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A PRELIMINARY REPORT OF THE GEOLOGY OF THE PROFTFIT AREA

OF CANBRIAN ROCKS.
By Oharles Marshall Grawats,

The area desoribed in this report comprises about 50
square miles, lying juet nosth of Charlottesville, im Aldemarle
County, Virginia, Some beds of graphitic sochist ocourring in this
area have been found to contaim much phosphate. The odbjeot of
this report is to desoridbe the geology of the area and the mode
of ococcurrence of the phosphate in the rocks, its origin and ex-
tent, The f46)M etudies, whickh form the Wasis of this report
were made by the writer during Ootober and November, 1813, and
April, May, Ootober and November, 1914.

This report is of necessity of a preliminary nature, and
it is not intended to reprosent a final discussion of &hé rocks
of the area or of the origin of the jhosphate in the rooks, It
is a desoription of the work so far done in the field and laboratory
and includes a dlscussicn of the ways in which the phosphate may
have origimated,

The scarcity of exposures, due teo the depth of Bhe re-
sidual rock decay, readexs the detailed mapping of the different
beds composing the sohist impossible, and, with the exoeption of
the graphitic beds, no attempt has been made to 4o s0; the schists
being merely mapped as & unit. Even the black graphitic bdeds in



many cases show no surface indications, exeept where crossed dYy
roads or streams, and, on the map such boundaries as could not
. be definitely traced, are marked with dotted lines,
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JQCATION,

The area desordbed ia this report is sitwmted in the
northeastern part of Albemarle Oeounty, Virginia, and reughly in-
cludes a delt about five miles wide and fifteen miles loag ex-
tending in s northeast southwest direction, The Southera Rail-
way, runniag parallel to the gemeral strike of the recks, forms
the eastern and southera limits of the ares studied, while the
granite-gneisses form the western boundary, towsrd the north the
area extends t0 the Sounty line. The exact location and shape of
the ares may be sesn in figure (1).

The area lies within the Piedmont Plateau province, near
its western boundary, and #s about twelve miles east of the Elwe
Ridge Moumtains., It is p3rallel to the general strike of the
rocks and includes & belt of highly folded sediments in contact



with Catootia sohists on the southeast and granite-gneisses on the
northwest,

The graphitio schiste of this ares have for seme years
past excited censiderable interest and numerous peospect holes
have been opened at different points along their owtorops.

' The deopest shaft, 85 feet deep, is sunk im the grephitic
schist near Gilberts Station o the Southern Railway. One oar
load of this material was shipped tp Pitteburg, Pa., t0 de used
for its grephite comtent in the manufacture of peaint. However,
it was found to be t00 low in carbom for profitable working. No
extensive prospecting work has deen 4one in the area since,

Ia 1913 a sample of the grephitic sohist from the Austin
farm near Proffit, was amalysed by the U, 8. Department of
Agrioulture, and this sample was found to ocomsain about 30£ of
caloiwm phosphate. 8ince this discovery se much interest s
been shown in the area that further iavestigation Mas been deomed
advisable.

Figure 1,
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The areal distridution of the larzger rock masses has pre-
viously been mapped, and the schists are considered to be of early
Cambrian age. The oorrelation with similar beds ia the Oatoctin
belt of northern Virginia was dome by the State Geological Survey
ia 1911, These (:gultl were previously comsidered to be of pre-
Cambrian age.

~IOPOORAPHY AND DRAIBAGE,

The lant suzface of the aves 1 gently rolliag, comsisting
of rounded flat tepped hills and narrow wvalleys. The Aill teps,
with the exceptiem of Kejraey's Nountaia, Observatory Noumtaia
and S8tillhouse Newmtain, have adbout the same elevation (650 feet.
above ses level),and are the remains of a former peneplaia at
present undergoing degradation. The mountaine mentioned sbove,
together with many ether mountaians and ridges throughout the west-
ord part of the Piednont prévince represent areas which were not
base leveled with the rest of this ares and their summite also
have nearly the same elevation (775 feet above sea level)and these
represent a still older peneplain. A pemeplain of still greater
age is represented by the tops of the Blue Ridge Mountaias.

From this 1t may be noted that the area has undergone at
least three periods of penchplaination with subsequent wplifts,
and is at present moderately far advanced in it%s fourth cycle of

(a) Notes on the @eology of the Monticelle Area, By W, A,
Lambeth.



erosion. The streams of the ares "ttl U shaped valleys and moderate~
ly swift ocurreats are charscteristic of carly maturity,

Referriag to the acocmpanying map, Plate I, 1t is seen that
the area 18 well drained by the lnvnu River, and its net work of
tzidutary streans. The Rivenna River is the largest stzeam in the
ares, and its general direction of flow is teward the southeast
20r088 the schistesity of the recks. Its channel has beea swpor-
imposed on the strwiure of the recks ever which it flows, The
smaller streanms, en the other Mand, are almest entirely goveraed
by the strusture and their chammels follow the sehistesity.

In the ares mapped are found reoks of »oth sedimensary
and iguneeus orxigia. These will de descrided separstely, as
follews: -~
1. Rooks of sedimeatary erigia.

g; Oryouhl:umnmt .

3, Reoeks of igmeouws eorigia, -
‘“o

(.i mn‘.o



10CKS OF SEDINENTAKY ORIGIN.

CRYSTALLINY SCHIST.

- SeRerel Yeatures, Highly folded and metamerphosed
orystalline sedists, of Cambrian age, coastitute the demimant rook
type of the area. They are made p chiefly of interstratified
beds of light grey arkosic quartsites and guartsz-sericite sohists
varying ia color frem light yellowish browa through grey to greyish
green.

Other bods of lesser extent are, the dark grey to black
graphitioc sohists, seme deds nearly pure white ia color and made
up almost emtirely of sericite (mmssevite) and & bBed of dark red
ferruginous sandsteas, '

Although most ¢f the sehists oirry. more or less, feldspar
the more arkesic bdeds ccewr, 88 & rule, mear the contact with the
granite-ganeisses along the anerthwest dorder.

As is 0learly shown by field evidence, the schists are of
sedimsntary erigin and were derived chiefly from the older granite-
gneisees, Tirst many of the beds arxe arkosio, that is; they coatain
feldspar, a mineral that is sasily broken down by weatdheriang dwe
to surface ageneies. T7The presense of feldspar in the sedimentary
bed,therefore, azgwes for a neatdy source of the material ocomposing
the ded, as it oc2nnot e leng exposed teo surface agendies and trane-
poi'tod 10 any great distamoes without changing over to other mimer-
als more stadle umder surface conditiens,

Again, many of the quarts and feldspar grains, pemposing the
sediments, are mot 80 highly rounded as would be the case if they



had traveled a great distance botor'o zeaching their final resting
Place.

Lastly, many of the guarts graias of the sedéments are of
a pale dlue ocoler, due te imclusions of maxny mieresecpie meedles
of rutile, and swok blwe guarts is peculiar te the neighdboriag
granite—gaeisses, '

Subsequent te their deposition the -«{un- have boeon
nﬁjoetod t0 iatense regiemal metamorphiss odanging them into
sohists and oompressiag them ixde & series of closed iseclinal
folds whiok strike K, 38 K, amd 41p teward the seutheast at about
80 .

2esroxzaply., The nicrescepic study of thia seetions of
the sohiste show them t0 de made wWp deminantly of quarss, muscovite,
bietite and feldspar with varying quattities of minex mimerals,

Quarts is the mest abundant miaersl present and 1s of both
primary and secondary erigian. 7he Primary quarts osours as rounded
greins comtaining numesows inolusions ¢f rutile needles, amplhibdole,
sircon and apatite and often shows seoendary ealargement. The
secondary quazrts greias have irregular ocutline aad ocontaia mwumerous
inclusions of mwscevite, biotite, titaaite and apatite. Nwsh of
the quarts shews evidence of baving been subjected to Ppressure dy
its mortar struwoture and waby extiactioea.

Husecovite is, as a rule, the next most abundant minersl;
and it ocoocurs as small flakes and aggregates. Sometimes bdietite
equals or exceeds the muscevite ia adbuandance, but it is wsually
of minor importanece,

The feldspar is of very variable ocourrence somethmes being
rather abundant and again eatirely adbsent, Orthoclase and



plagioclase feldspar oocur and doth ocontaia abundant imclusions
of muscovite, bietite, titanite and apatite.

Small grains and erystals of pyrite, ilmenite, {patite,
sireca, titanite, epidete, and seisite occour in wvariadble gqmatities
and oconstitute the primcipal accessery miserals, Abundant garnet
is found in a slightly graphitie sericite sohist outerepping oa
the Austirn farms mear Proffis.

GRAPEITIOC SONIST,

Geperel Yeatures, Black or grey graphitic schists are
ocommoa ia the OCambrian of Virgiaia, They ocour interbedded with

quargs-sericite sehist, arkose, and eother sefiments. The grephitic
beds are of variable thickmees and extsend Shroughout the length

of the ares hexe deserided, and are slse fownd extending for cem-
siderable distanees bopth teo the nertk and to the south, S0 far as
known at present the enly leesality where these schists centain o
high percentage ¢f phesphate is detwesn Rieo and Gilderts, stations
on the Seuthera Railway just merth of Charlettesville. Thise dis-
tance measured along the strike of the rocke is adout six miles,

In general the greaphitiec schist varies ia coler from light
grey to black accordimg to the amowmt of graphisic carvos it con-
tains, The strwoture is highly echistoss, and in places the rook
is consideradly orinkled.

The roek is made wWp demimantly of quarts. and musoovite
with varyiag amounte of graphitic cardon. In some places much
PYTrite in well defined corystals is present. As stated adove some
beds occurring betweea Rio and Gilberts ooatain considerahle
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phosphorous in the form of apatite; a calcium phosphate with either

chleriae or fluorine,

_Petrography,  As seen umder the mioresccpe much of the
quarts 1s origiml] and coeatains inclusions of rutile needles and
gas bubbles, BSecondary quarts is commea. Nuch ef the quarts
shows effects of pressure in that it is gramulated and shows wavy
extinotions The muscevite is probably all secomndary and i1s present
in small distorted leaves and parallel, orieated scales. Ilmenite,
bilotite, siroen, soisite, epidote, a0 Sitanite eccur ia small
but variable amewats.

The apatite is undoubtedly of secendary origim, and is
in the form of small well defined orystals filling mierescopioc
veinlets parallel t0 the schistosity, Often the veinlets are
completely fi)Jed with apatite, semetimes shewiag comd structure,
or saall .orystals. of Spatite occur alemg the wqlls of the vein
arnd the remainiag spase is #illed with secendary quarts. Agaia,
apatite oosurs as eleagated radiating orystals in the graphite
itself,

ii‘nxovl.
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The graphite is of the nori»hou variety and in some
Places small grains have been ocompacted whiok consist entirely
of graphite, dut ia general it is irrelegularly distriduted
throughout the recks iam minute particles,

ROCKS OF IGEEOUS ORIGIN.

AGE RELATIONS,

The field relations shov that undoudbtedly the greissee are
the oldest zooks im the area and that théy umderlie the Cambrian
sediments which for the mest part were derived from them, The
amphidbolite dikes are found cutting the Camdbrian schists and at
Rio Mills a dike is seen cutting bdoth the pre-Gamdrias gaeisses
and the Cambrisa schists and hemoe must be yownger than Osmbrian
in age,. Theee dikes are older than Triassio for they de not cut
the Triassioc sediments which lie al 1ittle north of the area mapped,

In & out aleng the Seuthera Railway just nexrth of Rio,
rhyolite dikes are sesn eutting amphidolite so they must de younger
in age. The rhyolites are onﬂroly massive and the minerals, as
seen under the microsoope, are fresh except where altered by sur-
face agencies se these dikes may de as late as Triassiec in age,

N]1ES

Gonersl Festures, This reok is the ome on whick the
western margia of the Cambriaa sediments rest and from which muwoch

of the Cambrian material was derived., Its aresal distridutioa in

the area mapped may de seen on the accompanying map. Platel.
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This roek has deen highly ;etunorpholod by pressure sffects
resulting in a pronounced foliated struoture and the originmal
phencorysts of feldespar have been drawn out amd enclosed detween
the biotite layers formiag distinot “augea®” of light ocelored
minerals emclesed im & dark groundmass, The origimal rock from whidh
these gneisses were derived was deminantly porphyritie dut in
scme localities &t was not and the resulting gmeise is finer
grained and ia genmeral lighter colered than the porphyritio
variety.

The pozpﬁyritlc phase 18 well exposed in ome of the cuts
on the Southera Railway. I5a the southwestera part of the area
and grades into the finer graimed rock toward the mortheast,

At Rio Nills an even gsuined rock is exposed whick il prodadly &
phase of the origiml reck that was not squeesed or possidbly it
is an aplite dike cutting the gneiss and adjoining schist, the
exposures being too poer te dnto:itae with certainty the exmct
relations of the recks,

The ot2ike of the sehistosity of the gneise is unifommly
parallel to the strike of the Osmbrian schists which is adbout
northeast,

The principel minerals, recognisadle by the naked eye,
are feldspar, quarts, and biotite and the rook is identioal with
the quarts monsonite gneiss found a few milee fursher south in
lolnon(:?d Amberst Coumties and desorided in detall dy Watson and
Taber and called by them a quarts-bietite monsonite-gneliss.

A characteristic feature of these rooks is that they all carry
more apatite than is usually present in igneous rocks of this
type.

(a)—=—- Bul. 3 A, Va, Geol, Survey,



Geperal Teatuyres,  lMany dikes of axphibolite varying

from a few feet to half a mile in thiokmness, out the Cambrian
schists and their trend is usually very nearly parallel to the
strike of the sohiste but ia some places the dikes out the sohis-
tosity at varying angles., The areal distridution of the dikes
may be seen in the accompanying map . Plate I,

The amphibolite is a holecrystalline even graimed rock
and varies from mediwm to coarse graaular ia texture. A dark
greon amphibole is the domimant mineral:in the rooks and the
oolor of the rock varies froa greenish grey to dark green acoord-
ing to the proportion of saphibole it odntagms, Quarts is the
only other mineral recognisable by the aaked eye,

Petrography, The mioroscope shows that the dark green
smphibole, of which the bBulk of the rodk is made up. is actinolite,
one of the most common forms of amphibole ococurring in metamorphioc
rocks, It ocours as anhedral grains, less often as needles, and
is highly pleochroic in shades of yellow, green and greemish dblue,
and has an extimotion angle of 18 degrees in 010 seotions., The
actinolite is uswally fresh, but in some cases shows by loss of
color that alteration by weathering has set ia, MNany small inclu-
sions of secondary minerals {(quarts, epidote, and caloite) are
seen in the aoctinolite and thie shows comolusively that the

actinolite itself must have deen formed contemporaneously with or
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subsequently to them, and, thereforp, is of seoondary origin.

Next to the actinolite, colorless quarts is the most
abundant mineral present and oocoure as grains of various siges, as
veinlets and as filling interstitwl cavities, It is undoubtedly
of secondary origin and soms was formed comtemporaneously with the
aotinolite as is shown by the fact that some of the quarts grains,
inocluded im actinolite, have, themselves inclusions of actinelite.
Gas bubbles, needles of rutile, soisite, epidete, and actinolite
also ooccur as inclusions in the guarts,

Host of the quarts is granulated and has wavy extinotion
showing that 1% has Deen subjeoted to pressure metamorphimm,
Practioally all of the feldspar in the origimal rock has bdeen
- altered to soisite, epidote, caloise, and kaolia., Only a few of
the numerous seotions studied show any unaltered feldspar remain-
ing in the rook and it was not possible to determine the exact
variety with certainty. The feldspar has an index of refraction
barely lower than that of quarts and is in all probability oligooc-
lase,

In many seotions sedsite cocourring as elongated orystals
or as rounded or squared grains, asd olosely assooiated with
quarts and epidote is very abundant, IEpidote in varying amounts
is present in nearly all the thin seotions studied.

Among the lesser oonstitutents, many aggregates of
secondary caloite associated with kxaolin ocour, md several sections
show abundant grains of ilmenite, which usually are alkering to
leuocoxene, Small grains of apatite ocour in all the amphibolites.
Sometimes the apatite is fresh, but often it is wholly or in part
altered to osteolite., Small grains of titanite are abundant in
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some seotions. Bilotite is scarce and where found is altering to
ohlorite,

| The study of thin sections of the amphidbolite show clearly
that the rook has been iantensely metamorphosed under deep seated
conditions with the result that praotically the entire mineral-
ogical charaoter of the rock has bdeen changed, lMost of the
original ainerals have been changed to aew compounds and only a
fery small amount of the more resistaat original minerals now
remain. When the rock first cooled from the magma it probably was
composed chiefly of pyroexeames or amphibeles, or both, togethes
with plagioolase, If this is true, the rook as it origimally
cooled from the magma, was a diorite., Subsequent ohanges irndwoed
by heat, pressurs, solution, and deposition have completely altered
the origimal pyroxemes or amphiboles or both te actimolite and
the feldspars have almost ontirely gone over to spidote, soisite,
caloite, and kaolia, The Qquarss pow present in the rook is
entirely secondary and was probably derived from the decomposition
of silicate minerals,

RETQLITE,

Goeneral Yeatures, Throughout the area mapped are found
numerous dikes of very fine grained, light colored rhyolite. The
dikes as a rule are narrow, and though some follow the bedding
most of them out aorcss the schistosity as various angles, 4is a
zule, the mineral grains are too small to be distinguished dy the

naked eve, ahd the rock appears to be a compast homogeneous mass

varying from oream to pimkish in ocolor. A porphyritio phase also



ocours in whioch distinct phencorysts of pink feldspar are found,
and small grains of blue quarts are also recognisable by the naked
eve,.

Petroxzeaphy, The microscope showe orthoclase and miore~-
cline feldspar %0 be the domimant minerals, and in some cases
these make up practiocally the entire rook. In some sections the
feldspars are in nearly rounded imterlooking grains while in other
sections they odcur ia litho shaped orystals, thess latter are
often radiating frem & commea eenter and shov a tendesnoy towards
spherulitic strusture. A phase of the rhyolite ia which the
spherulitie structure is well developed is found about half a mile
west of Proffit, The spherules are mads wp of radiating, elongated
feldspar ozystals, and they sometimes have a separate orystal of
feldspar i3 the center, and from this the othex crystals radiate.
The space between the spherulee is oooupied entirely by granulated
quarss.

Nost sections showed more or lese quarts with the feldspars
and one sectioen contains adundant very minute flakee of muscovite.
Small greins of magnetite or ilmenmite, pyrite, and titanite are.
the oa)y originmal acoessory minerals noted. All sections showed
the offeots of weatheriag by the presence of mimute greins and
aggregates; probably of kaolin and ealoite stained yellow by iren
oxide. Omne section showed comsiderable epidote developing
along minute fractures and a few small graias of chlorite were

also noted,



In general the area is one of coystalline schists osour-
ring 4in olesed 1iseolinal folds sirikiag northeast and with a steep
414 toward the seutheast. Thess folds rest wpon, and, toward
the nerthwess, aze in comtact with granite-gmeisses the whole
being ocut by numereus dikes of amphibolite and rhiolito. )
evidence of faulting was found,

Tigure (3) is an ideal morthwest-scutheast section across
the strike of the reoks, and it shows the genersl relationms of
the larger zock tyYpes. A more dstailed discussion of the
struoture of the different rook types has beea given under
separate desoriptioas,

Figure 3,

The rooks of the area have been sudjetted to intense
regional metamorphism at depth, and as a consequence they are
highly schistose. The sohistosity is best developed in the finer
grained highly micacecus schisss, and is less pronounced im the
arzkoses. In the granite-gneisses the schistose strwoture is as
& rule distinot, but both the amphibolite and rhyolite rocks are
passive., The only exception is a dike of amphibolite orossing
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the Harris farm a short distance sast of Frys Spring; here the
rook is distinotly sohistose,

03¢ ?"““'gi.ﬂ,

Qualitative chemical tests show that aearly all of
the rooks coourriag {n the area ceatain more or less ’phosphate
but only in some of the dlack grephitic schists is the phosphate
content high enough to bBe of commeroial value,

The microscopic -tidy of thin seotions of the various
rocks has showa that 4in every case the phosphate occurs in the
form of apatite, The only cbserved exceptions are where the
apatite has drokea down due t0 weathering iato the earthy form
osteolite. This alteration of apative was only noted in some
of the amphibolites although it has probably takea place to a
more or less extent in the other rooks also.

The presence of apatite in the different kinds of rocks
being due $0 greatly different causes, its erigin ia eaoch rook
type will be discuseed separately as followsi-~--

1, Apatite in igneous rooks.

3. Apatite in sedimentary rooks, exoepting grephitio
schiste, '

3. Apatite in graphitic schists,

1, Apatite in Agmeoys Focke,  The apatite grains ia the

amphibolite and granite gueisses are seen under the miorosocope
t0 de, as a rule, well formed grains imterlocking with the

(a) The test used consists of placihg a small amount of powdered
ammoniux® molybdate upon the rock specimen and adding & few
drops of 4ilute nitric soid, If phosphorous is present it will,
#n a few minutes, give decided yellow color to the molybdate,
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other mineral grains which go to make up the rooks, also it
ooours as inolusioas in she other minerals.

These facts shew comclusively that the apatite is a
primary constitutent of the rooks and that, as is usually the
case, it was one of the first minerals to orystallise out from
the molten magma on codling.

In the fine grained rhyolites the apatite cannot be
distinguished but undoubtedly it is of magmatioc origin as above,

3. ARatANe AR SedAMORNARY ZRekS. SRERAARK SXeBMItLC

_schisgs. Bearing in mind the faot that the granite-
gneisses coatein an unwswally large amoumt of apatite, it 1is ¢o
be expected that the sediments derived from them should also con-
tain apatite widely distributed through them. 8Suoch has desn
found to dDe trws and nearly every specimen tested gave a more or
less decided reastion for phosphate., The microscope shows the
apatite $0 oocur as small more er less roumded grains irregularly
disseminated through the rook mass and it was uadoubtedly intro-
duced at the time of dspesition being transported from the ares
of granite-gneisses, with the other minerals whioh make up the
sediments,, Duriag the period of traasportation, the greins
becane rownded and waterwora as they now appear,

3. _Apstite in Graphitic Schisis,  As has been showa
elsewhere, the apatite in the graphitic schsits is found with

well defined orystalline strweture filling microsoopic veins
and as aggfegates in the graphite,
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From the clise association of the apatitse and graphite
in the rocks, it seems probable that they had the same origin
or that the graphitic carbon palyed an important part in the
precipatation of the apatite from sclution. Agilan, in a general
way, the apatite content of the schists varies directly with
the amount of oarbon present. Those schists whioh oontain only
a small amount of carbon show only a trace of phosphate, if,
indeed, any at all,

Yo definite statement can be made concerming the origin
of the apatite in the graphitic echists, and the dest that can
be done at present is to enumerate the several different ways in
which it may be accounted for and give a Aiseussion of each,
1. Sedimentary origip of the apatite.
3, Nagmatic originm of the apatite,
3., Organic origin of thempatite,

1. fedipentary Oxigin of fhe Apatite, Although the
microscopic study of the graphitic schists 4id not disclose any

rounded or waterworn grains of spatite, it is possidble, and even
probable, that a very small amount of apatite was laid down with
the beds Buring their formation., The apatite seen under the
mioroscope is not of sedimentary origin for it is in well formed
crystals filling small veins, This fact &lone renders the
sedimentary hypothesis for the origin of the apatite untemadle,



3. mtic O o ] If the apatite is of
magmatic origin it must have been given off from the cooling
nasses of intruded igneous rooks in some form of solutiog~-—--
possidbly the solution of calcium phosphate in magmatic waters
together with the selutions of swoh minerslisers as chlorime or
flworine, o2 both, These solutions were adle t0 pass through
the adjeining porous sediments without depositing their phosphate
but when ocoming imte centact with the more compact graphitic
schists per dipitation took place due to stagnation ef the solu-
tions, with the result that apatite was depesited in the grephitic
sohists alesely assecciated witd the grephite,

The field relations of the igneeus insrusive rocks and
the graphitic sohists remder this Aypetheses improbable. In fact
there seems te bo absolutely »e relationship between the igneous
rooks and the phosphate. If- the adove hypothesis is the correct
explanation of the origin of apatite, one woul'd expeot to find
the apatite most abundant neareet the igneous masees. The fisld
evidence shows that exactly the réverse is trwe. For instance ia
a out alomng the Seuthera Railway just south of Charlottesville
axphidbolite ud grephitic sohist are adjseent, and though the
anphidbclite contains some apatite, the graphitic schist gives no
reaction to the test for phosphate,

Near Proffit and Gildberts, where apatite is most adundant

in the graphitic sohists, they are much further removed from

the nearest igneous mass. At Gilberts the nearest large dike
is more than Mlf a mile away.
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Again, if tio presemce of the apatite is due t0 igneous
emanations other minerals such as garnet, tourmalin, eto,, whioch
are characteristic of suoh impregnation deposits should ooour with
the apatite. VWith ome exoeption, in no oase are such minerals
foumd either in the graphitioc schists or in any of the other rocks
of the area,

The exoeption neted is a ded of slightly greaphitic
garastiferous sochist exposed on the Austin farm wbout & mile south
of Proffit. These garnets may be due to igneous emanations, bdbut,
restricted as they seem te be to only one lodality, it seems most

probable that they were formed, due to local favorable litho-
legical eor chemical character of the bed in whioch they ocour,
during a period of regional metamorphisa,

These facts, though not by any means conclusive, render
the magmatic origia of the apatise extremely doudtful,

3. _Orsaale Origin of the Apatite..  Apstite iz large amounts
ooours only in these sohists ia whiokh the graphite ocontent is

high. This, together with the fact, that in the rook apatite
orystals ealy ococur mext $0 and imocluded in the graphite n;giogatc-.
points to a close relationship between the two. The theory that
will best explaia the origin of the apatite must also show adequate
sause for 4its relationship to ihe graphite, and also show why
apatite does net coour in large amounts ia those beds whioh con-
taia mno graphite,

These facts are more ¢asily explained under the hypothesis
that the apatite is of organic orxigia than by any other theory so

far advaneed,
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S8edimentary beds ric) in amorphous calcium phosphate are

widespread as are also sedinments ocontaining carbenacous material,
which is wsually of vegetable origin. Should a bed containiag doth
abundant carbonacous material and phosphnies undergo regional
metamorphism, as have all of the rooks of the Piedmont province,
there will result a eshist ocoataining a high perceatage of both
graphite and phosphate. This phosphate will, in all probadbility,
orystalliss out as apatise, and the resulting schist will be
similar in all respects to She black schist here desoribed, That
Phosphates of organic origin will orystallise ia the fora of
apatite 1s held by W, B, NoNairn,

Cranting that the schists, as they are now found, are the
result of metamorphism of sediments containiag abuadant carbonacous
and phosphatio maderial, it s$ill remains te de shown what
conditions would give rise to such a sedimentary ded,

This is discussed ynder two separate headings, as follows;—

1. Animal acoumulations under salt watsr conditioms,
3. Vegetable acowmulation under frosh water coaditioas.
1. 1 1% Wate 8 Sea

water contains small traces of phosphates, which are absorbed
inte the shells, bomes, and tissues of marine animals, 2nd are
so oonocentrated to some extent. When the remalins of such animal
life colleot on the sea bottom slightly phosphatic beds result,
The calcium phosphate tends to become more conoentrated by the
’eubloqnont leaching out of the solmmble caloium carbonate, thus

finally resulting in a deposit rich in amorphous, caloium



phosphate or phosporite., Most of the known phosphate deposits

are of marine origin and they are often of great commeroial value.
There are several faocts whioh remder this theory of marine

acoumulation rather doubtful in this case, Tirst, if the

phosphate was originmally contained in the harxd parts of marine

animals, one aight expeot to find some trace of fossils, even

though the rocks have bion netanorphosed, No trace of fossils

has been féund. in the graphitic schists. Seocomdly, to supply the

graphite comtent of the sojyiets requires the presence of much

organic matter in the origimal sediment. It is extremely doudbtful

if the organic portion of animals could acoumulate iz suffioient

quantity in a siangle bed to allow for as muoh as 314 graphite

as is found in some of the samples of schist analysed, Lastly,

according to this theory continuous deposition under the sea

must have taken place #0 it is rather doubtful why one bed only

should comtain animal remains and them in suoch largs gquantities,

3. Y able ) 2 s

If instead of continucus sedimentation under the sea, the occean
bottom was at one time raised a little abeve the sea leWel, then
there would have developed a broad flat coastal Llaia marsh. This
would furniéh ideal conditions for luxuriant plant growth and

for the acoumulation of plant remaims. Into this marsh the streams
flowing over the area of granite-gnsiss must have discharged.
Remsnbering that these gneisses contain unususlly large amounts

of apatite, which is soluable in carbhonate waters, these streams

would oontain a comparatively large amount of phospahtes in solution



besides transporting small grains of apatite and would discharge
both into the waters of the °

As shown by C, L. Reese *) in a series of experiments
upon caloium phosphate, it is found t0 be gquite soluable in swamp
waters rich in organic matter,

Therefore, the phosphates already in solution in the stream
water would be held in solution by the marsh water, and further,
the apatite grains discharged by the streams would be further
dissolved, both together rendering the marsh water unusually rich
in phosphates, It is a well known fact that all plants take wp
phosphates, fresh water plants take up more thad marine plants, and
the phosphates thus absorbed comtinue in the plant remains, If
the marsh waters were unusually rich in phosphates in all probabilisy
the plant remains would also be exceptionally riockh in phosphorous.

Here then, it is seen are conditions ideal for the formation
of a sediment rich in both carbonaceous and phosphatic materials,
which by metamorphism, is altered to a schist similar to the one
herein desocribed. That is, dy high heat and immense pressures,
due to regional metamorphism at depth, the carbonacecus material
is converted into graphite with the orystallisation of the

phosphates into apatite,

T e e T

(a) American Journal of Soience, 3rd, Series Vol, 43, 1893, p.403.
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