pieces, being shoveled in
colcl while the metal is flowing. When fiIled the larlle is allowed to stand
for a few minutes before pouring in order that the slag formetl by the
reaction may rise to the,surface. 

.W'hen 
other agents, such as ferro-

manganese or ferro-silicon, a e used in the production of special steels they
are introcluced first, the ferro-titanium being the last added to the bath.

Iron treated with ferro-titanium has increased fluioity, the oxides and
nitrides are removed with most of the slag, leaving a product that is
stronger and more durable uncler shock and strain, and the castings are
more easily machinetl, as they heat less under the tool The depth of chill
is raised but the chilled iron is harder and the transverse strength greater,
which makes it especially suitabie for the manufacture of car wheels, ilies,
die blocks, chilled rolls, etc.

The results of tests macle by the United States Burea'.r of Stanclarcls,
at Washington, on chilled test pieces macle from strong car wheel iron, by
the National Car 'Wheel 

Company, are tabulated below.o The titanium-
iron was treated with one per cent of ferro-titanium.

'Ihe improvement in the quality of steel by treatment with ferro-
titanium is even greater than that of cast iron; the oxides ancl nitrides
are broken up and occluded gases removed, leaving the steel of greater

olnformation furnished by Charles V. S:locum.
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RESUI,TS.

Ileight, inches .

Compressed surfacc, inches.

Ultimate strength, pounds per square inch

Approximate elastic limit, pounds. . . .. . .

Titanium
Iron

Plain
Iron

0.9967
| 0.9977
Jbv
L 0.9951

249,t00
J 100,000 to
I 120,000

0.9970
0. 9969

by
0. 9969
2t2,000
70,000 to
80,000

Applied Load Length of sample

0
10,000
75,000
80,000
85,000

105,000
115,000
120,000
130,000
150,000
180,000
200,000

1 .0000
0 .9967
0.9967
0.9967
0. 9966
0.9965
0.9964
0. 9961
0.9959
0 .9951
0.9940
0.9933

1.0000 inch
0. 9970
0.9969
0. 9967
0.9963
0.9954
0.9949
0.9945
0.9938
0.9923
0 .9886
0 .9836

iqgh

density, closer graineil, anil free from blow holes and pin holes; the pipe
is reclucecl and segregations practically eliminated; and castings are free
from brittleness, heat less untler the tool, ancl therefore may be machined
more rapidly than other steels of the same carbon content. The use of
ferro-titanium does not remove phosphorus and sulphur but, to a certain
extent, it counteracts the objectionable effects of both elements. Phos-
phorus and sulphur form combinations with the iron and manganese and
segregate out with the carbides, slag ancl other impurities, the tendency
being to concentrate along the axis of the ingot near the top. Titanium
increases the slag removed and by preventing segregation produces a more
homogeneous material. Microscopic examinations of polished sections show
very few slag inclusions, and when etched with cupro-ammonium or similar
reagents the usual phosphorus and sulphur segregations are found to be

surprisingly scarce. Chemical analyses of the different portions of an
ingot give confirmatory proof of thejr homogeneity in eomnosition.

Treatment with titanium alloy is found to raise the elastic limit of
steel, increase the tensile strength, and at the same time increase its
elongation ancl contraction. Tests made at the -Watertown Arsenal, with
the use of ferro-titanium in the manufacture of steeJ by the Tropenas
process, show that the mean tensile strength was increased from 17,233
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pounals per square inch to 50,000 pouncls per square inch; that the mean

elongation was increased from 15.1 per cent to 19.2 per cent; and that
the mean contraction was increased from 18.9 per cent to 24.3 per cent.

The use of ferro-titanium in making Bessemer steel for rails has proved
of the greatest importance. 'Ihe first large scale experiments@ with the
alloy in this country were made at the works of the Maryland Steel Com'
pany, Sparrow Point, in November, 190?; several railroad companies began

exhaustive tests of titanium rails in 1908; and during the year 1909,

35,945 tons of titanium rails were rolled in the United States,b while in
1910 the output increasecl to a total of 195,9,10 tons.c

The results of comparative tests made by the New York Central rail-
road, on a cross-over with 10 per cent curve carrying a heavy tonnage,
showecl that in 6 months the flange wear of titanium rails was less than
one-thirrl that shown by the orclinary Bessemer rails in 4 months I the
Ioss being 1.103 pounds per yarcl for the titanium rail as against 3.59

pouncls per yard for the Bessemer.d The rails weighetl 100 pounds per
yard and both kinds had the following average analysis:

Per aent.
Carbon .. 0.452
Manganese .. ... . 0.96
Silicon .. 0.13
Phosnhorus .....0.095

On October ?, 1908, the Baltimore and Ohio Railroade laid 1? titanium
rails and ? Bessemer rails on Kessler's Curve of the Cumberland Division,
W-est Virginia. This is a 9-clegree curve of 5t/r-inch rail elevation, and
both the grade and the traffic are heavy. All the rails were of the same

weight, 100 pounds per yarcl, and they were distributetl on both the high
and low sides of the track. Diagrams of these rails were taken at intervals
of two to three weeks. On July 8, 1909, after exactly 9 months of service,
the average loss by wear from the Bessemer rails was greater by 294 per
cent than for the titanium rails.

oTitanium Rails, Railroa.d Age Gazette, Nov. 12, 1909, vol. xlvii, p. 904.
von Maltitz. Ed.. The Eiffect of Titanium on Steel with Particular Reference

to Rails, Stahl und Eisen, No. 4I, 1909.
Slocum, Charles V., The Use of Titanium in Steel for Rails, Car Wheels, Etc.,

Eleetrochemical and Metallurgica,l Industry, 1909, vol. vii, pp. 128-130. .

bTotal Procluction of Ra.ils in 1909, BuIl. Amer. Iron and Steel Asso., March l,
19r0.

cThe Iron Age, X'eb. 23, l9ll, p. 461.
dTitanium Rails, Railroad Age Gazette, Nov. 12, 1909, vol. xlvii, p. 904.
elnformation furnished bv Mr. Chas. V. Slocurrr.
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The loss for the Bessemer rails varied from 2.970 pounds per

to 7.029 pounds per yard, with an average of 4.861 pounds per yard.
analyses of these rails were as follows:

Per cent,
Carbon ......... .55 and.54
Phosphorus .068 " .070
Manganese .87 * .83
Sulphur .069 " .078
Silicon .092 " .492

The loss for the titanium rails varied from 1.020 pounds per yard to
2.?72 pounds per yarcl, with an average of 1.649 pounds per yard. The
analyses of these rails were as follows:

Per cent.
Carbon .701 and .481
Phosphorus .086 * .075
Manganese .92 * .18
Sulphur .048 " .044
Silicon........ ..........079' .099
Nitrogen .004 * .005

There was only one low manganese (0.L8 per cent) rail laid and the
loss, 1.881 poundg per yard in 9 months, would indicate that less manganese
is necessary when the steel is treated with titanium.

In October, L909, after one year of service, the titanium rails were
still in goocl condition, ancl the durability test was being continued by
comparing with a seconcl set of standard Bessemer rails, the first set

having been worn out and replaced. At this time the titanium rails showed

more than 300 per cent increased durability over the Bessemer rails.o
The metallurgy of titanium and the method of making titanium alloys

are clescribecl on pages 2-4 and. 288-289. Ferro-titanium, unknown until
recmtly, has sudclenly assumecl great importance and there is every reason

to believe that it will be used hereafter in steaclily increasing quantities in
the manufacture of high-grade iron and steels.

In Europe the so-called feno-titanium thermitb has been userl instead
of ferro-titanium to improve the quality of iron and steel castings. The
"thermit" was developed by Dr. I{ans Goldschmidt, anil consists of an

oElectrochemical and Metallurgical Industry, 1909, vol. vii, p. 498.
bGoltlschmidt, Hans, Aluminothermics, Electrochenical Industry, 1903, vol. i,

pp. 527-534.
Rossi, A. J., X-erro Alloys; Their Uses in the Iron Industry, Cassier's Magazine,

1905, vol. 28, pp. 360-369.

yard
The
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intimate mixture of powdered aluminum and the oxides of iron and
titanium in the proper proportion to secure complete reduction of the
oxides by the aluminum. This mixture, confinecl in a sheet-iron box oa
the end of an iron rocl, is stirred into the molten metal, the temperature of
which is sufrcient to start the reaction; titanium is rapidly reduced by
the aluminum, immediately combines with any nitrogen or oxygen present,
and the cyanonitride of titanium, which is formed altogether with the oxitles
and other impurities, pass into the slag. The temperature o{ the molten
metal is raised by the heat set free as a result of the reaction, and its
fluidity is greatly inceased. lt is claimed to be particularly beneficial
in cast iron. As a result of the increasecl fluidity the iron gives castings
that are more dense ancl finer grainecl, a quality that is especially valuable
for parts requiring a smooth finish, and which may be subjecteil to high
pressures and great friction.

An allol' containing iron, titanium, silicon, antl carbon has recently
been introducecl as an agent for refi.ning steel. The titanium is believed
to act chiefly upon the occluded nitrogen and the silicon upon the hydrogen
and dissolved oxides. The alloy is added to the molten metal at the time
of casting exacUy as in the use of ferro-titanium. It is preparerl in the
electric furnace by either (1) the reduction with carbon of a charge con-
taining the oxides of titanium and silicon, or (2) the reduction of titanium
dioxide with carbon, ferro-silicon, or silicon being incorporated in the
charge or added to the bath. The following is an analysis of a sample
of the alloy:

,ryry

Iron .
Titanium
Silicon
Carbon
Aluminum
Calcium

Per cent.
43.69
33.70
t4.23
8.32
0.08

lIrace

This alloy was patentecl,b in 1909, and as yet little has been madle known
relative to its production and properties.

Cupro-titanium, an alloy of titanium rvith copper, is used to improve
castings of copper and brass, the procedure being practically the same as

that employed in introducing ferro-titanium into iron and steel. Copper
when molten very readily absorbs gases antl becomes oxidized; upon cooling
these gases are largely given off, producing, in some cases, ebullitions

oElectrochemical a,nd ilIetallurgical Industry, lg0g, vol. vii, p. b3g.
bletters of Patent Nos. 910,894; 940,66b.
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sufficiently violent to interfere with the process of making castings ancl

leaving lhe product full o,t blow holes and imper-fections. For this reason

copper can not be cast in santl clirectly from crucibles, or in sand molds
made in flasks, or such molcls as are usecl for casting pig iron. The

addition of a small amount of titanium in the form of a copper alloy is

claimed to secure perfectly solid castings absolutely free frorn blqw holc-q.o

As manufactured" at present the alloy contains from 5 to 12 per cent of

titanium. Cupro-titanium was only recently placed on the market antl as

yet very little has been published relative to its use.

2, INCA]rDESCENT MNDIA.

The use of titanium in the metallic state, or in combination with
other elements as incanclescent metlia for lighting purposes, is one of the
most important that has been developed. Titanium compounals have been

employed in making mantles for gas lights, in the manufacture of electrodes
for arc lamps, and in the formation of .filaments for use in the incanclescent

electric lamp. Considerable experimentation and research work have been

devoted to the perfection of the various titanium lights, but, from a com-
mercial standpoint, the greatest progress has been maile in the develop-
ment of electric lights, especially the arc lamp. The value of titanium
and its compounds as luminants is tlue to their high fusion ancl vapori-
zation points, to their radiation efficiency and, in the case of arc lamps,
to the spectrum furnished by titanium, which is one of the richest given
by any of the elements so far as the number of lines is concerned.

A number of years ago one of the large electrical companies in this
country began a series of experiments in ortler to ascertain what available
material would give the maximum light efficiency when usecl as arc lamp
electrocles. Many substances were tried, but it was found that those con-
taining the element titanium gave the highest efficieniy in cantlle power
per watt consumed.b It is stated that as far back as 18?8, Thomas A.
Edison took out a patent in England for the use of titanium oxicle (rutile)
in arc lamps.c The flrst United States patent mentioning the use of any
compound of titanium in the construction of arc-lamp electrodes was

issuecl on February 18, 1890. In making the electrodes it was proposed

oElectrochemical and Metallurgical Industry, 1909, vol. vii, p. 88.
Letters of Pa.tent Nos. 700;244; 8:77,518; 905,232; and Reissue No. 12,764

granted to Auguste J. Rossi.
bweedon, W. S., Trans. Amer. Electrochemical Soc., 1909, vol. xvi, pp.217-227.
cHess, F. L., Mineral Resources of the U. S. for 1907, pt. I, p, 721.
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to add to the carbon some difficultlv fusible substance, such as titanic iron

(ilmenite) in oriler to improve the steadiness and intensity of the light.
X'or several years past, rutile has been quite extensively employed in

the manufacture of the so-called magnetite arc-lamp electrocles, which,

because of their long life and small cost of maintenance, give promise of

superseding the enclosed carbon a,rc larnp for street lighting'" The cathorle

of the magnetite lamp consists of a mixture of the oxides of iron, titanium,
ancl chromium which are present in the form of the minerals magnetite,

rutile, and chromite. The magnetite particles make the arc stream a good

conductor, but they are not very luminous; the high luminous efficiency

is due to the incanilescent particles of titanium oxicle carrieil into the arc

stream by the electric curent; ancl the chromite is introduced to retard
the rate of consumption anil increase the life of the electrode. The rutile
is finely powderecl, and in quantity varies from 15 to 20 per cent of the
mixture. The oxide of iron gives concluctivity to the electrode when colcl,

the other oxides being concluctors only when hot.
The advantages of the magnetite arc lamp as compared with the common

carbon arc lamp are longer life, higher efficiency, and a better distribution
ancl color of light. These lamps operating on a 4-ampere current, with
approximately 67 to ?0 volts, will give a light equal or superior to that o{

a 6.6-a npere, ?5-volt direct cunent, enclosed carbon arc la.mp.b The
magnetite arc lamp can not be used on an alternating current system.

In January, 190?, a patentc was granteal for an arc-light pencil con-

sisting wholly or in part of an alloy of titanium with some metal, such as

iron, possessing greater electrical conductivity. Such electrocles have been

made directly from ferro-titanium, or ftom a mixture of magnetite and

rutiie, the oxides being subsequently partiy reduced. The latter are said

to give the best results. The light produced by these electrocles appears

to the eye as yellowish-white in color. The spectroscope shows the entire
spectrum with special brilliancy in the bright yellow portion, and the
neighboring light green and orange. The size and length of the arc,
r,vhich produces most of the light, soften the sharpness char:acteristic of
the open carbon arc.d Among the advantages claimed axe, greater dura-
bility, lower amperage required for the operation, and a light that will

oBarrows, W. 8., Electrical llluminating Engineering.
blittle, Geo. M., New Developments in Arc Lamp and High Efficiency Electrodes,

Nationa,l Electric L,ight Asso., Washington meeting, 1907.
cletters of Patent No. 840,634.
d'Ladoff, Isador, The Titanium Arq Jour. Indust. and Eng. Chem., 1909, vol. I,

No. I0.
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avoid the disproportion of red or other color lines objectionable in carbon
pencils, approaching more closely the whiteness of su:rlight; the so-called
"cratet" formed during the passage of a current in the positive carbon-
electrode is eliminated, and the most intense heat anrl light are locatecl at
the upper surface of the negative electrode.

More recently a number of patents have been issued eovering the use
of titanium carbide (TiC), alone or mixed with other substances, in the
manufacture of electrodes; and during the last few years much efiort has
been devoted. to the perfection of this type of light. The best results are
said to be obtained when the titanium carbide electrode is used as the
cathode placed below an anode of copper, the latter being inactive ancl not
wasting appreciably. In some of the lamps the anode is composed of
carbon or of a sheli of carbon containing a core made from a mixture of
titanium carbide ancl carbon in the approximate ratio of 9 to 1.

The titanium carbide electrodes that have been usecl vary somewhat in
composition, chiefly in the proportion of titanium carbide to carbon which
is usually mixed with the former in making the electrodes. There are
several grades of carbide on the market, some containing a little carbon
in the form of graphite, some a small amount of metallic titanium or
oxitle of titanium, while others contain more or less iron. The first-named
impurities are not especially detrimental, but it is desirable to {ree the
carbide from any iron or silicates that tend to reduce the melting point of
the electrode, as they interfere with the proper operation of the arc.

In one type of electrode the titanium carbide is surrounded by an iron
tube, anil in another the electrode is plated with copper; these devices
being used in orcler to increase the'conductivity and prevent oxidation
during the burning of the lamp.

It has been found that titanium carbide electrodes permit a lonser
arc io be clrawn {or the same poiential and current than correspooding
electrodes of carbon, and that they are much more steady antl smooth in
action, being almost free from hissing and decrepitation. In a plain
carbon arc nearly all the light radiates from the incandescent electrocles
ancl very little light is given by the arc stream itself; the arc obtained.
{rbm the titanium carbicle, on the other hand, possesses an extremely
luminous inner path, while little light is tlerived from the outer manile,
and none whatever from the electroiles. They are much more durable
than the carbon electrodes.

The efficiency of the titanium arc is much greater than for the carbon
and increases with increase in the current density, and. with increase in
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the length of arc. At 3 amperes, 103 volts, ancl 1 inch arc length, 1,355
horizontal candle power has been obtained with an effciency of 4.38
horizontal candle power per watt.@

Titanium suboxide has also been usetl in making electrocles, ana[, as

with the carbide, it is preferable to use them for positive electrodes, while
the negative electrodes are formecl of some good conductor such as copper.
These electrodes do not require any special treatment to increase their
conductivitn as titanium suboxiile is a good concluctor of electricity at
ordinary temperatures. The arc is almost identical in character with that
of the carbide lamp and the light distribution is the same, but it is steadier
in operation and has greater efficiency. The horizontal cand.le power at
3.4 amperes, seven-eighths-inch arc length and 100 volts is p,100, with an
efficiency of 6.1? horizontal candle power per watt. The chief objections
to the suboxide electrod.es are the somewhat rapid consumption antl the
formation of troublesome deposits on the anocle. They can not be used
wjth the alternating current.

with both the titanium carbide and the suboxide electrodes it is neces-
sary to use a special starting clevice as a nonconducting }ayer of titanium
dioxide tends to form at the tips which causes difficulty in starting after
the lamp has once cooled down.

The titanium carbide used. in the manufacture of electrodes is made
from rutile by mixing the ore with an excess of carbon in the form of
ground coke, and heating to the highest temperature obtainable in the
electric furnace; the reduction of titanium dioxide and the formation of
the carbide taking place at one operation. The furnace, which is of ffre
brick, is filled with a mixture of rutile ancl coke, and a heavy electric
current is passed through the mass, the electrodes being placed in the center.
Titanium carbide is formed only in the centrar portion of the furnace, the
unreilucecl material sirrrounding it serving to prevent the entrance of air
and the formation of nitrides. The product obtained is a porous honey-
combed mass, silver white in color, that shows a tendency to crystallize in
beautiful, small cubes the sides of which are hollow.

Titanium suboxide is formed by mixing ? parts of rutile with one parr
of carbon and heating in the electric furnace. rts preparation is com-
paratively easy since the melting point of the product is much lower than
that of the carbide.

rncandescent electric lamps with f.laments containing titanium have
been placed on the market rvithin the last few years, bui because of the

^oWeeclon, 
W. S., The Titanium Arc, Trans. Amer. Electroch. Soc., lg0g, vol. xvi,p. 220.
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problems connected with the recluction of metallic titanium from its ores,

the difficulty of drawing titanium wire, ancl its high affinity for oxygen

and nitrogen, they have not been manufacturecl on an extensive scale.

Experiments are now being conducted by several electric firms with the
object of improving the methods of production and decreasing the cost of
the lamps, ancl many patents have been issuecl in the United States and
foreign countries covering the use of titanium in various forms as a com-
ponent of incanilescent lamp filaments. As yet little has been maile public
concerning the manufacture of these filaments.

The ordinary carbon filament of incantlescent electric lamps is not an

efficient light producer, as the greater portion of electrical energy is lost
in the form of heat. This is because the filaments are destroyed when
subjected to intense white heat by the conversion of the amorphous carbon
of which they are composed into graphite of increased density. This
alteration takes place gradually when they are heatecl to the lower tempera-
tures in ordinary use, and finally results in breaking the filament.
Titanium'antl many of its compounds remain unalterecl at high tempera-
tures, offer sufficient resistance to the passage of an electric current, and
when heated to incanclescence emit an intense light of high quality.

The melting point of titanium is said to he about 200' C. higher than
tungsten, with a higher electrical resistance than that metal, so that its
efficiency as a luminant is considerably greater. Filaments maale of pure
metallic titanium are capable of standing a much higher temperature
than any form of carbon or its compounds. They must be usecl in a

vacuum, or neutral gas, to prevent oxidation of the metal. It is claimed
that they give a greater light for the same expenditure of energy than
any form of electric luminant hitherto known, this being attributed to the
better radiation from a smooth shiny surface, the high temperature co-
efficient, and the high temperature which the filaments can withstancl.

. Filaments of titanium alloys have been matle in various ways; of the
oxides of titanium alone, or combined with the oxicles of other metals, and
of titanium carbide and other titanium compouncls.

As compared with lamps using the ordinary carbon filaments the
titanium lamps have a greater Iength of life, a higher initial efficiency, and
the ilecrease in efficiency is less throughout the life of the lamp. Because
of their positive temperature coefficient the metal filaments have consicl-
erable inherent regulation so that the light is not as sensitive to the voltage
variations of a badly regulated circuit. Moreover excessive voltages either
momentary or continuous have less effect on the li.fe of the lamp. In the



USES OF TITANIUM AND ITS COMPOUNDS. 283

metallic fiIament the current is greater at the instant of closing the circuit
than it is a moment later but, in the carbon fiiament, the reverse rs true.
It is believed that the intense white lighi emitted by titanium filaments is

due to selective radiation ancl temperature effect rather than preponderance
of cerlain color Unes.

3. MORDANTS AND DYES.

The first recorded attempt to utilize titanium compounals for coloring
textileso was made by an English firm about 10 years ago. Titanium
ammonium oxalate was prepared from rutile by a rather tedious and com-
plicated process but the cost of marrufacture, together with the high price
of titanium ore at that time, made the product most too expensive for
orclinary commercial use.

On December 5, 1896, H. W. Kearns and Dr. Barness applied for a

patent on the use of titanium and tannic compouncls for coloring vegetable
fibres. Dr. Franz Erbenb provecl that a fibre treated with a tannin com-
pound and then with titanium ammonium oxalate was given a saturateal
golden yellow color of great durability, able to withstand the action of
boiling anil washing. The color protluced in this way is said to be superior
to that obtained by the action of chlorinated primaline and even the best
sulphur colorings. Any desired shade of yellow or orange can be secured
by ihe addition of auranein G or O, acicl orange or similar proclucts, and
many other colors such as red, green, blue, etc., may be improvecl by the
use of a tannin-titaninm base with various basic coloring matters.

Several other titanium salts have been usecl in a similar way, but at
present titanium potassium oxalate (TiOCrO4KrCrOl .II,O) is probably
more extensively used as a mordant and dye in the textile industries than
any of the others. It is obtained in fine white crystals which do not alter
on keeping and which are readily soluble in warm watet, giving a clear
solution.

Used alone the titanous salts act as powerful mordants, yielding fast
bright colors intermediate in shade between those produced by chromium
and alumirium. 'I'hese colors are far briglrter ancl clearer than the shades
obtained from chromium salts, while they have equal and in some cases
greater fastness to light, washing, milling, etc. As comparecl with
chromium saits the principal aclvantages of titanium are as follows:

- olado{T, Isador, The Technical Application of Titanium, Jour. Indust. and Eng.
Chem., 1909, vol. l, pp. 642-644.

bChem. Zeit.. No. 14. 1905.
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(a) The dyeing may be tlone in a single bath exactly as with acid dye.

(b) The colors procluced are so bright that compound shades may be

obtained by mixtures of mordant tlyes, which are as bright as compound

acid dye shades while possessing the fastness characteristic of the mordant
dyes.

(c) When the mordant colors are used with chromium it has not been

possible to obtain light, pale shades, but with titanium all shades down
to the very palest pinks and blues may be produced in the single bath
process.

Titanium compounds are now successfully used, both in this country
and in Europe, as morclants ancl dyes for wool, cotton, and similar textiles,
and they may also be used in the same way to color ancl morclant paper or
paper pulp.

Titanous chloride (TiCIs) and titanous sulphate (Tir(SOn)r) have
recently been introduced in the texile coloring inclustries, ancl are now
manufacturecl on a commercial scale in the United States and Europe.
It is claimed that they are the most powerful soluble acid-reducing agents
known, being far more efficient than stannous chloride, which has hitherto
constituted the best acid-reducing agent for use in dyeing and printing
textiles.

In textile printing titanous salts may be used either for discharge or
for resist work. They are especially useful for discharging the direct
colors ancl readily act on such colors as chrysophenine, which are scarcely
affected by stannous chloride.

These salts are also used as stripping or bleaching agents. In dyeing
textiles such as cotton, wool, anil silk it sometimes happens that a wrong
shade is produced or that the dyeing takes place unevenly. When this
occurs it is necessary to either strip and re-clye, or dye a darker shade. For
stripping, the ordinary bleaching agents, such as bleaching powcler or
hypochlorite of socla, are not suitable for most colors, since they would
have to be used in such concentration as to make the injury of the goods
probable. If such dyed goods are run through a hot dilute' solution of
one of the tita:rous salts the destruction of the color takes place in less
than one minute without injury to the material, which may be washed and
then re-dyed. Titanous salts, in very dilute solutions, are used to clear
up the white portions of fancy colored goods.

A double compouncl of titanous sulphate (sesquisulphate) and sodium
sulphate, of the composition (after drying in a vacuum) NarSOnTi(SOn)r.-
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5H2O, has been produced. It is said to be a powerful reclucing agent,
especially suitable for use in the textile industry.@

The double pyrophosphates of titanium and an alkali metal have
recently been obtained and a patent granted covering their use. These
double salts may be appliecl to textiles and other substances without injury
to the texture or material.b

Titanium salts are now employed in both Europe ancl America as

mordant and dye in the manufacture of leather goods, having proved bf
especial value for use on chrome tannecl leathers. Potassium titanium
oxalate is the salt that has found the most extensive use for this purpose.
It serves as an excellent direct dye for tanned leathers, producing a fast
yellowish-brown color, unaffected by light, alkaline salts or rubbing, and
therefore especially suitable for shoe leather. This yellow-tan shade may
be modified by varying the tannin material and by the addiiion of other
dyes.

Potassium titanium oxalate fixes the tannin in the leather by forming
an insoluble yellowish-brown titanium tannate on the fibre of the material,
antl is a great improvement over tartar-emetic which has hitherto been
usecl for this purpose. The co]or obtained in this way forms an excellent
base for the production of other colors except bright blues, with which the
yellow color of the titanium tannate interferes. Other mordants, such as

the similar antimony salt which has formerly been used to fix the tannin
in leathers, give no color. Therefore when it is desired to procluce a com-
pound color in. which yellow enters as a component a large saving in time
and d.yestufis results from the use of titanium morclant.

On chrome tanned leather potassium titanium oxalate used as a morclant
for d.yewooil colors gives the following shades:

With Fustic Extract, a yellowish-brown.
With Lima Extract, a bluish-red.. With Cuba Extract, a light brown.
With Sumach Extract, a lemon yellow.
With Logwood Extract, a violet and a black.

By judicially mixing the dyewoods an unlimitecl number of sharles can
be obtained. Titanium potassium oxalate used as a striker for logwoocl
gives an intense black, which is much'better as to color anal durability than
the black produced when iron salts are usecl. The iron acts as an oxygen-
canier, ancl gradual oxidation of the leather finally renders it brittle.
Titanium salts do not have this deleterious effect on leathers, and therefore
the black leathers produced from titanium have a greater clurability.c

. oTitanol! Cornpound and Process of Making Same, Electroch. Industry, Ig04,
vol. ii, p.239.

Dlondon Mining Journal, July lB, 1907, p. 65.
oTitanium Mordants, Shoe and Leather Reporter, 1908, pp. 19-20.
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In the dyeing of vegetable tannetl leathers there is a wjde field for the

application of titanium salts in the production of fast colors, almost any

shade being obtainable by mixing the proper dyes.

Titanium oxalate and the double tartrates and lactates of titanium
and the alkali metals are also usecl in leather dyeing.

Titanium ferrocyanide is erirployed as a substitute foi the poisonous

Schweinfurth green and other arsenical pigments.o
' The logwood titanium cornpound makes a permanent ink, deep black in

color, which unilergoes no change after using.

4. REFRACTORY COLORTNG MATERIAI IN CERAMICS, ETC'

In the porcelain industry rutile is usecl to give a beautiful, soft yellow

color under the glaze. The best effects in muffie colors clo not compale in

depth and richness with those produced untler the glaze, fot in firing the

giaze and the pigment fuse together, protlucing a softness of coloring that
may be obtained in no other way. under-glaze painting is a part of the

ware itself ancl not a coating that may crack or peel off; the finishetl

product is perfectly smooth ancl tloes not present the rough, slightly raised

surface characteristic of muffie colors.

The choice of colors which may be used for painting on porcelain after

firing is very large, and gives every color and shade that could be desired;

but the list of colors available for under-glaze painting is extremely limited,
for the high temperature maintained while firing clestroys all but the most

refractory pigments. only three of the substances used in porcelain

decoration, upon the biscuit or under the glaze, give a yellgw color, namely,

the compounils of uranium, and the oxides of iron and titanium. Tlranium

is a rare metal and its compouncls are too expensive for ordinary use; the

oxide of iron has not provetl entirely satisfactory and ihe color procluce'J

admits of litile variation in tone or shade; the titanium oxiile (rutile) has

none of these disadvantages, though great care is necessary in orcler to

obtain the desired results.
Rutile use'[ a]one imparts to porcelain a fine 5tellow color' t]ie exact

shade depending on the quantity; it may be employed with other

substances to protluce various secondaxy colors; and it is not affected by

the temperature of the kiln, although it slightly lowers the fusing point
of the porcelain when much of it is used. when it is desired to use large

quantities of the pigment the fusing point might be raised by decreasing

the proportion of feldspar. unless care is taken to shield porcelain

oBaskerville, Charles, The Rare ltetals, Eng. and Mng. Jour', 1909, vol. lxxxvii,
pp.10-r1.
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proalucts, while in the furnace, from the action of reducing gases, the
rutile (TiOr) will be reclucecl to titanous oxide (Tiror), which imparts a

deep copper-red color to the ware.
In the manufacture of artificial teeth rutile is useil to give the required

color, but for this purpose only the purest grades of finely grouncl material
can be employed. The production of artificial teeth in the United States
has been estimated to reach 8,000,000 annually, and in all of these titanium
dioxide is the pigment usecl. The teeth are mouliletl from a paste com-
posed of kaolin, feldspar, silica, and rutile, the proportions by weight being
approximately kaolin 6 per cent, silica 19 per cent, and feidspar 75 per
cent; while the amount of rutile varies from 0.5 per cent up to several
per cent accorcling to the color desired.o

5, MISCELI,ANEOUS USES.

Among other uses for titanium products may be mentioned the fol-
lowing:

Titanium sesquioxide (TirO3) and its salts are employed as retlucing
agents for various purposes, especially in the textile industry. Sodium
titanous sulphate (Ti(SO-)zNarSOu. SHrO) ancl titanous chloride (TiCl3)
have been found most useful.

Titanium dioxide has been usecl in the manufacture of a protective
paint for iron ancl steel.

Titanous sulphate is said to be the strongest acid-reducing agent now
known, reducing chinon to hydrochinon, and throwing copper and silver
instantaneously out of solution quantitativeiy as metal.b It is obtainable
in the form of a solution, deep violet in color, and is used to clecolorize
old paper, dyed fabrics, ancl other discolored matter.

In analytical 'lvork titanium sulphate (Ti(SO4)r) may be employed in
determining the presence of fluorine. A solution of titanium sulphate
oxidized by hydrogen peroxide gives a wine-colorecl liquid, and the clegree

of ilecolorization procluced by addition of fluorine indicates the amount of
fluorine present. This rnethod is accurate for very small quantities.c

Because of the beautiful light effect proiluced by titanium cluring com-
bustion it has been usecl in pyrotechnics.

It has been proposed that titanium nitride be used as a basis for
fertilizers ancl other nitrogen compounds, and patents have been issued

aSnelling, W. O., Titanium Ores, Mineral Resources of the U. S. for 1901, pp.
27r-278.

bzeitsch. Phys. Chem., ,908. vol. 62, p. 147.
cHess, Frank L., Mineral Resources of the llnitetl States for 1906, p. 530.
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covering the manufacture of titanium nitride as a by-product in the

smelting of titaniferous iron ores. The titanium nitrides yield ammonia

when heated in hydrogen, and the reaction for the formation of TiuNu antl

other titanium nitrides might be usecl as the basis of a process for obtaining
ammonia from atmospheric nitrogen; but this interesting application has

not been employed technically.o Moissan found that TirN, has a hartlness

greater than that of the ruby and sufficient to slowly polish diamonds'b

Sometimes crystals of rutile are founil sufficiently clear for gem

purposes.

METHODS OF PREPARING TITANIUM AITOYS.

Iemo-titanium,.-Ferro-titanium was first preparerl by redueing the

oxides of iron anil titanium with carbon in an electric furnace. Titanium
oxide is not reduced by carbon at the temperatures attainable in the blast

furnace, but requires the high heat of the electric furnace for its reiluction.
Titanium alloys made by this method unavoidably contain from 5 to 9

per cent catbon, which is present partly as graphite and partly in the form
of carbides, ancl while this is not objectionable for some purposes it is for
many others, where it is necessary to use an alloy containing less than one

per cent carbon. It is possible by subsequent treatment to free these alloys

from a large part of their carbon, but, in most cases, it is very difficult to
reduce it to the admissibie limit, and the cost is prohibitive when rvorking
on a commercial scale.

Two methods have been emplo;'ed in the manufacture of ferro-titanium,
practically free from carbon, both of which depend on the strong reclucing

action of metallic aluminum. These methods are known as the Gold-

schmidt, or ttalumino-thermic" process, and the Rossi process; the former
was cleveloped by Dr. Ilans Goldschmidt, and is used principally in Europe;
the latter by A. J. Rossi, anil is employed in this country in the manu-

facture of ferro-tjtanium and other alloys.
In the Goldschmidt process the metallic oxides to be reduced are mixecl

with aluminum in proper proportions, both being finely powdered; then.
by means of a fuse, some point within the mixture is brought to the

temperature at which aluminum combines with oxygen, after which the

reaction continues without the addition o{ external heat, the reduction
taking place almost instantaneously. The chief objections to this methotl
are the high cost of powderecl aluminum, and the difficulty of obtaining a

complete reduction antl a pure product when the reaction takes place with
such raniditv.

aBaskerville, Charles, Personal communication.
bMoissan, l[., Ann. Chim. Phys., vol. vii, p. 229.
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In the process developed by Mr. Rossi the reduction takes place in a

bath of aluminum. The aluminum in ingots or any other form is meltetl

clown in an electric furnace, antl the required amount of pig iron or gootl

scrap iron addetl to the charge. Rutile is now introcluced into the bath
of molten metal and the temperature raised to a point sufficiently high to
stad the reaction by which the aluminum cor.nbines with the oxygen of
the rutile, the latter being retlucetl to metallic titanium which immediately
alloys with the iron.

Ilmenite or titanic iron ore may be used in the place of rutile ancl

metallic iron in the manufacture of ferro-titanium, but this increases the

cost of the process by the amount of aluminum necessary to reduce the
iron oxicle, which can be reduced much more economically in other ways,

and it is more difficult to control the composition of the resulting alloy.
Rossi was able to obtain alloys high in titanium from ilmenite by smelting
in an electric furnace with sufficient carbon to recluce the iron oxitles, but
not the titanium oxide I the latter combining with lime and silica to form
a slag high in titanium content, which was subsequently treated in a bath
of aluminum anrl the titanium retlucecl in the marner describetl above.

'.fhe use of ilmenite in the place of rutile is only justifiable when the cost
of rutile is so high as to exceecl the increasecl cost of manufacture resulting
from the greater consumption of aluminum.

C wpr o-titanium.-CuLpr o-titanium is manufactured by the Rossi process,

the rutile being reduced in a bath of aluminum to which copper has been

added to alloy with the metallic titanium. The method is similar in every
way to that described for the production of ferro-titanium by the same
process. In making this alloy it is necessary to use rutile as the so-urce of
titanium, since ilmenite can only be usecl when the resulting alloy may
contain iron.

Carbon is now usecl exclusively as the reducing agent for titanium at
the Niagara Falls plant of the Titanium Alloy Manu-facturing Co., replac-
ing the aluminum bath method formerly in use. It is a secret process, but
there are patents covering the furnaces, furnace lining, etc. Magnetite
lining is said to be used.

There is still some of the ferro-titanium manufactured by the aluminum
process in stock, and it can be distinguished from the new product obtainecl
by the use of carbon by the fact that the former is smooth a:ltl shiny while
the latter is rough.

Experiments to improve ancl recluce the cost of manufacture of cupro-
titanium are still in progress. It is not certain whether this procluct is now
on the market or not.
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southeast side, 84-86.

Mars Mountain, 90.
Distribution, 70.
General statement, 68-69.
Megascopic character, 70-71.
Microscopie character, 72-7 4.

Analyses of uralite anrl hy-
persthene of the svenite,74.

Variations in the syenite, S0-84.
General statement, 56-57.
Principal rock gr:oups, 57-58.

History of mining, 47-50.
Literature, 52-56.
Loeation, 42.
Prices, 52.
Production, 50-51.

Rutile produced in Nelson County,
le03-1912. 51.

Topography, 44-46.
Uses, 5l-52.
Weathering 46-47.

Geology and petrography, Roanoke Coun-
ty area,236-247.

Age, 247.
General statement, 236-237.
Genesis, 246-247.
Principal rock groups, 237.

Geology, Graves Mountain, Georgia, 24-.
25.

Geology of the ore deposits of Goochland
and llanover counties, 248-26I.

Economic considerations, 268-26I.
Commercial possibilities, 260-28I.

Conclusion, 261.
Pegmatite rutile, 260-261.
Residual rutile, 260.

Mining developments, 258-260.
Bowe farm, 258-259.
Nuckols tarm, 259-260.

Geireral geology and petrography, 250-
258.

Introductory statement, 250.
Principal rock groups, 251-258-

Diabase, 254.
Diorite, 253-254.
Gneiss, 25I-252.
Pegmal,ite, 252;
Pyroxenite, 25+-255.
Rutile ore, 255-258.

Age of the deposits, 258.
General character, 255-256.

Ilmenite, 256.
Analysis of ilmenite, 256.

Megascopic character, 255.
Mieroscopic character, 25{-

256.
Genesis, 257-258.
Mineral associations, 256-257.
Mode of occurrence, 256.

History, 248.
Location of rutile deposits, 248.
Topography, 250.

Geology of the ore-deposits of the Roa-
noke County arca, 235-247.

Age, 247.
Genesis, 24A-247.
Geology and petrography, 236-247.

General statement, 236-237.
Principal rock groups, 237-246.

Diabase, 246.
Hypersthene-quartz syenite, 287 -

240.
Comparison with syenite of

northern Blue Ridge, Vir-
ginia, 239-240.



Analysis of hypersthene aker
ite, Milam's Gap, 289.

General character, 287-288.
Microscopic character, 288.

Individual description, 243-245.
Nelsonite, 241-246.

General statement. 241.
Megascopic character, Z4l-242.
Microscopic eharactet, Z4Z.

Pegmatite partly of unakite com
position, 240-24I.

History and developments, 236.
Loeation and topography, 235-286.

Georgia,2S-27.
Graves Mountain, 23-27.

Gneiss, 251-252.
Gneiss-syenite eontact on the northwest

side. 86-90.
Gaeiss-syenite contact on the southeast

side, 84-86.
Granite dikes. 201.
Graphite, 229-230, 232.
Graves Mountain, 23-27.

Analyses of rutile from, 26.
Geology, 24-25.
Location and topography. 28-24.
Rutile, 25-27.

HistorS l, 248.
and developments, Roanoke County

arca, 236.
of mining, 47-50.

Hornblende nelsonite, IBB-lBB.
Chemical composition anil classifica-

tion, 135-137.
Microscopic character, 134.
Name and lithologic character, l3B-

134.
Other occurrences, 137-138.

Hypersthene-quartz syenite, 297-240.
Comparison with syenite of northern

Blue Ridge, Ya., 239-24O.
General character, 237-238.
Microscopic eharacter. 288.

Igneous rocks, 14-15.
flmenite, 7-8, 223-225, 256.

Analyses and ratios of ilmenite, 225.
Composition of ilmenite, 224.

flmenite nelsonite, 106-117.
Chemical composition and classifiea-

tion,109-110.
Details of occurrences, lll-ll?.
Distribution, 106.
Megascopic character, f06-107.
Microscopic eharacter, 107.

Ineantlescent media, 278-288.
Individual description of mining proper_

ties, l6t-197-.
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American Rutile Company's quarries,
r6l-173.

Composition of rutile concentrates,
172-173.

uommercial analyses of rutile con-
centrates, 173.

Geological relations, 163-f70.
Diabase. 168-170.
Gabbro, 165-168.
Syenite, 163-165.

Location and history, 16l-162.
Mining and milling-operations, 170-

172.
Analyses of tailings, American

Rutile Company's ore, 171.
Production and uses, 163.

General Electric Company's mine, 173-
193.

Areal geology, 176-193.
Diabase, 192-193.
Gabbro, 19f-192.
Introductory statement, 176-179.
Nelsonite, 184-191.

Detailed description of occur-
rences, 184-191.

Composition of apatite, 189.
Analysis of apatite, 189.

Composition of ilmenite, 190.
Analysis of ilmenite, lgl.

'Composition of rutile, lg0.
Analysis of rutile, 190.

Syenite, 179-183.
Detailed description of occur-

rences, 180-183.
General statement, 16l.
The rutile ore. 193-198.

General statement, lg3,
Nersonite ruiile, i's6-192.

Composition of rutile, 197.
Analysis of nelsonite rutile,197.

Megascopic character, 196-f97.
Percentages of rutile ilmenite,

and apatite in representative
nelsonites, 196.

Microscopic character, lg7.
Syenite rutile, 193-195.

Composition of the rutile, Ig4.
Analysis of rutile from syenite

near Roseland, 194.
Megascopic character, fg3-194.
Microscopic character, 195.

fndivirlual description, principal rock
groups, 243-245.

Introduction, 37-38, 202, 213-214.
fntroductory statement, 155-f56, 176-

179, 198, 231-234,250.
Kaolin, 232-233.
Kragerii, Norway, 37-41.
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I(raserite. 37-4I.
Ciemical composition ancl classifica-

tion, 40-41.
General descriPtion, 38.
Introcluction, 37-38.
MicroscoPic character, 39-40.

Literature, 55-56.
Lithologic characters, 59-Ol.
Loeation, 42.
Location and historY, 16l-162.
Location and topography, Graves Moun-

tain, 23-24.
Roanoke Countv area, 235-236'

Location of rutile deposits, Goochlantl
and Hanover counties, 248.

Lovinsston district, 198-20I.
Intioductorv statement, 198.

Amuhibolite. 199-200.
Biotite gneiss, 198-199.
Nelsonite, 201.
Pegmatite antl granite dikes, 200-

20L.
Cranite dikes, 20l.
Pesmatite dikes, 200.

Magnetite, 8-9, 223.
MaEnetite and biotite nelsonites, I23-

- 
133.

An excentional facies, 130-133.
Chemical composition and classifica-

tion, '124-127

Xfegascopic character', 123-124.
Microsconic character, 124.
Name and distribution, 123.
Other occurrences, 127-130'

Maine, 20.
Mars Mountain. 90.
1\{assachusetts. 20.
Meqascopic character, 196-197.

Pereentages of rutile, ilmenite, and
apatite in representative nelsonites,
196.

Megascopic charaeter, gabbro' 9l-92.
Eabbro-nelsonite, 138-I39.
ilmenite nelsonite, 106-f 07.
magnetite anil biotite nelsonites, 123-' 

r24.
nelsonite, 241-242.
rutile nelsonite, ll7-118.
rulile ore, 255.
syenite, 70-71.
svenite rutile. 193-194.

Metamorphic rocks, 15-16.
Metallic ;lloys, 271-278.
Methods of preparation, 2-4.
Methocls of- preparing titanium alloys'

288-289.
Cuoro-titanium, 289.
Fei'ro-titanium, 288-289.

Microscopic character, 39-40.
Analysls of kragerite rutile, Kragerii,

Ngrway, 40.
MicroscopiC character, biotite - quartz

monZonite-gneiss, 6l-63.
diabase, 156-157.
Eabbro, 92-94.
gabbro-nelsonite, I 39-140.
[ornblende nelsonite, I34.
hypetsthene-quartz sYenite, 238.
ilmenite nelsonite, I07.

Analysis of apatite from nelsonite,
108.

Analysrs of ilmenite from nelsonite,
107.

maEnetite antl biotite nelsonites, 124'
nelsonite,242.
nelsonite rutile, 197.
rutile ore, 255-256.
rutile nelsonite, 118-I19.

Analysis of rutile from rutile nel-
sonite, ll9.

svenrte. 72-74.
" Analyses of uralite and hypersthene,

l+.
svenite rutile. 195.

Midtlle northern states, 20-22.
New Jersey, 21.
New York, 21.
Penns-ylvania, 2l -22.

Mineral'associations, 17, 256-257.
Mineral composition; nelsonite, 103-104.
Mineralosical characters, 213-231.

Amphibole (uralite), 219-222.
Aoatite. 222-223.
Blotite. 222.
X'eldspar, 216-217.
Graphite. 225-230.
Ilmenite, 228-226.
Introduction, 2I3-2I4'
Magnetite. 223.
Olivine, 222.
Other minerals, 230.
Pvroxene (hYPersthene), 217-219'
Quartz. 214-215'
RutiIe, 226-229.

MineraloEical forms of titanium' 5.

Minerals-occurring bdyontl the limits of
the mapped arca,233.

Allanite antl sipYlite, 233.
Cassiterite {tin ore), 233.

Minerals occurring within the mapped
area nof, previously clescribed, 231-
233.

Galena, 232.
Granhite, 232.
Kaolin. 232-233.
Sphalerite, 231-232.



Mining and milling operations, l7O-172.
Analyses of tailings, American Rutile

Company's ore, I7l.
Mining developments, 175-I76, 258-260.

Bowe farm, 258-259.
Nuckols farm, 259-260.

Miscellaneous minerals, 231-234.
Ferruginous conglomerate, 234.
fntroductorv statement, 231.
Minerals occurring beyontl the limits

of the mapped area, 233.
Minerals occurring within the mapped

area not previously described, 231-
occ

Miscellaneous uses, 287-288.
Mode of occurrence, 14-18,256.

Alteration of rutile, 17-I8.
Mineral associations, 17.
Rock associations, 14-17.

Mordants and dyes, 283-286.
Name, nelsonite. 100.
Name and distribution, gabbro-nelsonite,

r38.
magnetite and biotite nelsonites, 123.
rutile nelsonite, I.17.

Name anrl lithologic eharacter, horn-
blende nelsonite, 133-134.

Nelsonite, 100-f06, 196-197, 201, 241-
246.

Detailed deseription of occurrences,
I 84-I9 l.

Distribution, 101.
General microscopic characters, 104-

105.
General statement, 241.
Megascopic character, 241-242.
Microscopic character, 242-245.
l\{ineral composition, 103-104.
Name, 100.
Size, shape, and structure of the bodies,

102-103.
Varieties, 104.
Weathering, f05-106.

Nelsonite rutile, 196-197.
Composition of the rutile, Ig7.
l\fegascopic character, f96-f 97.
Microscopic character, lg7.

New England States, 19-20.
Connecticut, l9-20.
Maine, 20.
Massachusetts, 20.
Nerv Hampshire, 20.
Vermont, 20.

New Hampshire. 20.
Nerv Jersey, 21.
New quantitative system of classification,

148.
New York, 21.
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Norm of gabbro-nelsonite, 141.
kragerite ( rutile aplite), Krager6,

Norway, 4I.
Norms, 65, 78, 96, 109, l2l, 127, I35,148,

158.
Norms, Amherst-Nelson counties rocks,

2t0-2t3.
Norms of ore rocks (nelsonites) Am-

herst-Nelson counties, 212.
Norms of silicate roeks of Amherst-

Nelson counties, 210-211.
Summary of classification, 2ll.

North Carolina,2T-28.
Norrvay, 37-4I.

Kragerii, 37-4I.
Nova Scotia, 34.
Nuckols farm, 259-260.
Occurrence and character of rutile, Char-

Iotte Uounty area, 262-264.
Occurrence and geographic distribution of' rutile with description of areas, 14-

4t.
Geographic distribution of rutile, 18-

41.
Australia, 34-36.

Queensland,34-35.
South Australia, 35-37.

Canada, 3l-34.
i.{ova Scotia, 34.
Ontario, 34.
Quebec, Sl-34.

Other localities, 33-34.
St. Urbain deposits, 3l-33;

Anall'sis of rutile-sapphirine-
bearing ilmenite, 33.

Yukon territory, 34.
General statement, 18-19.
\rorway, 37-41.

Kragerii, 37-41.
Chemical composition and classi-

flcation, 40-41.
Analvsis of kragerite (rutile

aplite), Krager6, 40.
Norm of kragerite (rutile

aplite), Kragerti, 41.
General description, 38.
fntroduction, 37-38.
Microscopic character, 39-40.

Analysis of kragerite rutile,
Kragerii, 40.

United States, 19-31.
New England states. 19-20.

Connecticut, 19-20.
Maine, 20.
Massachusetts, 20.
New llampshire, 20.
Vermont, 20.

Middle northern states, 20-22.
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New JerseY, 21.
New York, 21.
Pennsylvania, 2I-22.

Southeast Atlantic states, 22-28.
.Llal:arna, 22-23.
Carolinas, 27-28.

North Carolina,27-28.
South Carolina,28.

Georgia,2S-27.
Graves Mountain, 23-27,

Analyses of rutile from, 26.
Geology, 24-25.
I"ocation and topographY,

23-24.
Rrftile,25-27.

States west of the Mississippi
River, 29-31.

Arkansas, 29.
California, 29.
Colorado, 29-30.

Analysis of rutile from St.
Peter's Dome, 30.

Analysis of rutile from West
Cheyenne Canon, 30.

South Dakota, 30.
Analysis of rutile from the

Black Hills, 30.
'Iexas, 31.

Mode of occurrence, 14-18.
Altiqration of rutile, 17-18.
Mineral associations, 17.
Rock associations. 14-17.

Igneous rocks, 14-15.
Metamorphic rocks, l5-16.
Other forms of occurrence, veins.

pegmatites, etc., 16-17.
Seditnentary rocks, 15.

Occurrence, distribution anil, titanium,
12-13.

Old system of classiffcation, I48.
Olivine, 222.
Ontario, 34.
Other forms of oeeurrenee, veins, pegma-

tites, etc., l6-17.
Other localities, 33-34.
Other localities, rutile nelsonite, 122-

t23.
Other minerals, 230.
Other occurrences, hornblenile nelsonitc.

r37-138.
Other occurrences, magnetite aad biotitc

nelsonites, 123-133.
Oxides, G-7.

Rutile, 6-7.
Partial chemical analyses of rutile, 228-

oqo
Pegmatite, 252.

Pegmatite and granite dikes, 200-201.
Granite dikes, 201.
Pegmatite dikes. 200.

Pegmatite dikes, 200.
Pegmatite, partly of unakite composi-

tion,240-_241.
Pegmatite, rutile, 260-261.
Pennsylvania, 2l-22.
Percentages of rutile, ilmenite, and apa-

tite in representative nelsonites, 196.
Possible effect o{ vanadium on color of

rutile, 228.
Partial chemieal analyses of rutile,

228-229.
Preface, xv-xvi.

Aeknowledgments, xvi.
Field work, xv.
Scope of the report, xv-xvi.

Principal rock groups, 57-160, 237-246,
25r-258.

Areal distribution, 58-59.
Biotite-quartz monzonite-gneiss, 59-68.
Chemical composition of the nelsonites,

t45-148.
Classiffcation, 148-15f .

Diabase, 155-160, 246, 254.
Diorite, 253-254.
Gabbro, 9l-100.
Gabbro-nelsonite, 138-145.
Genesis, I5l-155.
Gneiss, 251-252.
Ilornblende nelsonite, 133-138.
Ilypersthene-quartz s)'enite, 237-240.
Ilmenite nelsonite, 106-1 17.
Inrlividual descrintion. 243-245.
Magnetite antl biotite nelsonites, 123*

133.
Nelsonite. 100-106, 24I-246.
Pegmatite, 252.
Pegmatite partly of unakite composi-

tion, 240-241.
Pyroxenite, 254-255.
Rutile nelsonite, 117 -128.
Rutile ore, 255-258.
Summary of quantitative classification

of nelsonites, 155.
Syenite, 68-90.

Production, 50-51.
Rutile produced in Nelson County"

r903-1912, 5r.
Production and uses, 163.
Pyroxene (hypersthene), 2L7-2I9.

Analysis antl ratios of hypersthene,
General Electric Company's mine,
218.

Composition ancl optical properties,
218.

Pvroxenite. 25+-255.
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Quantitative classificationof titaniferous
magnetite ores, I5I.

Qrtartz, 214-215.
Quartz veins, 66-68.
Quebec, 3I-34.

Other localities, 33-34.
St. Urbain deposits, 3l-33.

Queensland, 34-35.
Refractory coloring material in ceramics,

etc.,286-287.
Residual rutile, 260.
Rock associations, l4-I7.

Igneous rocks. 14-15.
Other forms of occurrence, veins, peg-

matites, ete., 16-17.
Metamorphic rocks, 15-16.
Seclimentary rocks, 15.

Roseland district, 42.
Rutile, 6-7, 25-27, 226-229.

Analyses of the syenite and nelsonite
rutile, Nelson CottnLy, 227.

Possible effect of vanaclium on the color
of rutile, 228.

Rutile nelsonite, 117-123.
Chemieal composition and classifica-

tion, 120-122.
Megascopic character, 117-1f 8.
Microscopic character, ll8-119.
Name and distribution, Il7.
Other localities, 122*123.

Rutile ore. 193-197. 255-238.
Age of the deposits, 258.
General character, 255-256.
General statement, 193.
Genesis, 257-258.
Mineral assoeiations, 256-257 :

Mode of occurrence, 256.
Nelsonite rutile, 196-197.

Rutile produeecl in Nelson County, 1903-
r912, 51.

Scope of the report, xv-xvi.
Sedimentary rocks, 15.
Size, shape, and structure of nelsonite

bodies, 102-103.
South Australia, 35-37.
South Carolina, 28.
South Dakota, 30.

Analysis of rutile {rom the Black Hills,
30.

Southeast Atlantic States. 22-28.
-Llabarna,22-23.
Carolinas, 27-28.
Georgia, 23-27.

Sphalerite, 231-232.
St. Urbain deposits, 3I-33.

Analysis of rutile-sapphirine-bearing
ilmenite, 33.

States west of the Mississippi River, 29-
31.

Arkansas, 29.
California, 29.
Colorado, 29-30.
South Dakota, 30.
Texas,3l.

Summary of classifieation, 2ll.
Summary of quantitative classification,

78*80.
Syenite, 68-90, 163-165, 179-183.

Chemical composition. 75-78.
Classiff cation,- 78-80.
Contacts, 84-90.
Detailed description of occurrences,

180-183.
Distribution, 70.
General statement, 68-69.
Megascopic character, 70-71.
Microscopjc chatactet, 7 2-7 4.
Variations in the syenite, 80-84.

Syenite rutile, 193-195.
Composition of the rutile, 194.
Megascopic character, 193-194.
Microscopic character, 195.

Table of analyses of silicate rocks, Nel-
son County. 204, 205. 206.

Table of averages of analyses of silicate
rocks, Nelson County, 207.

Table of felilspar composition correspond-
ing to analyses. 63.

Table of melting points of rutile, /ilmen-

ite, antl apatite, Nelson County, 154.
Table of titanium minerals, 9-12.
Texas,3l.
Textural characters, 230.
Titanates, 7-8.

flmenite, 7-8.
Titanium: fts history, chemistry, ores,

distribution and occurrence, l-13.
Chemistry, l-4.

General properties, l-2.
Methods of preparation, 2-4.

Compounds of titanium. 4.
Distribution and occurrence of tita-

nium, 12-13.
IIistorv, l.
Mineralogical forms of titanium, 5.
Titanium ores, 5-13.

Ferrates, 8-9.
Magnetite, 8-9.

Oxides, 6-7.
Rutile, 6-7.

Table of titanium minerals, 9-12.
Titanates, 7-8.

Ilmenite, 7-8.
Titanium ores,5-13.

X'errates, 8-9.
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Oxides, 6-7.
Table of titanium minerals, 9-12.
Titanates. 7-8.

Topography, 44-46, 250.
Uralitization, 220-222.
Uses, 5l-52.
Uses of titanium and its compounds,

270-289.
General statement, 270-27 l.
Incantlescent meilia, 278-283.
Metallic alloys, 27 I-27 8.
Methods of preparing titanium alloys,

288-289.

Cupro-titanium, 289.
X'eiro-titanium, 288-289.

Miscellaneous uses, 287.'288.
Mordants and dYes, 283-286.
Refractory coloring material in ceram'

ics, etc., 286-287.
Variations in the syenite, 80-84.
Varieties, nelsonite, 104.
Vermont, 20.
Weathering, 4647, 105-106.
Yukon territory, 34.






