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0INCY OF ROANOKE COUNTY, VIRGINIA AND VICINITY
=
g

INTRODUCTION

The present report has developed from a geo-
logic investigation of the water resources of the Roanoke area,
carrlied off in the intereats of the Roanoke Water Works. This
orlginal survey was initlated by Dr. Charles P, Berkey 1n the
spring of 1926 add was continued by the writer through three and
one half months of field work during the summer of that year, at
the end of which time a report was submitted to the Roanoke Water
Works by Doctor Berkey and the wrlter, Considerable geologlcal
data other than that pertalﬁing to the water resources was col-
letted during the field work of 1926, Thls material was aug-
mented by an exhaustive research through the geologic literature,
and all avéilable data upon the Roanoke area was complled and pre-
pared in the form of a general report on the reglon. This report
was submitted with the permission of the Roanoke Water Works té
the Virginla Geological Survey for acceptance 28 one of thelr
bulletins., In March 1927, that Survey authorized the publicatlion
of such a report, and made 2n appropriation to support two months
of additional field work which was carried out during June and
August 1927,

The report in its present form 1s intended to
serve as a gulde to the geology of the area tributary to the city
of Roanoke. It also includes a statement of the past, present,
and future possibilities of the natural economic resources of

that area,
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The geologic map.

The geologlc map which accompanies this report
has been platted upon the Christiansburg and Roanoke quadrangles
of the Unlited States Gaological Survey topographlic map. The data
for this geologlc map has been compiled from previously published
maps and from & personal survey of the area during six months of
field work in the susmers of 1926 and 1927,

The base map 1s somewhat inaccurate as to
topography and culture, and the forty years which have elapsed
8ince the original topographic survey have made many changes 1n
location of roads and villages. In consequence, accuracy of
platting the geologlc map has depended upon the accuracy of the
base map, For use in the field, the writer had the base map
photostated to twice the present scale, and the contacts and
geologlc locatlons were drawn upon this enlarged map. That
accuracy of delimitation should suffer in the reduction to the
normal scale of the map was unavoldable. It 18 to be regretted
that the geology of such a complicated area as that covered by
this report must be platted upon a base map of such small scale.

The following published geologlc maps also
represent conditions in different dlsconnected parts of the
Roanoke'area,’and the data of these maps has been checked and
assimllated into the present geologlc map.

1. A geologic map of the middle and western states,
James Hall, Geology of New York, Part IV, 1843,

2. Geologlc map of the Virginias, W,B,Rogers, chiefly
from the Virginia State Geologlcal Survey of 1841,
The Virginias, Vol. 1, No.1, 1880. Also in The
%ggi?gy of the Virginias, edlted by Jed -Hotchklss,

3. Geologic map of southwest Virginia, C.R.Boyd,
Resources of southwest Virginia, New York, 1881,



Geologic map along the Richmond and Alleghany

Raillroad, Campbell, J.L., Geology and Mineral
resources of the James River Valley, New York, 1882,

Geologic map of Virginla, Watson, T,Ls Virginla
Geological Survey, 1916,

Geologlc map of western Virginla, compiled by G.W,
Stose, Virginia Geological Survey Bull., 23, Plate
v, 1922,

Geologlc map of the west foot of the Bluavﬂidgo,

G.W.Stose et al., Virginia Geological Survey Bull,
17, 1919,

Geologlc map of the Valley coal fields, M.R.Campbell
et al., Virginia Geological Survey Bull. 25, Plate I,

1925,



Previous geologlcal work.

Numerous general and speclal publicatlone have been
1ssued within the past century and one quarter, sections and itenms
of which deal with the geology of Roanoke County and the adjacent
area. No previous attempt however, has been made to summarize the
entire geology of the region nor to construct a complete geologic
map of the area, The Roanoke region has been approached by
geologlcal reconnalsance from the northeast, southwest, and west.
The present report connects these varpaus reconnalsances and
covers an area not heretofore described as a geologlic unit.

The followlng 1llst of references includes the most
important published articles dealing with the larger problems of
the local geologge. This list does not include references to the
mineral wealth of the region, and ﬁ 1ist of those references will
be found at the end of Chapter V., Taken together, the two lists
compriss as full a bibliography of the Roanoke area as can be
compiled fro research into available geologlical literature, The
bibllography is undoubtedly incomplete and apology is offered to

those authors whose publicatioms may have been overlooked.
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SELECTED REFERENCES ON THE GENERAL GEOLOGY
OF THE ROANOKE AREA

Maclure, William. Observations on the geology of the
United States, Philadelphla, pages 37-8, 51, 58-9, 108.

( published 1884 ), Rogers, W,B, Geology of the
Virginias, Appleton and Co., New York.

Campbell, J,L. Geologg of Virginia, Amer, Journal of
Scl., 3rd Series, Vol. 18, pp.16=30, 119-128, 435-446,

Hotchklss, Jed and others, The Virginias, Staunton
Virginia, Vol. I - VI,

Boyd, C.R; Resources of southwest Virginla, New York,

Campbell, J.L. Geology and mlneral resources of the
James Rlver Valley, Virginia U.S5.A. New York,
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resources of the Floyd Virginia Plataau. The
Virginias, Vol. IV, pp. 167, 178-80, 185-92,

------------ = Salem and the Roanoke Valley, The
Times-Reglster Office, Salem Virginia,

Stevenson, J.J., Notes on the surface geology of
southwest Virginia, Am. Phil. Soc. Proceedings,
Vol. 24, pp. 172-78,

Darton, N.H. Noges on the stiratigraphy of a portion of
central Appalachian Virginia. Amer. Geol. Vol X,
pp. 10=18.

Walcott, G.D, Notes on the Cambrian rocks of Virginia
and the southern Appalachians., Amer, Journal of
Scil. 3rd Series, Vol 44, pp. 52-T.

Campbell, M.R, . Paleozolc overlaps in Montgomery and
Pulaski countiea, v1rgin1a. Geol, Soec. Am,, Vol. 5,
pp. 171-90,

Hayes, C.W, and Campbell, M.R, Geomorphology of the
southern Appalachians, Nat, Geog. Mag., Vol. VI,
ppc 63‘126.

Hayes, C.W, The southern Appalachians. Nat. Geog. Soc.,
Mon. 1, No. 10, pp. 305-336.

Willis, Balley. The northern Appalachians. Nat. Geog.
Soce. Mon, 1, No. 6, pp.169-202.
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{ CHiPTER T
INTRODUGTORY  DESCRIPDION

Locgtion,

Ro;noke uounty i8 located in the west central part of
the Btate of Virginia, gbout fifty miles from the West Virginia houndary.
Roagnoke, its chief city, is eitusted on the foanoke River at about 80°
West Longitude, end 57° 15! North Laotitude. The county is roughly pent-
agonal in oﬁtliné. Its greatest north-south dimension is aboul Seventeen

0nd ifs greatest cast-west dimension 15 10 Miles
miles JAThe srea it 195,581 uteres, or n&wﬂﬂ 297 square miles, It is bounded

by Botetourt, Craig, Montgomery, Floyd, Fraaklin, and Bedford Counties, and

nearly all of its boundaries ure crests of mountsin ridges.
Relief and Drainage
Deapite &n open central valley area, the county mey be

gaid to be espgentially mountaimous. In the nmortlern part; the mowntainsg

are typical idppalachian fidges, parillel, even-crested, and extendins along

& northeas t-gouthwest dérection., douth ol the central lowland, -the moun~
tains are irreguldr in glignment, and form more massive uplands than to
the northe Jccassionil independent mounitein masgses rise =8 prominent ele-
vations within or &t the edge of ghe valley floor, and are often without
any meried ridge eharzcters Ooyners and Mills Mountains east of Cloverdale
are ol this type.(The istter hill which is labelled Mills Mountain on the

topographiec map i locally umimown by this nume end iz called Seeds dHoun-

tain. This loesl name is preferable to the printed nums, since it svoids |
{
gonfusion with Mill Wountein which is south of Rosnole Jityl.ﬁha southern~
o mogt mob of Tinker Mowntain, constricting the Valley west of Cloverdale,

%L'_is 1naallf3 called Dead Mans Mountain from its outline slong the horizdne |,
The hizhest point in the county is found in the §$ﬁramf”)ﬁ

- r I e — e
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aﬁﬁ$hﬁwat ﬁhare the uentral posk of the Esgm'
5%@ :‘;.aat in altiduda. Other high individual cumite are: Bent Mountain
Slﬁéyiaﬁt ﬁaaens Knob 3217 Feet: lMcifees Kmob 5210 foet, Twelve 0'0lock

Umtein ness, sises o

2 Eﬁ&b 2707 feet; snd Stewarts Knob 2472 feet. More peaks reach high.ele-

vations in the western part of the county then in the eastern part, and

they are more rugzed im the southwest than to the northwests The point

where the Roanoke River leaves the county has the loweet elevation withrn
the ares, ané the sﬁrf&oe of the river is here about 880 feet above the gea.
Phus the maximum relief of the county is 3100 feet, The level valley-fhoors
average-lzoo feet in altidude, above which the mountains rise . 100 to
1800 feet more, The relief is primarily the result of differential erosion

~of hard and soft rock layers, anmd the-hill crests are composed of resistant

rock vhile the valleys have been carved out of weak roos. There are at
least four aeparate ridge-makers in the geologiec column, and the geological

gtructure of the regiom ip Such that scarcely any two adjacent hills aloyg

.the horizon are underlain by the same rock layer,

Seven~eighths of the county, ( ises all the area south
of Catawba Mountain,) drsins inte the Roanoke River, which cubs through a

sag in the Blue Hidge at the eastern county-line and flows eastward to the

sea, Farther east, this river is locally called the Staunton River. The

ares to the north of Czstawbe Mountsin is drained by Catawba Creek into the
Jameg River, which roughly parasllels the Roanoke, forty miles to the north,
At Tafeyette,a mile west of Roznoke County, the North and South Forks of
thellﬂoano}ce'converge to form the main r.;Lver. These Torks drain the dissected
upinnﬂ of eastern Montgomery County, Hour large trlbutaries join the
Rosnoke within the county: Back Creek from the weet and south; Tinker Creek

and its large branch Carvins Creek, from the north; Glade Creek from the

'ﬁo’rthaast- end Masons Creek from the northwest, which enters the [Roanoke

Qnes,r Balsm. The extreme southwestern uplend is drained through Bottom Creek

the Squth Fork of the Roa.nm:e, and. Millers Cove in the extreme north, /

iégt ﬂi‘aina into the Jemes ‘ahrough Gralg Sreek,. There is aviﬁm&e 95

;J'A__._d_.
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‘fuill-be &1acuased in the chaptar on p&tar,Resauraea.

Descriptive  Geography

: ISQYaral geographie provimces or divisions may be recog-
. niged in the county, The most striking of these are the Blue Ridge, the
;=_Gr§a# ?alleyg and the Alleghany Ridges. Catawbs Valley and Millers Cove

'_fﬁ ate also gepgraphic uaits, a8 is the open valley formed by the wide récesses

_'of;ﬂaagﬂs;;céx#ins, end Bredsbaws Coves, fThese divisioms are in sharp
oombrast with sdjoining sress, and thoir indiviSusl chevecteristios heve
I.f;Aaff&eted thafééttiem&nt end development of the county.

. ;_Ths Great Valley is constricted to & narrow width at the
-;“pgiita:ﬂhére7it antb£é and leaves Roanoke County, 8o that the Roanoke unntj
| _fej;éwland is somewhat separcte from the rest of the Valley. This local
#-:"ﬂdtvision ig ealléd:the Salem Vulley from the town of Salem which is located
y .naar its _Bem:h&r..'..‘ fhe Salem Velley is separated from the Fincasthke diviston

1Iff'df the Valldy by tﬁa.maas'of Tinker Mountain, which projects far to the
I-;-? scutheast and neerly meets the Blue Ridge above Claverdale. A mile beyond

the acuthweatern county-line, the Great Valley +is further obstructed by the
mnaa of the Padl&r Eills, vhich divides the Forke of the Roanoke Rivar, and
l_f '}£1118 the area between Paris and Poor Mountains, sepsrating the Salem from
'Jﬁthg;luhlin Halleyg. Tha Salem Valley ie thus about eight miles wide at
'"iié widest;ﬁgrtioﬁ,and extends across the emtire county for a distance of

- § }iﬁénty miles, Its floor stands about 1000 feet above sealevel, although
“:-iijﬁﬁis ievel is broken by meny small hills whiqh rise to higher eleVatiohs.
-'ﬁ An eiﬁeneion.of this valley to the northeast, lies between Forters Mountsin.

ana the masses of Mille and Coymers Monntains and a southern extension

anﬂ this phasaf.fl
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ie in zidfﬁ and ita floor. is at & hizher elevatiaﬁ, standing

““*:uaﬁ tq 1409 feet abave gealevel, The msin lines. °f travel pass

Viﬂqatea in thia provinne. ThHe valley is open &nd 1“t:’il.lz.ng,, and aurrouudad on
fall aidas by mnuntains. It maey be entered at five pesees, two of which are
“at 1ow'eleva%ionﬁ- Qha most open ‘entrance %o the Salem Velley is from the
nertheaat along the langth of the Greet Valley, the pass at Cloverdale
;being_only 100 feet above the 1eve1 of Soinoke City. This gap is occupied
'i:y’ T-imter Greel, the Shancndosh Valley Diwision of s Norfolk and Western
fRailroad, and the Lee Highway. The northeastern extension of the Salem
Valley along Glade Creek is occupied by the Lymchburg Div1aion of the Nor-
_folk and Western Railroad, and by the Roznoke-Lymchbhrg highway:  These
erossg hhe Blpa Ridge'at_ﬁuforas.Gap at an elevafion of 1250 feet. Di#iaigna
of %his railroaa enter the velley from the south through Murraye and
lagzotys Gaps, and from the west =Rong the Roenoke River. A Ffifth entrance
"'to the valley is slong the Roencke as it cuts thzough the Blué Ridge at the -
,eztreme eastern edge- of the couanty. This pass hoﬁever, ia not utilized by
ény of the main Tines of eommunication or travels
Qhﬁ seuthern third of the’ county, south and east of the
.ISnlem‘Valley, is an upland area formed 'by the Blue Ridge and its limes of
) fgothills._Between Buchunan and foanoke, the Blue Ridge is composed of two
parallel ridges, the northern ome ending abruptly ia Eullhardts Lnob nozth
of Cloverdsle. The southarn ridge continues into Rosnoke County along its
aaatern boundary, vith Yellow, Buck, and Mill Mountains as northern foot-
hillﬂ. @ha scuthwestern upland has its surface at sbout 3000 feet, and
;orms the aTea composed of Foor End Bent Hountains. This is the most
:rugged part of the county, and is sparsely settled and poorly dsveloped.
'Tha area-ig largely drained by Back Creek whlch flows perallel Go the

’Rpanmca anﬁ joi;aﬂ it nea:r the gap throuph the Blue dldge.
ot ' mns northiaatern taird of the county consists of the




Bqth of thsae flow southmard into the Raangke and have

i wide recesses in the v&lley north of the mountain, which are oalled
_erﬁhgﬂni and G&rvine chea regpectively. The divide between the Roanoke and
'{f?llaﬁnea Rivarglia aiong the cregt of Oatawba Mountain, and the drainage to
the north flaws into the James through Catawba 2nd Craig Greeka. The
Cetawba Velley connects the Fincastle Valley with the Dublin Valley which
1ies to the west and southwest of the Pedlar Hills., DThe Cotawba Valley
has by some been comsidered a part of the Great Valley of Vifginia, but it
48 properly ﬁn-inﬁerm@ntane velley within the Ridge region, althouzh it !
is underlain by the Valley Limestone. The valley-floors in the northern
third of the county sre fwom 1500 to 2000 fect above seslevel, and the
erests of the ridges resch elevations of sbout 3000 Ffeet.

Seill.

The surface rooks of Roznoke County include all for-

= -f_ mations from the PreCambrian orystallines to the Lower Mississippien

l i anﬁatones, ‘each with its peculiar soil, By far the best type of soil ia

I ‘ﬁﬁat foun&_in the Salem and Catawbas Valleys, This so0il is the result of

; "ﬁ&qp weathering Oi'héa?y limestones and it is especially productive, The

jébil ié firé;fdduﬁéred, and of varying deptha,foften fifty to one hundred

'-ﬁa%t‘in thieknaﬁuc’ﬂere'anﬂ there it is very shallow, and fields may be
;g}ohst:ﬁnted uith onterupping ledges or rows of redidual boulders,which impair

| ?iffertility and hinder ecnltivation, Cherty aress asnd siliceous gtreaks often

l?f;tendaz loeal araas better Buitga for pasturage then for asgriculture. Such .

A bqlti aTe &evelopad upon eherty or sandy lenses within tHe Valley limes-




L e ' Phe northern belt of the Salem' Valley is covered with '
_ S a laaﬁfbrown goil which has develéped from the weathering of the shales
.Q.Btrat-iéraphios.lly above the Valley limestones T:his s0il 18 less fertile
I -thﬁn'ths red 'lime soil, end is often filled with tiny Pock splinters which
weather from the hackly shales belew, The shaleiaoila of the intermontane
vallegs of the Ridge region are unproductive, and give rise to the so-called
"poor” valleys of this latter area,
The so0il which develops from the weathering of the
erystalline rocks is usually rather heavy, composed largely of clay, and
0f good fertility. Like the lime soilg of the Valley, its prevailing
color is deep-red and ite depth is often great. The soil grades downward
from & loam through a clayey subsoil inte decomposed rock, vhich in turn
grades into solid rock below, The soil is easily gullied by streams and
rain-waah, and plowed earth is quicﬁly removed during heavy showers, :
The crests of many of the higher mounteins are bald,
.a.nd bare ledges are abundant, Boulders from these exposures ecre constantly
being washed down to choke the siream-botitoms and contaminate the adjacent
farm lend., The mountaine are generally composed of reskstant sandstones or
"freestone", and their soils are thin and siliceous. They are very loose,
drain rapidly and will not retain manures, so that their main value is
for orcherds and pasturage. Where not cleared, they support growths of
herdwoods and conifers,
By far the greater percentage of the area of the
county is covered with residual soil, that is, soil which has developed
from the decomposition and disintegration of the bed-rock directly beneath.
Where the Roanoke and other large streams have developed floodplaing, small
igolated areas of silt or stream alluvium occur, but these are too scattefad

to modify the gemeral 1lime nature of the Valley solils.



Climate

S 7;'i : k. mha county is favored with a pleasant olimate well adapted
of&‘? ﬂgricul‘hure, ﬁaspita & position along oneg of the ‘main ex‘trs.‘brapieal
,atorm pa@hﬂ of the spring and sutum, The growing seagon lasts from 150 to
QOG &ﬂya; Wiﬁh the first killing frosts 2bout the middle of Octobery and
tha las® anont thﬁ middle of &pril. The prevailing winds are Trom the south-
west, and thelr gverage ve1001ty is between eight end tem miles pexr hour,
The average yaarly tempergture is 56 degrees, and the range of tempersture
éxtremes ig-from a few degrees’ below zegro to severcl degreee above 1@00. The
average temperature for Jamuary is about 36 degrees, cnd for July sbout 78
dagfeas. The pelative humidity avercges cbout 80 pércent.

The county receives 48 incheg oF rainfall yearly, in about
100 anual réiay days, [he rainfall is evenly distributed throughout the
year, although it is. slightly greater in the summer and less in the autum
th@n in winter and:sﬁring. Thirty or forty days with thunderstorms sre ex-
-paetéb}é'ﬁuring the summer months, and many of these storms are quite
gevere, Thoge &torms which move doﬁn'fha Valley from the northeast and pqss
southwestward through the gap at Cloverdale seem 10 be more violent than
_thosé which move eastward, and the srea around Cloverdale has a somewhat
higher rainfall then the adjédcent valley regions. Most of the storms
follow the mowmtein ridges, o0 that the higher uplands have & greater rain.
fall than the lowlands, The first snows generally begin in late ﬁqvemher,
ang tﬁere are often twenty or thiriy days with thin snow covering the
gzbund. The annmusl number of c¢lear days is about 150¢ of choudy days 100;
‘of fogay deys 25, The percentags of cloudiness is thus &bout 0 to 50 per-

cent.
Vegetation

'!!;-: . - The Great Valley af Virginis has - long been famous Lor ita
ﬁwrtilitg znd productivaness, and the Salem Vélley is the cen#er_ai:muah'

T
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agricultural sctivity, DThe Valley or Lee-Highﬁgy ig lined with fertile
fields, prosperous farms, and produetive orchards, The soil is firm and
0 fafl;- :md excellent' for wheat, 8o that the yield ig often forty to fifty
bushels to the acre, Corm; beans, tobacco, znd clover thrive, and lead to
en export of grain, cattle, and dairy productse IThe mountain slopes are
‘well adapted fox the production of apples, and many local varieties are
exported in great numbers, Good pesturage is apundant, and stock of all
kinds iz raiseds Nearly =11 of the area of the valley floorg is in cul-
tivet ion or in pasturage, although the higher rocky kmobs of the iowl&nda
are still forested, These stand out conspicuously among the well-kept
ferms of the valley bottom.
lMost of the woods of central Virginia flourish in
this area and good cheap lumber is abuundante 4 large proportion of the
mountain ridges are timbered, although the forests have beemn cut over many
times and have suffered severely from repeated forest firesy As a result,
‘Dtmﬁ forests.are open &nd patchy, with many barrem or bald areas between.
The etend of the timber is better in the northwestern third of the county
then in the couthwestern part, mainly because of more productive and deeper
soil, although much of the Foor Jountain upland is egtill densely forested,
Iumbering is not an important industry, but most of the wood for local use
is taken from within the couniy. Cak, chestnut, pine, hickory, cedar, and
bireh are the prevailing types, and the forests are chiefly of hardwoods

with scattering conifers.

Development

Locibed in
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DEVELOPMENT

It is thought that the Roanoke Valley was first pene-
trated by white men in 1726, when two pioneers, Marlin and Salling, on
an exploring expedition, were captured by Cherokee Indians, along the
Roanoke River, supposedly near the present site of the city of Roanoke.
The first land grants of this region were issued soon after, snd from
4740 to 1760, large grants of land were made to McAfee, Carvin, Peters,
Masons, Lewls, Poage, and others, whose names have been perpstuated in
the geogwgphy of the area. .

The first settlements 1in this area were made at about
the ‘'same time in the Roanoke and Catawba Valleys, and in the valley of
Back Creek, near Bent Mountain. Several main lines of Indian and early
pioneer travel passed through the region. One great line traversed the
Catawba Valley, and was the rath of travel from Fincastle and pointe
north to Smithfield ( now Blacksburg ) and the southwest country. The
route of Indian travel along the grest vslley, known as the Great Path,
passed through Roanoke County, near the present site of the Lee Highway,
with a side trail extending through Buffwds Gap near the site af the
present Roanoke-Lynchburg road. Near the convergence of these two
Indian trails was a free=flowling spring which naturally tended to make
the spot a camping ground. Adjacent to this spring was a saline marsh
to which deer and other animals came, and this was later called Bilg Liek
The spring is now called the Franklin Mineral Spring, snd is located at
the presemt intersection of the Lunchburg and Hollins roads. The settle-
ments of both the Roanoke and Catawba Valleys were driven out by an Indaian
rald in 1764, but were soon re-established.

Prior to 1730, all of western Virginia was called
Orange County, but at that date, the county of Augusta was formed to in-

clude all the area west of the Blue Ridge to the Migsissippl River within
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PLATE I1I.

Plate I,
Figure A,

Aereplane phetegraph of the Reaneke Valley,
leokling nerth aleng the Lee Highway. The felded
ridges of tne Appalachlan Meuntains are in the
backgreund. Nete the well-kept farms of the
fertile valley. The wooded patches represent
uncleared areas of cherty er siliceous seils,
Phetegraph by Underweed and Underwesed.

Figure B,

Aereoplane phetegraph leeking acress the
seuthern part ef the city of Reaneke, shewing
Mill Meuntain in center, and the Blue Ridge in
the far backgreund.

Phetegraph by Underweed and Underweed.
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the latitude of Virginia. Thus at the time of Washington, Roanoke

Caunty was 2 pért of West Augusta. In 1769, the county of Bétetourt
was formed, and then included much of central and southwestern Virginia.
In 1772, the norther part of this county was identified as Fincaétle
County, but four years later, the area of Fincastle County was appor-
tioned between Montgomery, Washington, and Kentuckie Counties, and only
the name was retained for the county-scat of Botebourt County. On March
30, 1838, by an Act of the Virginia Legislature, Roanoke County was
established from territory originally comprised in Botetourt County, and
the town of Salem, then 35 years old, was chosen for the county-sesat.

The name Roanoke was taken from the Roanoke River, which in turn derives
ite name from an old Indian word, Roenoke or Rawrenoke, signifying shell
money .

The town of Salem was laid out in 1802, and was estab-
lished as a tewn by the State Legislature in 1806, It was incorporated
in 1836, at which time its population was about 450 inhabitants, and 1t
was the largest town of the region. The constriction of the Salem Valley
a few miles west of Salem seems to have ckecked the early - migration of
ploneers down the Great Valley, and it appears that the Valley was not
settled by Virginians beyond Salem, until 1840 or later. 1In fact on
the o0ld maps, the Valley is represented as ending nesr Salem. Beyond
this supposed mountain range which closed. the Valley, pioneers passed

throuéh low gaps in the ridges into the uplands of southwestern Virginia
and North Carolina. The present highway from Salem to Lafayette 1s said
to have been surveyed by Washington.

In 1838, the Washington-Bristol turnpike was eonstrunﬁed
through Roanoke County, and a village was éstabliﬁhed ag a stage station
near the present site of Roanoke., The village was first called Gainshorough

but later became known as Big Lick, from the saline marsh already men_

tioned. The nucleus of this village was built around the stone house of
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William Stover, built near the preeentJaite‘of Campbell and Henry étreeté
in about 1797. In 1855, the Virginia and Tennessee Railroad was cons-
tructed from Lynchburg to Bristol, end since Roanoke County refused to
vote any bonds to helf finance the railroad, the tracke were laid one
mile distant fro#Salem and Big Lick, the two principal towns of the
County. Graduall& the business of Big Lick moved toward the railrosad,
and the former site of the town became known as 0ld Lick. In 1874, the
town of Big Lick was incorporated with a population of about 450, In 1882
its official population.was 600 imhabitants. During 1882, the Shenandoah
Valley Railroad constructed its track from Hagerstown, Maryland, to
Big Lick, at which point it joined the Norfolk and Western Railroad, which
had formerly been the Virginia and Tennesee failriad. From 1882 tp 1884,
the population of Big Lick greatly increased, so that in 1884, the
settlement was incorporated as the city of Roanoke, its population being
5,276 people. The subsequent growth of this city has been remarkable,
and has been in large part the result of development as a railroad
center. The present populatdon is in the vieinity of 60,000 inhabitants.
The population of Roanoke County at the time of formation
was 5,497; in 1910, 54,457; and in 1927 about 72,000 people. Other
settlements in the county are; Vinton, (known as Gish's Mill until 1884 ),
pdpulation 3000; Cave Spring, population 200, Bonsacks, population 120;
Starkey, population 50. Roanoke is the chief city, and is located in
the east central part of the Cpunty aldng the Roanoke River. It is about
220 miles from Washington, D.C.; 200 miles from Richmond; and 260 miles
from Norfolk. The seat of the county is Salem, present population 4,5C0.
Four divisions of two railroads meet at Roanoke City;- The
Shenandoah, Norfolk, and Radford Divisions of the Norfolk and Western
Railroad, and the Virginian Railrdad. A short spur-line connects Salem
with Catawba, and an electric line connects Roanoke and Salem. Five im-

proved roads cross the county or meet at Roanoke. The best of these 1s

the lee Highway, which traverses the Great Valley from one
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e k o | Gemeral Statement

]-j' ';;. ' -‘ - Im atu,dying the physiography of such an amea as

f Rqa.noke Omzn'by, the general effeots of erosion and the faatora influenaing

,:' "thia. erosion’oliim the most attention, So far as can be told, the chief |

I..:\:--_"_'sgiants af'erésion in this area are, and have almys been, streams,. '.Ehai'e

T have:- producad the presant and past topographic forms as & result of four _

2 imparbant :fs.atars- & Kmtmali'bies of level upon the initial land surface;

" 5"b.- Di:t:tarbneaa of -harénens in the underlying rocks; es Variations in

”distanca from the ges, anﬂ hence in local ‘naaelevela' d, Differential
-:"luplift or wa;r:ping of ‘r.he land surface., These factors ‘have medifm& stream

L

.ercsion to varying degrees in different erosion cyoles, g0 that mar the
-?:__«_.Igg.dcmf. .m;}.ango of one or several of these factors, the surface of
2 !&ia county m passed throush various stages of development, some of which

t ' my be recagni'u& from the disposition of the present forms,

Ll The most obvious reswlt of these fa.ctora of ‘erosion
has been the production of similar land forms in districts where similar
iaatora ha.ve been equally influentials This has had the effect of pro-
ﬂuoing aresg of provinces which &5 unite have passed through similar
maiograyhie history and which tlherefore, ke now characterized by aimiltr
lam.d forms. Thaan are oalled physiographic provinces, md are readily

ﬁ '_ nyparent even To tke leyman, who easily distinguishes one from amother,
: 5?“".' | 7 . The stages of the development of land forms may be
:';-_ "éom‘lﬂaro& u tcrnef epoehs of erosion, or erosion eyeles. m e:oaian o

'naenta tke avolution o:E the topog:rapky tram an:r ﬁuﬁal auxfaee ]




_1ﬂaaa ﬁas baen perfuatea the cycls is complete, gna thf¢5

d form is them

.fealled a penaplsne. The degree of perfectiom of the penaplane depends upon

.tha neamss to completion of the cycle, 80 that if erosion is interrupted

o incomplete, the topogrephy may show any variation from the peneplane to
a highly mountzinous surface, depending upon the stage of erosion at the
time cf'interruption. The completdom of an erosion ocycle. if uninterrupted,
depends ﬁpon certain factofs, chiefly, the speed of erosion, and the re=-
sistance of the roecks to this erosion. Under any condition however, the
duration of an erosion cycle is very long, and a full cycle is seldom
reached before some interruption occurs, This is gemerally an uplift of
the land, which rejuvenates the streams and initlates s mew epoth of
erogion or lengthens the 0ld epoch, The recognition of these completed or
partially completed erosion plames i an imﬁortant factor in interpreting
the past physiography of a giveﬁ area, so that the erosion levels in this

county will be carefully described,

" Attendant upon these changes in the land form are

changes in thé arraggement of the streams, and there is every reason to
believe that the past drainage of Roanoke County was very different from

that of the present; and it is possible to predict for the near geologie

future other changes edqually as radieal.s The following pages will therefore,

be devoted o a study of the development of the topography of thie area,
in so far as this development may be determined from the present topography

of the land,
The reader will find the following selected references
veluable in understanding thds development for the Appalachian Mountain

region as & whole, and for other areas adjacent to Roanoke Countye
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Physiographic Frovinces

The term physiographic province is applied to & unit of

e

area which is charecterized throughout by similar surface features, and which
has developed this physical unity throush a similar or closely related
physiographfe history for the whole area in guestion, In Roznoke County,
three distinct physiographie provinces may be recognized, each £harply
separated from the others, amd each occupying roughly the samé proportionm
of the srea of the county, These arey from northwest to southeast, the
Hewer Appalachian Province, the Appalachian Valley Province, and the
Blue Ridge Province, The Piedmont Upland Province lies just east of the
Blue Ridge Frovimce, but does not include anmy part of the area of the
county.
The term Blue Ridge is applied to the narrow belt of
contiuous mountainms whose topography is developed upon hard rock of com-
@ rliceted structure, snd which lies just east of the Great Valley. Fhrough-
out much of Virginie, this term is solely aprlied <teo the narrow mountain
testficed
area underlain by erystalline rocks., Thisausage of the term would be
universally adopted except for the fact that in some places the term is
also applied to the higher westera foothillg of the crystallines which are
controlled by resist&nt sedimentary rocks, To restrict the term to the
orystalline area would involve confusion of usage, empecially with the
names printed on the topographic maps, so that it seems advisable to in-
clude within the Blue Ridge Province both the mowntainous crystalline areas,

and the contiguous foothill belt developed upon the sandstones of the
g b P

eariier s some—ifironiyyof detinitlion—wit ‘




*r,! In Roanoke County, the Blue fidge is

aisa called Eofters Mountain, Stewarts Xuob, Twelve 0'Clock Kmob, and Bent
and Poor Mountaing, while its larger foothills are called Mill, Yellow, and
Buck Houmtains,

The Blue fidge Province containg maturely dissected
mountaing of orystalline and quartvzose rocks, With disturbed structure and
nearly aceordant summits, © Its drainage is demn@ritiec save in some of the
narrow valleys betweén the corystallinmes and the foothills, -The texture of
its topography is rather coarse. It has been eroded chiefly by streem
erosion snd this hag served to bring out its relief by lowering the belts
underlain by roecke of inferior hardmesse. The Zoaznoke is the only river to
oross the ridge in this county, and it roughly divides the Blue Ridge

Province inte two sections; a northern narrow division composed mainly of

°crystallines, end & broad southern division containing areas of both

oryetallines smd sandstonies, In this county +tThe two divisions are not
strikingly different, slthough the Blue Ridge north of the Roanoke hes mo
foothillsg, while to the south there sre two ranges of sandstone foothills,
The Appealachian Valley Frovwimwe, Which is somelimes re-
ferred to as the Valley Province, lies immediately to the morth and west
of the Blue Ridge and ite Poothills. This province is developed upon &
continuons belt of weak limestone aund shiles, and has an undulating surface
at an elevation much lower tham that of the Blue “idges It is in various
gtages of ddissection in different parts of its extemt, end its texture is

also rather coarse, Most of its streams are subsequents, which have become

Vony aliser hills rise from the surface of the Valley and are of different

heights, Ia this county, the Valley Erovince is draimed solely by the
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PLATE III

Plate III.

Figur. A,

View of Appalachlan Ridges at nerthwestern
edge of the Reaneke Valley. Tinker er Dead Mans
Meuntain at right, Smith Ridge at left, Carvins
Creek gap 1n left center,

Figure B.

View leeking nerth east acress Reaneke. Dead
Mans Meuntain in left center, Mills or Reeds
Meuntain at Pight, Reund Hill in center. The
fereground shows the Reanoke Valleyxfleer
peneplane, Reund Hill rises te the Fincastle
Valley-fleer peneplane, and the higher meuntains
reach the Upland peneplane level,



,‘!'j_lioan-ake River ind its tributaries. | : o

.gr _ £0 b Dhe Newer Appalachian Erovince occupies the northwestern
- . part of Roanoke County.‘ﬁts mountaine are often ealled the Alleghany or

Thig province contains en area of mountains developed upon a folded series

Appslachian R

of resistant and non-resistand rocks, and the drainage is largely of the
trellis pattern., The mountains are maturely dissected, and are in at least
a second cyele of developﬁent, the whole area having been etched out by
differential erosion from a plane surface of s previous erosion ecycle, -
The even-cregted ridges predominate over the valley belts, above which they
rise sbout 1000 feets The ridge;making format ions are sandstomes of Middle
and Wpper Paleozoic age, and the valleys have been worn upon shales. The
province extends to the morth of Roanoke County and adjoins the Alleghany

Plateau Frovince im West Virginia, not far from the Virginia line,

‘ Erosion Levels

General Statement,

Throughout much of the Appalachian region, two erosion
levels or peneplaneé have been prominently developeds These stand at
different elevations, and meke conspicuous surfaces of refemence, Elevations
sbove and below these planes can thus be readily located, On this basis, #
there are five physiographic levels; 1, Elevations above the upper pene-
plsne: 2, the upper penepleme; 3. elevations between the two peneplé.nes; e
the lower peneplaney B, elemtions below the 1w§-,r peneplane, Rach of
these ig regognizable in Roanoke County, and it is convenient to refer to
them by name, The followings names will be used for the different levels;

I le The Summit Feneplsne.
2. The Upland Femeplane,
o - 3., Intermediate Levels,
' 4, The Valley-floor FPemeplanes,
5. Trenches below the Velley-floor Femeplanes,
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The Summit Eeneplane,

The highest mhuntain area in this area lies in the

0 sonthwestern corner of the county, portly in Montgomery Countys This is .
the rugged mass of Foor Mountain which reaches 2 maximum elevation of 3960
feet, Viewed from the top of Bent Mountain, this mass fises mearly a
thousand feet above the level rolling surface of the old Upland Feneplane
which is well developed upon Eent‘gouﬂtain. Above thié peneplane, Poor
Howntain rises as & promiment mountain front, and represents a region never
reduced to the generél uplend level, Thus this area is a part of a land
surface in exixtamce before the begimning of the Upland cycle, and it 1is
therefore much older than that peneplane, There is somewhat meagre evidence
that this o0ld surface was ituelf a peneplane with more or less degree of
perfection, It Wlll here be called the Summit Feneplane after utose.(éﬁﬁiﬁﬂ

\) Stose . W. and Miser, HD. ancse Degos-'rs o Western Vwa\mn N Gedt. Sary. Dudl axkitt. 422, p.20
Ite elevation in Roanoxc County is about 3500 feet,
A few other peaks within the county reach nearly to

0't;}:L:‘Ls old surface, These are, Masons Knob, 3217 feet; Mcifees Inob, 3201 feet;
and Fort Lewis Mountain, 3328 feet, The summit of the Foor Mountein are=
is even-f0ppeﬁ and shows evidence of benches at about the 3500 foot elevation
In Giles County, this level (3600 feet A4T.) is very striking on Pearis
Mountain.and some of the other high peaks, The elevation is also reached by
many of the mountain summits of the central ippalachisms, and this level
is taken $0 represent ithe somewhat even surface of the land at the close
of the erosion cycle just prior to the development of the Upland FPeneplane.
It is the highest peneplmme which can be definitely recognized in Roanoke
Countys, Its average height is from 3500 to 4000 feet above sealevel, The
gurface hag been also called the Pearis Peneplane from its development on
Pearis Mountsin in Giles Couniy. (s8s3) Vright, in studying the p-3iv.
2) Huvpard, G.D-and Croners C.G., Notes onthe Gen\ogq of Giles Co. \I‘ \nia | Denison Dmcﬁu\!)fﬁ\ﬂ* '-‘{-'UJ'
phJ31ogrﬂpny of “the Upper James River basin found no evidence for a definite
erosion gurface inm the Appalachian Xidge region older than the Upland Pene~
plane;(iﬁ?ﬁ? Hewever he 11d not gpecially considexr the srea of the Blue

3) W tans 3. "'P pes James '?uwv.BaMn in ‘hrgmm Nia. Geol Surv. Buliny, 5, ‘p-
Ridge, wnd it 18 pr e uhﬁL "onn remuents of this older surface might be
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Figure 1,

Generallized prefile ecress the Valley eof
Virginia shewing varleus levels described in
this repert. Felded Appalachlans en left,
Valley in center, Blue Ridge en right.



Oﬁ&;ﬂﬁmﬁl have been nearly enﬁirely deatrayea.

‘Becauge of its very old age,; tie Summit !eneple.na ha.s
Omﬁf&‘?e& more eroaion and uplift than say aubsequently formecl 1azld eurfa.ce,
-_J_fso that its remmants ere yery rare and of smell ares, Those which remsinm,
owe their existana_e t0. protected localities at tlie headwaters of streams,

" oF to excepbiomally durable rook, and are now coimeident with the highest
present mountain groupse There is little Boubt that many of the elevations
now standing near the 3000 foot level were remnants of the Summit fenepla.ne
atlthe clogse of the Upland Pemeplane cycle, but which have been reduced to
lower levels since the latter cycle, To what extent the sireams upon the

| Upland Peneplene owed their existance to & previous course upon the higher
peneplane can not be determined, and it does mot seem possible to trace
‘the drainage patterns farther in the pest tham the middle of the Upland
cycle, - The age of the highest peneplane is thus indeterminate, but since
it i% knowmn to amtedate tlie Upland or "Cretaceous™ level, it was poseibly

_.i’ormed in lete Jurassic or earliest Cretaceous Time if the Uplanﬂ_l’eneplan-
' ation is correctly dated, The records of tike formation of the Sdmmit

Feneplene end of prior physiographic events are lost,.

The Upland Feneplane.

The next highest physiographic level which is clearly
discernable appears on the sccordant summits and even crests of the moune
tains at a persistaent e¥evation of about 3000 feet, A view from ome of the

~ highest mouﬁ‘t‘.a.ins ghows isolated remnants of an 0ld erosion level to which
‘meny of the mountain swmmits now rise. Parts of this 0l1d level are pre-

served by broad shoulders near the crests of the higher ridges, emd by the

'.ﬂat-tOpped gummits cn? some of the mountainm peaks, From the ?alley, this .

Qerosicn Ievel is not conspicuoua, but from & commanding elevat ion 11:8 5
;'F R mmaants ara guite prommemt a.ad if one imaginas ‘c}ae mtarveimg vall&xa

5y
'-'b,ar he :E.ﬂlaﬁ ta the 1we1 of. 'Ehgae remmta, the original 216% nagture of

} _ . *i

w

i
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PLATE 1IV.

Plate IV,
Figure A,
Tinker eor Dead Mans Meuntain underlain by
Silurian quartzite rising frem the level of the
Reaneke Valley-fleer peneplane,

Figure B.

View looking east acress the Reaneke Valley
teward the Blue Ridge.



- Tthe surface becomes Vvery apparent,
This penepléene is well preserved on the summits of Bent
¢ Mountain about twelve miles southwest of Rocnoke, Its surface is erossed
by the Roanoke-Iloyd Courthouse road which ascends the gteep face of
. Beut Mountain from Poages Mill to reach the pemeplane at Air Point, Prom
the valley of Back Creek near the mill, Bent Mountain looms up as a steep
mountain ridge, and one is surprised upoan reaching the summit of its
precipitous sdarp to fine a plateau~like upland with gently rolling surface
extending back from the very edge of the mountain face, The general ele=-
vation of . thie uplmnd 'is about 3000 feet, and it is trenched with wide
‘ghallow valleys, between which rise low rfounded hills, The surface is
strikingly even, and £lopes very gently to the southwest, being drained by
the hesdwaters of Botbtom Creek which flows into the South Fork of the
Roanoke, Tol the south and west, the upland is bordered by higher ridges
which‘stanﬁ from 50Q to 1000 feet above the pemeplane and represent remants
eof the Summit Peneplaney From the present uplend position of the remn:.ﬂ‘bs
TEULLTEE TR R D U,
It corresponde to the Cretaceous Feneplane sd9th8t term i cou:onl used
throughout the Appalachism ERegion, and it is taken to be the equivalent of
the highest peneplane im Marylend, Pennsylvamia, and Hew Jersey, where the
name Kittatiny Pemevlane is used from its development upon Kittatiny
Hountaine i gimilar level in Giles County has been called the Spruce Rum
Peﬂeplanefé(&ﬁizsiﬂﬂ
e a0 crmm'c'&”h? I?;lj.?ﬂglsfbncplmﬂe is best developed in the southe
western part of Roanoke County, but isolated remnsnts occur in many other
parts of the area, The orest of Fort Lewis Mountain extends for eleven
miles at an elevation of about 3000 feet, 2md represents a remnsnt as yet
uareduced Prom thé'Uplana surface, Tinker Mountain, Masons Knob, and
ch;l.-fees ¥nob have shoulders or benches at the 3000sfoot level, and are relics
of monadnocks which projected slizhtly sbove the Upland surface. The level

summits of Horth, Cove, and Brushy Mountains have been but slightly reduced



. ¥Pai fHe Upland Pemeplane, The surfice is well preserved on the crests s

cf_riigbé north snd west of the countys The upland surface of Bent
Mountain contiﬁues to the southwest into Ployd Countyy where much of
tat ares lies near the level of the o0ld plane. It is poorly preserved
on the Blue Ridge morth of Roanoke, if at all, for it is there very
difficult to trace any accordant levels from summit to summit, The nature
of this original surface has recently been sHudied by Doctor Frank J.
Wright in Bulletin XI of the Virginia Geologicel Survey, The Physiography
of the Upper James River Bagin in Virginia, The area covered by this
bulletin does not include any part of Hoanoke County, but extends very

* meay the northern boundary of the county, '

A%t the end of -the epposion cycle which produced the Up-
lend Peneplane, the land was worn down to a featureless lowland of very
glight relief, nearly at sezlevel, This type of land form must have been
developed upon an gsrea possessing long-continued stability, The surface

. was not entirely devold of relief, for monadnocks bearing remmants of
the Summit Peneplane still peesist, These represent areas of relatively
more resistant rocks, or areas at the headwaterw of streams where surface
reduction had not reached completion, The peneplanation appears to have
been more perfect in the central Appalachians than in Roanoke County.

* Little omn be told about the original drainage upon thig
part of the Upland Feneplane, It is probable that such master streams
23 the Roanoke, James and New developed their meandering courses upon
the level surface of the Upland Feneplane, since their present courses
are not primarily determined by the rock structures throush which they
now flow, In the area of the present Appalachian ridges, the effect of
the alternating hard amd soft rock layers was probably in evidence before
the close of this cycle of erosion, with the production of parallel
subsequent streams tributary to the master streacms,

Since the formation of the Upland Femeplane, and causing

the close of that period of erosiom, gentle uplift of the whole ares has
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PLATE V.

Plate V.

Figure A,

The sandstene feoethills of the Blue
Ridge seuthwest of Salem, leeking seuth.

Figure B, .-

) View of the rugged sandstene feothils
of the Blue Ridge seuth eof Reaneke.
Yellew Meuntain at the left, view leeking
west,
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the remants of this pemeplane now stand that much hisher than the preseat

elevated the land at least 2500 feet in the regiom mear Roancke, simce

e streams, This uplift took place without folding of the rocks, but was
no doubt accompanied by a ddfferential tilting or warping which appears '
to have been more pronounced in the northern Appalachians then in the
gsouthern, This uplift and tilt caused pronounced rejuvemation of those
streams whose gradiemts were increased, especially in the rivers now
flowing eéstWard to the ocean, The New River vhich flows westward was
less affected and possiyly retarded by the uplift, for it has lagged far
behing in the lowering of its valley., A later warping’of the Upland
Peneplane took place in Tertiary times,

This pemeplane is now strongly dissected, snd the softer
rock belts have been eroded to depths of 2500 feet below the o0ld surface,
The remaants which are left are those which were distant from the base-
level conﬁrolling the down-cutting,or which were upheld by especislly

. resistant rock strata. The unreduced remants of the peneplane still
preserve the gently rolling surface upon vwhich a few of the older mon=-
adnocks remain, The present elevation of this plane is about 3000 feet
in Roanoke County, To the north where the peneplane has been studied
under better conditions of preservation, the date of its formation has
beeq determined as latest Jurassic or early Cretaceous, end the peneplane
hes thus been called the Cretaceous Feneplane. The aceuracy of this date
of formation is open to question, but so far as the writer is aware, the

locel area offers mo solution to the problems

Intermediate Levels,

Between the well-developed erosion surfaces of the
o Upland and Valley~floor ZPeheplanes occur slight benches which represént

intermediate léevels of erosion, Since these stand below the level of the

Dpland Eeneplane and sbove the Velley-~floor Pemeplemes, fthey may be spoken

o
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A . ' : 1)
of as monadnocks on the valley floor, . They &re 'so called by Wright,
b Wi 'W¢MR-J~W§W\1§W= Upper James Rwer Basm inVirguaia | VaGee ). Sare Bull-wy, 1425, p 24
(48pmd), Stose Mhs i1dentified 2 somewhat coffstent level at en altidude

of 2250 feet, and kas called it the Imtermediatle reneplﬁnﬂ% (a==23)
2)-Sose,GW. and Misef, H.D | Manog cposits & Western Viwginia., VYa.Geol Suev, Bl i, 19224 p 2
Hubbard and Croneisd/(S=2=5%8) recognize Giles County an intermediate
3)- Huvbani G.D. anadCronéisCa. Nates onthe Geol Gules Co, Vv pnia, Denson Univ. Bull- Yo ax 1924 p 813
perieplane Which they have calle;ﬁggg Bucke§e Feneplene, altitude ibout
2500-feet, In Roamoke County there is very little evidence of & per=-
gistent wide~-spre2ad level between the two main.peneplanés. Therefpre

any intermediate benches vill be here called Intermediate Levels, and will
be considered merely ae pheses of the general dowm-cutting which ensued
during late Cretaceous and early Tertigry epochs,

In this area, two elevations between the upper and
lower peneplanes show suggestions of benching; one at 1700 feet, and
another ot R100 feets These benches occur in the eastern half of the
county, and are not to be confused with the 2300 foot plane of the Bublinm
Vil ley~-floor of western Roanoke County, nor with the 1400 foot level of
the Tincagtke Valley in the castern part, There is good evidence of
these inBermediate benches along Forters Mountein, and on Stewarts and
Weavers Inobs,. Similar levels also zsppear alonz the main Blue fHidge
gouth of Roaunoke City, and severdl of the wind-gaps in the Blue Ridge have
their floors at e out 1700 feet, OStose hae recorded levels upoa the even
tops of the foothills of the Blue Ridge, and has noted an accordance of
aomé of the low divides in these mountzins, These represent his Inter-
medizte Ecnep1¢zegktsﬁ2%4 He a2lso notes that this level does not appear

4) - Stose,GW and Miser t.D. op- Cik _ ¢ )
west of the Blue Ridge, nor south of the Fotomaec, He correlates this

‘level with the Weverton Femeplane of 1400 feet elevation zlong the

Potomec, and dates its age as late Cretaceous.

In Roznoke County, the crests of many perts of the
Appelachian Ridges produce a somewhat even skyline at an elevation of
about 2000 feet, which might be taken as an intermediate peneplane, On
the other hand, these ridges are upheld by rodk of uniform herdness, end

where the dip of the rock is geantle and its oubterop broad, edqual erosion
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; un bath gides af & ridge previously peneplanea a2t g higher level will

ten& 'bb Tower the crest evenly, end thereby form a level summit without

@ the intervention of e later pemeplane, Where the ridge-meker is thin,
the mountein crests are often irregular in outline, Thus the areas of
regular summit ét the 2000 foot level appear to be due to symmebrical
eTog ion, .

Three main types of monadnocks rise from the valley=-
floors, The most messive of these are the mountain ridges themselves, of
which Catawba, Tinker, and Fort Lewis Mountains are typical examples,
These are mondclinal or synclinel in structure and are composed of re~
sistant rock of Paleozoic age, A second type of monadnock is represented
by Mill, Reeds, and Coyners lMountains, which are likewise composed of
herd sandstones, but posgess complex struotﬁe. A third type includes
the small and often linear ridges which rise but little from the floor
of the ¥alley, They are the results of differential erosion upon hafder

. members of the Valley limestones, and the adjoining slele helts. These
are illustrated by the ridges in the northwestern pert of Roanoke City,
an@ by the low hills east of Salem , Their crests approach the level of
tlhe 0ld Pincastle Valley, and gre probably remmants of that floor now

gsomewhat worn dovm,

The Valley~Floor Peneplones.

The most striking physiographic feature of the whole
Appalachian region is the long open valley vhich traverses thé State from
north to0 south alons the northwestern edge of the Blue Ridges The floor
of this valley is en undulating surface sloping gradually to the bounding
ridges which rise abruptly from the lowland, - No single river drains this

° valley, but it lies within the draimage basins of four distinet master
etreams, snd the imtervening divides have been almost perfectly bevelled,
In Roenoke County, the Crest Valley is'draimed by the Hoanoke River; to
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the mortheast it is drained by the James; to the southwest by the New.
The Vglley wae never formed by ome river's erogion, but comsists of
several wide benches or plane gurfaces at differemt levels 100 to 400
feet apart, Each of these benches represents an erosion surface which
was determined by the level of the master stream which drained that part

of the galley, and the series of these levels are called the Valley-floor
¥ '
Peneplanes after Stose. {&E280)
1) Slose, GW. and Miser, 1D op. L% p. 20
Authors use different terms to represent tlhese lowland

levels, Wrizht considers them all as forming a single peneplane which

3)

he cplles the Vel ley Penepl&ne? (#833) VWotson and Cline (SSasiSs=s)
&) Wright, Frank J. op.cik. p 1y :
use the term Tertiary for the level crests of the ridges which rise from @
3) Watson Vol and Qf\'m..l\f’(-,%mg Changes in the Snenandoah \'u\-\lcg Weginia, Univ o Va. Puslication, Bai 3"
the valley floor, and Shenaihdoah for the Valle? edrface itself, Spencer|4)
4) Spencel, BC. Geo\chj of The Massanaifen Wourffains— Washingion, 1397, p. 4.

(29=8) in the Sfed around lassammtten Kouut;%n used the term Shenandoah

for the hill-top level of the gently rolling gountry. into which the low=

';'f-. Siﬁlctl‘\'\%ir. Sex., Vo ;_Nm-l, 19 13. pp 357-2

land is dissected, Hubbard and Groneiéﬂ(ﬁ5255£5) have adopted the term
5) Hubbard.&.0.and Croncis, C.G., op. U p. 813, b)
Pearisburg Bagelevel for the Valley-floor in Giles County, M, B. Campbell
e ek e T e e T s

hers have calle e Valley=Tloor peneplane the Blacksburg Feheplain
from its goba development near Blaclksburg in Momtgomery County . (&E=EEE)
North of the Potomae River, similar levels are called the Harrisburg and
Spmerville Pengplanes, while the general term Tertiary Penepiane has long
been in use for any well developed erosion level below the so-called
Cresaceous or Upland Peneplane,

Three separcte valley levels are determinable in and near

Roanoke Cougtys the Dublin Valley-floor, drained by the New River, with a
present floor~level of from 2300 to 2500 feet; the Fincastle Valley-floor,
once drained eniirely by the James, with a present floor at 1400 teo 1500
feet clevation; and the Salem Velley, now drained by the Roesnoke, with its
floor sbout 1000 feet above sealevel, Thus the area is interesting from
a phyéiographic g tandpoint, in that it contains valley-floor levels at
three different elevations, althouzh all wereapparently formed =t the same

time,
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The triangular aves defined by lloverdale, Buchanan,

'aﬁd'ﬂincastle shows the well-developed Fincastle Vél ley-floor at the 1400
0 foot ievel.- This plane is one of the most striking of the lowland pene~
planes, and extends morthward to Ragle Hock and Baleony Fells as previously
described Dby ‘right.g(m) It has been relatively little dissected, amd
l) Nn ot Frank . op.eil. p. 82
mark:a.bly even and undulating in appearance, The same plane pay be
traced into the eastern en’ of Catawba Valley, Levels, which are takem
to be remmants of this plane, occur within the Salem Valley, where the
tops of Round Hill, Smith Ridge, and the benches ol Mills Mountain are
levelled at an elevation of 1400 feet,
The Dublin Valley-floor (“Blacksburg erneplaizr of
Gampbell? 4593335 ) was formed by the erosion of the New River and its
A} Compbeli, MR, ef al. opus cif. pp 131-5.
tributaries, and its level floor is well developed east of Blacksburg and
Christiansburg. Abundant traces of bemches at this level (2300-~2400 feet)
may be found im the western end of Catawba Valley, and in the valleys between
. Paris and Port Lewis Mountains. These valleys are now part of the Roanoke
drainage basin, and their present floors are far below this higher level,
The presence of these higzh benches could be explained by the capture by
the Roanoke of drsinsge which was previously tributary to the New River,
Immediately west of Lafayette, the summits of the Fedlar Hills are at' the
level of the Dublin Valley-floor, althousgh this area is now greatly
dissected and drains into the Roanoke, ’.'L'-here are also levels in the westerm
end of the Salem Valley which stand at an elevation of 2300 feet, although
the evidence Ffor correlation of these with the Dublin Valley-floor is far
from clear,
The Salem Valley-floor Feneplane with ite elevation of
1000 feet mow occupiee the central part of the county. The level of this
peneplane is considerably lower than that of the other Valley-floor planes
0 and it would appear that the lower plane is somewhat younger than eifher
e other two,
The sreal development of the Velley-Tloor FPemneplanes is



hy na neana aa oomplete as we.g; thﬂt«ﬁf the Upland Femeplane, , The period
@1' laﬂrelling was siafficient only for the removal of that part of +the

-egrlier surface which wag underlain by weak roek, slthough this removel

pregiessed well toward the heads of the larger streams, Only the limestones
and softer shales were worn down during the Valley-floor pemeplanation as
compared with the almost complete surface reduction in the Upland cycle.

In the Ridge region, the limestomes and shales are much less perfectly
bevelled then in the Valley itself where the broad outcrop of the Cambro=
Ordovician limestones has furnished a greater single srea of soft rock.
Turthermore, the peneplanation has progresced zlong the strike of the soft
rock outerops, end the irregularities on the surface of the Valley are not
especinlly apparent until omne crosses the Valley at right angles to the
"grain" of the topography.

Mention hes been made of the monadnocks on the Velley=
floor which reach the Intermediate Levels, Below these, there are lower
monadnocks which rise 50 to 200 feet above the general lowland, These
ridges are chiefly developed wpomr the cherty or siliceous layers in the
Valley limestone, or upon harder-mémbers of the afjoining shale format ions,
They sre generally parallel to the strike of the Valley, and are seldom
more than & few hundred yards in length., Their surface is eften rock~
strewn or ledgy inm marked contrast to the heavily soil-covered lowlands,

The lowland pemeplanes have been considerably dissected
gince their formation, and the present streams are incised seversl hundreds
of feet so 'that the nature of the planes has been greatly modified, The

Roanoke and its tributaries are now incised at least 100 feet below the

- Salem Valley-floor; from 400 to 600 feet below the Fincastle Valley-floor;

and from 700 to 1000 feet below the Dublin Valley-~floor, The high elevation
of the remants of these lowland peneplanes is unususl for the Great Valley
in northern amd centrasl Virginie. Comsidersble quantities of gravels and

sands of fluvistile origin cover the various levels, and at the mouths

of some of | the marrow ravines im the Valley walls, small alluvial fang .
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ha.n 'me built up elichily abova ’éhe peneplanes, DThese are génerslly

h{’sgali_tiﬁh lowsamgle slopes, and are composed chiefly of quartzite pebbles
and qﬁ&rtz sand, They are especially noticeable around the flanks of

‘Mills or Reeds lMountain where they extend down mearly td Tinker Creek and

effectively cover all exposures of bed-rock, Others appear southwest of
Salem around the flanks of Twelve 0'Clock Xunob,

The Valley-floor Peneplaﬁes were formed at the end of a
period of land uplift, the total amount of which is closely approximated by
the difference in present elevation between the Upland and Vaelley-floor
Peneplanes, Ih Roanoke County this difference is about 2000 feet, INear
Richmond, Virginia, the two peneplanes are nearly at the same elevation,
and they closely approach each other to the west in‘West Virginia. The
valley-floors have suffefed warping since the peneplanation, but the
amount @gnd distribution of the warping can not be accurately determined in
th¥k area., Since the base-levelling, the f£loors have been elevated some
distance as is shown by the incision of the present afreams, and the various
planes are in a2ll gtages of dissection from esarly youth to full maturity.

The date of formation of the Valley-floor Peneplanes
is somewhat in doubt, and there does not seem to be adequate date to
determiﬁe this date in Roanoke County. In other rezions where the evidence
ig fuller, the peneplanation has been tentatively assigned to the Tertiary

Period, althouch this assignment is not without question,

Prenches Cut Below The Valley-~floor Fenmeplanes

The recent uplifts of the area have increased stream
gradients and closed the former cycles of valley-floor peneplanation, The
rivers are again domm-cutting, and a fubure base-levelled surface is now
~in process of formatiom, The elevation of the Hoauoke Eiver in its gap

-

§lmeugh the Blue Ridge is about 880 feet sbove sealevel., Thig elevation

'finag the pregent loczl baselevel for that river system north of the
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*ﬁﬂna‘ﬁiigea ﬂhe Roanoke is mnero&ching upon the dre aingge bagin of the |
% Rhw Riyer alﬁng the watershed at Christiansburg, and in the near geologie
. 33.'11";1{1'9 will probably capture the headwoters of that stream, This will
' ”:,qanse &n attendant increase of volume for the Hosnoke, amd = lower locel
lanbaseievel Tor the New, so that the whole drzinage system of Roanoke and
:Montgomery Counties will be re-arrogged, The Hoanoke will more rapidly
lower the elevation of its gup throush the Blue Ridge, emd the 900 foot
plane which 'is now being formed will stand as a prominent bench or terrace
into which the rejuvenzted streams will entrench themselves.

The present streams are flowing in comparctively narrow
valleys with floodplains of various widths. They have cut dowm farther
below the Velley-floor Pemeplane surface in the western part of the county
than in the east, so that the Roanoke is 700 feet below the old valley
bottom at Lafayette and only 50 fest below at Roanoke. The tributary
streams are likewise entrenched to depths depending upon their distance

. from baselevel, AB an average, the present velleys are from 50 to 100
below the Salem Valley-floor Pameplane, - lany of the smaller streams are
being temporarily upheld by resistant rock ledges in their channels, The
vertical Silurian quartéite of Smith Ridge forming Carvins Palls acts as
a control upon the headwaters of Carv}na Creek, and, by its resistance to
stream wear, is retaRding the lowering of the cove floor, The Roznoke
Water liorks is making use of this geologic obstruction to help impound a
reserveoir in Carvins Cove for the water supply of the city of Roanoke.

| The larger streams show many terraces along their
ecourses. oSome of these are floodplain terraces cut in alluvial materizl,
Others are benches due %o s8light land uplift, and are well developed aloag
:the valleys of the Ridge regiom, where they are cut in the soft Ordovician
end Devonian shales, For the most pert the terraces are cbvered with

.. gravels, and can not be correlated with each other'or with terraces im

.“';:w aﬁjaoent areas. Bxzeept for the terrace areas, the surfaces of the Valley-
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PLATE VI

Plate VI.
Figure A,

The level Reaneke Valley~-fleer peneplane
with the felded Appalachian Ridges in the
backgreund.

Figul’l B.

Leeking nerth at Catawba Meuntain whese
level crest reaches the Upland Peneplane level,
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g o been;p*rlpped away in the rezions where active erosion has taken place

'?fﬁ¥ ”sinqﬁ ?anpllnatnwn. These soils and ¢lgys are of valge for the clay ine
G dq;ﬁry, end in many places deposits of iron and menganese ore have
¥ Qéﬁumulatéﬂ during or after the period of peneplanation, The Valley low-
fian&s have been etched out upon limest mes of various kindé, and the
residual soil is very fertile and abundant, The formation of the Valley-
. floor Peneplanes has resulted in the production of considerable areas of
3 level land well suited for cultivation, and has had & large part in

determining the present scenery =and eponomic resources of the area,
Drainage Developments

Roanoke Uounty is mearly equidistent from the master
atreams of the New and James systems, Its own river, the Hoanoke, is the
southernmost stream to cross the Blue Ridge in Virginia, so that the

. county lies very nearly alomg the divide between t1_1e Migssissippian &€nd
Atlantic drainage basins, The present drainage bf the county is largely
throuzh the Roanoke River; one-eighth of the crea drains into the James
River, end none of the area is within the basin of the New River.

It is difficult if not impossible to reconstruct the
steges throuch which the present drainage of this county has developed,
To some extent at least, the present arrangement of the larger streams
was inherited from their aprangement at the close of the Upland Peneplane
eaycle, Since all of the masier streams Anm this part of the Appalachieng
show incised meanders, it may reasomably be supposed that they develeped
thieir meandering courses in an earlier cycle tham the present, and upon
a8 pemeplaned surface which was prefumably the Upland Feneplane. There
igs also no reason 1o doubt that the tributary streams on that part of the

. Upland FPenmeplane now etched into the Appalachian Ridges, were partially

__'gﬁjnateﬁ to the underlying structure, and were already in parallel sull-
‘ 'xéb@yggvaalleya before the close of that cycle., The period of Upland
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'Esﬂr'
: __'tien was termin“ted by aa uplift of ths whole Appalachisn region
w@ﬁeﬂ[aansed e disturbance of the pre-existing drainage. The uplift was

sompanied by Aifferentisl tilting of the pemeplsone surface, favoring anm

f jfease of glope for some streame, and lowering the slope for others,
géitiating & new cycle of erosion,

With the uplift and tilting, the streams raplﬂly began
to incise themselves and to destroy the surface of the peneplane, As the
gtreams cut into this surface which had been developed upon hard and soft
rocks of complicated structure, the softer rocks were etched out of the
folded area, and a series of subsequent streams became developed, fribu$ary
to the master streams, '~ These tributaries began to lengthen themselves by
headward erosion, so that by the time the master streams had become en-
trenched, their upprer branches and tributaries were established in long-
itudinal valleys along the strike of the folded rocks., It is probable
that these 'tributeries became invidlved in a series of stream captures, both
among themselves, and with tributaries of other master streams, although
the details of such ceaptures have not been worked out, The presence of
high-level terraces in the Catawba Valley, which slope gradually toward
the New Hiver, is highly suggestive that the present drainage of that
valleﬁ has been diverted from the New into the James River at a fairly
recent date, TFurthermore, tle preasence of similer terraces in the eﬂstern
end of the Salem Valley: B sloping towerd the Fincastle Velley-floor, may

also be evidence that this part of the Salem Valley was once occupied by &

branch of the James, which has recently been ceptured by the foanoke,

An interesting example of recent stream capture may
bé seen in the southwestern corner of the county, where the headwaters of
Back Creek are rapidly ohliferating the upland surface of Bent lMountain
and sapping the headwaters of the South Fork of the Roanoke., This is

gspecially well shown mear Air Foint, vwhere z sizable branch of Bottom

':Qzaek which formerly flowed éouthweshward on the 0ld upland surface, kas: .

x,baen:ﬂiverteﬁ-ta_the northeast into Back Creek.



:Enldi‘nghﬁ.d upon the lemd surface is highly conjectural, It is only
s ig@ﬁjgﬁﬁaﬁfthg ares was 1lifted faor sbove sealével, and that a cycle of

o -

The present divide between the Rofmoke and the New 3

iy 1o dlonz the erest of 8 15w .,ridge whieh: sﬁmdg south from Dlackebwg

tﬁg@ﬁristiansburg in Montgomery Jounty. The elevation of the New River

‘opposite this part of the divide is about 1750 Zeet, The elevation of
A )-. G
Bhelorth Tork of the Roanoke &t Trinity Crossroads, three miles from this

fpoint in the divide is 1450 feet, and the two rivers are less than ten

miles apart, The divide is thus very unsymmetrical, end the difference

in level very marked, Thére can be little doubt that the Roanoke is at
present encroaching upon the basin of the New River, With the great
difference in local baselevels, the watershed will eventually be worn
down so far that the headwaters of the New will necessarily seek the lower
level of the Roanoke, and will be diverted from the bagsin of the Miss~
igsippi River system into that of the sastern Atlantic Ocean, This

cepture will initiate 2 mnew cycle of erosion for miach of this area, givi ag

' the Roanoke doubled volume, =nd the New headwaters a steeper gradient,

thus rejuvenating the entire drainage syatems,

General Summary of +the Physiographie History

With the above discussion of the physiographic levels
end drainage changes in mind, it is possible to summarize bewiéfly the
physiographic history of the county.

The last known marine sediments to be laid dowa inm
thié area were Mississippian in age. Presumbly from the Mississippian
Period to the present, the area has been dry land, and hence subjected to
the attack of agents of vhethering and erosion, Someﬁ&m:utabouf the close
of the Faleozoic Era, this region was inveolved in folding and faulting

which seriously disturbed the rock strata, and produced the complicated

~geologic structure which the county now possesses. VWhat effect this



5%1&3316 and Jurassic Periods, The first record of physiographiec

-w:ﬁepldne.. Tha degree of perfection of this peneplane can only be im-

. z?aginaﬁ for the present remmants are poorly preserved and the record very
" /' umreliables This land surface is called the Summit Pemeplene, and little
iéanown about it save its existance. It may have been formed during late
Juragsic or early Cretaceous times,

After the reduction of the land to tie Summit FPeneplane
a slight uplift of the whole region occurred, so -that stream erosion again
became active, The rivers cut into the Summit Femeplene and destroyed its
level surfaoce, This c¢ycle of erosion finzlly came so near 1o coﬁplatbon

thet a second peneplane was formed zbout = thousand feet below the first

planes The second level 1s called tle Upland Peneplane from the present
. position of its remnants, This peneplane was much more .parfeot than the
first level, and in the process of ite formation, nearly all trzce of
higher levels wag obliterated. The second cycle of erosion took place
during z long period of crustal stability, so that the streams upon its
suiiace reached full maturity, It was terminated by a series of uplifis
which renewed stream erosion in all perts of the area, The upli?t was
accompenied by warping of the peneplane, which gave favored streams an
advanpage over less favored streams, so that the master rivers became
.adversaries for posatssion of intervening ureas, This advantage has
continued to the present time, and the rivers to the north of Roanoke
County are progreszively more zctive than theit southern neishbors, The
dete of this uplift wes probably between the Mesozoic =nd Cenozoic Eras,

so that the Uplsnd Peneplane may have been the site of active erosiom at

' the bagiuning of the Tertiary ?erlod.
The uplift cmounted to &t least 2000 feet in Reanqka

"i!hxe perioa a! rest mcaurred long enouzh for the production of
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' smai@, lavels._ 'ﬁne. : |
1nta tha Upland Eenepi&ae'laft rg,]’

1:vq_baan czlled Intermediate Levels,  Sa.far ag is Imown, none of-“

;i'aboutﬂﬁﬁoo feet below the Upland Peneplane, These levels were developed
'Llf} iﬁéabag-geveral master sireams, and are called the Valley-floor Eeneplanes,
: '”?hgy were all formed at about the same time, but were controlled by
.differant loeal baselevels, so thet they were developed at slishtly
.difierﬁnt altitudes, This difference in levels camsed a series of stream
captures with the northern streams being more aggressive than the southerﬁ,.
Three of these Valley-floor Peneplanes were developed in Roanoke County;
the ﬁﬁhlin Eeneplaqé, elevation 2400 feetf the Fincastle Peneplane, ele-fqﬂ\
vation 1400 feet; and the Salem Peneplane, elevation 1000 feet. .
. Uplift and warping closed this erosiom cycle, and
'started the preseﬁt trenching in the floore of the older peneplanes. The

~conditionghich had produced captures were continued and even augmented,

g0 thet ﬂiainage changes have occurred in the recent pest, and may be
imminent in the near future, The Jumes River is apparently increasing its
eres at the expense of the Roanoke System, and. the Roanoke is attacking
' the drainage basin of the New River, It may be safely prophesied that
-anather-geologic epoch will see the headwaters of the New River tributary
to the Roanoke River system., This diversion will upset the present cycle
of etrean erosion in Roemoke County, emd will again initiate 2 new cycle
i, 4 ,ier the region; Phis area hes thus passed through three distinet erosiom
r':i gycles, and 'is at preaant in a foubth cycle, with prospects of an sarlff

"*ehanga. The region haa been more or less comgtently in uplift from

n‘ﬁﬂﬂﬁBBlppi&n times to the present, and especially so from thes”‘

'I) q.l‘

o

resent. Tha uplifts are inm part recorded by tH%'daptha‘of ﬁhk

:nmﬂ the.pariaas of est by the erasion terraeaa or penaplgnea.;vf§ 3
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RESOURCES OF THE ROANOKE AREA

TN il oY =N ATIN f"‘
GENERAL STATEMENT

The Roanoke area holds a variety 5f rock types many of which con-
tain natural mineral products that are of economic value under favor-
able conditions of occurrence. Few of these products, however, are
being mined at the present time in the district, and the mining indus-
try is of little importance in Roanoke County.

Of the deposits which are being actively mined, clay, building
and crushed stone, lime, nelsonite, and a very little iron ore are the
most important, agnd the production of none of these is very large. Coal,
iron and manganese ore, glass sand, barite, and cement rock may be ad-
ded to the list of mineral reserves of possible economic value, but
can be developed only under more favorable conditions than those of
the present. There are some important branches of mining for which
no substantial basis may be found within the limits of this area. One
of the most essential commodities of modern industry, peiroleum or rock
0il, is not likely'ever to be found here. The previous metals are
likewise not present in the area in workable quantities. The occur-
rence of gold and possible silver near Roanoke is authentic, but the
amounts are so limited as to be commercially negligible. Lead, zinc,
copper and nickel have been discovered in this district but no known
deposits have proven of actual value, and the main natural resources
of the area are of non-metallic substances.

The development of the resources of the Roanoke area was started

in the early eighties by the founding of Roanoke City. Prior to that

time the mineral reserves were little known, and practically untouched.
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During the period from 1880 to 1893 the population of the region great-
ly increased and the district was fairly well combed over in the effort
to locate mineral deposits of commercial value. This mining boom was
in part a reflection of a general interest in mining which at that time
developed throughout the State of Virginia, and in part was the result
of the opening of territory hitherto unsettled. No doubt the develop-
ment of the city of Roanoke as a railroad town stimulated the mining
industry, as did the meeting at Roanoke in 1883 of the American Insti-
tute of Mining Engineers. During the decade folloﬁing 1883 most of
the important mineral resources of the county were discovered and many
of them were prospected and mined. The panic of 1893 forced the clos-
ure of most of these small mines and few operations were in progress
by 1200. Since that time some new reserves have been discofered and
a few of the old prospects have been re-opened, although at the pres-
ent time mining is scarcely a prominent item in the general industry

of the region.

It is thus necessary to refer to past discussions for data con-
cerning many of the deposits, for most of them were then described in
more detail than can be accomplished by examination of the present ex-
posures. The descriptions of the prospects and mines of this county
have been largely taken from earlier reports and in many cases little
additional information has been Turnished by the present survey.

Throughout this chapter all quotalions and references will be re-
ferred to a bibliography which is appended at the end of the chapter.
This system is adopted in order to allow a bibliography for each mine

o

or prospect described without an excessive number of footnotes. ©So
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far as the writer is aware, the list of references at the end of the
chapter contains all mention in geologic literature of mineral occur-
rences in the Roanoke area.
The mineral resources will be discussed under three main head-
ings:
A. Metals
B. Fuels

C. Other non-metallics
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Fjgure 4,

Figure 4,

Map of the Roanoke area showing the location of
the most important metallic mines or prospects,

Brown iron ore mlnes,

Gowan bank.
White bank.
Deal bank.
Houston mine.
Stoner mine,
Murray mine.
Buford bank.
Upland or Crozer mine,
Lynchburg or Grubb mine,
Rorer mine.
"Griffin mine,
12, Gale mine,
13. Starkey mine.
14, Castle Rock mine.
15. Poor Mountain mines,
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Blue Ridpe hematite mines,

16. Lemon mine.

1%. Edith mine.

18, Grubb aspecular mine.

19. Cundiff and Dewey mines.
20 Griffin specular mine.

Pyrite.
21, Bonsacks mine.
Lead and Zinc mines,
22, Bonsacks prospect,
23, Martin and Wertz prospects.
24, Langhorne and Wills prospects.

Nickel prospects.



At

Iron and Manganese

That the presence of iron ore in this area has long been known
is attested by the old Back Creek furnace which was washed away in
1813, and was located on Back Creek about six miles south of the city
of Roanoke. The old Catawba furnace was bullt about 1820 near the
present site of Haymakertown along Catawba Creek; and the Cloverdale
furnace near that town was built about 1830 and abandoned in 1849. The
accessibility of iron ores and ease of mining and smelting early led
to operations on a small and crude scale. The discovery of higher
grade ores elsewhere and the centralization of the iron industry have
since made such small operations profitless, and the Roanoke iron ores
are not being mined at the present time.

Some prospecting but very little serious mining was carried on
in the region until the boom of the early eighties. The advent of
the railroad and the mushroom development of Roanoke City induced lo-
cal mining operations which were further encouraged by the meeting at
Roanoke in 1883 of the American Institute of llining Engineers. During
the period from 1880 to 1206 many iron mines were opened up and abun-

ant prospects were located, so that by 1905 three furnaces were in

(@]

operation at Roanoke. Soon after this flurry, however, the mining
became curtailed by economic pressure, and the workings were rapidly
closed. Since 1920 no iron or manganese mine has been operated in
the area around Roanoke except in the vieinity of Buchanan.

The iron and manganese ores of this district may be classified

as follows:



A. Red hematite ores:

a. Blue Ridge "specular' hematite
b. Clinton "fossil" hematite

B. Brown ores of iron and manganese:
a. Cambrian ores along the Blue Ridge
1. Iron and manganese ores as pocket deposits
in brown or variegated clays
2. Iron ores in dark-red ocherous clays at
the edge of the Vglley
3. Replacement deposits of stratified beds by
iron and manganese ores
b. Oriskany iron and manganese ores
C. Magnetite ores
a. Limestone magnetites of the Valley
1

b. Titaniferous magnetites of the crystalline area

D. Pyrite and pyrrhotite

BLUE RIDGE HEMATITE
At or near the base of the Unicoi formation there occurs a fer-
ruginous sandstone which is sometimes of sufficient quality to be lo-
cally mined as a siliceous iron ore. It is often called "mountain
specular ore" from its occurrence high on the flanks of the Blue Ridge
foothills. (Although this is called specular ore, it has no resem-

7 -

blance to true specularite.) It is very siliceous and of rather poor

-+

grade, having an average iron content of from 35 to 40 per cent, with

P

30 to 40 per cent of silica. The combined percentages of phosphorus
and manganese seldom exceed oné per cent. In Roanoke County this ore
has been mined only on Buck Mountain. Several other mines and pros-

pects have been opened along the southwestern flank of the Blue Ridge

Lt L
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near Blue Ridge Springs.

The Blue Ridge hematite consists of a bedded deposit of quartz
sandstone and conglomerate which has been partly replaced by hematite.
The ore is dense and hard and generally deep-bluish-green in color
when encountered at depths, with the hematite giving little color to
the conteining rocks. Near and at the surface the ore is much weath-
ered, and takes on a dark-red color due to the oxidation of the iron
content. Where long exposed, much of the hematite alters to soft lim-
onite with traces of manganese oxides as incrustationst The siliceous
nature of the ore is due to the presence of unreplaced sand grains and
quartz pebbles which are very abundant along some of the bedding planes.

Small gray or reddish clay lumps are found in the ore and thin lenses

of shale often occur in the poorer masses. The hematite is associat-

jon

with the sandstones, quartzites and shales of the Unicoi formation,

e
and possesses the same strike and dip as the containing rocks. The
rocks have been much fractured and deformed and generally stand at
high angles, In the belt north of Blue Ridge Springs the ore is per-
sistent along the sirike for over three miles, although interrupted

by ravines. The bedded nature of the ore shows an original deposit-
ion probably very similar to the deposition of the Clinton ore. The
containing rocks are unfossiliferous but are probably of marine origin.
Only one bed of ore is known in the Roanoke area, and this is from 4
to 12 feet thick near Blue Ridge Springs, and 2 feet thick on Buck
Mountain. The ore is mined both from open cuts and by deep mining
along the dip. The highly siliceous nature of the 3Blue Ridge hema-

tite greatly impairs the value of this type of iron ore, and it is not

probable that these workings will ever be economically important.



R

The Griffin Specular Mine.

This prospect is located on the north slope of Buck lountain
along the Indian Grave road about six miles southwest of Roanoke. This
is the southernmost working of the Blue Ridge hematite. The orebed is
about 2 feet thick and is interstratified with the Unicoi sandstones
and sandy shales. The beds strike nearly esst and west and dip to
the south. The ore is a fissured and veined quartzose sandstone part-

ly replaced by hematite. The rock is fractured and shows large areas

[®]
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lickensides. lear the surface it is weathered to soft hematite
and limonite. An analysis of a mine sample by R. J. Holden showed

40.97 per cent of metallic iron and 31.16 per cent silica. (Holden

o =

ers to the bibliography of references which is given
at the end of this chapter.
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Some ore was mined in this area from open cuts, but was never
shipped and is still piled in dumps along the side of the road. The
prospect has not been operated since 1908.

Three-quarters of a mile south of the Griffin specular mine the
orebed is again exposed about a half-mile above Bgck Creek at the head
of a small ravine. The ore at this exposure is the same as that al-

ready described and the prospect has never been opened.

Blue Ridge Hematite near Blue Ridge Springs.
Several mines have been opened in this ore along the southeast
flank of the Blue Ridge, north and west of Blue Ridge Springs. The ore

outcrops at an elevation of about 1800 feet, and is traceable for over



three miles, striking I 60° E, There is only one orebed which is
about six feet in thickness and dips to the northwest at an angle of
50 degrees. The containing rocks are sandstones and sandy shales,
much fractured above the ore and massive below. The rocks are dark
green below the weathered surface and iron stained above. On the op-
posite side of the Blue Ridge these ores also occur and have been min-
ed from a series of small workings which lie outside the area covered

by this report.

The Grubb Specular !Mine.

This mine (Holden 15, p. 447; Harder 11, p. 225) is located about
three miles northwest of Blue Ridge Springs and is connected with the
Norfolk and Western Railroad by a short spur line. The property_belongs

to the Virginia Iron, Coal and Coke Company and was in operation as late

[

as 1920. Since that time the mines have been closed, and the property
and machinery are rapidly deteriorating. Both open pit and shaft min-
ing were carried on, and a shaft nearly 1300 feet was sunk into the
hillside. The ore was of fair grade but very siliceous, and its qual-
ity was injured by the quantity of blue quartzite or "blue-rock"™ which

was extracted with the ore. A crusher and washer were located at this

mine.

The Edith Mine.
The 0ld working of the Zdith mine (Holden 15, p. 444; Harder 11,

1

about

2

p. 227). lies about 500 feet above the Grubb specular mine and is

a half-mile farther to the northeast. It is connected with the Grubb



mine by a narrow-gauge railroad and an incline. The early operations
were from open stopes and trenches, but later a shaft was opehed up
cross-cutting the orebed. The ore is typical Blue Ridge hematite
and is much faulted below the surface. An analysis from the Virginia
Iron, Coal and Coke Company showed the following composition:

Metallic iron.... 37.09

OTREBEIL &« oo s e o S0, 81

Phosphorus....... 0.37
langanese........ 0.27 (Holden 15, p. 444)

The Lemon or St. Clair mine.

This mine (Holden 15, p. 445) is located a short distance south-
west of the Grubb Specular mine in the same ore.bed. It was operated
on a small scale in 1907 by R. P. S5t. Clair and the ore was hauled in
wagons to the Grubb tipple. A few prospects were glso opened up at
this locality in the limonite ores which occur a short distance from
the slope, where the iron content is said to have been 57.817 per cent.

(Hotchkiss 19, p. 19.)

The Cundiff bank.

In Bedford County about three miles from Blue Ridge Springs, a
small WO?kihg was opened in 1883 by the Crozer Steel and Iron Company
on the Zdith Iron property (McCreath 24, pp. 54-5). This mine was ad-
Jjacent to the Upland mine in the Blue Ridge limonite. An analysis of
the red hematite furnished by Captain Le Warne the mine superintendent

in 1883 showed the following content:
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Metalile If0M, it tsssssisbibsvts 56,70

PROSPHOPUS | i iftisssssennaeiven 0606

B T M gy S U R P I

Phosphorus per 100 parts iron... 1.426 (McCreath 24, p. 55)

The Dewey mine.

The same ore bed which occurs at the &Ldith mine was worked about
three miles to the east near lMontvale (Holden 15, p. 472; Harder 11,
. 227}, The ore here has the same strike as at &dith and dips near-

i

ly vertically. The main workings are drifis along the ore bed at va-
rious levels from the surface downward for possibly 1200 feet. The
re bed is said to be from 3 to 12 feet thick and to have been some-
what folded and faulted. A spur line connects with the tipple at
Ifontvale three miles away. An analysis of the ore ran as follows:
Metalllc 1700 .c.0:00. 96.90
NMangZanepge L. cionseaassss 023

PhOSPDEOPNE s civisiinis - G.28
Silica ® 8 8 6 6 5 80 % 50 0 0 0 34:.85 (E{olden 15, p’ 472)

The Ironville mine.

This mine (Holden 15, p. 472; Harder 11, p. 227) is located
about one-half mile north of Ironville immediately southwest of the
Dewey. It was first opened up in 1879 and was worked at intervals
up to 19210. The ore was hauled in wagons to Ironville. The work-
ings extended for several hundred feet along the strike of the ore
bed which was worked in depth to 200 feet. The ore bed is vertical
and the general conditions are as at Dewey. It is sald that the un-
derground workings of these two mines connect. An analysis of the
ore furnished by the Virginia Iron, Coal and Coke Company then operat-

ing the mine is as follows:
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T\Tetallic iron [ O SR I N AN N 34- 66
BanEaness il iienins  0VES
Phosphorus «.ssess4s.. 039
FLLICE W iseintereviisy 30006 {Holden 15, p. 472)
None of these mines on the southwest slope of the Blue Ridge is
in operation at the present time, and the mining equipment is rapidly
deteriorating. Of the workingson the northwest side of the ridge,

only the "Spec" mine east of Nace is now active.

Clinton Hematite

Bedded deposits of hematite are associated with the Clinton forma-
tion or its equivalent from New York State to Alabama, but few work-
able deposits of this ore occur in Virginia and none near Roanoke Coun-
ty. Some Clinton ore is mined in the Oriskany district of Alleghany
and Botetourt Counties, in Giles County, and in Lee and Wise Counties.
The formation is present in Roanoke County and carries a little hema-
tite which is not only too thin but also of too low grade to be of
economic value.

The Clinton formation outcrops along the southeastern face of Ca-
tawba Mountain. The formation here consists of sandstones and shales
with a few thin interbedded limestones. Well toward the base of the
Tormation occurs a very thin bed of red fossil ore a few inches thick
and traceable for ten or twelve miles east of Catawba Sanatorium along
the strike of the formation. This lens is interbedded between green
shales and its sedimentary character points toward deposition as a
marine sediment. The ore breaks with a blocky fracture and repre-

m

sents material laid down at the same time as the enclosing rocks. The
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Clinton is seldom deformed but generally dips at rather high angles.
The red iron stain is washed down the -exposure for several feet, so
that the actual thickness of the iron horizon is often exaggerated.
The ore is called fossil ore since it is composed of an aggregate of
tiny shells of brachiopods, crinoid stems, and bryozoa, whose original
calcium carbonate has been replaced by ferric oxide. In some places
the ore is granular and consists of tiny rounded quartz grains which
have been coated with hematite. This type of Clinton ore is called
flaxseed ore.
Analyses of the Catawba ores were made in 1884 by lir. Henry
Froehlings as follows:
Lo 2. 3. 4,
Metallic iron ... 55.490 ... 66.375 ... 51.970 ... 40.672
Phosphorus ...... 0,034 ... 0.014 ... 0.176 ... 0.156
MEnEanese ...;.i. Q000 ... 0,000 .;. 0.000 .o 0383
(Hotchkiss 20, p. 107.)

1. Hematite from Beard's on Cptawba Creek, from middle
range of Catawba Mountain

2. From Captain Jas. Peak's on Catawba Creek, same ridge,
six miles from specimen 1

3. From Captain W. W, Beard's on Catawba Creek, from the
continuation of Catawba furnace ore beds in Horth
or Catawba llountain

4, From David Barnett's land on the side of Catawba Moun-
tain

Blocks of this ore have been found on Little Brushy and Mills

Mountains, but no ore in place was observed.
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Brown Ores Along the Blue Ridge

This name is used to include all brown ores of iron and mangan-
ese oxides which occur at the foot or along the slope of the Blue Ridge
The deposits include several types of ore bodies which have heretofore
been given a different name. For convenience of treatment these are
all grouped under the above term. They include the so called "moun-
tain brown ores"; the "limestone limonite" or "Valley brown ores", and
the deposits of manganiferous iron or purer manganese at the west foot
of the Blue Ridge. The known deposits occur in small scattered groups
from Front Royal to the southwestern limit of Roanoke County, For the
most part they are situated on gravel-covered benches of the various
VTalley-floor Peneplane remmants on the west slopes of the sandstone
foothills of the true Blue Ridge. The ore belt is not far west of
the contact of the pre-Cambrian crystallines and the Paleozoics. The

3 3 Vel

ores are either associated with the Zrwin quartzite and the beds of
the shady dolomite directly above, or with the residual clays result-
ing from the weathering of these formations. The deposits are sel-
dom large, bul are numerous and some have been worked for over 150
years. There is a marked grouping of the workings, and this report
will deal with four separate groups: those surrounding the Rorer mine
five miles south of Roanoke; those surrounding the Grubb or Lynch-
burg mine near Blue Ridge Springs in Botetourt County; those on the
slopes of Poor Mountain, and those mines on the northwest slopes of
the Blue Ridge near the Houston mine.

The brown iron and manganese ores are nearly always at the base

of the shady dolomite at or near the contact with the Erwin quartzite.
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A few additional deposits are known from the Watauga shales; in the
brecciated zones of the Zrwin; in pocket deposits of residual clays
from the Elbrook formation; or in stream and channel gravels of fluv-
ial origin derived from the erosion of the ore-Pearing Tormations. All
of' the deposits have had the same general history, and the different
types of deposits represent different stages in the same processes of

ore formation. These ores may be classified as follows:

1. Irregular concentrations in brown or variegated clays
a. Pocket deposits along or upon quartzite foothills
1. In residual Shady clays along slopes of mono
clinally dipping Erwin quartzite
2. In synclinal basins upon a floor of Erwin
quartzite
b. Pocket deposits in transporteca fluvial clays in
the Valley
c. Irregular masses along faults in clays of the
lower <hady

2. Concentrations in dark-red ocherous clays at edge of
Valley
a. Pocket deposits in residual clays above the Shady
or Blbrook formations

3. Replacement deposits of stratified beds along slope
of foothills
a. Along faults and brecciated zones of the upper
Brwin
b. In sandstones or shales of the lower Shady or of
Erwin quartzite
¢. Along seams and fractures in shales

The most common type of deposit is that occuring in brown or
variegated clays as irregular concentrations which were produced by
dovnward moving meteoric waters. This ore occurs as lumps, grains,
and shapeless masses ranging from a small nodule to masses up to 1000

tons in size. The deposits are generally located on one of the rem-

nants of the 0ld Valley-floor Peneplanes, a few hundred {ecet above tihe



present drainage levels. The deposits along the quartzite foothills
of the Blue Ridge are most abundant, and occur in irregular broken mas-
gses in the residual clays of the lower 300 feet of the Shady dolomite,
concentrated against the impervious beds of the Erwin. They are es-
pecially rich where the Erwin dips monoclinally toward the Valley. In
this type the ore deposits are more or less linear with their long axis
parallel to the hill slope and often dip with high angles. The erosion
benches truncate the beds, and the ore has been accumulated along -the
surface of these benches in the shales below the surface. Huch float
ore occurs and the orebodies are often very large. The ore itself is
generally mammilary and occurs in the bright-colored clays resulting
from the decomposition. of the basal Chady beds. Sometimes in the
larger masses of ore an unreplaced limestone nucleus may be found show-
ing that the ore is replacing original calcareous material. In g few

g

cases the ore occurs well toward the top of the foothills in troughs
or gentle swales on the surface of the &Lrwin quartzite. Here the de-
posits are small and the quartzite itself may be in part replaced by

ore. Farther out in the Valley, where erosion has transported the

weathered clays, scattered ¢

|

eposits of ore may accumulate or be con-
centrated from the fluvial clays. These are also small and the ore
is often contorted from the slumnping of the clay masses. At other
places faults parallel or transverse to the strike of the beds cut the
basal Shady, and accumulation of ore may occur. This type of deposit
is uncommon and no representatives are known in the Roanoke area,

On the lower levels of the Valley but near the line of the Blue

Ridge occur irregular deposits of brown ore as lumps and masses in
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dark-red limestone clays above the Shady and Elbrook limesténes. This
ore is shallow but somewhat richer than the ore associated with the
quartzite. The deposits are of the same general nature as those on
the foothill slopes but the ore has not yet been carried down to the
quartzite basement. These deposits are invariably associated with
dark-red clays, and the bright-colored or variegated clays are con-
spicuously absent. Hany masses of residual undecomposed limestone
occur as "horses" in the ore bodies. This type of deposit is much
more important in southwestern Virginia than along the Blue Ridge.

A small number of deposits represent replacements of stratified
beds, and have not heen decomposed by weathering to any extent. In
places the Erwin quartzite is crushed and brecciated and ore sometimes
replaces the broken sandstones or fills the crevices of the crushed
ZOones. Some brown ore is also found along bedding planes. In other
places the sandy members of the lower Shady and sometimes of the up-

per Zrwin have been replaced with ore to give a mass of sandstone high-

(

ly impregnated with iron. This ore is free from clay but is very
sandy and therefore of poor grade. The sandstones are replaced to
varying degrees and range from highly ferruginous sandstones to quartz-
ites barely stained with iron. In favorable locations, limy members

g

of the Watauga and Lower Cambrian shales have been replaced with iron
to give a low-grads brown ore which alternates with thin seams of
shale. To deposits of this kind are known in Roanoke County.

The brown ores along the Blue Ridge consist of impure hydrated

oxides of iron, often so intimately intermixed with manganese oxides

that it is impossible to determine in the field of what minerals an



ore sample may be composed. The iron oxides range from limonite to
goethite and carry from 35 to 45 per cent metallic iron. The mangan-
ese oxides are of four kinds: psilomelane, pyrolusite, magnetite, and
wad. Thus the brown ores are of three general classes: relagtively
pure iron ore; manganiferous iron ore, and relatively pure manganese
ore. All of the ore is non-Bessemer, and the more highly manganifer-
ous ore is unsuited for steel but is used for ferromanganese. The
grade of the ore determines the manner of mining, and the ore as min-
ed runs about one car of ore to from 5 to 25 cars of clay. The ores
around Roanoke are high in phosphorus. The most common ore is a
brown earthy amorphous mixture of oxides containing considerable clay.
This ore is purer and darker where it is associated with limestones,
and becomes lighter and poorer where mixed with sand and clay. The
so called "valley ore" is purer than the "mountain ore" and contains
less manganese. Some ore is black, glossy and hard and breaks with
a conchoidal fracture to show an amorphous structure. This type oc-

curs as fillings and replacements and is less common in the clay pock-

ets. It is sometimes mammilary with a high percentage of manganese.

With it occurs needle ore which is found as cavity fillings and in

5_|1
o,

the clay pockets. his is dark brown in color and very pure but with

much manganese.
The following analyses show the average metallic content of the
three general types of brovm ore:
1. 24 3. 4,
IIetalliC il"On e e F &S 4‘.1099 e e 0 41'22 e e o 47. 15 s e @ 12.32
Metallic manganese... 0.8L ... 0.90 ... 7.27 ... 44.31
EROBBBOYRE , hhvsciss @O e OER Ve 006 045 0 0L10

Alu.m'il’la. 5 6 006 0060060000 1091 € 8 0 0 4 86 06 0 8 s * 0 0 s s s G s
Silioa . & §F & 85 EEE SR K 16-17 s 00 20.61 o ° @ 8.03 ¢ 0 @ 5.47
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1. Valley limonite, average of 21 mines in the New River-
Cripple Creek district (Holden 15, p. 414).

2. Mountain limonite, average composition. (Holden 15, p.416.)

L)

w

fanganiferous iron ore from Houston mine. (lMcCreath 24,p.51.)

4, lManganese ore from Ilouston mine. McCreath 24, p. 51.)

The iron and manganese of these ores was originally derived from
the Piedmont crystallines and deposited in the limestones and shales
at the time of their deposition. The metallics were probably widely

isseminated through the rocks and combined with either carbonic acid,
sulphur, or some form of silicic acid. The present undecomposed shales
and limestones carry ferrous silicate minerals and pyrite, and the
Shady dolomite contains nodules or concretions of mixed lime, iromn,
and manganese carbonates. Uncer the influence of descending oxidiz-
ing meteoric waters, and in part through the agency of organic acids,
the carbonates were altered to hydrates and the metallic contents were
transported Jlond favorable channels and redeposited as oxides by re-
placement of calcareous matter in the clays. The localization of the
oxides was Tavored by the impervious basement of quartzite and by the
cracks and fissures along brecciated zones. The amount of concentra-
tion was governed by the abundance of the original metallic minera
in the overlying beds. This accounts for the scattered nature of the
deposits and for the grouping of the workings}

This process of concentration would operate most favorably upon

Yer_‘-__

an area of low relief under a warm moist climate, and the epoch of

ley-floor peneplanation when deep rock-decay was taking place seems to

have been suiltable for the ore accumulation. Some ore had no doubt
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been formed before the Valley-floor ereosion, but has been eroded away.
The process is still continuing, and some ore is found in association
with Tertiary deposits of gravel. The present deposits of this brown
ore are all located upon the benches along the valley excepli the ore
bodies in the fluvial clays which have been derived from higher depos-
its by erosion. The former is the most 1mpolt ant type of iron depos-
it in Roanoke County, and the chief workings were the Rorer, Gale and
Starkey mines. The presence of the ore has been proven in the area
of the foothills south of Roanoke and also along Foor Mountain. If
any iron ores are mined in the future €rom the Roanoke area, the work-

ings will be in the brown ores along the Blue Ridge.

llines south of Roanoke at the ZEdge of the Roanoke Valley.
The Rorer mine,

The Rorer mine} were opened up about 1880 on the property of

1. Hotchkiss 19, pp. 6, €3, 120; Hotchkiss 20, pp. 106, 152, 191;
Hotchkiss 21, pp. 62, 147; Holden 15, p. 440; lNcCreath 24, p.
55; Ries and Somers 9& p. 36; Harder 11, p. 240.
McLanahan, Rorer, and Chapman about three miles south of Roanoke on
the western slope of a southern extension of Mill Mountain. These
mines were the most extensive mining operations near [Roanoke. The op-
erating company organized in Roanoke in 1882 as the Rorer Iron Compa-
ny and at that time controller over 5000 acres along the belt of strike
of the ore. By August 1883 the company had shipped to Ironton, Ohio

o -

over 2500 tons of high grade limonite and their dally capacity was

C_

about 150 tons of ore. The company was reorganized June 25, 1884,
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and by 1885 had 12,000 tons of brown ore stocked and ready for shipment.
The production was nearly constant from 1880 to 1910 when the mines
were closed. They are at present owned by the Virginia Iron, Coal

and Coke Company but are not in operaﬁion. A steel-rail narrow-gauge
railway connects with the Norfolk and YWestern Railroad and crosses thé
Roanoke River near the old Rorer quarry. The mining has been largely
from open cuts by steam shovel.

The first opening was on the south slope of Mill HMountain and

consisted of a long open cut known as No. 2 Cut. Along the face of
this opening is exposed about fourteen feet of a somewhat porous, yel-
lowish-brown limonite dipping at a high angle. Nearby openings show
the same general character of ore. A sample of 83 pieces.was anal-
yzed by A. S. McCreath in 1883. The sample was collected from the
ore plle at the mouth of the cut, and showed the following composit-
ion:

Metallie 1ron .iiiiiiviinsioneeess 52,425 (McCreath 24, p: 55)

L i Lo e S S S S S E (R T ©

SLLECEGUE MATHET s i b viravananians. 610

Phosphorus per 100 parts iron ... 0.940

Another large cut was made on the top of the ridge and about 250
yards from llo. 2. This cut showed a nearly solid face of ore which
was much more compact than at lo. 2. The ore was darker and in plac-
es almost black. A sample of 96 pieces was analyzed by licCreath as
follows:

e baliie dren | it i iasaiise s s OODT

POORTNORNR .l shsadbonrhonssrahgs, EioQd

Siliceous matier .v..eeveesevssee 3.870 (McCreath 24, p. 55)
Phosphorus per 100 parts iron ... 2.276
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The ore deposits occur in steeply dipping shales or clays of the
basal “Shady dolomite not far above the EBrwin quartzite which lies to
the east. The limonite is associated with iron-stained clays and san-
dy beds, and there are streaks of gray clays sometimes six feet in di-
ameter, The ore on the dump along the narrow-gauge railway is porous,
rusty-brown in color, and shows traces of manganese stains on the sur-
Tace. The pits are over fifty feet deep and partially filled with wa-
ter at the present time, so that it was not possible to make closer ex-
amination of the ore exposed.

An analysis of ore from this mine was furnished Holden by the Vir-
ginia Iron, Coal and Coke Company and ran as follows:

HOBELEIC 1008 s ovssvusinsrsisin 0,08
Metallic MANganNe8e .iseessseses  La20
FROSDHOPRE ..l iiiblonensasbrs Lad4 (Holden 15, p. 446)
LI ER sk fbsuosh sl i iRGhs vsnanss SN L
-South of the Rorer mine along the Roanoke-Rocky lMount highway,
the ore bed crosses the road and was mined here on a small scale from
open cuts. These pits are grown over at present but masses of nodu-

lar brown ore are piled nearby.

The Gale mine.

1

The Gele mine— is located about a mile southwest of the Rorer

1. Hotehkiss 19, pp: 2, 6, 19, 68, 8l; Hotchkiss 20, pp. 106, 191;
Holden 15, p. 446.

and about three and one~half miles southwest of Roanoke. It lies
about a half-mile south of the junction of the Starkey and Rocky lount
roads. This mine was opened up by Rorer and Chapman in 1882 on the

old Gale farm and was controlled by the Rorer Iron Company. By 1884
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this company had built some fifteen bulildings at the mine, Torming a
settlement which was called Gale, and was the headquarters for the op-
rations of that company. It has not been in operation since 1907.
The first openings, known as the 0l1ld Gale or No. 1 Cut, were
along the castern face of the ridge which extends north from Buck Moun-
tain. oome ten feet of stratified limonite was uncovered, more or
less mixed with clay and siliceous material. The strike of the beds
is northeast-southwest with a gentle dip toward the northwest. In 1882
A. S. McCreath took a sample of 75 pieces from the ore in place across
the face of this cut "to represent the clean ore". This sample he an-
alyzed as follows:
Metallie Tram Liciiiseissnns S8IE50 (Hotehkise 19, p. 2,6)
POROBTROMIB as s ss ruasshssbtids  SedbTO
Sillcaous matier Sesbiebeisss B3710
The phosphorus content of this ore is very low as thus analyzed, and
llcCreath admitted having checked this point separately. Later in the
same year another analysis from the same beds by lir. Henry Froehling
showed:
Metallic iron ...siesvsseanaes 61,246 (Hotchkiss 19, p. 19)
FOODDHOPRS S sasesanniabhosse Uetdd
WERNHI oo b adsa b ideevaatass  hatlg
Some of the ores occur in a shallow syncline on the top of the
ZIrwin quartzite, and in 1884 were being mined from a breast of solid
ore "75 feet long and 50 feet high, one of the finest displays of
stratified iron ore in the country" (Hotchkiss 20, p. 106). This same
year the mine had on hand 3000 tons of lump ore, and 4000 tons of wash-
ed ore, The ore bed is also exposed in the nearby open fields, and

one bed of several feet thickness occurs. The mines along the Rocky
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ITount road are in this bed.

The Griffin mine.

This prospect (Holden 15, p. 446; Hotchkiss 19, p. 81) is locat-
ed a short distance southwest of the Rorer mine along the strike of
the same ore bed. The geologic conditions are the same as at the Gale
mine, and the ore is of the same general quality. This prospect was

worked in a small way in 1203 by the West End Furnace Company and the

ore was used By their furnace at Roanoke.

The Starkey mine.
1
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The Starkey mine— is located about five miles

1. Hotchkiss 19, p. 68, 81; Hotchkiss 20, p. 139-40; Holden 15, p.
447.

oke, three-quarters of a mile from Starkey and a mile and one-half
from the narrow-gauge railway. It is about two miles south of the
Gale mine. The occurrence of the ore in this locality has long been
known, and it was mined in a very crude way in the early part of the
mnineteenth century. In 1884 an o0ld miner's sledge was found in the
Starkey mine, which had lain there since 1813 when the old Back Creek
furnace was washed away. This furnace was erected to smelt the Star-
key ore. The ore outcrops in a belt several feet wide, and is a mas-
sive black limonite with patches of cellular light-brown ore. The
mine was operated as late as 1902 by the Pulaski Iron Company but is
now abandoned. The mining was all from open trenches and the ore was

hauled in wagons to the Norfolk and Western Railroad at Starkey.
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The Castle Rock and Turner mines.

1 are located about six miles southwest of Roan-

These prospects
oke and two miles northwest of Cave Springs. They are along a gravel-
coveredbbench near Sugar Loaf Hill on the o0ld Turner farm. 4An analy-
sis of the ore in 1883 by Dr. Henry Froehling of Richmond is as fol-
lows:

Metallic iron s...c...... 56,107 (Hotchkiss 19, p. 19)
Metallic manganese ...... 0.337
PHosphorus civ i tevaca, 005167
‘(D‘ilica AN FTEEEES &2 SR 9.910
The mines were operated by the Rorer Iron Company, and the Cgstle

Rock mine was connected with the Roanoke and Southern Railroad by a

narrow-gauge spur line. The mine was last operated in 1895.

The Iron Bluff Farm prospect.

Blue Ridge limonite has been reported (Hotchkiss 20, p. 140)
from the Iron Bluff Farm, located about three miles from the Rorer
Iron Company narrow-gauge raillway, and about four miles from the Nor-
folk and Western Railroad. The exact location of this occurrence is

not known to the writer.

The above group of mines and prospects lie along a narrow belt
Jjust north of the qguartzite foothills which close the Salem Valley at
the south. The occurrence of the brown ores is always at the base

of the Shady dolomite, and the ores are of about the same quality. The
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amount of phosphorus in these ores is uniformly high, so that any use
of the ores is handicapped by present metallurgical requirements. An-

other exposure of the brown ores is found on Poor lMountain.

The Poor Mountain mines. (Bott and Chapman Prospects.)

This occurrence of the brown ores of the Blue Ridge area was dis-
covered by Rorer and Chapman in 1882 on the Bott, Hall, and Thomas
farms along the western slopes of Poor Mountain between Salem and El-
liston. (Hotchkiss 192, pp. 2, 68, 81; Hotchkiss 20, pp. 44, 102,
139.) The exposures are about 13 miles southwest of Roanoke and
about one mile from the o0ld Owens tank of the Norfolk and Western Rail-
road. The ore is very similar to that of the Gale and Rorer, and con-
sists of cellular limonite which is sometimes massive and of'ten very

- clayey. The original description of these prospects announced
"a solid dtratum of ore 150 feet long, from 20 to 50
feet wide, and with a thickness that can only be de-
termined by bhlasting.” (Hotchkiss 19, p. 2.)
Analyses in 1883 by Dr. Henry Froehling showed the following composit-
ion:
Bott ore Hall ore
Metallle Ironm “i....+s BEI1AG (. 57,621
Metallic manganese ... 1.444 ... 1.360
PhoSphorus :sisevssssse 0.4 woe - O, 8HT
FA18D el ain s uiag 21200 . 67030 (Hotchkise 19, p. 8)

The Bott property contained 2000 acres of land along the base and
northwest side of Poor lMountain from a point opposite Elliston eastward
for several miles. In 1884, Mr. J. B. Gifford of Philadelphia, "an

expert in iron matters", and somewhat of an optimist, reported to
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llessrs. Rorer and Chapman that -

"...there are stratified seams of shales and hematite (?)
ores extending through the entire length of the property ag-
gregating from 50 to 60 feet in thickness, and extending down
to an unknown depth, which in my opinion is very valuable,
not only on account of the millions of tons of ore it contains,

but the superior quality of iron that a mixture of these ores
will produce.

The ore belts are one mile from the Norfolk and Western
Railroad, and run parallel with the road the entire length
of the Survey . . . from 150 to 200 feet above water level."

(Hotchkiss 20, p. 44.)

In 1884 the ovmers were taking out ore and piling it up beside the
railroad, and the "show of ore was remarkable". Several masses of
brown ores were uncovered by stripping, and from the Poor Mountain mine
No. 1 over 3000 tons of brown lump ore was piled near the railroad.
lluch of this ore still remains in the old dumps near the tracks. An-
alyses of ore from the Chapman mine along the Norfolk and Vestern Rail-
road were made in 1884 by 'r. P. Salom, chemist for the Crozer Iron
Company . These analyses were as follows:

p 2. 3.

Metallic iron ..... 43.22 ... 45.30 ... 51.84

Insoluble residue . 26.39 ... 21.14 ... 13.34 '

Phosphorus i.essees 1,11 ... 0.8 ... 1.36 (Hotchkiss 20,p.102)

1. Upper or eastern cut
2. Middle cut
3. Western or field cut

A hasty examination of these prospects in 1926 showed that the

earlier reports were highly exaggerated, and that the show of ore is

much the same as at the Gale or Rorer workings, if as extended.
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llines along the Southeast side of the Blue Ridge in the Glade
Creek Valley.
The Lynchburg or Grubb mine.
This minel lies immediately south of the Grubb Specular mine,
1. Holden 15, p. 444, Plate LXV, fig. 2; Harder 11, p. 236, 240;

Stose et al 30, p. 124; Ries and Somers 28, p. 47.

P e T T e el St —

and was operated by the same company, the Virginia Iron, Coal and Coke
Company . The mine is about two and three-guarters miles northwest of
Blue Ridge =prings and eleven miles northeast of Roanoke. A short

)

spur line connects with the Norfolk and JWestern Railroad. The mines
were first opened in 1882, and have been closed since 1920, The ore
body is located in residual variegated clays resulting from the decom-
position of underlying limestone, and 1s immediately south of a fault
which brings the Llbrook formation against the Unicoi formation. Lime-
stone fragments occur in the ore body, and are occasionslly found in
the unaltered interior of large ore fragments. The lime content of
the ore greatly impairs their value. The deposit is an irregular re-
placement of large size in a pocket deposit in residual clays.

The ore body is forty feet thick, and dips with the bedding of
the clays toward the Blue Ridge. It is surrounded by a reddish re-
sidual clay through which are scattered pockets of very fine dense
clays having a porcellaneous lustre. This clay was tested for use
as brick-clay but the altempts were unsuccessrful.

An analysis of the ore furnished in 1207 by the operators is as

follows:
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Metallic iron ..eec..... 41.20 (Holden 15, p. 444)

Metallic manganese ..... 1.13

Phoshhorus ...csces00e00 1s23

LLTEN s s b b casihtabeiis 14,08
For this type of ore the limonite has a high percentage of silica and
phosphorus. Very meagre guantities of manganese oxides are associat-
ed with the brown ores. A shaft has been opened to a depth of'zoo
feet.

Stose, Miser and others (Stose et al. 30, p. 124) have described
the main structural features of this mine, but have concluded that the
limestone from which the ore was derived and which is the bed rock of
the area south of the fault is the Shady dolomite. The writer has
gone over this ground, but was unable to find undoubted exposures of
the Shady dolomite near the mine. It is his interpretation that the
limestone near this mine belongs to the Blbrook formation which is

abundantly exposed a few hundred feet south of the fault about one mile
farther north. Ur, Charles Butts and Doctor Henry 5. Ladd both con-
cur with the writer in this interpretation, and withhim were unable to
find exposures of Shady near the mine.-

The writer also interprets the limestone near the Crozer mine as

s

belonging to the Elbrook formation.

1. Hotchkiss 19, pp. 19, 66-8; Hotchkiss 21, p. 62; Catlett 6, pp.
315-16; Holden 15, p. 444,

of the Grubb mines. It was originally owned by the #dith Iron Compa-



ny, later by the Crozer Iron Company, and at present is controlled by
the Virginia Iron, Coal and Coke Company.
several open cuts of large size from which

s of brown ores. The ore bed is qui
toms of brown ores The ore bed is quite

and displaced. The ore body occurs in

rectly above the Zrwin quartzite which dips southeastward at rather

oy

high angles.

the amount of material Lo be handled.

ma

.

thick although much broken

residual clays and shales di-

‘he workings consist of

2900

have been taken over 700,000

The ore is good, but contains much clay which increases

The phosphorus content is high,

the iron runs from 42 to 43 per cent, and the ores are sometimes high-

ly manganiferous. Limonite from

the following composition:

Metallte IFON 6t %iei bs i
lletallic manganese .....

PhoSphoTus 4. b6 ¢snsse
SHTRNEN i e ks e
Insoluble residue .....
Ore from the Cundiff bank of
as follows:
Metallde dPom . i aas s an

FPHOSPBOYHS +40o0iasesons
oiliceous matter ...¢...

The Buford bank.

A few miles farther northeast in Bedford County the Crozer Steel
and Iron Company opened several trenches in 1883 on the Edith Iron

property. The ore from this exposure showed the following

ion:

I’-Eetallic -j.ron B 8 e e § 8
PHOBTHDIGE ik W et 8oy
oiliceous MALESE . van s

None of the above workings are in operation at the present time.

this mine, analyzed in 1884, showed

54.

60

3.38

0.353
0.

5.

15
33

(Hotchkiss 21, p. 62)

the Upland mine was analyzed in 1883

52.880
0.568
88.390

(McCreath 24, p. 54)

(licCreath 24, pp. 54-5)

composit-
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Ilines along the Northwest side of the Blue Ridge
in the Fincastle Valley
The Stoner mine,.

i

This mine~ 1is located about one mile northeast of Troutville, on

1. Weeks 40, p. 321; Watson 35, p. 252; Harder 13, p. 65; Stose
et al. 30, p. 1l23-4.

the northern slope of the valley of Stony Battle Run, along a low
»idge and about 1550 feet above sea-lavel. This hill reaches to the
0old Fincastle Valley-floor Peneplane, and adjoins and parallels the
steep slopes of the main Blue Ridge.

The beds strike nearly east and west and dip steeply to the north.
There is a small quartzite hill west of the creek which appears to be
an anticlinal nose plunging steeply to the west. The workings con-
sist of several old pits and a shaft which was sunk about 20 years ago.
In 1917 several more prospect pits were made. All of the workings are
from 10 to 100 feet above the creek level, and it is probable that the
limestone in this tract is decomposed to or nearly to the creek level,
The surface of the ridge is covered with coarse gquartzite debris and
sand up to seven or eight feet. Below this is a varlegated clay con-
taining chert fragments. This clay is derived from the weathering
of the Shady dolomite and contains abundant small nodules of hard
black psilomelane, minutely botryoidal in shape. oome of the chert
fragments are partly replaced hy manganese oxide. The psilomelane
appears to be in the clay in a ratio of about 1 to 10. The extent of
manganiferous ground is at least 1200 feet by 150 feet, and probably

at least 10 feet deep on the average.
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An analysis from the Chapman property ran:
Mletallic manganese ...... 45.80 (Weeks 40, p. 321)

I‘.{eta,llic iI"OD U A RE YR R A 3.06
FPROSPHOPUE & v o iikosihanave D169

The Murray bank.
This is located near Troutville and is a mile and a half from
the railroad. It was owned in 1883 by the Crozer oSteel and Iron Com-
pany. This prospect consisted of an open cut, from which a sample of
25 pieces was analyzed by licCreath as follos
Metallic iron .....e.0..0. 53.050 (McCreath 24, p. 52)
Phosphorus ....sve0000000. 1,200
oiliceous material ....... ©.630
Phosphorus per 100% Fe.... 2.386
On J. G. Layman's farm, once part of the o0ld Cloverdale Furnace
estate, one-quarter mile from the ragilroad at Troutville, considerable
show of ore was found, and the orebed was proven in an SNE direction

for one-quarter mile. The main cut was in the face of the ridge about

300 yards south of the o0ld Cloverdale or Fincastle road. The ore oc-
curred in variegated clays near the surface. Occasional masses of

rich ore were found in the cuts. A sample of 150 pieces was analyzed
as follows:
Metallic iron ....cvses0.+ 42,750 (McCreath 24, p. 52)
PhoSphorus +....coovsseees 0,76
BRliceaus matter .ov....q 26000
Phosphorus per 100% Fe.... 0.177
Another opening was made about one-quarter mile southeast of

Troutville in an open cut. Here the ore occurs in loose granular red

clay with rich wash ore. It is sometimes a brown, rich-looking hema-
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tite, with but little flint, although it is sometimes sandy. 200
pieces from the south face of cut were analyzed as follows:
Metallic iron ....eesesueus. 49.575 (McCreath 24, p. 52)
FROBDUOTUB | . sicadinstrnites, D167
Siliceous matter ......¢.... 14.920
Phosphorus per 100% iron.... 0.336
The ore occurs as pocket deposits in residual clays, with angu-

lar fragments of various sizes, and replacements along seams in varie-

gated clays.

The Gowan bank.

This pz*ospect:L is located two miles south of Lithia and three
miles east of Nace. It is connected with the Norfolk and Western Rail-
road by an abandoned tramway which followed Last Hollow to the rail-
road three miles northeast of Nace where an old furnace was located.
The mine was operated for iron during the Civil War and has been pros-
pected Tor manganese by various lessees. some ore may heve been ship-

ped. The mine is located along the west base of the 3Blue Ridge at

1

r‘\

elevations of about 1500 to 1le&50 Teet. Several cuts, small adits, an
a shaft comprise the o0ld workings and all were caved in in 1917. The
workings are in the basal beds of the Shady, which is cherty and con-
tains one or more beds of coarse calcareous and ferruginous grit or

fine conglomerate. The chert is cavernous or drusy, brown and sandy.
In the pits may be seen red and ocherous clays with chert nodules and

abundant lumps of more or less siliceous limonite. The Erwin here
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strikes § 50° E and dips 50° NW. The gritty éandstones of the Shady
have been slightly faulted, and dip northwest and southwest with low
angles.

The old ore on the dumps shown iron ore from the siliceous grit
ved, and brown ores with manganese and chert from the residual clays.
The latter often contain small lumps of hard rich psilomelane and some
soft blue ore also occurs. The dumps have been picked over by pros-

pectors and hence may not be representative of. the ore.

The Deal bank.

This mine (Harder 13, p. 65; Stose et al. 30, p. 121) is located
aboul one mile south-southeast of Nace at the northwest base of the
Blue Ridge on the land of the FPylaski Irom Company. It was worked
originally as an iron mine, but some manganese ore was also shipped.

It has been closed since 19210. ~everal open pits and cuts are locat-
ed in the variegated residual clays of the Shady at elevations of about
1570 feet. The Shady appears to dip nearly vertical and to strike
N 70° w, The Erwin occurs in the ridge Jjust to the south. Some mas-
sive brown chert containing angular cavities occurs. lfost of the ore
is brown iron ore, with some psilomelane and magnetite which are in-

termixed in the same specimens,

The Yhite bank.

» 3

Thie mine~is situated on the northwest slope of a low northeast-

1. Harder 11, p. 262; Harder 13, p. 65; ©Stose et al. 30, p. 120.

- B B ————— — — T — . T —— T —— " — - T f——— T - — 1 ———— T — - — T ——— W —

ward trending hill about three and one-half miles east of Nace south-
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east of Lithia. The property belongs to the Pulaski Iron Company

It was worked in 1907 as an iron mine, although little of the ore was

shipped. A number of cuts and pits have been developed along the

ridge for over a fourth of a mile at elevations of about 1500 to 1o00

feet. ixed manganese and iron ores occur in the variegated clays of

the basal beds of the weathered Shady dolomite. Brown ore in consid-
erable quantity is found at some of the openings. Large porous masses

of yellow and brown chert occur with the ore. Psilomelane occurs in
concretionary masses up to one or two pounds. This ore is largely
blue granular pyrolusite. VWhere the iron is most abundant no mangan-

ese masses occur.

The Houston mines.

This minel is located about two

i

nlles northwest of the Grubb

1. Hotchkiss 19, p. 63, 119; Hotchkiss 20, p. ©2,135; llcCreath 24,
p. 49; Watcon 35, p. 251-2; Holden 15, p. 444; larder 12, p.
262; Harder 13, p. ©65; ©Stose et al. 30, p. 121-2; Ries and Som-
ers 28, p. 498,

mines on the opposite side of the Blue Ridge. The mines are situat-

ed well up on the northwest slope of the Blue Ridge, about 400 feet

above the drainage level, and a mile and one-half south of Houston or

Nace. There are two large banks about three-eighths of a mile apart,

and the ore was formerly taken from a number of cuts and tunnels. The

manganese ores are found over a distance of a mile in a N 35° E direc-

small spur line formerly connected with the Norfolk and West-

e

tion.

1 Railroad at INace but has been abandoned. The mines were operated
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in the eighties and were the principal Virginian producers of mangan-
iferous iron ore. In 1884 and 1885 the mine was producing and ship-
ping daily to Pittsburgh over 40 tons of manganiferous iron ore suit-
able for spiegel. It is said to have contained about 30 per cent of
metallic manganese (Hotchkiss 3D, p. 135). The limonite was sent to
Crozer furnace at Roanoke. The mines were first worked for manganif-
erous iron ore but later for purer manganese ore. oome of this was
used for chemical work but most of it was used for steel.

The ore is found in the variegated (white, red, yellow and brown)
clays of the highly weathered Shady dolomite, and ih places this clay
is over 100 feet thick. come of the clay is very tough. In other
places it contains white altered chert. Again, there often occur
ledges of brown, fine-grained gritty sandstones in the clay. These
have been called horses ,£37+&5)r. In the abandoned ore pits of lo. 4
mine of the Houston Iron Company deposits of bauxite occur with the
clay. This is the only known occurrence of this mineral in Virginia.
The bauxite is pisolitic, red and cream-colored, and contains cavities
which are coated with fine crystals of gibbsite. The bauxite was ob-
served only a few feet below the surface of the red clay in masses up
to 40 pounds in weight. The bauxite is found only in the west bank
and 8 cars of this material are said to have been mined and shipped
in 1915 (Stose et al. 30, p. 121). The mines are developed on the
Fincastle Valley-floor peneplane at an elevation of about 1750 feet.
The clay is underlain by the Zrwin quartzite which outcrops immediate-
ly to the south, and dips at an angle of about 75° to the northwest

toward the Vaglley.
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Both manganese iron and pure manganese ores occur in close asso-
ciation and the manganese ore occurs as nests and pockets often yield-
ing 100 to 150 tons of clean high-grade ore. Brown iron ore and
small masses of manganese ore occur as concretions in the brown clays
and as replacements in the ledges of brown sandstone grit. Sometimes
pockets of manganese are found next to the iron ore. Most of the man-
ganese ore occurs as seams and replacementis in the lower brown sand-
stone horses and clays. The ore is generally in irregular masses and

much unreplaced material is often associated with the ore or grades in-

to it. llost of the ore is a steel-blue psilomelane and the rest is
manganite in small needle-like crystals. The ore is soft and friable,
blue and granular. The granular ore is a replacement and the needles

£i11 the cavities.
115 Samples were analyzed as follows:
l' 2. 3' 4..

lletallic manganese ... 7.277 ... 44.312 ... 59.870 ... 32.00
Maetallic iron .s.as40e 4,280 oo IB.885 i.s 0.800 .4 12.00
PhogPhoodl ... sa0evae.  QUBL ., "CLIOL .5 ' 0.040
Siliceous material ... 8.030 ... 5.470 ... 2.300

1. Iron ore. 2. lManganese ore. 3. Selected manganese ore. 4. Av-

erage run of mine, 1883-5. (McCreath 24, p. 50-51.)

imoni pre from this mi an:
Limonite ore from this mine ran

Metallic iron e.ee.... 56.19 (Hotchkiss 20, p. 62)
lletallic mangasnese ... 3.01

Phosphorus s.s.escsea. 0.047

SELLDSRY o4 4o nd Snieisbns e tr.

Insgl, residue ...v..« 11,58

The ores have slid down the slopes with the residual cleys to give
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contorted folds within the ore-beds. There occur occasionzl rich
lumps called bombshell ore. The ores average 44% iron.
The production of manganese ore from this mine 1883-5 was as
follows:
1883 ..... 2,900 long tons of ore

1884 ..... 828
1885 iy 1,082 (Watson 35, p. 252.)

ORISKANY TIRON AND MANGANESE ORES

In Roanoke County the Oriskany horizon is represented by a sand-
stone at the top of the Giles formation which lies directly below the
black Genesee-llarcellus shales. In Botetourt and Craig Counties this
sandstone and the underlying limestone carry important brown ores of
iron and manganese. In the area under consideration no mines or
prospects have been opened up at this horizon, and the sandstone does
not carry ore of commercial value.

In the adjacent counties beds of dark-brown limonite high in sil-
ica and manganese occur as irregular masses which are sometimes hard
and solid but often cellular. The ore is found at the base of the
sandstone or replacing the cherty limestone below. The beds are not
deformed and usually carry much clay and sand with the ore masses.

The horizon outcrops along the lower slopes of the Appalachian ridges
at one of the Valley-floor erosion levels, a few hundred feet above

the present stream channels. The ore often continues along the strike
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for some distance with fairly constant thickness and high dips. The
iron and manganese have evidently been leached from hizher levels by
descending surface waters, and have been deposited near the bottom of
the zone of surface weathering on ihe [loor of the peneplanes. oSubse-
quent uplift of the land has enabled the streams to cut into this floor
so that the deposits as now found 1lie along the mountain slopes on dis-
tinct benches. The ores have been additionally enriched by deposit-
ion subsequent to the uplift of the original peneplane. The source

1

of the ore wsa

n

probably the overlying Devonian black shales which car-
ry 4 to 5 per cent of iron. It is possible that the sandstone itself
is a source for the iron. This has been suggested by Kemp (Kemp 22,
p. 764) and Weld (Weld 41, pp. 416-17). The outcrops of the sand-

stone are often discolored with manganese oxide stains which also oc-

cur along bedding and Jjoint planes.

i)

Disseminated masses of brown ores occur in the Oriskany member in

Roanoke County. These may be seen along the outcrop of the Giles for-
mation on Tinker, Dead llans, and Catawba lMountains. The ssndstone is
yellowish, coarse and friable, and the oxides occur in fissures, pock-
ets and as disseminations. At no place, however, were deposits noted
of such size or commercial value. In Craig Creek Valley, a few miles
beyond the Roanoke County line, several workings have been opened about
12 miles southwest of Newcastle. These were operated on a small scale
during the war, but have been closed down since 1820. The ore was
psilomelane and manganite with brown limonite. The iron content was

about 27 per cent, and the manganese content from 37 to 43 per cent.

(Stose and Miser 31, p. 115-19.)
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According to report (Campbell, M. R. et al 4, p. 21) Oriskany
brown ore outcrops in some guantity on the south slope of Cove lMoun-
tain. This exposure was not visited by the writer.

Numerous reporte of cellular brown ores have been described from

= 3

the "Hudson River shales, Formation III of Rogers" of the Roanoke and

-

adjacent areas.l The present author agrees with L. J. Holden that -

T g S g S S

1. Rogers 29, 220; Campbell, J. L. 3, 57; Pechin 26, p. 1024; Hotch-
kiss 19, pp. 68, 81; Hotchkiss 20, pp. 43, 139, 169.

.
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"...such deposits have either not been seen by the
writer, or, if seen, have not been confirmed as belong-
ing to this formation."
The formation IIT of Rogers is now called the lMartinsburg shales,
and no brown ores are known from this horizon. It is possible that

the reported occurrences belong to the Oriskany brown ores.

Limestone llagnetites
In a few localities in Virginia very small isolated occurrences

of magnetite have been reported from the clays of the Valley limestone.
The magnetite is associated with iron carbonate and hematite, and oc-
curs either in beds within the limestone or near the base of the re-
siduél clays above. It is generally of very high grade but in quan-
tities too small for economic use. The magnetite 1s thought to be a
secondary concentration from the overlying shales.

A single occurrence of specular magnetite has been reported from
Roanoke County (Hotchkiss 19, p. 12). This was from the Simmons

beds of Mr. P. H. Rorer, near the Rorer Mines. An analysis in 1883 by
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Henry Froehling is given:

Metallic iron ....ec00.. 61.246

CHOSPUOTEE o anvsnivons  QiSan

L:‘)1--]-]:Ca, S & & 04 & & 0 40 4o s b s 10606

o ore of this kind was found by the writer, and the location of

the Simmons beds is indefinite. It is supposed that the magnetite
probably came from the Shady dolomite rather than from the Elbrook
formation. If this is the case, the occurrence is unusual for no

magnetite has heretofore been recorded from the Shady.

Titaniferous Magnetite or Ilmenite
Important deposits of nelsonite, a mixture of apatite and ilmen-
ite occur in the crystalline rocks east of Vinton. These will be de-

scribed under Titanlum and Apatite.

Pyrite and Pyrrhotite

Pyrite.

An occurrence of pyrite with associated galena and sphalerite
has been described from the lartin and Wertz properties two and three-
quarter miles south of Roanoke (Watson 34, p. 71). The minerals occur
in one of the limestone members in the Watauga shale, and have been
prospected for lead an@l zinc, under which head the occurrence will be
more fully deseribed. A similar occurrence of these minerals is found
near the ITorfolk and Western Railroad about one mile north of Roanoke,

Botetourt County.



Pyrrhotite.
Deposits of pyrrhotite are known in Floyd County =nd are describ-

ed under HNickel.

~ummary of Iron and llanganese Deposits
The early descriptions of the iron resources of Roanoke County

were drawn with a lavish hand, and the reports of forty years ago were
very glowing. At present no iron or manganese ore is being mined in
the county, and no new prospects have been opened up within the last
twenty years. It is barely possible that operations will begin again
sometime in the future, if the ores can be mined at a profit.

The Clinton hematité exposures show too meagre quantities of ore for

exploitation. There is no data to warrant prospecting for the lime-

RY3

stone magnetite, pyrite or pyrrhotite occurrences. Unless more Oris-

kany ore 1s discovered, no serious operations can be expected from
this type of ore in Roanoke County. From the available information,
only the limonite and hematite ores along the Blue Ridge belt hold out

&

promise of future value, and even with these the outlook is very un-
certain.

The Blue Ridge hematite is known to wnoccur on Buck Mountain, and

may occur in the Poor Mountain area. The ore is very thin and of poor

grade, ' An average of these ores in the area shows the following con-
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Insert
PLATE XXX 1
Plate
Flg. A.
 The abandoned stack of the old Catawba
Furnace, located along Catawba Creek north
of Haymakertown, Botetourt County. This
furnace was abandoned about the time of the
Civil War,
Fig. B.

Abandoned open-pit working of residual
brown iron ores of the lower Shady dolomite,
five mlles south of Roanoke along the Rocky
Mount highway.




Metallic iron.......... 38.84
-Olllca T PRI DR -
PROBPHOPUE (e issoninive 043
Metallic manganese .... 0.22

If this ore is ever used it will be under very different metallur-
gical methods from those in use at the present time, and it is highly
probable that the need for iron ore will never become so urgent as to
require use of‘ore of this type. It is possible that this ore may
again be mined on a commercial basis from those deposiis along the
Blue Ridge in Botetourt County, especially along the northwestern
slopes where the ore is of better grade and in‘more abundance, but
the small known quantity in Roanoke County is scarcely to be consider-
ed as an economic reserve,.

r‘n

The greatest supply of iron in the Roanoke area is the brown ore

|

along the Blue Ridge belt.

m

The presence of this ore has been proven
in the area south of Roanoke and along Poor lMountain. There are still
considerable quantities of the ore which have not been mined although
few new prospects will be discovered. The greatest drawback to the
present use of this ore is the high phosphorus content and the general
avoidance by the iron industry of medium or low grade limonites. The
Roanoke ores have a fair composition for this type of iron ore, their
average composition being as follows:

MELalldo iron ... vvess S804

Metallic manganese .... 1.36

PhoSphorus ....eesvee.e 0,80

WITICD = iiias phisbiwns  B00

These iron ores may become useful under two conditions: (a) an

increase in the price of pig iron which will bring the lower grades of
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ore into the market; and (b) metallurgical improvements which will
make possible the economical production of pig iron from low-grade ores.

Until these conditions obtain the ores of Roanoke County will probably

There seems to be no outlook for the mining of manganese ore in
this area. Mo known deposits in Roanoke County have a sufTicient
percentage of this metal to approach the requirements of successful
production. Lyen the fairly rich ores of the Blue Ridge in Botetourt
County are not now being mined and will not again be mined except un-

der the stress of unusual conditions.

Lead and Zinc

This region has been prospected in the past for lead and zinc at

-

£

five separate localities, but at none of these was ore found in work-
able quantities and no serious mining was undertaken at any of the
prospects. The minerals which attracted attention were galena and
sphalerite closely associated with pyrite, chalcopyrite, and calcite.
They occur well toward the base of the Watauga formation in one of the
interbedded dolomites of that formation. It is not possible to deter-
mine whether the same dolomite always carries the ore minerals, for
the localities are widely separated and the individual beds cannot e
traced from one exposure to another. In each case the dolomite lies
between red, purplish and gray shales, and the whole series has been
highly folded; broken and brecciated. Both the shales and the dolom-

ites are veined with calcites and rocks are often faulted.
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The metallic minerals are closely associated and Tollow the brec-
ciated zones of the dolomite as irregular lumps and stringers. The
deposits appear to be disseminated cavity fillings which have been in-
troduced and localized by cold meteoric waters. The intimate rela-

tions of the sulphides show that they were all introduced at about the

same time. The minerals are little altered and no secondary minerals
were observed. The iron sulphides are often decomposed by wealhering

subsequent to their extraction, and readily crumble upon the old ore
aumps. Sphalerite is present at each of the five prospects, and ga-

lena at all save the Bonsacks prospect. Slight traces of gold and

i

silver have been reported from the galena at two of the localities. It

is supposed that the metals were originally contained in the dolomites

and shales in finely disseminated form, and have since been concen-

[i1g ™

trated by meteoric waters along lines of structural weaknesses. The
minerals were probably transported as sulphates and reduced to sulphides
by the organic material of the enclosing rocks. There is little or

no replacement of the surrounding wall-rocks. The actual date of for-
mation of the ore minerals is unknown, but must have succeeded the
period of deformation in which the country rocks were folded and
crushed.

C

ne of these prospects is now being worked, and there is little

possibility that they will ever be of economic value.

The Martin and Wertz prospect.

=

These prospectsl are located about two miles southwest of Roanoke



1. Watson 34, p. 71; Watson 35, p. 530; Anonymous 43, p. 291; 309,
433; 42 . 462; 44, p. 159; 45, p. 159.

on the old farm of william H. Martin, A small opening was also made
on the adjoining Wertz property. The minerals are galena, sphaler-
ite and pyrite, which occur in close association in one of the dolom-
itic members of the Watauga shale. The occurrence has been known for

a long time and is reported to have been prospected about 1840, It

5]

was again opened up in 1885 and 1886, when the Roanoke Zinec and Silver
Mining Company was organized in Roanoke with a capital. of $600,000.
This company made several small openings, but sold out within a year
to J. H. Bartlett of London. A few yeaors later the Washington Zinc
Company was organized in Roanoke to investigate the liartins and Bon-
sacks prospects. The Pennsylvania <Zinc and Iron Company was also in-

-~

in the properties, and made plans for the location of a fur-
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nace west of Roanoke 1o use these ores. The investigatiomns of the
area showed ore but in very disappointing quantities and the prospects

£l 2

have long since been abandoned. The dump piles have been leveled off

e

and the pits are grown over and filled with water.

During the boom of the eighties, several openings were made along
a small branch over about three acres of land. A1l of these openings
exposed a dolomite interbedded with the Watauga shales. The ore-
bearing dolomite was crystalline and much fractured with the veins
filled with white calcite. The rock is dark gray to black and very
dense, and interbedded with reddish and purplish shales which dip

about 30© to the southeast. The strike of the rocks is about N 40°9H.

The shales have also been fractured and are likewise calcite-veined.

252
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They show two sets of Jjoints which intersect at an angle of about 35
degrees. The ore consists of crystalline galena and sphalerite, with
much pyrite or marcasite which has been decomposed to a white crumbly
mass. No ore was observed in place and little can now be found on
the dumps. The ore was reported to be very rich, running 57 per cent
zine, $24 silver, and $4.20 gold to the ton (Anonymous 43, p. 291).
There is no present surface indication of ore of any economic value,

either in place or on the old dumps.

The Bonsacks prospect.
’ A 5 3 _
This prospect 1s located along the Norfolk and Western Railroad
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about one-half mile northeast of Bonsacks in Botetourt County. It is

b

about seven miles northeast of Roanoke and within a mile of the Roan-

oke County line. The old workings were situated along the railroad

5

in a small cut through the Watauga shale. Little mining has been done

5

at this locality which was prospected in 1882 by the Washington Zinc
Company of Roanoke. The ore was sent to a furnace at West Lynchburg.
A shaft was sunk about 90 feet below the surface, at which depth a body
of sphalerite was reporied some itwenty feet in length., The mine dump

shows pyrite, chalcopyrite and sphalerite, and some ore was visible in

o
+

place near the opening of the shaft. No gelena was observed at this
locality. The ore was disseminated in the limestone as at the lartin
prospect, with the pyrite occurring as irregular stringers and masses

through the rock. The limestone 1s nearly black, crystalline, and



veined with white calcite. The pyrite has been considerably oxidized
on the dumps. Nearby occur the purple and variegated shales of the
Watauga formation, and the ore-bearing dolomite is one of the members
of that formation. The zinc is said to have assayed from 30 to 40

per cent zinc. The prospect is now abandoned,

The Langhorne and Wills prospects.
Some prospecting for lead and zinc has been carried on from time
to time on the property of Colonel Langhorne and the adjacent land of

=

the Wills estate along Bonys Run, about two and one-half miles south

of Crockettsville or Alleghany Springs in lontgomery County.l The

prospects lie along the west foot of Poor lMountain in rather rugged
country whose average elevation is about 2250 feet above sea-level.

The minerals of this locality are galena, sphalerite and calcite
which occur intermixed in masses of well-developed crystals. The
sphalerite is low in iron and is very translucent and resdnous. These
minerals are found in one of the dolomitic members of the Watauga shale
and are scattered through this member in irregular masses and lumps.

The dolomite is coarsely crystalline, generally quite compact bul some-

times very porous and spongy. It has suffered considerable dynemic
metamorphism and is veined and brecciated. The nearby shales are

purplish, gray and black in alternating series, and dip at angles of
about ©65° to the southeast. The whole sedimentary series strikes

about N 300 E, The limestone which contains the minerals is 12 feet



in thickness, and in the early reports was improperly called a "vein".
The minerals, of which galena predominates, occur irregularly impreg-
nating the dolomite in lumps, along crevices and cracks, and as string-
ers in the brecciated rock. It is said (Fontaine 10, p. 190-1) that
the galena contains 16 ounces of silver to the ton. The quantity of
the minerals is so small that the occurrence is not of commercial value,
althoush the dolomite has been prospected at scattered localities from
Calfee's on Little Silver to a point opposite Shawsville on the Roan-
oke. Beyond Shawsville to the north the minerals appear to be absent.
The prospects were opened up by Colonel Langhorne in the early
eighties and several open cuts were made. llo ore was mined, but a few
amples were shiopped for examination. Two new openings were made in
1905 on the adjacent Wills land, but all prospecting was soon aban-
doned. The openings have all caved in, and it is difficult at the

present time to see much of the original "ore"™ in place.

Other Lead and Zinc prospects.

In 1880 g sixty-foot shaft was opened on Pilot or Abners Knob
southeast of Christiansburg in lontgomery County. Galena, sphalerite
and chalcopyrite were discovered as impregnations in a dolomite under
conditions very similar to those on the Langhorne prospect. The gquan-
tities of the minerals were too small to mine, (Hotchkiss 16, p. 88;
Fontaine 10, p. 190.)

Some good specimens of galena and pyrite were found along Brush
Creek about a mile below the Brush Creek gold-field on the farms of

Graham and Walter. These were never seriously prospected.
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Summary of Lead and Zinc Deposits
A gbove described the lead and zinc deposits of the Roanoke area

mi.

occur in one of the calcareous members of the Watauga shale. The min-
erals are found at several localities but at no place in guantities of
commercial value, and there is no prospect of these deposits being de-
veloped. The search for lead and zinc in this region has been gener-
ally abandoned, although during the summer of 1927 a professional pros-

pector, lir, Holland, was examining some of the old mines and was mak-

ing additional search for these ores.

linor Metallif'erous Occurrences
omall quantities of gold, silver, copper, nickel, cobalt and ar-
senic have been reported at various places in the Roanoke area, and
small mining prospects have been opened in a few scattered localities.
llost of these occurrences are in the rugged Blue Ridge Plateau area of
Floyd-Franklin-llontgomery Counties, a short distance southwest of Ro-

anoke County. A description of the more important occurrences will

m

be given, although the interest in these prospects is largely his-

{

cal.

R

tor

Gold.
A small amount of placer gold was panned from the gravels of Lau-
rel and Brush Creecks and their tributaries in lMontgomery and Floyd coun-

ties in the early eighties. The gold was discovered by J. M. Thomas,
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and the chief washings were limited to a small branch of Brush Creek
on the lands of John Walters, about 12 miles southeast of Christians-
burg and three miles east of the old Pilot House on Pilot Mountain.
The gold-bearing area is on the west side of the Blue Ridge along the
southeastern base of Pilot Mountain chiefly in lMontgomery County. 5, 4
is about four miles wide and twenty miles long.

The country rock is a series of schists and gneisses of metamor-
phic character and includes many rock types. Talcose, guartzose, chlor-
itic, and mica schists are common, interbedded with and intruded by ig-

m

neous masses which have suffered metamorphism to varying degrees. The

surface of the rocks has been deeply weathered and there is consider-
able residual soil in addition to the stream gravels. The soil is
deep red over the gneisses, and gray or yellow with quartz fragments
over the schists. The whole series is cut by many heavy veins of
white and mottled quartz carrying pyrite with traces of gold. The
gold-bearing veins and siringers are largely in the gneisses. Some
of the gold has been reported from the gneiss and schists themselves.
The veins are often large, one being from 8 to 10 feet in thickness.
They trend in general along a northeast-southwest direction, and the
dip of the schistosity of the containing rocks is toward the north.
The gold was found chiefly in the surface washings and in the gravels
along the creek bottoms.

The first report of the gold recorded about 25 to 75 cents of
gold per bushel of dirt, and that two men with a tin pan washed out
$100 of gold in five days. It is reported that $2500 was discovered
in two and one-half months, and that 12,130 pennyweights of gold were

gashed out of two acres of pay dirt less than six inches in average
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depth. The gold field was thought to be a "bonanza" and in 1885
Professor Davis of Virginia Agricultural and llechanical College esti-
mated with his eye that the dirt would run between $1500 and $1900 per
ton. (Hotchkiss 21, p. 65.) One assay is reported to have yielded
as much as $24 of gold and $3 of silver to the ton. (Waters 35, p.
564 . ) A few nuggets were found which sold for $1 to $2 each. lost
of the gold was in very small particles, and the methods of panning
were very primitive. According to Fontaine (Hotchkiss 18, p. 155)
the average yield for the best dirt in 1882 was 5.5 grains of gold per
pan of 25 pounds. In other places the gold ran about 33 pennyweights
per day by hand in rude sluice boxes. The gold was bright yellow and
in pieces of &all shapes. Its specific gravity was about 15.5. Some
of the gold contained as much as 32 per cent of silver. In the veins
the gold ran about ©64.6 grains per ton, of which 27.1 grains were sil-
ver (Watson 35, p. 564). In the gneisses the combined gold and sil-
ver was aboul 6 grains per ton of rock.

-

An analysis of the gold from liontgomery County ran as follows,

Porcher analyst:
Gold (by cupellation and parting) Vs BELEL

Silver (by cupellation and difference) ... 34.01 (Watson 35, p. 5064)
Copl‘)er TN R F R R RS o N R N E RN NERESNE > EES N SN 0014

Il‘."OI’l T EELDN BN WEE B EeEEEesEeEs ey O . 20
Quar‘tz 4 8088 0EERIOGNSLERSLEFEROGrLErbes S _O 3 :34
100,00

m

The interest in this area soon waned, and little trace of activi-
ty is now apparent. No mining has been carried on in the district for
several years.

#ith the exceplion of the Brush Creek gold area, no other gold-

bearing rocks occur within the vicinity of Roanoke County. Traces of



gold were reported from the galena and pyrite on the lMartin lead and
zinc prospect three miles southwest of Roanoke. The galena was said
to contain $4.20 of gold per ton. (Anonymous 43, p. 241l.) Gold has
also been reported Trom Lhe Roanoke River gravels near Hoanoke. (an-
onymous 42, p. 156.) There is no geologic reason to expect gold in

the rocks of the Roanoke area.

Silver,

Very meagre traces of silver have been reported from a few locali-
ties near Roanoke. In each case the silver occurs as a very minor
constituent of either gold, galena or arsenopyrite, which are them-
selves of rare occurrence.

The galena from the Martin lead and zinc prospect southwest of
Roanoke was assayed Lo contain $24 of silver to the ton, and largely

upon this assay (Anonymous 43, p. 291) the Roanoke Zinc and Silver

llining Company was organized at Roanoke in 1886. Neither zinc nor
silver were found in paying quantities. The galena on Colonel Lang-

horne's estate near Shawsville was reported to carry 1o ounces of sil-
ver to the ton (Fontaine 10, p. 191). The arsenopyrite at Rewald
P. 0. (Boyd 2, p. 263) in Floyd County was said to carry from 18 to

34 ounces of silver to the ton, and the Brush Creek gold of Kontgom-

ery County contained 32 per cent silver by one assay (Watson 35, p.
564) .

Professor Wm., M. Fontaine (Fontaine 10, p. 191) reported én 1884

that copper minerals were occasionally found in the Poor Mountain area,



and recorded a specimen of chalcocite from these mountains.

Ir. Hutchins of Vinton informed the writer that prospecting had
been carried on for copper in the crystalline rocks northwest of Sugar
Loaf Hill, and that several occurrences of copper minerals had been
found in that vicinity. An old copper prospect is reported along the
Roanoke~Lynchburg highway about a mile and one-half northeast of Coy-
ners. Copper minerals, chiefly chalcopyrite, have been found near
Copper Hill, just south of the Roanoke-Flpyd County boundary. None
of these occurrences was verified by the writer, nor were any copper

minerals observed in the area.

Argenic.

Several occurrences of arsenic are known in Floyd County, and
the largest is located near Rewald P. O. gbout eight miles southwest
of the corner of Roanoke County and two miles southeast of Huffville,
Floyd County. This mine has been operated by the United States Ar-
senic Mijnes Company of Pittsburgh since 1903 and is on the old farm
of Major William Guerrant. ~everal lenses of arsenopyrite occur
within quartz-sericite schists, and appear to be replacements of some
of the schistose beds. The chief ore-body is a lens which is about
4 feet in thickness at the surface and which expands to 14 feet at a
depth of 120 feet. A shaft some 90 feet deep was sunk with an adit
off 215 feet, and considerable ore was taken out. The ore ran about
25 per cent arsenic, and carried from 18 to 34 ounces of silver per
ton in the richest part. (Watson 35, p. 211.)

Other nearby occurrences of arsenopyrite are reported, but are
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of too small guantity for economic use.

1. Boyd 2, p. 263; Fontaine 10, p. 1920; Hotchkiss 21, p. 65; Wat-
son 35, p. 211; Watson 36, p. 68
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lickel and Cobalt.

4

The Lick Creek Nickel mine~ 1s located in Floyd County along Lick

1. Boyd 2, p. 262-3; Fontaine 10, p., 190; Watson 35, p. 578; Vat-
son 36, pp. 683-97 deld 41, p. 756-7.

~ e

Creek near its intersection with Flat Run to form the South Fork of

the Roanoke River. The mine lies about seven miles southeast of Alle-
ghany Springs or Crockettsville, and is within four miles of the Roan-
oke County line on the old John Light farm. The occurrence has long
been known and was mined for copperas during the Civil War., Consider-
able prospecting has been done, and some attempt has been made 1o mine
on a larger scale, although mining is very difficult and expensive be-
cause of the toughness of the containing rocks.

4

The ore minerals are sulphides, chiefly pyrrhotite and finely-
disseminated chalcopyrite, and they are widely distributed in the ore-
bearing rocks which carry 15 per cent of pyrrhotite by bulk (Weld 41,

p. 156-7). The workings are aligned in a northeast-southwest direc-

tion for about four miles over an areg of crystalline and metamorphic
rocks with rather high surface relief. The surface elevation is about
2000 feet, and the local relief about 1200 feet. The country rocks

comprise a series of micaceous schists and gneisses of varying compo-



sitions derived in part from old sediments and in part from igneous
rocks. The ore-bearing rocks are of igneous origin, and are intrus-
ive into the metamorphic series,. These igneous rocks are of three
kinds and all have been subjected to dyhamic strain since their in-
trusions. The largest of the intrusives is a hypersthene syenite
very similar to that which is found near Vinton in Roanoke County.

m

This has been cut in places by dikes of gabbro and diabase, The ore

S associated with the gabbro dike which is about 20 feet wide where

.

exposed in the mine. This is in contact with the syenite on the foot-
wall of the dike. The ore rock is fine grained and massive, and the
sulphides are Tinely disseminated throughout, especially along the
weaknesses in the silicate minerals with considerable replacement of
them.

Watson concludes that the sulphides are secondary, and were form-
ed after the metamorphism of the rocks. They replace and include the
rock minerals, the whole being fine grained and massive with no band-
ing. The nickel-bearing mineral has not been determined, and it is
not known whether the nickel occurs in the pyrrhotite or as separate
unobserved minerals, In 19207, the average ore on the dump was said
to contain 1.75 per cent of nickel, and a fraction of 1 per cent of
copper, and some of the ore was reported to run from 3 to 5 per cent
nickel (Watson 36, p.686). As much as 0.4 per cent cobalt is re-
ported. The dike strikes about N 450 E and its inclination is tow-
ard the southeast at an angle of about 45°. The pyrrhotite is

strongly magnetic.



Coal in Roanoke County

e

A recent publicgtion (Bulletin XXV, 1925) of the Virginia Geo-
logical Survey, The Valley Coal Fields of Virginia, by Marius R. Camp-
bell and others, deals adeguately with the occurrence of coal in the
Roanoke area and the present discussion is larkely taken from that bul-
letin.

The counties adjacent to Roanoke County have been coal-producers
of note. The Catawba field of Botetourt County, and the Brushy lMoun-
tain and Price lMountain fields of llontgomery County have furnished coal
in considerable quantities. In Roanoke County, although the coal-
bearing series is present, important seams of coal are either absent
or inaccessible, so that the local production has been very meagre and
the future possibilities are very discouraging. The paucity of coal
beds in this county is largely the result of the complex geologic struc-
ture of the coal-bearing formation, although the formation outcrops
over discontinuous belts totaling at least twenty miles in extent with-
in the limits of the county. This formation is the Price sandstone
of Lower lMississippian age, and consists of a series of bluish-white
sandstones and conglomerates with a thickness of about 1700 feet. It
contains a few scattered coal seams toward the middle of the series,
of which the lMerrimac seam is the most important. This is now being
mined at several places in lMontgomery County near Blacksburg. The for-
mation outcrops in Roanoke County in three disconnected belts under

very similar conditions; along Brushy Mountain near the northwestern



border of the county; along North lMountain from loomaw Gap to the
northern limit of the county; and along Fort Lewis Mountain from the
Montgomery County line to a point north of Salem. Each of these belts
is along the southeastern flank of a high mountain, and each lies near
or is terminated at the southeast by a great thrust fault which brings
Cambro-Ordovician rocks upon the higher members of the coal series.
These three outcrops of the Price formation are entirely separate from
each other, and each lies within a different member of the series of
great open folds which characterize the Appalachian Ridge region. 1o
other occurrences of the coal formation are known within the county,

ahd these three belts will be discussed separately.

The Brushy Mountain Belt.
This outcrop of the Price formation is a continuation into Roan-

T ral

oke County of the coal-bearing rocks of the Brushy lountain field of

lfontgomery County. The formation is exposed along the southeastern
slopes of Brushy Mountain, and dips about 30 degrees, S 25° E. The

outcrop is cut off at the base of the mountain by the Miller Fault
which has overthrust the Cambro-Ordovician formations upon the Lower
Migsissippian series. The overthrust limestones cover the exposure
of the upper part of the Price formation, and since few coal seams
are found above the line of the fault, it is supposed that the impor-
tant coal beds if present lie beneath the limestones and shales. In
the exposed Price formation along Brushy !Mountain no good evidence of

coal was observed, either in Roanoke County or within two miles of

the Roanoke County line, and this belt may be considered unfavorable
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for any development of coal on a commercial scale. It has been re-
ported (Campbell, M. R. et al 4, p. 28l1) that coal was once prospected
in Millers Cove, bul no trace of these prospects has been found. Host
of the coal specimens reported from this belt have been of black car-
bonaceous shales of no economic value.

Under the supposition that the important seams are buried beneath
the Cambro-Ordovician rocks, the question of their accessibility arises,
and particularly the possibility of reaching them by deep mining below
the overthrust rocks. Campbell (Campbell, 1. R. et al 4, p. 138, 150)
has considered this point, and has concluded from the probable thick-
ness of the overlying fault block -

". . . that it is hopeless to expect coal at depth south

of a line extending from Blacksburg to the point of Cove
Mountain, and that even along this line the coal may be too
deep for economic mining." (Campbell, 1. R. et al 4, 158.)
Considering the uncertainty of reaching any coal below the thrust
block, and the scarcity of obtainable data from the exposed beds, the
probability of success in such an undertaking is very doubtful, and

operations are not recommended without more informstion than is avail-

able at present.

The North Mountain Belt.

From Moomaw Gap northwestward into Botetourt County the Price
sandstone outcrops in a narrow belt along the southeastern slope of
Horth Mountain. The beds strike about N 500 E, and dip to the south-
east at angles of about ©0 degrees. The great Pulaski Fault at the
base of the !lountain has overthrust the Cambro-Ordovician rocks upon

the upper part of the coal series, and like the Miller Fault in the



Wb

3rushy lMountain belt, lies so near the mountain that the upper coal
seams are either cut out or concealed. I, R. Campbell who has stud-
ied this area concludes that the important lerrimac or Langhorne seam
of lontgomery County is covered by the fault block of the Cambro-Ordo-
vician series (Campbell, M. R. et al 4, p. 281).

Above the %ault, however, and well up the slopes of the mountain,
are exposed several thin seams of coal which have been prospected at
several localities, chiefly by T. G. Chapman, about three-quarters of
a mile northeast of Catawba Sanatorium. The coal seams are found a
short distance down the slope of the mountain from the exposure of the
Ingles conglomerate and are thus near the base of the Price formation.
The coal occurs in several very small and lenticular seams which are
badly shattered and displaced, with many angular fragments intermixed
with the coal. In the largest and best prospect, two small seams are
exposed along a drift 15 feet long. These are aboul twenly inches
thick and are about 30 feet apart in the section. They are both in-
terbedded with thin shales and enclosed beiween sandstones. The con-

taining rocks are faulted and broken, indicating that much movement

o)

has taken place. The strike is here N 53° E and the dip 78 degrees

to the southeast. The seams become thinner with depth, so that fur-
ther prospecting and mining has been abandoned. (Campbell, M. R. et al
4, pp. 279-81.) Hotchkiss (Hotchkiss 12, p. 81) has recorded that
beds of "anthracite" coal in the Price formation have been worked for
local use along llorth Mountain. The Chapmsan properiy, however, has
the best showing of any prospect visited.

At several points along the mountain coal "blossom" was observed,

but thies has largely resulted from the weathering of black carbonaceous
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shales with only small fragments of true coal present. The knovnm
guantity of coal along North lMountain is so small as to discourage
further prospecting.

I
1

The Fort Lewis lMountain Belt.

Along the goutheastern slopes of Fort Lewis lMountain the Price
formation outcrops from the western limit of Roanoke County to a point
north of Salem. This belt is not known to contain workable beds of
coal, although fragments of coal have been found in these procks. Hol-

den (Campbell, II. R. et al 4, p. 281) reports that the best occurrence

he discovered in this area was

i . a highly pyritiferous coal bed about 8 inches
thick."

It was reported to the writer in 1926 that some small-scale prospect-
ing had recently been done and that more was being considered, but this
report was not verified.

Considering the good development of coal in the Price formation
of Brushy Mountain in lMontgomery County within twenty miles of the Fort
Lewis belt, it seems unusual that Fort Lewis Mountain contains no work-
able beds. M. R. Campbell (Campbell, . R. et al 4, p. 28l) has ex-
plained this inequality by the presence between the two areas of the
great Pulaski Fault. The coal series on Fort Lewis Mountain is in
the Catawba Syncline which has been thrust many miles northwestward
from its original position. It is quite possible that in that part
of the geosyncline in which the Catawba Syncline rocks were deposited

the Price formation carried no coals at all. Thus the Fort Lewis belt

may represent coal-less Price sandstones overthrust very near coal-



bearing Price sandstones. This would readily account for the in-
equality of development of the coal seams in the two belts which are

now so close together.

Summary of Coal Prospects in Roanoke County

The coal that is found in Roanoke County is very splintery and

largely mixed with bone, and as now exposed has been too badly weath-
ered for careful examination as to composition and fuel ratio. It is
obvious from this discussion that the coal seams of the county can
never be considered a substantial economic reserve - if they can ever
be more fully prospected. The nature and geologic structure of the
coal-bearing formation hinders profitable mining in this county. For
discussion of the North lountain belt, and the Brushy lountain belt
beyond Roanoke County, the reader is referred to Bulletin XXV of the

Virginia Geological Survey.

Oil and Gas
Jithin the last two years there has been considerable specula-
tion concerning the possibility of obtaining oil or natural gas from
the rocks of Roanoke County. Added interest has arisen because of
the so called "gas-well" on the Williamson Road.

This well is located about a mile and one-~half northeast of Ro-



anoke on that part of the Lee Highway which is known as the William-
son Road. The well is situated on the northeast side of the road
Jjust south of the entrance to the new "Upson" resl-estate addition.
The well is 119 feet deep and its flow of water is maintained by pump-
ing. The water has a sour taste, and presence of contained gas is
noticed soon after drinking. Small gquantities of has accumulate in
the vacuum tank of the pump and at favorable times issue from the wa-
ter taps in sufficient volume to burn for a few moments with a blue
flame, It ié said that upon analysis the gas proves to be "natural
gas", but this report was not verified by the writer. The presence
of the gas in this well is unique in the vicinity, and other wells of
equal or greater depth within a few hundred feet of this well have no
sign of gas. It was reported to the writer that gas was found in
another well about a quarter of a mile to the northeast, but this re-
port was not verified after inquiry in that vicinity. Reports of gas
from Moomaw Springs northwest of Roanoke were also not substantiated.
The well in gquestion is located about a half mile north of the
southern outcrop of the Elbrook formation, and the presence of this
limestone on all sides is known. The well is about four hundred
yvards due east of the crest of Round Hill which is considered to be
a fenster of sandstone proJjecting through the overthrust mass of the
Salem fault block (see page : 3 No outcrops of sandstone were visi-
ble on the hilltop, but the abundance and angularity of the sandstone
boulders or "river-jacks" indicates sandstone as bed rock immediately
below the soil cover.

Provided that the gas which issues from this well is natural gas,

24
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there are at least two possible explanations of its presence. The gas
may be derived from the decomposition of organic matter in a small
pocket in the Hlbrook formation. Such occurrences under similar con-
ditions are known in other regions and pockets of gas are often found
in the Onondaga limestone of western New York State. This would ex-
plain the isolated occurrence and limited quantity of the gas. As an
alternate explanation, the gas may be derived from Devonian shales be-
low the Salem thrust block, and may have seeped upward along fissures
in the ovérthrust limestone and thus be tapped by this particular well.
The presente of the sandstone on Round Hill, which is taken to be the
Clinch sandstone of Silurian age, would tend to show that such condit-
ions might obtain. In neither case is there any possibility of pro-
curing gas in commercial gquantity.

This gas-well is located beneath a gasoline filling station, and

the presence of the gas was not discovered until after the station had

been established. There is thus a possibility that the gas is not
natural but is due to gasoline leakage Some effort has been made to

& .

organize a company to investigate the oil possibilities of the region
around the gas~we1}, and several leases have bDeen procured for this
purpose.

The rocks of the Roanoke area have been intensely folded and
faulted and subsequent erosion has deeply dissected the ﬁegion. It

s highly improbable that rocks of this nature would now contain ei-

e

=

ther oil or gas, Tor these very volatile substances have had ample op-~
portunity to escape during the deformation of the rocks, if indeed

they were ever present. There does not seem to be the slightest rea-
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Figure Se

Figure 5.

Map of the Roanoke area showing location of
quarries and workings in the non-metallic re-
serves,

Coal.
1. Chapman prospect.
Limestone quarries,
2., Blue Rldge Springs quarry.
J. Mundy quarry.
4, Roanoke city quarry.
5. Salem city quarry.
Clay deposits and brick yards,
6. Webster Brick Company.
7. Adam, Payne, and Gleaves Gompany.
8. BSalem Brick Works.
Barite.
9. Reeds quarry.
@lass sand,
10, ©Salem Glass Works quarry.
Marl,

11, Daleville opening.



som to believe that petroleum or rock-oil will ever be discovered in

Roanoke County, and it is very improbable that natural gas will be

=i

found in quantity to warrant even local development. 0 discourage
any attempts at exploitation of these substances would seem in keep-

ing with the facts now known.

9

OTHER NON-METALLIC RESQURCES

Limes and Cements

A comprehensive discussion of the Cement Resources of Virginia
west of the Blue Ridge Dy Ray S. Bassler was published in 1209 as Bul-
letin ITI-A of the Virginia Geological Survey. This bulleiin contains
a discussion of the limes and cements of the Great Vglley and the Ap-
palachian Ridges, but offers little data concerning the occurrences
of these materials in the Roanoke area. The reader is referred to
this report for information about the nature and use of limes and ce-
ments in general, and concerning the possibility of their development
in adjacent areas.

The rocks used by the lime and cement industry are chiefly lime-

stones, dolomites and shales of various compositions. The term lime-

27]

stone is theoretically restricted by this industry to a highly calcare-

ous rock which contains less than 5 per cent of magnesia oxide. The

relative amount of magnesia below this figure determines whether the
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limestone is less or more pure. A limestone which contains from 5

to 45 per cent of magnesia may be called a dolomite, and is less or
more pure as the amount of magnesia varies between 5 and 45 per cent.
The term shale is loosely used to represent any fine-grained argillace-
ous sedimentary rock which is fissile or shaly. Limestones and dolom-
ites are the main sources of limes and cements, and shales are mixed in
finely ground form with the calcareous rocks to add alumina. Hence this
discussion will deal chiefly with limestones.

Limestones are used Tor the following purposes:

. Crushed stone, building stone, road metal etc.

' A

As a source of lime or quick-lime

oy}

For the making of cement -

a. Hatural cement
b. Portland cement

The use of limestones for building stone, road construction and

similar purposes will be discussed later in this chapter. The uses

of

limestones for lime-burning and for cement manufacture are so simi-
lar that they may be discussed together.

Not all limestones are suitable for the cement industry. Usable
rock must maintain a purity which depends upon the particular purpose
for which the limestone is to be used. For lime-burning, the rock
should have a low percentage of magnesia and should be as free from
argillaceous material as possible, since these impurities retard slak-
ing of the lime. Almost any relatively pure limestone may be burned
for lime, and rocks of this kind are common in the Roanoke area. On

the other hand, the cement industiry requires such a rigid standard of
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purity that good cement rocks are rare. The ideal cement rock should
contain 75 per cent of calcium carbonate and 20 per cent of clayey ma-

terial. oo few rocks reach this ideal standard that limestones of in-

i

ferior guality are often used, and the needed constituents are later
added in the process of cement manufacture. Generally these constit-
uents may be supplied from shales of different kinds.

Cement rocks are of two main kinds: those used as natural cement,
and those used for making Portland cement. Natural cements are lime-
stones which will produce a cement directly upon burning without pre-
vious grinding or mixing. They contain from 13 to 35 per cent of
clayey material, of which from I0 to 20 per cent is silica. The alumi-
na and iron together make up from 3 to 15 per cent of the rock. They
are thus argillaceous limestones. When burned at low temperatures
they do not slake, but form a cement which will set under water more
rapidly than will Portland cement, although it possesses less strength.
Watural cement rocks are rare and seldom occur in abundance, Port-
land cement is an artificial mixture of lime, silica, alumina and iron
oxide. This mixture is burned at a high temperature to a clinker,
which is finely ground to form the Portland cement. Rocks suitable
for this use are more abundant than Tor natural cement, butl less abun-
dant than those suiteble for lime-burning.

oeveral formations in the Roanoke area are sufficiently calcare-
ous to be considered as possible sources of rock for lime or cement.
The most convenient method of discussing these rocks is to consider

them according to their age, and they may be grouped as follows:



A. Cambrian limestones
B, Ozarkian and Canadian limestones
C. Ordovician limestones

D. Devonian limestones

Cambrian limestones.

The limestones of the Shady and Watauga formations are exten-
sively quarried for lime and crushed stone, but have not been worked
ffor cement rock. In general these limestones are too dolomitic for
use in the manufacture of Portland cement, and no exposures of the

rocks were observed to show material sufficiently pure for use as nat-
ural cement. The most easily accessible outcrop of the Shady dolom-
ite is along the Blue Ridge from Troutville to Buchanan. Here the
outcrop of the dolomite parallels the Norfolk and Western Railroad,
and is less than a mile from the tracks. If cement rock could be
developed from the Shady, this belt would offer good transportation
facilities. Gxposures of the Watauga occur along the railroad from
Troutville to Buchanan and in the Roanoke Valliey at Roanoke. An an-
alysis of limestone from each of these formations is given in Table

i The high percentage of magnesia greatly impairs their value as
cement rocks. |

The Elbrook formation of Upper Cambrian age contains an abundance

od limestones but the beds are very shaly and argillaceous. The for-
mation as a whole lacks pure limestones of the quality necessary for
cement rock. Elbrook limestones are quarried in many places through-

out. the Roanoke area, but the rock is used mainly for road material,

L

Analyses of typical limestones of the Elbrook formation are given in
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Table , analyses 3-7. Samples 3-5 were chosen as representing
the purest members of the Zlbrook exposed near Salem and near Glen-

var.

Ozarkian and Canadian limestones.

The combined thickness of the Copper Ridge formation (Ozarkian)
and the Nittany dolomite (Canadian) is over 2500 feet, and the greater
part of this thickness 1is represented by limestones and dolomites,

None of these beds, however, are known to be of a quality suitable for
cement rock. The dolomites contain too much magnesia for Portland
cement, and the limestones are insufficiently pure for natural cements.
It is somewhat surprising that so extensive a series of calcareous
beds should contain no workable cement rocks in the Roanoke area. This
characteristic, however, obtains in these rocks throughout Virginia,
and at very few localities are cement rocks obtainable from the Ozark-
ian or Canadian formations. Analyses of limestones from these forma-
T

tions in the Roanoke area are given in Table E The limestones
[an]

o

have been extensively quarried Tor furnace flux, lime burning, an

-

for road material, an

Ly

[
o

are entirely suitable for these purposes.
Ordovician limestones,

The purest limestone of this area is the Mosheim member of the
Chazy group, at the base of the Ordovician and immediately below the
black Athens shale. This is the Stones River formation of Bassler.
This formation is a pure fine-grained blue or dove limestone contain-

ing about 95 per cent CaCOg. The color and composition are remark-
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9.
10,
.
12,
13.

14,

References to table of llmestone analyses.

Limestone from quarry southeast of Buchanan,
P, Salom analyst, ( Hotchkiss 19, page 62)

Massive limestohe, 2 3/4 miles southeast of Roanoke,
W.E.Barlow analyst, ( Watson 34, page 72)

Gray massive limestone, Salem city quarry,
C.W.Kinzer analyst, ( Kinzer 23, page 13)

Massive gray limestone, 2 miles east ox Salen,
C.W.Kinzer analyst, ( Kinzer 23, page 13)

Gray limestone, Cavern Hill ncar'Glcnvar,
C.W.Kinzer analyst, ( Kinzer 23, page 13)

Limestone, Blue Ridge Springs quarry,
P, Salom analyst, ( Hotchkiss 19, pags 62)

Limestone, Catawba creek near Stone Coal Gap,
W.B.Rogers analyst, ( Rogers 29, page 344)

Limestone, near Blacksburg,
W.B.,Rogers analyst, ( Rogers 29, page 170)

Limestone, Davidson farm 1 mile east of Blacksburg,
J.R.Eoff Jr. analyst, ( Watson 34, page T4)

Limestone, Bell quarry, 3 miles southwest of Blacksburg,
J.R.Eoff Jr, analyst, ( Watson 34, page T4

Dove limestone, | mile east of Catawba Sanatérium,
' C.W.Kinzer analyst, { Kinzer 23, page 13)

Dove limestone, near Keslers Mill, 2 miles east of Salem,

C&W.,Kinzer analyst, ( Kinzer 23, page 13)

Slaty limestone, 3 miles north of Roanoke,
W.B.Rogers, analyst ( Rogers 29, page 393)

Limy snale, Catawba Valley near Catawba P.O,,
W.M.Thornton, (Bassler 1, page 136)
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ably uniform wherever the limestone is exposed. Its thickness in

the Catawba Valley is about 30 feet. The lower seven feet, however,
are conglomeratic, so that the pure limestone is about 23 feet in
thickness. The formation outcrops in a narrow belt along the Cataw-
ba Valley Jjust south of the Catawba Sanatorium, and may be traced along
the strike for several miles. The thickness increases toward the west

and thins toward the east. The formation is present south of the Sa-

w

lem Fault and is exposed near Keslers Mill on lMasons Creek northeast
of Salem. This southern exposure of the Mosheim is very limited and
the bed is cut out by faulting.

Analyses of this rock from the Catawba Vaglley and from Keglers
Mill are given in Table ; The lime content is very high and lit-
tle silica or magnesia are present in the rock. It 1s entirely suit-
able for Portland cement. It is impossible to tell from the analy-
sis of a rock whether it is suited for the manufacture of nagtural ce-
ment. It is probable, however, that the Mosheim limestone is not
sufficiently argillaceous for this purpose, but with admixture of
clayey material from the nearby shales it might prove satisfactory.
The outcrops of this formation are not far from the Salem-Catawba
Railroad, and could be quarried advantageously in the Catawba Valley.
This formation may be safely considered a suitable source of material
for Portland cement. It has not been quarried for this purpose in
1927.

The Athens shale of the Catawba Valley outcrops adjacent to the
Mosheim limestone. The shales themselves are not suited for use as

cement rocks, but could be used with the purer Mosheim in the manufac-



ture of natural cement material. Analyses of these shales from out-
crops near the exposures of the losheim limestone are given in Table

, Samples 13 and 14.

Devonian limestones.

The Giles formation which overlies the Clinton sandstones con-
tains a thin limestone member at the base of the formation. This is
exposed about one mile south of Newcastle, Craig County. This lime-
stone or its equivalent is used for cement rock in Alleghany County
near Clifton Forge. No test was made of this rock in the Roanoke
area, but it does not possess any of the megascopic characters essen-
tial to cement rocks. o quarries are known in this formation within
the area under consideration, and the limestone appears to be 100 va-

riable and inaccessible in occurrence for economic use.

Summary

The Roanoke area is fortunate in containing a supply of material

which can be used for cement and lime. The

yriter is prepared to

P

recommend that the lMosheim limestone be worked for Portland cement

and that a good locality to develop this formation for this purpose
would be in the Salem Valley near Keslers Mill on Masons Creek north-
east of Salem. A better exposure of this formation occurs in the Ca-
tawba Valley near the Catawba Sanatorium. This locality is not as ad-
vantageously situated with reference to transportation as is the occur-
rence at Keslers Mill. It is entirely possible that good cement ma-

terial occurs in the Shady and Elbrook formations, snd prospecting in
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these formations might yield favorable results. The limestones of
the Watauga, Copper Ridge, and Nittany formations seem less likely of

-
i

promise than do those of the Mosheim, Shady, and Elbrook.

Clays and Shales

The following discussion of clays and shales is based upon a re-
cent bulletin of the Virginia Geological Survey by Heinrich Ries and
R. E. Somers, on the Clays and Shales of Virginia West of the Blue
Ridge (Virginia Geol. Surv. Bull. XX, 1920). To this bulletin the
reader is referred for a description of the character of clays in gen-
eral and for an account of their occurrence in adjacent counties. All
tests of the Roanoke County clays which are herein mentioned were made
by Ries and Somers.

The clays of this area are used chiefly for the manufacture of
common brick and tiles, and such usage demands that they conform to a
standard set of physical characteristics. Among these necessary char-
acteristics 1is plasticity, or the ability to be molded into a desired
shape when wet. Any additional water whiich is required to render a
clay plastic is called water of plasticity, and its amount varies with
different clgys although it must range between certain maximum and
minimum limits. Another property of considerable importance is shrink-
age, of which there are two kinds - air shrinkage and fire shrinkage.
Air shrinkage takes place as the clays are dried, and clays which pos-

sess high air shrinkage are undesirable because of the tendency to
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warp and crack. Fire shrinkage is the contraction of the clay mass
during firing, and a high fire shrinkage in clays is likewise undesir-
able. The color of the fired clay is of importance and depends large-
ly upon contained impurities. The color of the original clay is but
little index to thelcolor of the final brick. Transverse and tensile
strength are of importance as are the fineness and hardness of the ul-
timate clay products. A discussion of the importance of these char-
acteristics for clays in general may be found in Bulletin XX above men-
tioned, or in one of the textbooks on economic geology.

The fusing points of clays is one of the features governing their
desirability and, in describing the various clays of Virginia, Ries
and Somers give the fusing points in terms of Seger Cones which are
used in the clay industry for testing the fusibility of clay products.
These cones are made of clays and fluxes artificially mixed in regular
proportion and graded to represent a series of known fusing points
each but a few degrees higher than the next. The cones are composed
of kaolin, feldspar, quartz, marble, and pure ferric oxide. They are
placed in a kiln out of reach of the actual flames, and because of
their known fusing points can be used to register the temperature of
that kiln. As they become heated the tip of the cone becomes soft,
and at the fusing point bends over until it touches the base of the
cone. They may be observed through peep-holes in the kiln walls.

The temperatures of the fusing points of the commonly used cones are

as follows;
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The clays of the Roanoke area may be classified as follows (modi-

fied after Ries and “omers):

y &

True

OO T ®

sedimentary clays or shales

Watauga shales
41brook shales
thens shales

Marcellus-GCenesee shales
llississippian shales

B. Residual clays from

a.
Bi
&:
d.
- 2

Residual clays
Residual clays
Residual clays
Residual clays
Residual clays

decomposition of bed rock

the
the
the
the
the

crystalline area

Shady dolomite

Elbrook formation
Copper Ridge formation
Nittany dolomite

C. Transported clays of floodplain origin

True Sedimentary Clays or Shales

Some shales are usable for the manufacture of clay products and

hence may Le considered as clays.

L)

[@F

sediments.

ohales are transported clays of

ifferent kinds which have been deposited in beds chiefly as marine

Consolidation has temporarily destroyed the original

property of plasticity, but the shales may regain this property when

G

—x l



very finely ground and mixed with water. Shales are of much greater
extent than most surface clays, but the difficulties of working often
offset this advantage. Where these shales are weathered the clayey
nature becomes partially restored, and the amount of weathering is

&1

thus an important factor in the usabilility of shales for the manufac-
ture of clay products. Often they may be ground and used with true
residual clays to good advantage. When the shales contain thin len-
ses of limestones and sandstones which cannot be thrown out during

mining, the cost of handling as compared with that for residual clays

is much greater, and generally prevents the economic use of this iype

L]

—

of clay-shale. Furthermore, many shale beds are very gritiy or cal-

careous and these characteristics impalr their quality.

Watauga shales.

The Watauga shale has a wide area of outcrop and its beds are in
many places of sufficient guality to serve as clays. The chief dis-
advantage to the use of the Watauga shales is the alternating nature
of its lithology. Thick beds of good shale are seldom found without

interbedded limestone

[47]
o)
B

B

gritty members which make clay operations
very difficult.
The Watauga shales are worked in several places near Roanoke for

clays. The Adams, Payne and Gleaves Company are operating a brick-

M

28U

vard east of Roanoke between Roanoke River and Tinker Creek. The shales

are here very argillaceous, brick-red, and dip eastward at steep angles.

They are artificially mixed with floodplain clays taken from the adja-

cent river deposits, and are used at the nearby kilns of this company.
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The red shales lie on the southeast side of a small thrust faullt which
is visible in the cliff along the railroad. The company has opened a
cut into the hill, and has followed the shales for about fifty feet in
a large pit which they are operating by steam-shovel. Calcareous lay-
ers a foot or so in thickness occur with the soft shales, but these
can be avoided in the working. The clay burns red, and is used for
the manufacture of common brick.

Ries and Somers record the occurrence of workable shales east of
Bonsacks Jjust north of the Roanoke line. Aboul one-guarter 5f a mile
east of Bonsacks are numerous outcrops of the red, yellow and grayish
shales of the Watauga formation. These shales will not grind up to
a plastic mass when fresh, but when weathered form a yellowish and
gray smooth clay of good plasticity. The clay requires about 40 per
cent water of plasticity and has 8.6 per cent air shrinkage. At Cone
010 the clay shows no fire shrinkage but has a high absorption of 256.3
per cent, At Cone 05 it gives a good brick with 6.4 per cent fire
shrinkage and 14.3 per cent absorption. The clay fires red and can
be used for common brick. Only six feet of thickness was observed
for the clay of workable grade. (Ries and Somers 28, p. ©l.)

At a locality along the Lynchburg Highway and midway between Coyn-
ers and Blue Ridge Springs, the Webster Brick Company is working clay
shales of the upper Watauga. This is the mest extensive clay working
in this area, and the plant manufactures ordinary brick which is used
for building in Roanoke. The shales dip steeply to the southeast and
strike N 800 E. The fresh shale is less satisfactory than slightly

weathered rock, and a mixture of both is used. The brickyard lies a
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PLATE XXXIL

Plate

Fig. A.

Clay pit in weathered Watauga shales,
Webster Brick Company, Webster, Botetourt
County.

Fig. B.

Brick kilns of the Webster Brick
Company, Webster, Botetourt County.
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short distance from the Norfolk and Western Railroad, and is connected
with it by a short railway. A chemical analysis of the clay shale from
Webster is given by Ries and Somers (Ries and Somers 28, p. 59):

i RS O GRS S N
AloOg sivvensseseeees 22.05
FeolOg .. nsssnbiisics 10,43
o7 B P SV M S T
o SR S SR S R S £
e P e R B W R G S R R
1'?&-30................ O.ZO
Loss on ignition .... _7.36

29.32
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Watauga shales suitable for brick clays occur along the wagon road

®

near Lithia in Botetourt County. The shale requires 18 per cent water
of plasticity, and the air shrinkage is low. The clay has a rather
short heat range, but burns to & hard brick of low absorption at Cone

05. The color after burning is red. (Ries and Somers 28, p. 30.)

Elbrook shales.

The lower beds of the Llbrook limestone contain shaly members which
might be used for brick clay. The formation is extensively exposed in
a wide belt across the area, but the greater part of the outcrops are
of the limestone members. Ries and Somers examined shales from this
formation about two miles north-northwest of Blacksburg, and found them
to be of fair quality. The shale if mixed with the residual clay from
the nearby limestone areas could be used for brick if properly fired.

The &lbrook is not a promising source of clay shales.

Athens Shales.

The Athens shale is conspicuously exposed in this area, but the
beds are of poor quality for clay products. The shales outcrop in a
belt along the Catawba Valley from Ironto, Montgomery County to Tin-
ker, Botetourt County, but in this belt are too gritty and calcareous

for use. An outcrop of this shale east of Fincastle shows clay shale



of fair grade but lacking sufficient plasticity even when ground. Its
residual soil, however, is satisfactory and the fresh shale might Dbe
mixed with the residual clay.

An outecrop of these shales near Cloverdale is described by Ries
And Somers (Ries and Somers 28, p. 56). The shales outcrop along the
west side of the Norfolk and Western Railroad just north of Cloverdale
station. .Jhen fresh they are grayish-brown, fine-grained, rather
soft, bul very splintery, and there is a long exposure of the shales
and the overlying residual clays. This residual material is very

tough and plastic and can be easily molded. If the prospect is to

[ 63

be used, it would be possible to mix the fresh shale and residual clay
in the proportions of 1/4 shale and 3/4 clay, in order to eke out the
smaller quantity of the true clay. Such a mixture was worked up by
Ries and Somers with 31 per cent water and became highly plastic, hav-
ing an air shrinkage of 5.4 per cent. Its tensile strength averaged

1

35 pounds to the square inch. Firing tests gave the following re-

o

sults:

Cone Fire- Absorption
Shrinkage
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The brick was too porous at Cone 010, but at Cone 056 was steel-hard

and made a good brick; ir became nearly vitrified at Cone 5. The

mixture could be used satisfactorily for common brick and might be

o

worked with a stiff-mud machine.

LY@
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llarcellus-Genesee shales.

Certain types of Devonian shales may be ground and worked with
water to form clays of good guality. They can seldom be used in fresh
condaition. lany of them are highly carbonaceocus and hence not usable
although some of the softer shales may be very favorable. The Marcel-
lus-GCenesee shales outcrop in the Roanoke area on the slopes and flooré
of Carvins, lMasons and Bradshaws Coves, and also along the northern
slopes of Coyners and Little Brushy lountains. In general they are
dark colored with smooth feel and weather 10 a clayey mass. They are
often too carbonaceous for clay purposes. Shales of this age are be-
ing worked from a cut at the western end of Little Brushy lMountain.

The shales have been highly deformed and are much crushed and broken.
Their color is much lighter than is usual for the formation, and the
shales are often colored brick red on their surface exposures. The
material has been used by the Salem Brick Company since 1922 for son-
mon and face bricks. It burns at Cone 02 or 2, and the total shrink-
age is 10 per cent. The shales as used are mixed with either flood-

hlgin or residual clays which are found nearby.
D 5

Missiseippian shales.

It has been reported that good fire clays occur with the coal
beds along North Mountain near the old Catawba furnace, and that these
clays are favorable for use in manufacturing fire brick, stove linings,
pipes, tiles etc, (Hotchkiss 19, p. 161.)

Shales of the Maccrady formation are utilized for brick manufac-

ture in Vgntgomery County and are worked between Blacksburg and Chris-
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- tiansburg. No occurrence of these shales is known in the present area.

Residual Clays from Decomposition of Bedrock

Much of the surface of the Roanoke region is covered with a man-
tle of residual soil and clay which has resulted from the decay of rocks
directly below the surface. The thickness of this type of soil varies
greatly but often reaches one hundred feet. The nature of the soil
depends largely upon the kind of rocks from which the soil has been de-
rived as a result of decomposition and decay. The residual clays of
the Roanoke area may be divided into two major divisions: the clays
of the ecrystalline area; and those of the sedimentary area. Of the
latter division there are several minor groups which are of economic

value in this region and which will be discussed in detail below.

Residual Clays of the Crystalline Area.

The various crystalline rocks which lie to the east and south
of the Blue Ridge Fault have been deeply weathered to form a heavy
blanket of residual clays. These clays are generally quite thick,
deep-red, and extremely ferruginous. The high percentage of iron
renders them unfit for the manufacture of most clay products, and
none of these clays is at present being worked in Roanoke County. In
other regions these clays sometimes contain white streaks of nearly
pure high-grade kaolin, but occurrences of this kind have not been ob-

served in the present area.
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Residual Clays of the Shady Dolomite.

The lower three or four hundred feet of the Shady dolomite, wher
exposed at or near the surface, weathers to a fat. heavy clay which is
often highly ferruginous. This is the horizon of one of the Zlue
Ridge limonites and these clays therefore occur near iron mines and
prospects. The clays are generally brown with iron stain, or varie-
gated with bright colors. The deep-red colors of the crystalline
residuals are lacking. The clays contain little lime and their fer-
ruginous nature makes them red-burning. They are patchy in occur-

rence and the change to bedrock is often sudden with many pillars or

"horses" of unweathered bedrock contaminating the clays.

A small deposit of residual Shady clays occurs at the old Rorer
limonite mines south of Roanoke. The clay is brown, iron stained,
and had pockets aund streaks of gray clays which are plastic and buff-
burning. There is scarcely encugh of the good clay to warrant opera-
tion of the deposit, but if more clay was found &nd the area seriously
prospected, the clay might be sold to steel works or -used in saggers.
(Ries and Somers 28, p. 36.)

A considerable guantity of this type of clay occurs in the aban-
doned ore pits at No. 4 mine of the Houston Iron Company one mile south-
east of Nace, Botetourt County. The ferruglnous clays are here asso-
ciated with a gray mottled clay (which is locally called "fire clay"),
and with small deposits of pisolitic bauxite. These clays were test-
ed by Ries and Somers (Ries and Somers 28, p. 46), but it is question-
able whether they could be used alone for clay products. There is not

enough of either type of clay to warrant establishing a plant at the
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mine, and the main use for them would be as an ingredient of porous

shapes of semi-refractory character.

Residual clays of the &1lbrook formation.

This formation is widely distributed in the Roanoke area and dis-
integration of its members often furnishes clays of good grade.
Ries and Somers have described a deposit of residual clay at the old
Lynchburg or Grubb iron mines (Ries and Somers 28, p. 47). At these
mines (see page ) the ore is surrounded by a reddish residual clay
through which are scattered streaks and patches of white and gray clay
of very fine dense texture, and with a porcellaneous lustre. some
of these pockets are ten to fifteen feet in diameter, and the contactis
with the reddish clays are very sharp. A chemical analysis of this

material, given by Ries and Somers, is as follows:

SiO‘_ 0 0 68006 0600 6¢0 009300 a0 43-18‘36
AlgOB ® 6 0 03 000000800 0 39021
F6203 ® 6 @ 2 9 s 0 0602 002 80 0o (:)515
Mgo 4 & R SR AE ¢ BB sd de tr
(Ries and Somers 28,
E\Ia,o CIC S O S Y S S T RN AN A .3'08
page 47)
}120 &bOVe lOSOC. o e a0 0 0 14-23

HoO below 108°C, ,.....v 3.39

100.24%

opecific gravity.... 2.46

On the basis of the above analysis, the mineral somewhat resem-

bles halloysite of Dana, bul has a higher alumina-silica ratio than
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does the halloysite of commonly accepted composition. The writer was
informed in 1926 by the superintendent of the Webster brickyards that

an attempt had been made to use this material for the manufacture of

brick. It was reported that the clay made a satisfactory brick and
fired red. The more ferruginous clays in which the iron is found are

very plastic, and after firing give a curious ringing sound. At Come
010 the absorption was 28.4 per cent. At Cone 05 the material showed
the high fire shrinkage of 10.3 per cent, although the absorption had
dropped to 9.4 per cent. The clays are not being worked at the pres-
ent time.

Along the road from Lithia to Fincastle, and for a distance of two

or three miles west from Mill Creek, there is an abundance of residual

clay derived largely from the Elbrook formation. The clay is deep-
red and very plastic when wet. If it were used for brick manufacture

it could be hauled to the railroad at Lithia. t might be advantage-
ously used with the clay shales of the Athens which are exposed about
one mile east of Fincastle,

A small deposit of residual clay from the Elbrook is being worked
about two miles southwest of Salem where it occurs in a low ridge along
the Salem-Christiansburg road. The deposit is about 15 feet thick
where exposed and is covered with stream gravels and sands. The clays
are both red and yellow, but the red varieties are too sticky for use.
The residual clay is hand-mixed with the floodplain clays which occur
nearby, and is used for the manufacture of soft-mud brick. It has been
worked by the Salem Brick Works. The pite were temporarily abandoned

in 1922 in favor of the Devonian clay shales which occur about a mile



and one-half to the north.

About one-half mile south of Sllett on the Virginian Railroad in
Montgomery County there is a considerable area of residual clay derived
from the Elbrook limestone. This material was mixed with clay shales
from the Athens which outcrops a short distance to the north. The
mixture was examined by Ries and Somers (Ries and Somers 28, p. 63)
and found suitable for brick manufacture, although they do not recom-
mend its commercial development.

Professor Harry I. Johnson of Roanoke College, Salem, has furnish-
ed the writer with the following analysis of residual clay from the El-
brook formation. This clay was taken from the subsoil on High Street,
Salem.

Si09 csiisceiseses 55-70%

AloOg sevvennennss 20-35

FegOg eivevieennn 10

MO Yy sheriihees 5.4 H. I. Johnson, analyst
CBO it iscstodiie P

BaBdiistideesvtans 2.4

2
Nazo S o0 0 002008000 8.8

Residual Clays of the Copper Ridge formation.

The Copper Ridge formation directly overlies the &Zlbrook forma-

o

ion, and weathers to a deep-red soil of irregular thickness. Ries
and Somers (Ries and Somers 28, p. 48) mention thé occurrence in these

residuals of workable clays near Cloverdale, west of Hollins Station,



and between Hollins and Cloverdale. From Christiansburg to Blacks-

burg, except for a small area around lMerrimac, the country is under-

3

lain Dy the Copper Ridge formation, which at many places shows banks
of residual clays formed by weathering. The clay is plastic and red-
burning. Two miles east of Christiansburg on the north side of the
Lee highway there is a clay deposit which is sandy and gray. This ma-
terial was tested by Ries and Somers (Ries and Somers 28, p. 76). It
could be utilized in the manufacture of buff-burning face brick, terra
cotta, and low-grade fire brick. The deposit lies within a mile of
the railroad, and is well worth development. There is not less than

20 acres underlain by this material.

Residual clays of the llittany dolomite.

The clays of this formation are well distributed over its area
of outcrop, and are exposed at several places in quantity sufficient
for clay production.

Immediately west of Daleville there is a good exposure of a smooth

red residual clay of good plasticity (Ries and Somers 28 46). It

[
o

=

z of a hard blue-gray limestone. Ries

=

is derived from the weatherin

{

-

and Somers mixed this clay with 33 per cent water and the resulting ma-
terial had 9 per cent air shrinkage and burned red. It was steel-
hard at Cone O05. At Cone 010 its fire shrinkage was 1.3 per cent and
its absorption was 24.1 per cent; at Cone 05 the fire shrinkage was
9.3 per cent and the agbsorption was 9.6 per cent. This strong in-
crease of shrinkage is characteristic of many residual clays of lime-

stone origin. The clay would be good for common brick or tile.
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Ries and Somers report a long cut in these clays about one-eighth
of a mile west of Hollins Station along the Norfolk and Western Rail-
road. Here the clay is very plastic, yellow and red in color, and
contains considerable chert. It has 37 per cent water of plasticity
and its air shrinkage is 7.5 per cent. Its fire shrinkage at Cone 010

was zero, and its absorption was 24.1 per cent which is too high for

1

zeneral use. At Cone 05 the clay fired red and was steel-hard. Its

o)

)

fire shrinkage at this cone was 3.3 per cent and its absorption was
17.5 per cent. ‘he clay could be used for common brick but should be

dired above Cone 010.

Transported Clays of Floodplain Origin

Clays of this type occur in scattered areas in the Valley lowlands
along the floodplains of the larger streams. The clays are seldom
very extensive in outcrop and the material is greatly contaminated with
river debris which is often interlayered to such an extent that hand-
ling of the clays is very difficult. The clay is more plastic and
possesses a higher tensile strength than do the residual clays but is
sometimes very sandy and gritty. The floodplain clays can be used to
good advantage with clays of other kinds, and the mixture is excellent
for brick and drain-tile. Two deposits of this kind are being worked
in Roanoke County for the manufacture of common and soft-mud brick.

The Adams, Payne and Gleaves Company operated a brickyard along



the floodplain of the Roanoke River near Tinker Creek east of Roanoke.
Open excavations with steam shovels have exposed a blue sandy, very

plastic clsy which fires red and gives brick with 11 per cent absorp-
tion. At the end of the pits near the kilns but away from the river

occurs a very sticky clay which has not as yet been used. The clays

are worked in a stiff-mud machine. Physical tests upon the clays were

made at the Blacksburg Experimental Station, and the breaking load of

the fired clay was determined at 1190 pounds, with a modulus of rupture

of 507 pounds. The crushing strength per square inch was 4072 pounds.
(Topham 33, p. 17.)

The Salem Brick Works have been using a floodplain clay which oc-
curs along the Roanoke River about two miles west of Salem. The clay
was mixed with a limestone residual for the manufacture of soft-mud

and common brick. It was not being worked in 1927.

Summary.

The production of clay and shale for brick manufacture is an im-
portant industry in the Roanoke area, and at least three large brick-
yards are in operation at the present time. Deposits of workable
clays have been proven at a number of additional localities in the re-
gion, and could be operated with every prospect of an adequate supply
of good material. Transportation facilities are available for many
of the known deposits, and the distribution of the finished products
could be readily handled. The demand for such products should be the
controlling factor in the duture development of clays.

There are no known deposits of high-grade kaolins for porcelain
manufacture within this area, and the writer does not anticipate their

discovery.

A4



Titanium and Apatite

Roanoke County contains valuable deposits of ilmenite and apa-
tite which offer promise of considerable economic value as sources of
titanium and phosphates. The deposits have been described by Watson
and Taber in 1913 in Bulletin III-A of the Virginia Geological Survey,
pages 235-247, and the present discussion is largely taken from this
bulletin.

The deposits are found about two miles east of Vinton, and four
miles east of Roanoke City at the foot of the Blue Ridge which is here
very low and withoul pronounced ridge character, The minerals occur
within the area of the crystalline rocks along the valley of Wolf Creek

=

near the main road leading east from Vinton. The crystallines repre-

sent a part of a great thrust block which has been faulted from the
east upon the Cambro-Ordovician rocks of the Valley. The trace of
this fault passes in a north-south direction about two and one-guarter
miles west of the deposits. The occurrence of these minerals was first
observed in 1890 by local parties, and some shallow openings were made
from which ore was shipped to the furnaces at Roanoke. This material
was rejected by the furnaces because of the high phosphorus and low
iron content. The area was later prospected by Mr. H. M. Engle of
Roanoke in agbout 1905. datson and Taber examined the region in 1910
and this examination formed the basis for the report above mentioned.
In 1926 the area was being worked from a single open cut by lir. Hutch-
ins of Vintom. The earlier shafts, pits, and open cuts were abandoned
and grown over with brush.

The ore consists of an igneous rock high in titanium and phosphorus
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which has been called nelsonite by Watson from Nelson County, Virginia,
where a larger occurrence is known (Watson 35, p. 300). llelsonite con-
sists of an intimate association of apatite with either ilmenite or ru-
tile, or both. The Roanoke County nelsonite is an ilmenite-nelsonite
containing little or no rutile. The rock is very dark, blue-gray,
fine-grained to porphyritic in texture, and generally shows foliation
due to metamorphism. The ground mass consists of very fine grains of
ilmenite, and the phenocrysts are of apatite which is sometimes devel-

oped in good hexagonal crystals up to five centimeters in diameter.

]

The ratio of ilmenite to apatite is variable, and the two minerals ar
often equally abundant in a single specimen., A few silicate minerals
occur as accessories, chief of which are biotite, unstriated feldspar,
occasional quartz, hornblende, and pyroxene. Lpidote is a common ac-
cessory and appears to be of secondary origin. The intimate rela-
tions of the ore minerals suggest contemporaneous formation, for each
shows inclusions of the other. The outlines of the zpatite crystals
are somewhat stronger than those of the ilmenite, suggesting that the
apatite crystallized slightly earlier than the ilmenite. The rock

is generally much weathered and its surface is pitted with depressions
caused by the removal of the apatite phenocrysts. The ilmenite al-
ters to limonite and masses of relatively pure limonite occur in the
residual material. A composite analysis of nelsonite from Nelson

County is here given:
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(Watson & Taber

The nelsonite appears to be developed in numerous dike-like bod-

ies in a hypersthene-quartz syenite, although the exact contacts of

the nelsonite and the syenite were not observed because of the deep

residual soil which covers

the area.

and may be traced by float in the soil covering.

The ore bodies strike Il 65° E

oome of them have

297
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been followed for upwards of a quarter of a mile, and one was observed

to be at least 50 feet wide. The country rock is a greenish-gray,
coarse-grained to porphyritic syenite which is strongly gneissoid in
structure. “+t is deeply weathered and exposures are very unsatisfactory.
Where fresh the rock may be seen Lo carry both orthoclase and plagio-

clase feldspars, pyroxene, a little biotite and garnet, and a small am-

ount of quartz. The phenocrysis consist of orthoclase crystals and
re sometimes several centimeters in length. Under the microscope

the rock is seen to carry apatite, pyrite, ilmenite, and titanite as

accessories. The syenite has been strongly metamorphosed and the
gneissoid structure is pronounced. Associated with the syenite oc-

curs a coarsely crystalline pegmatite rock composed. of bright green
epidote, pink feldspar, and clear white quartz. This rock is also
much weathered and the feldspar is partly kaolinized. In this sec-
tion apatite, titanite, biotite, and pyrite occur as acceséory miner-
als. The quartz and feldspar are intergrown and the quartz is of'ten
strained. A single diabase dike heavily weathered was observed by
Watson along the road near the Hutchins farmhouse.

The igneous and metamorphic series is pre-Cambrisn in age, and
belongs to the crystalline area of the Blue Ridge Province. Since
the actual contact of the nelsonite and the enclosing rock was not ob-
served, it is impossible to determine whether the ore occurs as segre-
gations within the syenite or in dikes of later age. By comparison
with the larger and better known deposits of the Amherst-Nelson area,
Watson considers the Roanoke County nelsonite to be a magnetic segre-
gation similar to the segregations of titaniferous magnetites in gab-

bros. (Watson and Taber 39, p. 246-7.)
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Description of Deposits

<)

Five occurrences of nelsonite have been described by Watson and
Taber from the Vinton area. In each case the ore appears in dike-like
form in the area of the hypersthene syenite.

The largest of these occurrences is found on the Bush farm about

T

a mile and one-half east of Vinton. Several pits were opened in 1902

Il

on this farm along a belt of nelsonite which is conspicuous by the pres-

ence of much float in the residual soil. The ore occurs Jjust south

of the road and in 1926 was being mined from an open cut at the base

of a low hill. The float occurs for a distance of 250 yards along a
N 60° B direction roughly parallel to the road. The nelsonite 1is por-

phyritic and foliated, with phenocrysts of white apatite in a fine-
grained, blue-gray ground mass of ilmenite. The two minerals are

-

strongly intergrown, and the apatite contains skeletal crystals of il-

iy

menite inclusions. The phenocrysts are sometimes prismatic with good
crystal forms, but are often highly weathered so ihat'the apatite is

soft and crumbly. “econdary greenish-brown epidote together with bio-

tite and orthoclase are minor constituents. Upon exposure the rock
weathers readily, and the ilmenite alters to brown limonite. The rock

is conspicuously heavy and when fresh is very dense and difficult to

extract. This prospect is ‘being operated by lMr. Hutchins of Vinton.

A guarter of a mile to the southeast are two or more dikes of nel-

sonite, one of which was traced by Watson for 400 yards in a N ¢0° B
direction. Where exposed by one of the surface cuts this dike was at
least 50 feet in width. The rock is dark gray and fine-grained with

C¢onsiderable apatite, some chlorite, and a little ilmenite. A smaller



dike parallels this to the south.

Across the road from the Bush prospect and parallel to it, occurs
a similar dike which is exposed in the steep c¢liff below the north side
of the road. A few openings have been mede along “this belt and show
a width of at least 30 feet for the nelsonite. The ore resembles that
Trom the Bush prospect and contains hornblende, pyroxene, biotite and
pyrite in addition to the apatite and ilmenite.

A quarter of a mile Lo the northeast is another short dike at

least 200 yards long and striking N 67° E. Here the ore is exposed

by several surface openings and is of the same general character as at
the other prospects. The apatite is greatly altered.

A short distance farther north on lr. Hutchins' farm, much nel-
sonite float is visible in the residual soil, and some has been gath-
ered up to make stone fences. Watson has noted that this occurrence
more nearly resembles a segregation in the syenite than a dike deposit.

The above descriptions have been taken from Bulletin III-A of the
Virginia Geological Survey, pages 237-247.

At the present itime the ore is sent to the furnace of the Virginia
Iron, Coal and Coke Company, where it is used in the manufacture of
high-speed steels because of its high titanium content, Mr, Hutchins
informed the writer that he was conducting experiments with finely
ground ore for use as fertilizers, and that the material in this ca-
pacity was proving highly efficacious. The-.nelsonite is being mined
from open pits by steam shovels., A car of ore is shipped every two
days. The cost of extracting the ore is relatively small, so that
these operations are very profitable, There is no reason why addition-

al operations could not be developed in the Vinton area.

-ﬁ O \.."'



Uinor lon-lletallic esources

Asbestos

The name asbestos 15 applied to any one of several silicate
minerals which are characterized by fibrous structure. The asbes-
tos of commerce is generally derived from one of the fibrous varie-
ties of amphibole. —erpentine or chrysotile asbestos is also used
in industry. The most common occurrence of asbestos minerals is in
igneous and metamorphic rocks, and in the Roanoke area in the Blue
Ridge crystallines,

Asbestos was formerly mined by the American Aasbestos Company

about 12 miles south of Bedford and 25 miles east of Roanoke. The

Fa

for over fifteen years. Asbestos of two va-

()

mines have been close
rieties was mined from vertical dike-like masses that were parallel
to the schistosity of the containing metamorphic rocks. The masses
were very irregular in occurrence, and the asbestos occurred in fib-
ers up to eighteen inches in length.

A small amount of tremolite asbestos has been mined about two
miles east of Rocky lount in Franklin County. The asbestos occurs
in slabs along shear planes in an amphibolite, and is sometimes call-
ed slip-fibre. It was mined in depth to over 40 feet, but the minin
has been ahandoned.

- -

Amphibole asbestos has been reported f

rom Hdoanoke Tounty, but not

z
Zoi

in commercial quantities. The writer has observed small masses of as-

bestos or slip-fibre along planes of shearing in the crystalline rock
of the Blue Ridge, but the occurrences were all very limited. small

~

masses of mineral Tibres occur along bedding-planes and fault-plan

S



in the limestones of the area. fhese may be observed in the Salem
City quarry. This material attracts the interest of the guarryman,
but is of no commercial value.

e:‘x'ill:L reports the following analysis of amphibole asbestos

from Roanoke County, the original locality being unknown to the writer.

Sio‘a S84 B 829 R 4TI LR L O IR &5 . 81
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R. L. Packard, analyst
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Barite
Darite (heavy spar, baryta, or barytes) is barium sulphate
(BaSO,), and is a heavy, white mineral with glistening cleavage. It

is commonly found in granular, earthy, or porous masses, generally in-
timately associated with the country rock in which it occurs. It is
found in the Roanoke area under two widely different conditions (a)
in fractures in metamorphosed crystalline rocks of the Pledmont area;

and (b) as replacements in the Valley limestone or in its residual
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clays. Deposits of the first type occur about 15 miles to the east
of Roanoke County in Bedford County. Deposits of the second type
have been prospected along Tinker Creek about twoe miles north of Roan-
cke City.

In Bedford County the barite occurs in a figsure in a schistose
granite-porphyry, about three miles northwest of Thaxton and 14 miles

east-northeast of Bonsacks. The deposit lies at the southwestern

o

base of Taylors Mountain in the Piedmont Crystallines, the locality
was prospected on a small scale as early as 1866, and was re-opened
along a small cut in 1206. This open cut was about 280 feet deep, and
extended for 450 feet along the strike of the fissure. The barite is
erystalline, white to blue-gray, and carries small grains of galena
and sphalerite. Watson considers the barium to have been derived
from the feldspar of the granite-porphyry. (Watson 37, p. 724.) No
other occurrence of this type is known near Roanoke County.

Deposite of barite are found in the surface exposures of the El-
brook formation about two miles north-northeast of Roanoke, and have
been worked in a small way on Frank Reed's farm along the old Franklin
road Jjust east of Tinker Creek. A small prospect was also opened on
the west bank of Tinker Creek along the Hollins road near the old toll-
gate. On the Reed farm open cuts were made several years ago near
the large barn and some barite was shipped for the sugar industry. The
barite occurs on the surface of the limestone and in its residual clays
as irregular nodules and porous replacements with a marked development
in pockets. The barite is both dense and cavernous, and is greatly
contaminated with limestone and clay. The ore was mined entirely from



shallow open cuts, which had been abandoned in 1926. It seems prob-
able that the barium was derived from the containing Elbrook limestones
and was concentrated at the surface as replacements and cavity fillings
along zones of fracture. The transporting agent was probably shallow-
circulating meteoric waters. Barite of both pure and impure guality
has been also reported from North Mountain and from Mills Mountain. A
general discussion of the deposits of barite in Virginia may be found
in the Transactions of the American Institute of lining Engineers for

1907, Vol. XXXVIII, pages 710 to 733.

Bentonite
The term bentonite is applied to certain clayey rocks which have
been derived from the decomposition of volcaniec ash. The material is

sometimes used for

;_j

efining petroleum oils and other fluids by filtra-

>

.
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tion. It a product of weathering, and differs from ordinary clay
in that it contains much water and has low plasticity. Chemical an-
alyses are of little aid in determining whether the material is of
commercial valué.

A thin seam of bentonite occurs in this area about 80 feet above

the base of the Martinsburg shale, The bentonite is about two feet

p-
|

o

in thickness and has been observed at several places, especially along

Catawba lMountain (see page Y The writer does not consider this
deposit to be of commercial value in consequence of the small amount

of available material and its inaccessibility.

o
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Construction Stone and Crushed Rock

Roanoke County contains an abundance of stone which may be used
for construction work of' all kinds, from rough street work to polished
interior decoration.

The syenites and gneisses of the crystalline area are admirsbly
suited for many uses, but have not been developed on any considerable
scale. Bither of these rocks may be used for road construction, bal-
last, retaining walls, foundations or work of similar nature. The rocks
occur in such abundance in the area east of the Blue Ridge Fault that
the selection of areas suitable for quarrying could be largely govern-
ed by accessibility. Some of the fresh syenites would take a good
polish and could be used for interior work. Granites of good grade
are exposed along the road ascending Bent Mountain from Poages Mill -
to Air Point, and could be used for masonry or heavy construction. A
green serpentine rock has been quarried at the Roanoke-Rocky llount
road bridge over Back Creek about seven miles south of Roanoke. This
quarry was opened up by Dr. R. B. Hudson, and the rock has been used

in Roanoke for sills, sieps, and curbs. It dresses easily and is

soft when first extracted but becomes hard upon exposure and weathers
well.

The mica schists of the crystalline belt are very abundant and
are often suitable for street work. They are quarried for this pur-
pose about forty miles south of Roanoke near Rocky lMount, and have been
used in Roanoke. Slates of falr quality are quarried in Craig Valley

from the Devonian black shales, and similar rock occurs in lasons Cove



30b

and in Catawba Valley.

Abundant quarries have been opened up for crushed stone and for
building material in the various limestones of the region. The lime-
stones of the Shady, Watauga, and Elbrook formations have been more ex-
tensively used than any of the other limestones. The largest quarries

of this kind are in the limestones of the Elbrook formation, and the

e

Blue Ridge quarry near Blue Ridge Springs is the most extensive quarry
in the area. Here the Elbrook formation is exposed by a great surface
cut which extends for a quarter of a mile at right angles to the strike
of the beds. The quarry is connected with the Norfolk and Western
Railroad by a short narrow-gauge railway. The rock which is guarried
is a blue or gray shaly limestone which is thin bedded and highly joint-
ed. Several small thrust and normal faults may be seen along the quar-
ry faces, ‘he rock has been extracted largely by surface stripping,
and has not been quarried to depths.

East of Roanoke along Tinker Creek near the old toll-gate is lo-
cated the Mundy Brothers quarry which is also in the Elbrook limestone.
The rock in this quarry is similar to that in the Blue Ridge quarry,
but is less disturbed by folds and faults. (See Plate figure ). The
stone is carried to Roanoke in trucks. The city of Roanoke maintains
a large quarry in the Elbrook limestone in the northwest section of
tovm. The rock from this quarry is used for municipal work. Salem
operates a city quarry in the Elbrook about one mile west of Salem
near the Lake Spring. The Elbrook limestones have also been used by
the Virginian Railroad and by the Norfolk and Western Railroad in the
western part of the area. The rock has been extracted from cuts

along the tracks and used for ballast and culverts. The Elbrook forma-
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- tion is extensively distributed throughout this area (see geologic
map accompanying this report), and could be used for extraction of
crushed rock and lime at any place along its belt of outcrop.

Some of the limestone members of the Watauga shale have proved
very satisfactory for crushed stone. The most important of these mem-
bers is one at or very near the top of the formation. This member is
gabout 50 feet in thickness and is very persistent. The formation is
exposed along the Roanoke-Lynchburg highwsy and strikes very nearly
parallel to that highway from Bonsacks into the city of Roanoke. The
member parallels Orange Avenue in the western part of Roanoke. At
least ten small guarries have been opened along the strike of this
limestone. Few of these are being worked at the present time, al-

though the supply of stone has by no means been exhausted. The stone

J

is of equal quality with that of the Elbrook, but does not occur in as
great quantities. It is not recommended that large quarrying opera-
tions be undertaken in this limestone unless the nearness to the de-
mand for the stone offsets the relatively small quantity of material
availeble. Many other small guarries are in operation in other mem-
bers of the Watauga shale, but in each case the gupply of material is
gmall compared with the reserves o¢f the quarries in the Elbrook forma-
tion.
No extensive quarries have been opened in either of the Cambro-
Ordovician limestones, and these rocks have not been used for crushed
stone except along the railroads where large cuts have been necessary
and the material is readily available. These rocks are inferior to
the Tlbrook limestones for crushed stone. It is possible, however,

that some of the Cambro-Ordovician members could be found of a quality



suitable for building stone. The stone used in building the Second
Presbyterian Church of Roanoke is local limestone quarried within Ro-
anoke County from the Cambro-Ordovician formation.

The Erwin quartzite, the Clinch and Clinton sandstones, and the
Price formation are all of good quality for rough construction work

-

but have been little used. The Clinton sandstones of Catawba Moun-
tain have been worked for glass sand, and the same rock has also been
used for curbs, steps, and windowsills. The College Lutheran Church

of Salem is constructed of this stone.

J07%
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Glass Sand

"

For the manufacture of glass, a relatively pure guartz sand is

£

used which may be derived from either quartzose sands, sandstones, or

quartzites. This sand must be free from clay, iron, or any other im-
purity which will discolor or cloud the glass. Wwhere the impurities

are of mineral grains other than quartz they may be screened out, but
where they occur within the quartz grains, the sand is unsuitable for

glass manufacture. The grains should be uniform in size, and should

range between 30 and 120 mesh when free or should be ground to this

degree of finene

n

8.

Near Roanoke there are several Tormations which are sufficiently
sandy and siliceous to be considered as possible sources of glass sands.
The Unicoli formation of Lower Cambrian age containe many siliceous mem-
bers, but these are usually too impure to meet the rigid requirements
of the glass industry. The Erwin quartzite is likewise very silice-
ous, and several of its members appear to have the proper purity to be
used for this purpose. The outcrop of the formation, however, is very
limited and it is doubtful if sufficient quantity of good sand could be
obtained for economic use. The Clinch and Clinton sandstones when
pure are admirably suited for the glass industry, and furnish deposits
of good sand, either as fresh rock or as weathered accumulations. A
Clinton sandstone was used for glass manufacture by the Salem Glass
Company of Salem. The sandstones of the Price formation are sometimeées
of the desired quality, but in general are too clayey or carbonaceous
for glass manufacture.

In the Catawba Valley about 9 miles northeast of Salem, there
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- are deposits of fine white sand which were utilized by the walem Glass
Company which was located at ~alem. The sand was transported from Ca-
tawba to Salem by a short railroad which connects with the Norfolk and
Western Railroad at Salem. The sand is derived from one of the purer
members of the Clinton formation and was mined from the southern slopes
of Catawba lountain.  Analyses of the sands are as follows:

L
A, B.

S10 eevesvenrsnsns 98785 covivininnenn. 90,995

BB e OB Sl mva ke 0001

Fe203 e ad ekwasss OB ik vasedin e 000

i R AN A A i RS E AR A AR IR s b i n s OLOT

B i lainsstosernhessbbRbbid ot iabisdsd s T80
< Ha 0 «ivevvvnnnireiiniiiinunieesdinnann, 1,40

lKgO (AR A BT O BRI B O O B O AN R IR IR N B BB O I B B A AN I R B I A 0.20

Water and organic material ......c.0000.. 0.31

99.467 99.80%

A. Send from Catawba Liountain, © miles northeast of Salem.
Courtesy of ~alem Glass Company Inc., =alem, Virginia.
(Watson 38, p. 801.)

B. Do., analyzed by Mr. H. H. Hill ef V. P. I. (Watson 35,
p. 393.) i
The glass plant located at Salem was one of five.plants in op-

eration in Virginia in 1921, and was the only one located in the Appa-

lachian Ridge Province. The plant was closed in 1922, and was not in

operation in 1927,



Graphite and Talc
fention should be made of the possible occurrence of graphite and
talc in the rocks of Roanoke County. There is no likelihood of either
of these two products being of commercial value in this area, but they
may be included among the occurrences of economic minerals.
Both of these minerals are occasionally associated with the meta-
morphic schists of the crystalline area east of the 3lue Ridge. Talc

is an alteration product, derived from the metamorphism and alteration

of highly magnesian rocks often sediments, and in Roanoke County it is
an occasional constituent of the schists of the pre-Cambrian series.

In this area the mineral occurs in varying quantities as alterations
of pyroxenes, tremolite, and other magnesian minerals in micaceous and
chloritic schists of various kinds. At no place are the rocks suf-
ficiently talcose to warrant prospecting, nor is the talc sufficient-

1y pure for commercial use. Talcose schists outcrop along the extreme

southeastern border of the county, and may be observed in the road cuts

o

L

along Back Creek from the Rocky lount Road bridge to the Roanoke River.

L

They also occur in the extreme southwestern corner of tﬁe county along
the Bent Mountain road about five miles couthwest of Air Point. They
have no economic value.

Graphite is sometimes present as finely disseminated grains and
flakes in similar schists in the same metamorphic series. It likewise
has no economic wvalue in its occurrences in this area. Graphitic and
talcose schists with graphitic flakes have been reported near Kings on

the Mills land along the Bent Mountain road near Copper Hill in Floyd

.3;:’
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& County (Boyd 2, p. 261.) This occurrence was not verified by the

writer, and no other occurrence was observed.

Marl

Marl deposits do not occur in this area in quantity of commercial
value. A small deposit of marl was formerly worked about one-half
mile northwest of Daleville, and is at present owned by lessrs. Iken-
berry and Thomas. The marl is about fifteen feet thick, and is irregu-
larly deposited in the floor of an old lake whose area was less than an
acre in extent. A small crusher was located here but has been idle
gince 1920. The marl was used for fertilizer. It contains great
numbers of fossil leaves and shells of fresh-water animals. Another
small occurrence of marl is found near the Lynchburg or Grubb iron mines
near Blue Ridge Springs. Marl has also been found along Catawba Creek
on the o0ld lcCormick farm about six miles southwest of Catawba =anator-

lum.

Millstones or Buhrstones
The tough Ingles conglomerate at the base of the Price formation
is occasionally of quality suitable for the manufacture of millstones
.and buhrstones, and has been quarried for this purpose along Brushy

Mountain in Montgomery County. The demand for millstones has greatly
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~ decreased with the advent of steel-roller mills, and this industry has
largely been abandoned. Stone of suitable grade for this purpose, how-

ever, can be found on North and Brushy Mountains.

Ocg:h'e r
Commercial ocher is ordinarily hematite or limonite in pulverized
or earthy form, more or less admixed with clayey or argillaceous mater-
ial. Natural ochers are'comnonly red, brown or yellow, depending upon

the chemical composition and amount of clay present. Ocher is found

o

nder widely varied conditions, and may result from several kinds of
processes. The most common mode of occurrence is in irregular masses
and lumps resulting from the decomposition and alteration of limonite
or hematite. In the Roanoke area the ocherous clays are largely asso-
ciated with the brown iron ores along the Blue Ridge. The mainuses of
ochers are in the manufacture of paints and pigments.

No deposits'of ocher have been worked in the Roanoke area, but a
cursory examination of ocherous material at several of the brown iron
mines showed the presence of'this substance in the region. Ocher wa

observed at the Lynchburg or Grubb iron mines, Rorer mine and Gale mine,

Fx)

and ocherous clays of fine tecture, brown color and good body were no-
iced about a mile and one-half south of Salemn. Doctor W. S. Sayers
of Roanoke showed the writer specimens of ocher from Pylaski, Montgom-

ery and Roanoke Counties which were being tested for commercial use.



Sand and Gravel

Sand and gravel are in great demand in Roanoke for concrete. Sand
is being extracted from the bed of Back Creek south of Buck Mountain.
It is of good grade and is being dredged from the creek bottom with
scoop-buckets. Large floodplain deposits of sand and gravel occur
along the Roanoke River, and are being worked by two companies between
Roanoke and Salem. The Roanoke Wash Sand Company is the largest op-
erator, and its plant is located two miles east of Roanoke along the
river: The sand is pumped from the river bottom through pipes, and
loaded into cars on the Virginian Railroad. Another company nearby
is chain-dredging the river and loading sand on boats from which the

sand is distributed by trucks.

214



GENERAL SUMMARY OF THE MINERAL RESQURCES OF

THE ROANOKE AREA

Under the descriptions of the various mineral products which are
found within this area there have been given short statements of the
present and future possibilities for commercial development. The fol-
lowing paragraphs contain suggestions as 1o genersl development of
groups of these products, and a statement of the known mineral reserves
of the area as a whole.

Over a score of natural economic products have been discovered in
the rocks of this region. Some of these have been mined or prospected
and thus proven of commercial value. Many of them, however, have fail-
ed to show ore either in sufficient quantity for profitasble extraction
or of a suitable grade for present use. The materials described fall
into four classes, viz.:

Class A. Products of known economic value at the present
time, and which are now being utilized

Class B. Products which are of economic valiue and can be
worked under favorable conditions

Class C. Products which may be of economic value under
future conditions

Class D. Products for whose economic value there is no
known supporting geologicel data
Products of Class A.
The materials of this class are nelsonite, clays and shales, con-
struction and crushed stone, and sand and gravel. Bach of these prod-
ucts is being extracted from the rocks of the Roanoke area at the pres-

ent time under conditions which presumably provide for a profiitable re-



turn. The writer believes that larger operations will be similarly
successful, provided that the supply of materials and the demand for
them are maintained, It would appear that the resources of clay, nel-
sonite and crushed stone, sand and gravel are of sufficient size and
quality to warrant further investigation. Haphazard development, how-
ever, should not be undertaken, and further operations should be at-
tempted only with a thorough understanding of the geologic relations

of the deposits and adequate knowledge of the limitations which may la-
ter be imposed by lack of demand, failure of supply, or exhausting of
ore of good quality. The writer is prepared to recommend additional
development of the deposits of clay for brick manufacture, and of the
deposits of nelsonite for titanium and for phosphate. Demands for
crushed stone, sand and gravel can easily be met by additional develop-

ment of the abundant supply of these materials.

Products of Class B.

The materials of this class include lime and cement, glass sand,
and ocher. None of these producis are being mined at the present time,
although they occur in deposits which are of undoubted economic value.
It is the suggestion of the writer that commercial development of these
deposits be undertaken, since the geologic conditions of their occur-
rence are such as to warrant an adequate supply of sultable materials.
It is recommended that an attempt be made to develop the liosheim lime-
stone for cement purposes particularly in the vicinity of Catawba P. O.,
and possibly near Keslers Mill. These deposits lie near the Salem-
Catawba Railroad, and the product could be easily distributed or brought

to Roanoke. The deposit of glass sand on Catawba Mountain although

o
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once worked still has abundant reserves of good sand. llany of the

ocherous clays of the area are entirely suitable for the manufacture of
paints or pgiments and should be developed. For the materials of Class
B there are supporting geologic evidences of favorable conditions of oc-

currence.

Products of Class C.

The materials of this class include iron and manganese, coal, bar-
ite, marl, arsenic and millstones. None of these products is now being
mined, nor is it probable that profitable mining could be undertaken at
the present time in these deposits. The future probabilities of the
iron and manganese reserves of this area depend entirely upon outside
factors which have already been mentioned in the larger discussion of
these deposits. There is a fair supply of ore of iron in the area,

but of such grade that profitable extraction is impossible at the pres-

ent time. It is not possible to predict far enough into the future
to prophecy the ultimate value of these ores. They offer, however,

the best possibilities for future mining operations in the area, and
may be considered the most valuable mineral reserves of the regilon.
Coal, barite, marl and arsenic are present in the area, but in
deposits of unknown amount. The chances are heavily against the fu-
ture value of such deposits although small-scale operations may be

r

practicable under exceptional conditions. The Price sandstone con-

6]

tains lenses entirely suitable for the manufacture of millstones if

the demand for these becomes greater.



Products of Class D.

These products are not known to be of economic value, and group

themselves into two minor divisions as follows:

a, Materials whose occurrence in deposits of economic
value is highly improbable -~

o 0

2. Gas

3. Silver
4. Gold

b. Materials whose occurrence in deposits of economic
value 1s not expectable --

. Copper

Lead and zinc
Nickel and cobalt
Graphite and talc
. Asbestos
Bentonite

OO W

The writer is prepared to discourage any attempts toward the

search for or the development of oil and gas, and gold and silver de-
posits in this area. The geologic conditions of the region are such
as to preclude any accumulation of these materials in quantity deserv-
ing commercial attention.

The products listed in Division b of Class D are not known to oc-
cur in important quantities. It is impossible to predict that none

of these materials will ever be of economic value in this area. It

is, however, possible and necessary to emphasize that so far as is now

known the geologic relations of the observed deposits are entirely
against the chances of their commercial development. It may safely
be asserted that prospecting for the above materials will meet with
discouraging results. It might seem that the discussion of these

substances should not have been included in a report on the mineral

:._Jls
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resources of the area, since none of them shows promise of profitable
development. The writer is under the impression that information of
a negative nature is often as valuable as positive information, and
that it is equally as important to discourage profitless work as to
encourage profitable work.

It is a reasonable deduction that Tuture mining operations in this

area will be based largely upon the mineral resources which have been

w

n thi

e

described chapter, although it is entirely possible that other
resources will be found, or that new uses will create demands for ma-
terials which have little wvalue at the present time. Indeed, it may
be hoped that opportunity for new development will be provided by im-
provements in methods of mineral preparation, through extension of
transportation facilities, and by the normal increase of market de-
mands, so that additional deposits may be brought into the field of

practical operation.
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