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ABSTRACT

The Idison area is $n the New Jersey Highlands three milas scuth
of Franklin, Hew Jarsey and is a part of a structurzl block, which
trends northesat and is bounded by high-enzle fanlts on the northwest
and southwcast., An older couplex of pedimentary rocks (Crenville type),
nadiffied by regyional netamorphiss and metasomatisn and intruded by
younger igneous rocks, underlies the regfon, Litholozie units define
a mojor enticline which plunges 30° northesst and is overturned to
the morthwest. Foliation and linsztion are structures vithin 1itho-
la~ic unita, In the Edizon area megnetito ore zonss are taldare
shaped bodles which pinch-cut in the foliation plana in & dirsction
parallel to tha lirestlon.

The Edison gneiss, & major 1litbologic unit in the Sdiscn ares,
iz divided into four subunits., Tho mixed .msissc subunit is & complex
of interlayered gnelsses, pegmatite and ma/netite sones, Quarts,
K~feldapar and ma netite are major ninerals; minor w'neruls lu_. .o
biotite, sililiuanite, garnet, ilnonohematite, epatits, monasite,
sircon, hewilnenite, ilmenite, rutile, martite mnd sulfides., Mugne-
tito-quartg~-E-feldapar rneilss 1s prodoninint but luyors with netassdi-
nentery affinity ere abundant, The blotite-querts~feldspar ;meiss subw
unit is corposoi of oligocluse, E-feldspar, blotite and garnet vith
horablende, ilrenomametite, 1lmenite, and mpatite. Hidote-seasoliite-
guertz gneiss (lime-rich subunit) with layers varying fros netaqurrtsite
to quartz-feldspar gneiss is oompose? of guartz, oligoclase, microcline,



epidste, soapolite, actimolite, salite, phlogopite; and sphene,
caloite, mo.metite, martite, i{lmenchematite, and garnet, The quarts-
K-feldspar gneiss is @& unifora subunit composed of perthitic K-feld-
gprar, garnet, ilmenonmagnetite, biotite and zircvon. Wall rocks to
these subunits are ef $/meous origin and include ryroxane syenite
gnoiss, hornblende granite end ;jyroxens granite,

X-ray obazrvitione prove that Y-feldspar f:mm ragnotite-rich
layers 1s monoclinie, bat F=feldzper froa nasnetite-quasriz-r-feldspar
gnelss is nmicrocline with 0.9 triclinicity. Nefeldspar from biotitoe
gwrte-~felds ar gneiss and cunriz-f-loldspar gnaiss is & mixture of
trielinic and zonoclinie polyunorphs.

Thoe priscry iron-titaniun oxdde puragencsis in the Idison unit ine
cludes ilngnomu,notite, 1lnenite, hemtito, hawilneaite, 1lmenohera-
tite, rutilo-ilnenschentite, rutilonematite, hemorutile and rutile.
Mnmmetite i3 altered to uartlte. The other intergrowths are srsolu-
tion procduets, A tentative subrolidus tesperature-composition diagram
for the hemstlte-ilmenite-rutile syste: is presented.

The chenlcal composition of meagnetite—quertz-Y¥~feldspar gneiss is
sinilar to sillimmnite-quartz-nicr-cline granite gnelss of the Adiron-
dacks vhich is g8 metasometized metaszsedineni, In the mixed .melss sub-
unlt, ba and Hn are enriched in magnelite layers; Ti0; varies from 0.2
to 2.0 wt, % and occurs in & constent proportion to ironm; sulfur (0.01
to 0.5 wt, ©) 1s frov sulfides wiich crystalliized later than magnetltej
phosphorus (0.1 - 0.8 wt. %) &nd iron {up to 60 wt. %) are in a con-
stant ratlo which 18 balieved to be a reflection of the composition of
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a parent ore fluid. Primary hematite is onriched over ma,netlite
in rocks of metasedizentary type and the magnatité’ emtits ratio
(oxidation degres) deoreases linearly with incresse in total iron,

New thermodynauic culeoulations encbled the oonstruction of uni-
verisnt 1sobars for the marnetite~hematite recction (27ey0; + 305 =
3Pey03) and vater renction (I + Oz = 2H20) for temperatures from
259 = 1230°C and presauros from 1 - 7000 etins, Assuming wuyretite ond
hematito forued at equilibriun at & given tesporature and pressurs,
the equilibrium p(l3) and p(Ha) for the potrolopie syste: ers oblzined
Qirectly fron the univariant curves, The univarisnt carves Indicate
that in eooling fron a mametite-hzaatiteo equilibriun thrr: 523 8 con-
tinucl productien of foxcees" Oz (Sue to 10 dissosintior) ru that
ur netite 1s contimally oxidised to hematite; hense, wartits {s ¢on-
slderel a retrozrade ninarzl,

It is concluded that the zdxel guedss subundtl reprecoits srgillow
geous and arenaceous scldizentery rosks whilch have been recryslallised
to gnelsses of arphibelite grafe by regional metamorphlss and recon-
stituted by Pe-and-F-metesomatisn, Similarly, the lime-rich subunit
originated by the reginal retamorpiien end Eqm@taécaatisn of calocareous
vadimentary rocks, The biotite-quarte-fellspar melse 1= & facsinile
of gneisses in thae Sdirondacks which are rerional retaworphssed (amphi-
bolite grade) ond K-netascmatizad graywacke, Tue quartz-Y-feldspar
gnaiss crystsllized directly fro:z the Y-rich fluids which chexfcally

recongtituted the other gneisses.



The magnetite deposits in the mixed gneiss subunit formad during
regionzl metanorphisn and metasomatismn, The initial source of the
iron vas from residusl fluids developed from the progressive crystalli-
sation of granitic mayme. Sone of the ferric iron may be ¢l sedine~
tery (exogene) origin. The fron~rieh fluids permcatesd an’ netusymti-

cally replaced the co-oxisting rock meterisl,



IKTRODUCTICON

The Pranklin Murnace area occupies about 70 souare mllss in Sussox
ani lorris counties, Now Jerosy, and includes perts of tho Franklin
Purnsee, Haﬁﬁurg, Kowvfoundland, Wawayanda, Dover, and Sterhope 7 1/2
rinute quadrangles. The area ig gbout 14 miles long extending from
Joodnord, how Jorscy on the gouthosat to Vernon, New Jersty cn the
northasct, and 4s from 3 to 6 ntles in average width, New York Cily is
sboub 40 miles to th2 southeest (coa Pipgure 1.)

The Franklin furnaco area is within the MNow Jersey iHighlands viich
is within the Reading Prong of the New England shyslograpnie provinec.

Tho ares 1la charasterized by northeast troading ridges thnt are re-arated
Iy brozd and narrow valleys, Albitudes range from 500 0 1ADD feat, e
topogrepthiy 1s rodorotely rugred end was developad Ly sirort sroplon vWiich
g controllad by the structure and Yitholory of the bodrock. Flaistocias
#leciation hag modified the pro-existing fluvial ercogion pattzon to Siffir-
¢nt dogrees, The arza is well north of the terminal morcine of the
“laconsin stare of glaciaticn so that bedrock expocurss are very mumzrous
alihouph sorme smell arews are cowoered with gleelal drift, The uplands

of the area sre wsoded with pecond-rrowth forost and have sbundant bsdreock
.expogures, ihe lowlands of ths grea thich are cleared and farced have
relatively feuw bedrock expocuros,

The 7dlson aroa is loeated near the center of the Franklin Puras:cc
sree et I.dipon, ltiew Jorsey which is 2 mileg southeast of the village of
Ogdensburg. The Zdison arsa is aboutl 2 miles long and & mile wide, Within

thia area are the Edigon mugnetlte dejosite. These magnetite dsposits end

-1~
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Figure 1. Index map showing the location of the

Franklin Furnace area, Sussex and Morris counties,

No J« Dover district (Sims, 1953) and.Sterling

Lake-Ringwood district (Hotz, 1952) are also shown.
(Figure modified after Sims, 1953.) '




assoclated rocks are the principal subject of this report.

During the summers of 1952 and 1953 the writer assisted A, T.
Buddington in the areal geologic mapping of the pre-Cambrian rocks of
mich of the Franklin Furnace area for the U. S. Geological Survey.
During these summers about six weeks were spent in the detailed geologic
mapping and study of the Edison area., The base map for the Edison area
wag prepared from a plane table survey nade by A. F. Dud’ ington during
the suwmoer of 1951. During thé years 1952-54 laboratory rstudies on rock
sanples collected from the Edison area were carried on in the geology
departnent of Princeton University. The laloratory work included the
study of 150 thin cnd 50 polished sections. Iﬂ.addition a metber of
cheniecal analyscs of rocks and minerals from the Ecdison area and
Franklin Furnace crea were obtained. The writer did a2 =11l snount of
X-ray work during the year 1953-5/4.

The purpose of this receurch vas to describe tre rotrre of the
ranetite deposits and clos=2l;r allisd rocks in the Léison croz. In the
flrst part of this report a summary of the reéional secloy:r 1s presented.
The bulk of the cescriptive data are precsented in the cecorc part of the
report. In the last part of the roport the descriptive dats are
g;mthesized in an attempt to explain the genesis of the magnetite
ceposits and rocks of the Edison area.

The cooperation of the Edison Company for malzing aveilsble the
nasnetic anomaly map of the Edison area and other useful duta is
gratefully acknowl«dged. In addition the generosity of the Pittshurgh
Coke and Iron Company for naking available the drill core from seven

holes which they drilled in 1943 is gratefully acknowledged.



The writer is gratefully in@ebted to Mr. Cleaves L. Logers of the
U, S. Goological Survey for helpful geologic data which he collected
during an earlier phase of the study of the Edison area.

The writer is greatly indebted to A, F, Duddington of Princeton
University for puidance and counrel during the course of the investigation.
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analyses of the iron and titaniun oxides were made by J. Fahey and A.
Vligidis of the U. S. Geological Survey. The additional chemical analyses

were furnished by Princeton University.
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CHAPTER 1
REGICNAL GEOLOGIC SETTI1RG

4 JUCTIOR

In order to describs and Interpret the deteiled studies of the
Edison area it is ncoesssry to obtain a reaponably complete picture of
the regional geologle eetting, It 1s the jurpose of this part to es-
toblish this prarequisite desc:iptive background, po that the dstailed
studies may be evaluated with an undsretanding of the regicnal geolojic
picturo and not in the 1lizkt of a few detefilsd obsarvations wiieh may.

rrova very doceptive when viewed alonc.

TFE HoW JELSEY HIGHLWINZ

-

The Hew Jersey Hizhlande is s physiogrorhie provine2 in the northera
rort of the ctate which 1s cheracterizad by groater elzwvaticn and relief
than the ccastal plain and Triassie lowlands to the gouth, ‘“he Highlsnds
are underlain by pre-Carbrian and Paleozoic rooks and form a porticn of
the Feading Prong, The PBaading Irong extends for & total of 350 miles
from the southgest near Reading, Pennsylvania to the northeast as far =g

Jorront, It has a meximam width in the lsw Jersoy Highlands were it

averages about 15 miles. Ths northwest boundary of the Hew Jersey Highlands,

and henee the Reading Frong, is adjacent to the northeast continuation of
the Great Valley physiographie provinee, 1In Hew Jersey the Great Valley

18 a5 narrov as 8 to 10 miles and 15 underlain by Cambro-Ordivicien



deformnd sedimentary rocks. The New Jersey Highlands, and henoe the
Roading Frong, terminate on the southeast along & high angle fault

ageinst the Triassic rocks of tho Newark series. To the southwest the
Resding Frong continually narrows until near feading, Penngylvanis 1t
disappears belwzen fault contacte against Triasssic rooks and fault and
unconformable controets ecalnst Faleozoic rocks, In its northern extension
- the “ording trong forme a thin sglice of pro-Cermbrisn rocls vhieh are

eften in thruct contact with Felcozode rocks on the eaurt and west, Thsaca
faults zre prebably of Taconie agej however, the exact relationships of
the pre~Cerlrian (o the Paleozole in the region north of New Jersey ia

oftzn uniinown,

Histerieal

Zespite thsir accecolbility the pro-Camtisian rocks of the liew Jersazy
Highlauds have been thes mubjest of fuw corprohonsive stuiles. The rmost
ifmportant carly geoolorle stvdics that ware uzds in the rezlicn are thosa
of Rogera (1836, 1840), Kitchell (1856), Cook (1553), iutnun (1886),
Nason (1829), Wolff (1£94), Bayloy (1508, 1910, 1914), Spaencsr (1902),
and Swith (1933). Earlier geologists were concerned chiefly with the
exploration and production of ore deposits. Ths report of Bayley (1910)
ie the rost ccnvlete source of data on the iron mires and mining in the
region, but it gives only a brief suwrary of the geology. Tha first
comprehensive geolorie work wms done by Spencar (1908) svho divided the
pro-Canbrian rocks into the following catagories, (1) Pochuck gneiss, a
gereral fleld term applied to dark mafic gnelsces (see Hotz, 1953 for a
complete discussion of the tarm), (2) Franklin marble, (3) Losee gnelss,
granitic gneisses distinguished by light cclor and the predominance of



Na-Feldrpar, and (4) the Byram gnaies, granitic rocks with predominant
L-feldepar, Spencer poatulated that the Loseo and Byran gnoisses were
of ignsous origin but regarded the Fochue’ as of unknown origin, This
classificatirm of the pre-farbrian rocks of the Kew Jergey liighlends, has
been uesd by many worrersy howover, detalled geologie mappin:; and potro-
rraphic stuldy indlioeats that Sionesi's classification is very inadequate,
Hcnee, no attempt ie made in this renort to utilizc this claecifliestion,
Fenrer (1914) in & elaceie papsr prosentzd a wealth of idsae
eorcorning Lho orig;n of ths gnainras of the Eew Jerssy Hishlands, Fronm
his dzteiled atudigg of a snell erea he propes:d that the preissos erigle
nated through, "a process involving the injictlen of a thinly fluid

-

pranitic mapma betwien the Ty orn of en oripinal rock of lamin:ted struse
ture," In adlition ke rointed out thot structuvres within the preins
iniie~te "that the proccss of injecticn was earried cvt in a nest quled
and rratinl mennerg ond ootrissed pany of tha choeastiovisiles of a
cubiztitutiom of tnc originnl walsrlial Yy the reoatle solutiza ratner
then the features of a vielent intrusion.®

Tho most rocent and cumprehenslve geoclogie stulles in the hew Jersey
Highl nds havo tecn done by various geologiste gesociated with the U, S,
Geolegieal Survey (Cima and lecnard 1952, Hotz, 1953, Sinme 1950, and
1953), All thess geologicts have recognized two broad eatepories of
pra=Carbrian roc”s, (1) those of metascedirentary origin, and (2) those
of ismoous oripin, In nddition roecks of corplex origin, 1. e, migmatites,
retesonites, ete., have bren recomized, The concensus anong later

grologists is thet the greateat part of the rocls of igneove origin were

intruded into the older retasadiment=ry rocks, "during the wening steges



of the toctcnic mctivity that deformed the earlier rooks,” (Hotz, 1953).
In 81l cases only onse major period of pre~Cambrian tectonic sctivity with

its oonsequent igneous activity is recognized.

Comparieon to ihe Adirondacks

Engel and Zrgel (1953) hove called attention to the closz simtlarity
between the Granville esries, as found in the Grenville subprovince of
Canada and the idirondacks, end many of tho pre-Carbrien grnelence of Now
Jerpey., The Franklin rarble 1s an=logous to tha Grenville marbles of the
Adirondacks, and in adiition many of the praragnsisses of the two regiona
are very similar, Zegpicizlly striking are the sirllarities batucon
tiotite—quertz-plagloclass gnelasss from the two ra-iens, The awrape
chemieal cazpositlion of such paragneise firom the northusst idircndnolks
(Znrel end Tngel, 1953) is listed in Table 1 toether with a sinsle

chendecel analycls for the sare typeo of faregnciss fron the Hew Jevgey [icha-

S5

l&éds. Tho elilearity in chamicsl curcosition ig vory celoio, It anpoenvs
concluzive that neny eof the rmelgses of the low Jerscy Hirklands are of
Grenville type in the gsnse thut they are litholosically sirdlar to but
possibly of different ape {row the charactorictie grieiesss of the CGrenville
subprovince pyoper,

Thus, the rost inportant gencral courorison is that both tha
Adirondaeks and the Jlow Jergey Hishlends are characterized by an oldar
complex of sedimentary rocks (Grenville ecries im the Adirondachs) whieh
have been greatly modifiad by repsionad metamorphism and netasoratim: and
vhich are Intruded by younger igneous rocks, liowsver, the tuwo rerions
differ in sone ragpects, Ho major anorthosite bodies have becn located

in the New Jersey Highlands althourh sore emall masses have been mapped
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Table 1. Cheaxical caposition of (gruphitic)-biotite~quarta~ocligcclase
gneiss from the Now Jersey Higlllunds, talulated wvith the zver-

age compositicn of a similar gneias from the Northwest

Adirondacks and vith the average composition of scme graywacke

sandstonos,
1663 Qbd A B

510n 67.69 70.90 €2.69 &4.2
T10, 0.48 0.32 CelD 0.5
Al;04 15.99 12,17 13.53 14.1
Feyls 0.6 1.31 0.74 1.0
T 2,2 412 3.10 42
[ ¥e¥] 0,05 0,04 0.2 0.1
e 1.16 2.32 2,00 2.9
¢ns 2,83 1.55 1.95 35
Dl 4.8 374 Lol 3.4
LOVN 2,25 2.87 .71 2.0
g .16
PR 0.35 6,21 2,03 2.1
Fin - 0.1 .05 0,25 c.1
Fals 0.16 0.10 0.1
Oz 0.04 0.23 1.6
s 0.04
Tetal F2.70 93.60 100,01 22.8

Elé43 « (Gropritie)=blotito~quartz-oligocless moiss, fros axtraso

rorthwost corner of levfoundland Quedrangle, New Jurgoy (snalyzi:

Lbi = &nslysis of composits sarnple of 24 least altercd lsyora of quartie-
biotito-clizoclrse gnoiss (after Ingel and Fngel, 1953, p. 1085},

A - Average of 3 sralyses, Frerciscsn graywacke (after Talinforro, 19/3,

pe 136},

B = Avorage of 11 grapmckes (e0ter Patdijohn, 17

?o 259)0
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in Penngylvania (B-scom and Stose, 1932 and Smith, 1923), Thie ia in
marked contrast to the mituation in the Adirondrcks, Also rocks of
cataclastic origin are lacking in the New Jersey Highlands, whereas they
are vory cocnspicucus in the northvest sdirondacks (Buddington, 1939).
To date only & sinzle major period of ipneous wotivity is recognized in
the kew Jersey lighlands, but in the Alirondacks st lesst three distinct
psriods of igreous activity mre crisblished (Tuddington, 1939, 1952).
Finally, the przde of netanorphicn the New Jersey [irhlandg as well as
t 13 knowa is the arphibolite facies, vherens in the /dirondacks the
rrads varies frem the smwphidolite to the gramlita facies (Dudlington

1952, pe 70-83),

£ASIC S RIOTLAL FRATWORY GO il JTUUITNLIN FUY L ARCA

-

The paklin Ruonies avea dnelvdce 11 o7 tha Pronklin Doyroes
auac}re zle and much of the adlucent quedraniles (Figame 2)s The following

scetion atterpte to decerite the prineipal ciructural ssopecte of thia arca,

Structiral tlochs

The arss 1c Aivided into separzte fuult blocks by high angle, northe
east tzending faulta. The pro~lainbrian iceks have beasn faulted apainst
youngor Palecuole rocks and other pre~C--liriun roetse It is very liksly
thet pone of the feulte are of bre-f'ezrbrian rge, and there ls evidence
wileh sugroats that pra-c:mbrian faults were rejuvenated durling a later

period, However, ac the youngest displaced rocks ars of Devenian age

(Skunnerunk conplomerate, Spencer et al., 1908) some of the faulting must
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be post Devonian, These faulte are similar to the Triassio-Jurassic
faults of the NXewark basing so it 48 very likely that same of the faulting
in the New Jersey Highlands could be of similar age,

Wthin the Franklin Purnace ar+e four struotural blocks separated
ty such faults are well ggfined (Figure 2), The Franklin Purnace block
Tarthest to the nort!;‘g:s;}:' is a graben and 1s underlein mostly by Paleozoie
rocks which are desc:/'\ibed by rummael (1908), The idison block 1s imrodi-
stely to the southesst ad is underlain entirely by pro-Carbricn rosks,
“ithin this bloeok is the Idicon areas, The feult w.ich pzparstos the
#33son blosk from the Stoekholm block becama gpperant only after dctailed
repoing within the pre-~Cambrian terrain, althcugh the feult has displuced
the Foleworoie rocks at the locality of Vernon, The llurdtown block lies
on the extreme southeaét of the area and is feultcd egalnst the Stoakholxm
block,

Actual expogures of the favld plenez are vory rara. Howswvar, the
strafght treonds of the fault lﬁlnas indfeate hizh engle foult planese Tz
fenlts have besn traced for distances of 10-12 nilos and nay extend ruch
farther, lo indepandent cvldence wis found which would indlcate whethar
the faults were normal or reverse Lyres and it is possible that sore of
then oould be etrike-slip faults, It 1s wvery difficult to arrogs actual
displace enta; howsver, vertical offmot rmust certainly be on the order
of 1000 fe=t or more (S;xanoer, 1908, p. 19), and it is pogsible that
horizental offset on scme of the pre-~Cartirian faults could te on the
erder of miles., There is usuzlly a rarrov zond of fracturing on each
side of the fmult, Generally the fractures ere filled with epidote and

other minerale,
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CHAPTER 2
GENZRAL GZOIOGY OF THE EDISON BLOCK

INTRODUCTICH

The Idison block i a structural vnit wvhich is separated on the
northwast and scothezst fronm the edjncent etructural blocks by two major
foults whileh trond northeact (Fimure 2). To the northeast the Tdison
rleck is eovered uncorforiably by Taleozole rocks, Ths southwest lindt
of this block hag not beon establiched, The bloclh: is lnown to have a
piniram length of 14 niles and a vidth of up to 2,5 milec and 12 & long

nar>ou horgt of pre-Cantrirn rockse,

LITEOLOGIC LNIIS

Within 01l mafer cirvcivreel blocks end in particulor tve Ldicon
hlock digtinet lithologzic units are reocognizabdle, The units possces a
digtinet form end phyziesl centimiity and hence ars structural unitsz,

ticst of the lithologic units are compozod of a mixture of older
Grenville typz moterial and younpar introduced materials. Hixing of
older and younger rock forming naterials may have been a mechanieal, e,.g.
{(injeetion) or a choulenl e.5. (netasomatie) procesa or a corbination of
toth, The moct ioportant and difficult problems in the study of thase
rocks sra to dlstinsuich tetwen older Crenville type msterlel end yungsr

Introduced matorial and to decipher the nsturs of the physiozl and chenical
rrocosess which gave rise tc the final rook produet, Only by the



acourmlation of detailed field, petrographio and chemical data can the
problen be solved,

Within the Edison block thore are several lithclogic uniis compossd
rostly of Grenville type gnslgces., The Edison type gnelsses ars the most
fmportant of this group and are ecparated into four distinct litholozie
units which are discusced in more detnil subsequently, The Ldicon type
gaoisces are largely of retasedimentary snd totazonntie origin end inelunde
such rooks ag nagmetitc—quarts-Fefeldanar gneiss, mapnotilte ore, pamct-
sillimanite~biotite~quarts ggaeiss, biotite—quarta-feldopar groiss, cuariz-
~feldppar gneiss, epidote-scapolitcwquartz rnsiss, end varlous hernblande
and pyroxane grelesag,

The largest proportion of the Edison bleok 15 compocod of rocks
vhich beeauge of thelr bulk cerposition and gonerel unifornity are boliuwved
to bo of ultinate igneous origin, The prineipol ignsous rocks in the
Zdison block ere hornblendc-microporthite granite and alac¥ite, which ure
elther nixed with Grenville type gnelsses or ozeur as waiforn sliusbural
units, Cf particular interest is a pyrorens zyenite gneiss vhioh is
somposed of nderceline and oligscless with scios miercparthite znd ferroe
gugite, Creesn pyror n2 gréni‘-:.e and alazkite are igreousd rocks of major
importanes in other ciructurel blocks but ars of limitsd ocorurrence in
the idiscen blozk,

A quartz-olicoclase gneies; which carries uinor garnet, biotite,
chlorite, nicroclins and cores, 1s a major lithologic unit in thg Edison
tlook, It is Interlsyered with much sophibolite and in places both
quartz veins and mataquartzite layers are included, It is difficult to
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ally this unit visd either the older Grenville type gneisses or the younger
introduced roocks,

Age rolationshipg
Within the Edison structural block rocks of at least two distinot age

catsgories are recognized, The older group of rocks includes the types
vhich ere similar to the Grenville sories, guch as the Franklin narble,
paragnelcces and complex gneisses of nixed origin, The bulk of the ipascus
rocka such as pyroxsne and hornblende grenites and alaskites are younger
than the Grenville types. A differcnce in ese is evident in tvo very
positive ways, (1) the granites ars aliays urmmetansrphosed or dlstipetly
less motavorphosed then the Grenville types, end (2) in neny places there
is positive evidence that the granites have intruded and eross cut tha
Grenville rocks, On the other hand the pyroxere syconite gneias, which

1g w1l zetancrphosad, i3 an exmmple of zn ipgneous reck whieh Is older thrn
the younger granites,

The younger granitcs oxe geuerally esplaced corformabla to the
structures of the older Grenville rocks in such forms as sheeis and
phacoliths, Howsver, in some places the younger granites crosc-cut
structures in the Crenvills rocks, Thus, there is good gvidence that tha
Grenville rocks had been deforrcd prior to the intrusion of the youngar
granites, Howsver, inasmch as the younger granites are thenozlves
slightly defored, it 4s probable that they were emolaced befors the
caiplete cessaticn of the tectonle forees responsible for the deforuztion
of the older Grenville rocke, Therefore, it is postulated thot the
granites were emplaced during the waning stages of the ragional reta-

mnorphism and ars thus paratectonic or late parateoctonie, This inter-
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pretaticn is in agreement with Hots (1953) and Siza (1950, 1953).

UCT

The pre-Canbrian lithologic units within the Edison blcck define a
single major enticline as the most important Internal struetura. The
crast of the anticline (hercafter the Beaver Lake anticlins) which is
underlain by the quuts-oligcclese paeiss has been traced along the entire
nowa lorgth of tke Ldison block (14 miles). The erest of the fold lies
shovt in the middile of the block, trends northeast and hss not teen cut
by either torder feult, Instead both the northwost ani southeast linbs
of the fcld have been truncated at a very pmall angle by the border
faults, In coreral ihe trond of the faults perallels the trond of the
1irds of the Teld; tterafore, the latter rnay have cortrolled the davolops
reab of ths faults, The snticline is Jnoclinal and overtuvracd alightly
te tre nerthuost, The recoioncl dip of the 1imhs and eial pluso of the
fold sveras2s batwsen 70%-80° routhesst end waricg Crom €0° scutbesst to
80° northuwest, Linsur structures on the lirbs of thoe fold and particularly
along the arest of tha fold indleate a plunge wiich waries from 15* to
40® and ovsrages 25°* northsast, No southeast plunging linear elements
were foind,.

Tolintion and lireation are the rost important structures witiin
cach 1itholopic unit, Doth axisl plans cleavage end compozitional
leyering ars wsll devslopsde. Such folistion is parallel to the sivike
of the lithologic units along the limbs of the fold; indscd, these rock
units ars simply large ecale compeositional layers, lost of the lithie

logic units are greatly thickened along the crest of the fold and in
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pome eages a unit is more than five times e thick at the crest as on the
14mbs, At the crest of the anticline the compositional layers remain
parallel to the boundaries of—the lithologie units, vhereas cleavage
often trends across the ec=positicnal layers, so that it remaing parallel
to the axial plene of the folde Generally lineatioen iz predominant along
the erest of the fold and fcliation dominaztes in the lixbs, In zone
places lincation and foli<ticn esnnot bo distinmuished, beeauss the
lincar el=zrentz tend 4o pxoop in the plone of folistion, I arpears that
linestion graées into foli~.ion mnd that along the corest of the feold thay
ars geneﬁica;;y equivalcnt,

Throuchout the Ddigon Llock aad Franklin Furnsce area a wll dsvoloped

oot of crosa Jointe whifch smo subparpendicular to the linnatlom is present,
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Tha Granville type roo' s of the low Jersey Highlon?z have boca
modified by ﬁoth resional ~obarorphion ond metgsonaticn, It is a diffiexlt
poirologie tesk to ssparate t'e effects of thege two procseras. In most
cases retasonatisn hac bec: suscrinpossd upen the effects of the regional
rotarorphien,

Potach metasomstien {-Tanitizalion) hag boen the rost prawvalent kind
of retaneomztioc ceticn, This type 18 most likely rolated Lo the youngar
granites, eltlhicugh it ia ;rsoible thatl the aetusl source of rotasomatic
flulds covld be frem other ‘renville typs rocks, i. o, differcntial
fusion, ete. Ircn motszsocsilsm has also becn important, and iz respon-

gible for the ganesis of reay of the msgnetite deposits in the Highlands

region (Sims, 1953).



Deformation has acoompanied the re;ional metamorphima, This has
produced the folietion, lineation and folds described previously,

The grade of regicnal matanorphism is best determined by a critical
study of psrticular metamorphic rocks such as emphibolite and pyroxsne
syenite gnaliss, The amphibolites carry no epidote and ere thus esrtainly
sbove the grade of the epidote-amphibolite facies, Cnly a few of the
grphibolites carry pyroxens, This sugrests that the preconee of pyroxene
in rrphibolits is dependent upson the tulk eom-oriticn of the rock and not
upon the prassuwre and temporature of formgtien, Fance, the smphibolites
do not beleng to the pramildite facles, The pyroxene cyenito gniips
carriep microclino and oligoclzse as well as rclic“nicroperthite. The
retanorphism has cauced the primary ricrcepsrihite to reerystallire into
two diptinot alkali feldspars, rathzr than a ainglé solid colvticn mlk-1i
feldgpar, vhich indleatos that the resryotallizatien protadbly tnok ploes
ct a terperature loss than 650°C (Borma and Tuttle, 19252, In addition
no nineral such as garnel vhieh 1s chaveeteristlie of the grionlite facing
as for exanple in retaworphosed gyenites of the Aéircndacks (Svddington,
1952), has davelopod in this syenite gneiss., It is concluded that tha
reyional motarorphism of the £dison block hes been of tha amphibolite

gt‘ade.

VAGUETITE DEYOSITS

The magnetite depcsits of the lNew Jercoy Lichlends are regard:d by
most geoleogists ap motasomntie replecer=nts of pree-exicting rocls, (Hota,
19533 Sims, 1957, 19533 Sims and leocnard, 1952), The ultimate oripin of

the iron 1s postulated to be from the extreme fractionztien of granii{s or
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alnsk.;lte magma, The nature of the matasomatie fluids is postulated as
pneunatolitie or hydrothermal, It is postulated that position of ore
bodies 18 controlled by the presence of favorable sites for replacements,
Such sites may bs relasted to mechanical effecis, e.g. microbreocciation,
(sirms, 1950, 1953), or chemical effects, e.g. replacemont of marble,
(fimg and lecnard, 1952), In either case it is generally proposed

that the slruclure of the magnetite depesits is inkerited from the

The nagnetite deposits are classiflied according to the nature of
th2 rock in vhich they ocoure 1n general the deposits in the Hew Jersey
“ighlends occur in ths same kinds of rocka as the magnatite deposits in
ths Adlrondccks, The most important of theps ere, (1) pyrcix:ne and
hornhlende skarns (Sina and leonard, 1952); (2) e=phibolite (Hotz, 1953)3
(3) nicrocline granite gneins (leonard, 1951)3 (4) quarts-ciigocleso
;melos or oligeceless pranits (I3, 1957, 1953), =2nd (5) pog--tites.

oot of the maprotite devosits ronti-ned slove ere resvecentsd in
the Franklin furnace arse, HFuch of this report is devotcd to the study
of the Zdleon pmagnetite dsposits vhich are very similer to the dsposite
in the ricrocline granite gnceisg at the Benson mines in the idirondacks

(Lemnnra, 1951),
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CHAPTER 3
LITHOLOGIC UNITS OF THE EDISON TYPL

INTRODUCT ICN

The gnsisses of the Edison type constitute a major lithologic unit
vhich rmay be traced from the goutheart 1lirb of the Beavsr Lake anticline
erouvnd the antielinal axis to the northuest lird of the fold (Fijure 2).
For jurpocsce of conelse discusgion the Sdison type gnalisses are divided
into four distinet lithologic units, (i) the Fdlson unit, vhich is loccted
on the scutheast flank of the cnticlinej (2) the Sund Eills vnit, thich
is the thickensd part of the ILdison unit and is leecated ot the nogs of
the aatiolinoj (3) tke Mcifee unit, which 4& lecated cn the northwsst
14rb of the anticline, end (4) the Sh;ruan vait hich is lecated in the
extresa southwzct on the nerthusst flank of tho fold, Thesa four units
sre 211 a part of the smao ponoral lithologio unit, 4, e.; the dicen trpo9
gneissee, and =11 occupy the emn2 atratipiavhie positina rel-tivs to

other distinctive lithologic unite,

LDiS0Y URIT

The idison unit 18 a coaplex of gneisses of mixed origine The unit
has the form of a tabular sheet end occupiesz a slructural poeitlicn ca the
southosat 1icb of the Pesaver Leke antieline., The outercp length of the
shest parallel to the strike of the fold axis is over 6 miles, Tho
average thieknase of the gheet is about 0,4 miles, The shoet is teiminated

atout 1 mile southuwest of Mahola sgsainst the fault which pepsrgtes the
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Edieon bloek from the Stookholm blook, The sheet terminates in the north-
east, at a point near Highway 23, along an oblique foult vhich has displaced
the Edison unit as much as 1.5 miles to the northeast, The footwall to
the Edison unit is a pyrovens syenite gneisa. The contact botwoen the
two is vory abrupt, Frequently, arphibolite is located in this contact
szone tut the exnect relationships within the zone are difficult to inter-
prat. The hanging wall rocke on the routheast of ths Edison unit ers
lurgely of igneous affinities, These includs hornblende gronite and
alarkite, ryroxsne granite and alaskite and soie hypersthene granites
28 well as much psgatite interlsyered with the grsnites,

TFour wmain lithologic subtunits are pressnt within the Edicon unit,
The rixod gnelps subunit is & complex group of gasiases and rmagnstite
concentrations and i the most prevalent and econonmienlly the conly
Imnertant rock type wvithin the Edison unit, Tt consists of masmetite-
quartz-l=feldspar gneles vhich 18 characteorized bty the virtusl abseacs
of placioclzse, In edlition there are muwreus gnaleces of distiret
rotasedinontary affinities within the comslox tuch as biotite, garnet and
£i1limanite rich quarts gneisres. The entire rlxsd gnelss subunit is
full of seams, lenses and pods of pegratite, A sscond inrportant litho-
loziec subunit within the Edison unit is a garnet or (garnstifercus)e
biotite—quartz-feldspar greiss, In it the feldspars are oligoclase and
ricrocline or slightly perthitic microcline, In places the biotite
pneiss subunit is intirmetely interleyered with a third subunit vhich ip
a quartz-k-feldspar gneiss, It is a unifornm, fine grained rock, which
always carries acceasory garnet and magnetite, The fourth distinct litho-

logio subunit within the Ldison unit is composed of a group of gneiscas
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vhich differ from the other rocks in their high oontent of lize and
silica, These gneigezes, vhich are called the lime rich subunit, consist
of epidote-scapolite-quartz gneiss and related hornblende and pyroxene-
quartz-feldsper gneies, blotite-hornblende~quarts-feldspar gneisses,
epidote quartzites and other types oconsisting of the sawe minerals but
in difforcnt proportions, The gneicces of the lime rich eubunit have

a ruch nicher plagicclase content than do eny of the othsr pneisscs of
the Ddisen unit, Thzge four lithologle subunits of the Fdiscn unit are

the subject of more detailed study in subsequent seotlona,

SAYD HILLS UNIT

The Sard E1lls unit of the Edison type gnelsses is located on the
nnze of the Leaver Lake antielire, Ib forins a relatively &uall unit of
sbet cne sjuare mile In arze ani ropreseats the thickesod exdal portion
of ¢ha Uiloon unit, Oa the coubh, muthocest, und cast, the [-nd Hille
unit is in econtact with hornblende pranitz and alaskite and to the st
is in contret with the Meifes unit,

In goneral the Sand Hills unit has & well developed foliation vhich
f6llous the regicnal psttern (northeast strike and steep couthsast dips),
Howewir, neer the axis of the major anticline the folla‘lon disappears
in favor of linecation vhich plungns to the northeast at an average angle
of 20 to 30 dagrees,

The predonminant rock type in the Sand Hills unit is a pink, fino-
mediun grained, fairly even greined end xenoblastie quarts-nlerocline

gneigs vhich ie frequently rich in sillimanite end garnet., The rock



does not possess a stirong gneissic structure but instead is moderatoly
gnelissic and has some ocmpositional layering., Acocesory minerale inolude
magnetite, hematite, blotite, plagioclase, sericite, rmscovite and
apatite, The microoline is glightly perthitiec, In terma of texture,
structure and mineral corposition this gnelss is very similar to the
quartz-f=feldgpar gneliss of the Idiscn unit,

Blotite-guartz-fcldepar gnaise i frequently interlayered with the
quartz-nicrocline gnoics of the Sard Hills unit, 7The forner rmziss ie
generally madiun grolned and xenoblastie, Its ciruclture varies fron
cechistoss to gnolssle depending upon the pere:vtzre of hiotite in the
rock, Varietal minerals in this gneiss include cillinmanite and gurnet,
Hornblende, cericite, cphens, zircon, spatite, marnctite ond ilmenite
are accessoyy ninorals, ‘The bictito—qunriz-feldr oy roniss ig dofinttely
rmure heterogeneous thon the cezoclated quartz.risrssline pnolcse. This is
du3 to alternete liyyers of biostito~rich oud hiotiloaposr indics, ds In
the quartz-nicroeline 5:jiss the Yefoldapar 1s a =100y perthitic
zicrocline,

It 1s not uncorron to find laysrs and ghrets of hornblends granite
and alaskite interlayered with the groisnzs of the Sand Rills unit, Thia
is not surprising in viow of the fesot that the vnit 48 nmore or lees
surrounded by euch $/mzous cranites., Fegnetits layere and s2ars, atghibe
olite, and migratitic amphibolite are a comiwa rock type interlayered
with the other gnelss2s of the Send KHills unit, Amphibolite is partious
larly abundand near the footwall contact of the uait.

The K-feldspar of the grenites end alaskites adjacent to the Sand

#1lls unit is microperthite, The fact that the K-~feldspar of the gneisses
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4n the wnit zre only slightly perthitic indicatss that the granites and
alaskites crystallizod at a somavhat higher temperaturs than the gneisses
(Bowen and Tuttle, 1950), If the granites are of the same ags or younger
then the gneieses, then it sppears evident that a rather cbrupt thermal
gradient exieted betueen these two rock types at the tirc the igmeous

rocka were empleced,

HC_ASrE LNIT

o’

he lsifee unit ic the rock mass of tabular shaps uhich is the
strotipgrazhic equivalent to the tdicon end Sond Hills units on the northe-
wot 18md of the Deaver lave antieline, Thils tzbular body extonds from
trhe village of lcifue on th2 northeast to a point Just nocth of Oglenchurg
{six 2iles to the southicet) there it is foulted apainst lower Ialsousie
sadincatayy rocks, The width of the uvait veries from 570 to 1000 fent,
Tha fostuall cons of tho Heifee vnit to the rnorthinst is a cghesd of
hornblonds granits iilch extends parallel to tha lleifee unit for reat of
its length, Tha haniing wa2ll to the llieAfee unit is largely hornblende
gyenita gnelsgy howcver, to th2 northeast the unit makoes coataet alonz ite
hanging well with hornblande granite and the Sand [{11ls unit, The McAfes
tnit ie siructurslly the extensicn of the Zund jiills unit along the north-
wxot [lank of the Deaver Lake fold and iz therefome stratipraphically
fdentieal to the Send Hills unit; howsvsr, there ars rarked differencas
in lithology tectueen the two wmite,

The prodeninant rocke of the Meifee unit are an lnterlayered complex
of nmetaguartzitas and quartz-feldspar gneiasres, The interlayering of

these two types is locally on & scale of inches, The qusrtzite layers
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vhich weathsr out in high relief impart a "ribbed" structure to the
weathered outorop, The sane minerale ars ccmmon to both kinds of layers;
however, the proportiocns c¢f these minerals in the roek types differ
markedly. Lpidote, plagloelasc and microsline are genorally precent in
every rock sample. Varletzl and accessory minerals inelude hornblends,
pyroxene, spheno, «llenite, oclelte, scepolits, garnet ard ores, Thus,
typienl litholorie typas inelvde, (1) epidote rectacunrtzite, (2) epidote-
plagioclege-nicroclins retaguartzite, (2) epidoto-plegioclasc-uicrocline-
quartz gnoiece, (4) epidoto-pyrexenc-cuarto~feldspar grelas, ebe, The
Interlagcring of thes? varlcus rock tipsze yields g rack of bandsd chare
neler, ‘i‘be:- retaquartzites heve a distinet gozicale stivelvre vhich is
csugad by the quartz hich 1s deformzd and shiared out into lenses snd
lenticles ;:inch pur2llel the foliatlen, On the o »r bhend pmoliseae with
a large proportion of feldonor ara lass gnzircle and 1uch lasg deformad
thon the motaquertzite, 1ont of ths gnclncroa st
evan grained and ensblastie, It Is apraved frem the dlervesion whove
that the g;:«sisses of the llcifee unilt ghow strons cxlearenus and arsnacoous
afifinities, Deside the group of gneiscus diseussed atove thore arc free
quent laysrs end shects of bictitcequartz-foldspar gneiss, granite and

meny layers, bande and nesls of regmatite, included 1n the lieifea unit,

r)y v;c"L T

The Zheremn unit iz losited on the northweat limk of the BReaver Lake
asntioline at the extrene southwest end of the Franklin Furnaece quadrangle,

The unit appsars to be a tabular shaped mass which extends parallel to the
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regional foliation for a distance of at least 2 miles. The average
thickness cf the unit is 1000-1500 feet, Stratigrzphically the Shermen
unit eppesra to occupy a structural position similar to the Ediscn unitj
bowever, its relationship to the murrounding rocks le somevhat obscured
ty faulting. Detallsd studies of the Therman vnit have been cornfined to
the gencrel sroa of the Cherran magnetite rmines thich are locatsd 1.5
niles southwest of lahola,

The prinelpal} rmoles of the Ch-xman unit s mornatite-guutic-f=
foldspar gnoios whileh is slmost identionl to the prineipal varisty in
the cixed pnzigs subunit of the Idison wnit, Ly incresase in tho proporticn
of mametite the cneisa of the Shomaan unit ps.s;aa into pzmatite oro,
Tzrietal minersls in the gnasles Ineludz sillirmenite, chlorite, ULintito,
rutile and hematite, . ccescory minar-ls wmry inclnde plizineclase, soricite,
epidste, apetite, ziroon, sornet end Ll-cuite, Vh2 grnolics iz tonnlly
redfua gratnody bt fine ond coarse ealn 4 factes are shundant,  In
sdiftion 3t ds falrdy even crain:d and xirablaclia,  The gondos ray bo
banded due to the sltcrnaticn of laysrs of sli.;:}.tly diffsrent ccxpogitieon
or texture, Some samples are strongly neissic dus to the praferred
crisntation of lentisular shaped grains or arpregatas of qusrtz and
magnetite, The oraferred orisntation of sillinanite-ncedlec also
contritutes to tha grelssie structura, The mamotlite-quurts-k-feldspar
gnelisg is mixzad with lejors, soams, and nocbs of pepmatite ut is othore
wvigs fulrly uniforn,

Rooks interlayered with the mugnetite-guartz-f-fsldspar greigs
include chlorite-cuartz-feldspar gneiss (Table 15), fluorite slaskite

and hornblende granite, The forumsr is fins prained, even grainad,



xenoblestio and interlayered with muoh granite and pegmatite,

The Sherman magnetite arca appears to be complexly folded into
group of minor folds, In adiition there ere frequent orushod end brecol-
ated zones vhich are mineraliszed with epidote and are probably related to

the poriod of mnjor faulting,

COIPARISOR

Tha rogicnal mapping indicates that the four units of Edlson type
greisecss ell represent the game siratipraphie zons. Structurelly the
idison unit, Foifes uiit, and Sherman unit are all ainilar in that they
forn a part of the limbz of the major antieline, Tho fond Hills uait is
diztinat In occuyying the axial position on the antlcling and eoncoquently
15 prestly thioksned, The units all show distinel sinilarities in lithel-
crre  parhonz vogt sigmificant 4s the similar exlearcous and arenacenus
churactsr of the mataguorizites and feldesmthie retaquarieitea of the
Herfee and Zdlison uaits, Alsog the ragnatitee.quunto-E~feldgpar gnslos
and magnabite ore of the Shermon unit are very similar to gneloses and
oraa of the Zdiscn unit, In eddition the quartz-f-feldspar gnelss of
the iZdieon unit is nearly identicnl to the principzl grelrcs of the Sand
Hille unit, BDiotite—quartzfaldspar gnelss, chects and interlayersd

scama end nests of pegmatits are cowmon to the four units,



CHAPTER 4
PETRCLOGY OF THE EDISON AREA

INTRODUCTION

The idison area is a 1,6 xils region centered about the magmetite
ore depoclts st Fdison, New Jersoy. ilate 1 is a geologic mep of this
arca to the scole of 1/3600, (1 inch ogquals 320 fect),

The Ldinoa unit hich ie traceable thiroush tho Cdigon area hes
been divided into 4 sudunits, FGeonorieally the only imparterd sutunit
is the nixed gneleg hiish Inecludos rmapnetits concentraticons, In addie
tion (goraetifercus)-biotito~uorl=-feldsrar gneles, quarsto-fe-feldspar

sueica, and tha linz »ich pnelspes are inportent subunits closely
sssoclatad vwitk amd relatsd to the rived suolss culvinid end mgpnotita
dayponitneg  adsrociated with the Idison unit in this ocrco are a verisly

af rock types wdiich are 1ithologieally and stmetuzelly distinet foen

-

-

the Tdigon writ an form the w1l rocks to the wnit, Those include such
rogks asg quartz-oligocless gnelss, pyrox ne syenite gaeics, blotite
alaskite, hornblends granite, hypersthene granite, =nd pyroxene granite,

l!lﬁAJu R\}CK L I(Q-'
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The usrtz=-olissclese rnolss ip eposed in the northweet part of the
seeg and is but a w1l pertizn of the ruch larper litholozic unit ihich
forns the exposcd core of the Beaver Leke anticline. The gnolss ia

generally loucocratis and very vhita but frequently ia spotted with pale
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green blotches of chlorite, The bulk composition of this rock corrssponds
to an oligoolsgs alaskite, Oligoclase and quarte are the two importaent
minerals and biotite and chlorite are the only important verietal mincre
als, The chlorite may be sacondary after hornblends, Acccessory rdnerals
include epidotse, (in part secondary), microeline, garnet (locally), and
opaqus oxides, The rock 18 siriling for its distinet poueity of E-feldspar,

The gnelss 18 generally psdiwn and evon grained, but flna ond cocrse
grained typss are abundant, It hos distinet foliatien mrnifestsd by
tnterleyers of verlable compositien snd toxture and by a cirong gnelecie
strogtura, The latter 18 esuc.d Ly the preferred criontation of lontice-
ular shaped graing and aggregatsa’of querta,

Biotita~- and chlorito~rich fuclsp of the quartz—cliccelrse pieles
ure locally interlsyered with the nomnl leucosrztie types I adlidde
enphibolite mund quoertz-nlicoelace grolss ray bo interlyyered #n a conle
of et to fractlens of an inch, In plazzs it apj—arsg 2o 4f tho awrhibe
¢lite bas beon injectod and Inprosaitel Ly the qravbzeolijscle s gasirs,

Two varieties of pogratile havo boon obsarved in the cuartn-olisoa
class gnoiss, The nmogd etundant is a wulle, stroarly gnlasie pagnatite
vhich is conformsbly interleyersd with the goelass, lncralozieslly
thass wvhite pogmatites appzar vo 'y eimilar to the loucocratio facles of
the quartz-ocligoslspe gmeise, It is propoccd that these vemiatites sra
slmply vwory coarse grained wnriants of the norzal white gatiss. The
leegs abtumldant type is & pink, maeaive, nagnotite-hrrnblerde pematile
wiich cross cutg the folistion of the quartu-olipoelucc meiss and
interleyored anphivolite, The evidsnce suprects that this warlety of

pognatite was eomplaced after the erystsllizaticn and deformaticn of the
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qnnrts-oligoolsac gmeies,
Thin layers or veins, pods and lenszes of vhite, massive, milky

quarts arce often conformably intorlayered with the quartz-oligoclase
gneiss, <Quite distinot frow this vein quarts are rare interlayers of
metaquartzite, These are texturally and structurally distinct fron the
ragsive veln quartz, Che metaquertzite layers arc less then a foot
thick and are strongly daformed into tight minor folds and ¢renuiations,
The limba of these minor folds ars ofizn broken up end pulled apart amd
gurrcunded by quartz-oliroolase gnsiss in a boudirvass feshion, _
The origin of the quartz—oliroclacss gueles is problziatierl, Diocw
tite-richk facles, amphibolites and netajuartsitss all indieste neta—-w
2dimentery affinities, Howewver, the bulk compos’tion of the suciss
{olifoclnss elsckite) doea not correspend with ths eceoxpositicn of Fﬁy

cricon sedinentary rock, If the gnalag ig of ultirmate magmatle origin

[#]

the problen of genorating such a sodo-rleh marca 1s diflficult o colve,
(Fuddington, p. 3240, 10.2; Sims, p, 251, 1953). Of eourss 1% is
posaible that the gneliss is of metasonctie orisin, Purihor detailed

studios are nogessery before a delinite conclusion can bLe propored.

Fyroyane svendte gnelcp
The prroexens syenite gneiss is 2 shect-sheped body whieh averaroes

about 700200 fest thick in the Idisen arsa., It is one of the nogt
distinctive rogional lithologie units and may be traced from the scvthe
east 1limb of the Beaver Lake antizline around the nose of the fcld to
the northesagt and for a conslderable distancs ca the northwest 1izb of
the fold, On the noge of the anticline the gncise is nearly 10 tires

its normal thickness., The pyroxene gvenite gnelss forms the Limediate
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footwall to the Edison unit, The gnaiss 1s interpreted zs a mote-
morphosed igneous pyroxa=ne sysnite,

The pyroxcae syenite gneiss is en extremsly uniform rock. Ths
fneiezic ptructure 15 due to ths lenticular form of mineral grai=s and
aecgrepates, There in little composiiiocnnl layering, and except /~r rare
erphibellte fncluslens the predsc 18 extrermsly homogenoous. Generally,
the geiss fo nodiug orained and even grainedy howsver, finer grained
facies and peowiitic csamg cre preascnt,

Glicoclnes and nierocling ara tho two meet important minorsls in
the swveesone oyonite gnalse, The oligoeclepe 48 cororally $idnnoed end
oceneionally the twin lanellso are bend which indicatas somo post cry-
gt :1licatiza dsfovration, Howewur, no cataclastie texturas or struc-
rres have teon obuzrved within the shezt, The K-feldspar varies frun
e s1ightly rerthitio mierceline (atout 107 intorgrown Hs~foldszas) to
niovepsrihito (vo to 207 iIntor rowm Na-feldspsr), Even fn a sivgls thin
coetdon both eruxlrcice uay b procent, bul in othsr sexples only ol
clace and =lightly perthitis nilcroecline are present, OCccoesionally a
guiple which hae cnly nieccoperthite with a rars grain of clipgoslass
and glightly vorthitic microcline has been ebserved, Thess petrographice
obzervaticns indicate that tha prirary feldspar was a solid sclution
of lu and Iefeldgpar, Subsequoent slow osoling of thie solid solution
caused exselulicn vith the develo;wont of ths miecrcparthite, leta-
morphiam of the original ;yros:ne syenite oaured the rec.ystalllzation
of rush of ths miecrencrthite into diccrote grains of olipoclasa and
slightly perthitic nicrocline., The frequent relics of ndcroperthite and

of perthitlic rmiltrocline testify that the recrystallization prosess wae
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not complete, The feldspar esscemblage indiontes that the probable
tenmperature of recrystallization wns bolow 6450°C (Bowen and Tuttle, 1950).
Ferrcaugite iz the most important ferromopnesium minaral in the
pyroxons syenite gneies, It is free of any exsolved minsrals, Fre-
quently, it is purtielly altered to borablende, rediich brown tiotite or
chlorite, Gresn hornblende in diserete preins is a minor accecsory
rifneral in the pyroxcne syonits greles of ths #idison arcz, bul to the
northeagt, hornblende brooros Ingreasingly sbundent until near thy oxlel

portion of the gnolcs, pyvrox:ne is aboont end hornblende 45 the only in=

3

.

vortant ferrerarnecien rinersl. hothier the howablends s repgard:zd as
baing of igneoug or-motumarphic crizin, it ia pootudated that 1% cecurs
In place of fevocuupite dn zmoa whileh wsre rolatively ersliched in HyO,
giich ag the anjal ; ons of the pyrowong gyosdto cazica oy hawve bemm,
decessony rinorala in the pyrocone grenits pmoige fnclude {lnemo-
wapgns oite, ilronito, arhiens, cuurtz, cuhederl sivesn ond grutits,
IIrenits ocsurs or wahedral graine oleng tha bLiudinries of mametits,

It scomg likoly tba£ this Miorder phrse® represants ilranite wiich was
eripletely exsolved Jremoan origingl titanifevous mayntiite during the
cocling procass and partieculsrly during the rstarorprhie rooerystallization
of the pyroxsne erva2ite, Rarely a vainlst or spike of hematite (martite)
rorlaces nayriotita, O ohone, vadch peancrally corurg os a corvna around
the iron sn?d titaniun cxidza, rrohably developed in thip titsniua rioh

millou during ths retamorphic reerystnllization, Juarte 1s zlweys

precent in the gnelers ead occeclionally rmay form as rauch as 10 to 15 par

cont of the rock.
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ine metaigneocus pyroxsne syenite gneiss af’ords an opportunity to
compare the reglonal metamorphiem of the Edison area to the regional
motamorphism in the northwest Adirondasks, Puddington (1952) has pointed
out that in meteipgneous pyroxene syenite and quarts gyenites of the
Adirondecks, garnot (pyrope-almandite) may develop zs & product of
rezionel metamorphiem proviling the grade of metaworphis: is high encuch,
Cn the Lesle of metarorplile garnel deweleped in gadbroa, sycnites and
quertz eyenites, ete., Buddingion (1952, p. 79-£0) hug rsceznized three
songg of different motancrrhie grale, Garnct has develcdped In the
pyroxzne syonites end quartz gyonites oaly in the zone of vost intene:
metemorphiism uilch is desipgnated as the grarmlite fzelos, In the on:
of Intcrmediate melamorphie prade replonal peteroerhic govast heg devalopsd
cnly in gablrole reoks. In the third cetousrphia znnay vihich 4s deniz-
rated ae tle amphibolite facles, regzionml rebaorphio garnats are not

devzloncd in any of thess lgnecius rock typoa, 1o gornet van Frund In

-l

Y

the pyrosdms gsyenita gneiss of the 7 lison area, “hovelors, i oo o3
clear that tho gnelsses of this srsa do n-t Lelong to the grouulite
freles as desoribed by Puddin~ton in the iddrondacks tut inst:oad beleng
to a lowoer metamorphic facies. Tuddington (1953) hss rointed out that

the Ti0, content of ilmancmegnetits from Adirondack irmcous end rebse

3]

rorrhie rocks varlen as a functirn of t=.parature of erystollizeticn,

ud.

Hig data indicated that the Til, content of 1 nemopnetitos froo gosiaeces
reconsgtituted in the graaulite ond upper temmerature range oft the
arphibolite facles 1a 3,1 to 4.1 per centy however, the T10, centernt is
only 1 to 2 por cent for the ilmenonapnetite from gneicses formed in

the "lowsr® temperature range of the amphirolite facles, In Table 2



bolow a partial snalysis of the ilmenomagustite from the pyroxene syounite
gneiss of the 7dison area ig preasented, The 1’102 content is lesgs than 1

per cent, which 1s very low and gorresponds with the "lower” tempersture
range of the amphibolite faoles in the Adirondecks. If the pyroxsne

sronite gnelos of the Ldison arsa was reconstituted in the "lowar”

rriribolite facies, the prosence of unaliered ferrcaugite can bost be
cxrlained b sasuning thet the gnelss wag extrerely dry so that suffieisnt
F.0 s not prosent teo enzble hornblends to form: during the recrystalliszauiion.
n Lhe tasis of tho altowve dlscussion 1t ip postulated that the pyroxore
crenite oooliss of the Idicom area was reglonally rotamorphozrd In the

: of rore precigely the "lowsr® amphlibolite fociza of

™
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Yrlle 2. Poartial Chemieal Analysis and lilneral Ressleulatisn
of Ilrmooarmetbite fron tha Iyroxore Sycaltse Cuziss
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¥3:03 £3,03 Yagnatite g7.09
Fs% 30,13 Hemstite nona
140, 0.92 Ilmenite 1.86
Exceps FeO 1,05
Total 04,13 Tetal 100,00

I'yroxzene grenite is 2n the hoapiugewmll zene of tho Edigon uvnit, The

rorition exposed in the Ddicon arem i= only a emell part of a much larger



mase of sinllar granite vhich outcrops to the southeast, It is postulated
that the pyroxene granite is of igneous origin,

On fresh surface the pyroxene granite is s definite green to whitighe
green color. Thiz 1e due to the pale greenich color of the feldspar. The
ryroxene pranites end associated elackltes ars gencrelly mediwm and
even grainzd, tut pegmatite seamas and resis are presont., The rock is
always rypidicorphle and pnoiscoid to almost mascive, Lenticular sheped
quartz preing contridbute rost to the guelessid strueture, Gensrally
the gmolsooid sirasture 1s wery obwviovs, wul in ocensionnl oulerops the

rook is oo olichtly deformed thet iV nprecrs alwmost rascive, Tn ths
';Tx;’;i.:::r.‘x; erca the pyroxens granile is wmifoim except for ozozsiosnal
lzyers of bioblts gmelss and waphibolite,

V'“m.:'t?, nieroantiperthite ond wicroporthite are ths mouot ebwurnlent

X

rinzrals in the pyroxene grenilco ant alerikitae, Concrolly thece povthiles

-]

have a Uyplesdl excolution novphslery «ith oricnted 1Ine, lenscsg peods,
ctne, of guzet feldup:r 2meloszd In ke boste lowsr:™, In sorw of ihe
grani;:,es the verthitie interzroutha cra of pabch or checkerboard types
and are very lrregolesr, Thie sugsarcts thet eoms regrystalllzation of
en ordginasl vniform perthite harc taken plasce, Contrary to the pyroxens
gyenite gmelss diserete gralng of plazicolnss and microecline sre rareg
generally the tws re inYergreowa fn perthitio fashiicon in the pyroxena
granites. Visual eotimntes of the bulk commositicn of the wiercperthiies
end nleroantiperthite Indieata theb the hest feldspnr usunlly oomprisos
es nuch seg 60 per cent ol the intasrgrowth,

The gingle pyroxens in these granites ia quite fres of any expolved
material, is generally rmodium to dark green and occasionally 4s ultered
slightly to hornblende and chlorite (7). 4 single chemleal analysia of
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the pyroxsne (Table 3) proves it to be a ferrohedenbergite (Polder-
vaart and Hess, 1951),

Ilmenomagnetite is the most important accessory mineral, Icoally
it may form as rmch as 5 per cont of the rock, The ':102 content of one
i{1lrcnomagnetite gample from the pyroxene granite is 7,97 wricht ror eant,
This 1s oconsiderably more then in the hornblende microporthite pranites
of the Adircndacks which eurry 5 to 6,7 por cent T105 (Fuddington et al.,
1953), Tha high '{‘102 contont of the pyroxene granites indlestes a hichor
tenrerature of orysiallization than tiat c;f the hormhlende nmicroprrihite
granites, Cther acecegnory mincrals Inslude splons, elrcen, apatite ood
rare horntlende und tiotite,

The horogencoity and tulk compositions of the pyrowxene granite, the
very high TiD, content of its ilsnomagnotite, end the n turo of its
nl¥ali feldspar (porthite) aro features which indieste that tho uyro.ona
granite crystallizad ot hich touporotwrog and s of mamatie oriz'n, Vie
paragsnagis of micercantipertiite end mic;gr«:ri‘r.ite, whizh are frogucatly
presont togethsr in a single thin g-ction, sugreste that equilitriun uas
established hetwsen the two 2lkall feldspor solid eclutions at sors telscro-
ture Just below tre ecrest of the alksli i‘eldgpe.r ealvus curve, If the pyro-

X]

xene grenite is magnatle, this parasonsgis indliecetss that the Mcuidus

i)

fleld was dopresred s0 as to intorgeet the alkall feldspar solvus curge
near 1ts crezt., ‘ccording to ths experinental data of Fowen end Tutile
(1950) this would bs near the tempsrature of 660‘;0 for a purg alkall feld-
spar system, This 1s pbetulsted as the ninlmrm tennerature of crystal-

lization of the pyroxcne grenite and assoclated alaskite.



Table 3. Chanical analysis and recalculation® of
ferrohedenbergite from pyroxene granite
(Spocimen Ro. Ed-1924),
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Daviation from the porfect jyroxens cation Lo azion ratlsc ie
probably cdue to miror 2ltorailosn of the an.oole 45 “irm=
blende,
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[ypergthens granite

The hyp:rathere granite outcrops as a thin shset about 300 feet
thick and forms the footwall rock to the pyrox:ne granite in the Edison
.reze The ghest 1z wwll exposed for abwet one-h-1lf mile elong its strike,
mhs hypersthene grenite belongzs to the charmockite sulte of rocke, It s
terbativaly coruned to Lo of ipmesur ordgin and specifically s redified

the elonoly arncelcted pyrovena granite,

[

{n & frech sariece L6 hyperctlene groalte 43 a groonish tuff color
tut is ciilor deab or g rusty btulf cn the woathercd culerope The granite
Troned i oor slishtls finor menlned and iz uswnlly ovin grafined. loue
cvevy fing graired o pogaetitic moncz are abundant, The hyporsthens
coanibs Lo ot a layored rock tul vardcus faatvens Jnnart a Siatinet
Joliaticn bo i%, Thews featucos inelnda, (1) a evanfiab Drvsouier
Aion of zessracsy bletits into pardleulsar miaa, the preferved

. L T I X JUNE TR Y . i .
coloatlion el tho plotile Plekzs and the muely apcthering of Liotitie

- shadiy
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TLWE il l“.rli.l-au AR 3L'\_.w.t4'i}; (2) ﬁ]..s.c;}lu tr’;‘i.JzJ?ﬁl ‘.':Z’,LEL’LV:‘{% bh:‘h 28 tz'c

tvoration of fire snd mzdlun graluzd cones acrogs the folistlon plone;
{3) the tendancy forr quartz grains 4o have a lenticular ghapo and to
corur ss tnin Jenticular baads parallsl to folistion, Tha hypersthens
grentie is not co wiifor ap the elsuasly sisoolated prroxens granite,
fgoicdoa the lrrvoguler digtritullon of blotite, thers are includsd layers
cl blotite~guariz-Toldoar gneiss, quate-l-foldspar gneles and chesta
of hornblende granite wiibin the hypzrsthem granite,

5% in the gyroxtne rranite the most abundant rminerals in ths hyper-

sthere gxonite are quasrts, micrountiperthite end microperthite, Jome

saples eaivy plarlooluss and porthitic microeline, The feldaper



agrenmblage 18 o0 similar to that of the pyroxsne granite that & penetie
relationship bstwesn the two iz assumed, Hypersthene and biotite are

the importent warietal ninerals, The hypersthens is pleochroic in pale
greens (Z=pale green, X and ¥=flegh pink) and is particdly eltcrod to
rica, Blotite ia redlisk brown or prezn (Ispzle yollow to yullewdsh
trown, I=d2rk reddlsh browm, Z=vory derk brows or reddich btroin, consiiies
couque) end 18 preosemt in nearly 2ll aoeples of the hyporsthenz graaite,

Upagus osidszs, zircon (arhcdrel), coztite,; sphine and hortilends wie

&

agcessory vinorals.

It has frequently bzcvx }’*"u..")uvi eut that the elnrnoci-itze coor in
zznzg of plutenic rzetmomhim end are usinlly asscelalad with rocks of
ths gromilite feeles (Bartk, 19325 Twner and Verhoojen, 10513 Tyrrell,

© M Y AR YE IR N - LN T L s Lo P
1245).  COne contention 4s thod the charasehitic grofios oricineto foox
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nulite facless To the conto gy, vuidingien (1932, 1940, 19520 & o
4 3 s I . . -~ R e - SRR L ) T
woleblishod the irmaocus orisin of (ho ¢liwanelitie posiize eul gty
% e’V wry eyt z e % -
cvenitos of the Adirondaakz, The howvabhone eroniie ond tho prromsn

. %

cenalto of tha Tdison area bave ne Seotareg which surmost that oy haw
bewn retamrphocad,  Yhelr struectire, Loxture and ninerelogie choiuciss
Inliente thad they hove Yeen ot 1ipvtly dzlomsed ond recryehnllined,
Therofore, it is pestulatod thob tio hyrerstheone gounite 15 a bytedid
canoua roek and represonts o tordar freiss of the pyroians pronfis Wiish
khug ban contardnzted by the Insorporaticn of older moltoscdinmontusy

malsaas,

Hormbhlonda gronite

The hornblends rranite in the Edison arsa is a sheot ghopsd maac



in its southwesi portion but passes into a phacolithic body to the northe
east in the sone near the Edison Pond syncline (Plate 1), The hornblende
gzranite is in the immediate footwall zone of the hyperathene granite,
The contact beticen those two granites is parallel to the foliaticn,

The hornblende graxnito 1s a pink to pinkish bulf color, It is
radium or csarsely nediun grained and fairly even grainod, It is
diotinelly coarcer greinad than the [ peostlcns or pyroxcne granlios,

The kormbtlends granlie is aclssold; end follavlon 1s quile distinct
due to slight textrral vardations asross the follation plsae and<§u3 to
Trequent Interlayers of amphibolite and poractlite, The latior igvu:eh
more abamdant in the horablends granite than Ia the hyporsthonz and
syroweny granitos,

(aortey and microperthite are the ongenlinl rina,als of Lhe lorne
bleade granito, In soms gwrples perthitls miciocline and olisoolnus

form the bulk of the feldspar Hich sugoests Wt lecnily the »insenl

agzmitlage eame to equilibrium ob a lownr donpr lune thoaa 444 e lallk
of ine Lornbleads granits, Thiz covld bo r2leb2d 1o local mesryobtallination

of *he criginal micreparthite, Croen horablonda 2s the prineipel cceste
sory minercl, batl in sddiiica Wotile, ragnstite, zircon end apniile are
progznte

It is peatulnted that the boemblri-de pronits 27 of Iruoous o'ging

Liotite plaskite

Blotite mleskits in the fdison arsa forms a small lenticulsr shiect
which is only 3500 feet long end gbout 150 feet thiek, The mass forns
the immediate footwall te the hormblends granite and is probably relatad

to it,
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The aleskito is pink, coarse grained and massivé, Frequently, it is
so coarse grained as to be olaseed s pegmmtite, The alsskite is free of
anprhibolite layers esioopt in the contact zmons with the hornblernde granite
wiere & continucus 10 to 15 feot layer of amphibolite is procsnt, In ite
footw:ll sone the slaskite 4s Interlayered with biotite-quario-leldspar
rmelios end quartz~f=feldsper prefas of the Idison wnit (Plates 10 and 11),

(orrtry olicclese ond peritiitic niorocline are the escgontisl
mincrals of Ve biolite alzakite, In conirast to the asiocinted horne
blends eondte no ricoeparthile ig pregent, indieating thet ths alachkite
oy b ogEdliteing ot a Iowsr torarslvre then the grenite, Rictite and

horntlends eve the nost Inport-nt cecesvory minerals; tut uomotite,

2 - ~ . L r2 . -
civeon end avatiic sze aloo prectat,

is relrted 4o tho horabtlends prenite, Th2 vardetions in the nature of
Seos rderepsrthite in the horablands goanito to prodlitie
rdorerling n the blotite elsshite 49 Tinitely dnlicrdeos & bighor Loupopce
ture of eryeotallizaticen for the forrere IV in poscidble thatl ths hornblend
gronite end Diotite alashita sre related to the lavrge nass of pyroxsne

granite 3o the southeast,

Tha povtinninetsd horntlende gronite ig loecated in the earle-northenrt
cemner of the Mdisen orce nnd probably ic the northeast contimuation of
the hnrnblondo granlts cheat, s conbacts are conforsable with the
currormding ercioces and rranites,

The contunlnnted hornblende gronite is medium graoined, even grained



xenoblastic and gneissoid, It is extremsly heteropeneous due to

pumsrous interlayers of gneiss which show definite metasedimentary affini-
ties such es, (1) pyroxens gkarm, (2) biotite, Lyperstbons and pyroxsne
emphibolites, (3) hornblende-pyromons-plariocluse gnoiss, (4) vyroxenc-
hornblende-fcldspar guoles, (5) sphsne~rwreoxsna-frldupar goelass, (6)
guartz-pyrosmne-plepicslecs gnrles, eto, In ediitica there aro chests
and layare of ales'dte and perwtites within the prenite,

The es:cn ,ml mincocls in the conteominated gsrenite ars quariz ond
mieroperthite. Jlny srrydes ghow evidense of a lower Ltamperatvre of
equllibrium in .hat they corry nlaploslaze end parthisie rnfercoling
rather than mleroperthits, Asceatory minzenle 1o the coutaninaled
hosnblenda f"-'mi?:a Imsleda hornblonds, ropnebito, spatite and sphena,

It 1s postulated that the ecunborinnhed horutlends grunite ig a
Tecies of iho lurntlonis promlies which hes toen odified by ths incorpo-

Y 1 ot ) e n
rahirn of older ratnsadd milacy mmainn-n,

Garnot-blotiteg-oy ”’rt" feldguer malng nod related fucicg

The pgarnst-biotito~rquartz.feldeprur gnelce is loeuted in the east-
ncrtheant eorner of the “disen area (rlate 1) totwson the phaeslithie
vasa of hornblende granita and the eontininutzd hornblenlde grondite, 1is
eamtaels are confor-albls to the rur~cwniing rocks,

The gnelss is mediws and even goalnad; although come consge groined

fzeios ars prescat. The rock 1s xonoblastic with a narked pgneiasic
muotura,

The predominant rcck type is copesed of quarts, oligoelase und
perthitic microcline, Varistal minerals include garnet and biotiteg



-3

shiareas hornblendoa, ores and occasionally hypersthene are acoessory
ninerals. I1he rock is quite heterogsneous dus to many interlayers cf
such rocks as biotite amphilbolite, bLiotite-hypersthene smphibolite or
blotitic rici facies of the normal gneiss, In adiition hornblende
granite, alecikile and pegnatite are interlsyered,

To the northeast the gnelss lenses cut in favor of the contuinatzd
horntlende granite (flate 1),

It 48 pestulated that thoe gernst-bictite-cuartz-Loldspar gaeiss
and relsted fncles wore originally Creaville type mt;.mdirzmts which

hava been Intruded end modified by yownier pronitic ToG¥ 0.

EDISON LEIT

-y
Mixed gmoics gutunit
Introducticn. the mix:d grofes cuti 24 with the nssvel-tad rognetite
coneonsrationg 1s the most fnoordaat ooy In Lhe 00 eron, I s

a cheet ghapzd body sbout 700 feot thieck ‘a the ssu'th‘;mt part of the
eroa, To the northeast it is eplit into tun thinner cheot shap:d mezses.
Th2 epidoto~ceapolite~quorts pnoira and :2lated feclos (Lims-rich guhunit)
separate these two portions of the mixed ~aisz northenst of the Victor
tiina, Ths yrexeona sycnite gnzics Toruz V-2 footwall »nl the bLiotitse
cuartg=-Celdsyar gieles and quartz-Kefelde~r mmalsy form the hai-ing
wzll to the nmixad gnelss subwnit, The culacts with the wrll rceha
ap»aer to ba conformable,

The mixed gnsliss subunit ie a heterc;znecus complex of interlayere:

reck types. The prodominant varicty of mak 1g & ragneiifo-quarto-fe
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feldapar gneiss, This type is general:y the immediate wnll rock to
nagnetite rich layers arnd by an increase in per cent of nagnetite this
type arpears to pass gradually into heavy ore., Bubordinate types consist
of veriations of the magnetite-quartz-K-feldsper gneiss and of inter-
lay~rs which chow rotasccdimentary affinities in that they carry large
qusntities of gornet, blotite, sillirmunite ond quartz. ’n brief, the
mired gntling svbinit s charsctorized by very ebrupt and rodieel
cheriend (eorinsitional) dlscontimuitics from layer to layer acrocs the
folizticn plana, This ferdure ia certainly the nost gignifiecnnt des-
criviive foet ond raeognition of It Is 4ha first prorcquisite te a
rennonnble pobrolosde inderpretetion of tha mistad prelse subandt,

itporalorr,  In genoral the vardocus rosk types which are Intorlayored
te rale up tho nixed gneles svhimit may ke conaidsred no yelet~d rscha
v.ich hewe eryostallized undsr more or lesz th2 srma phyeical conditlens
{rezsoure apd torgepntuvre)y eo thet the oo rinecel phasss wite steblo
thoeunhovt,  Iiswever, bocausd of largs diffurend:a in chozieal canporiticn
frem layor to layer the preoportions of the different nirerel phasse verlies
seidely fron rock (o roek within the piwed roizs gubunit,

24z, E~fcldspar (microcline and monoclinie F=foldspar) and mag

$ite are easantial minerals in naarly all tha ook types found within the
nlxed pnodse mttait, Plec~loeleee is virtually cboont from the miundd
exespt in rare lgrorg.,  Liportant variclal mineralas include blotite,
si1l%manite, garnst snd ilnencheratite, Jfecosaory minsrals Includa
epatite, monuzite, slreoa, spinzl, corundum, spldote, fluorite, hsiw-
idrorite, {lmenite, rutile, pyrite, molybdenite, bornite, and chalcopyrite,

Secondary minerale cre chlorite, pericite, epidots end hematite{martite),
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In a subreguent chapter the mineralogy of the mived gneiss sulunit
35 treated in detail,

Faenetito—quart z-F-f2ldapar mmeicg. The prinelpal type of rook
dnterlayer in the mixed gneier cubunit is composed of varistle proportions
of cuarts, F—fcidspar, and nug 12tite with only minor arxunts of the other
ninc-els =8 eccansory constitonts, At one extrems of composition this
princdpal type is & megnetitc-quartz gneles (motaquartzite?); et anothsr
extreme it 1z a i=feldrpor-guarin-nmegactite groles,; i, o., magnetite ore,
Ioucver, field oni laboralory obosrviliions indlezte thal the mogt abundent
variety 1o couponad of suloquel proporticens of quartz ond Z.feldepar with
subordinate rumitite and 18 e medium groined rusmctlite-quurtowB-feldspar

2 \

£
-~

Y

ik

&
"

Te

C

liodal snnlysos of 8 spocivicna (5 fron the Idisen arec and 3 from the

Sheyzan vnit) of mugnetite~guuric-lefeldspnr prelez are presonted in Table
48, hess srnactrong wre e0llcstod fron wnifor layers lopo then 1 Zoot
thiel, Three thin esciicns por spscbiun, Luws of which wre stalnad to
enable the eagy and accurata dete.miration of ¥~foldapar (for staining
mothods gce Keith, 1939 and Cheyes, 1952), iere snalysed on an Integrating
sir;ge. Tho variation obtained letuwron reavclysss of the sams thin ssotions
wag ecnslderably less than the varintion from section to se~tion for the

are sprolmcn,  Thus the lerpect soures of vneurtainty lies in the
Izhamozonelty of tle narrow rock loyor iteslf, This uncartalnty cun
only be sllevizted by an incresse in thse mumbor of thin sectlons per
spacizenes In ad-ition the modal -aslyris of a single thin seoticn frun

ach of 36 randomly chosen pam-les (from the -dison area and Shercan

unit) of magnetito-quartz-E-fcldspar gneles are presented in Table 5,
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Table 4. A, Partial chemical analyses of magnetic and non-pagnetic
fractions of iron and titanium oxides from eight samples
of magnetite-quartz-K~feldspar gneiss from the Edison
Area and Sherman unit,

146 145 149 1.3 144 154 153 151
vingnetie fraction
Fe 03 64.93 70.23 63.49 70.37 68.17 63.9, 66.77 6€5.82
F 26.02 21.?7 25027 22.15 25.62 2601.5 21&‘52 27066
T1i09 024 1.00 0,33 _1.11 _0,54 _1,3% _1.,10 _0.54
Total 91.09 93.01 94.64 93.63 24.33 91,73 92.39 9/.02
tiop-maznetic {raction
Fez03 7436 56,60 46,59 n, 4, 21.69 22.10 59.18 33.79
Fal 2,29 2,33 16,32 n. d. 16.06 12,79 9.82 13.62
Ti05 10,45 16.16 23.67 n. é. 40,03 30.63 16.55 23,43
Total 67,10 75,60 36.58 T7.78 72,52 35.55 31,64
Wt. por cant Fe end Ti oxides in rock
Ht. 3,31 3.05 12.6 13.87 39.01 11,2 13.7 24.00
Hom, 1.7 1.29 4.3 6.6 6,07 1.08 2.93 1.55
I}-ms 0010 0011 1.8 0058 ’0.69 0036 0.37 0.33
Rut, 0.15 0,05 0.4 tr. €.15 0.06 .16 0,02
Composition marnetie froetise to 100 nole per cent
¥t. 83.3 65.2 77,7 65.0 30,8 22,1 75.8  90.3
I1n, 0.4 2.7 2.3 3.0 1.4 Zed 2.2 1.6
Corposzition nonema netie frocticn to lGO‘ﬁala per cent
Fen, 73.2 63.3 4L4S  n. d. 21.4 0.8 20.6 9.9
Iln, 5.3 7.2 34.0 n., d. 35.0 tr. 0 0
Rut, 16,5 22,5 16,2 n. d. 43.6 &7.8 35,8 58.8
Mt. o 0 5.0 n.d.  © 31,4 23,6 31.3
aralyotsr Jo o eteev v G, VIicllor, 1N Zelo,
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Table 4. B. Petrographi~z dota of the eight samples from Table ., A,

146 A VA 149 143 4 154 153 151 Mean

Mineral analysis, volume per cent
gt=. 49.3 45,1 24,0 60,7 33.8 27.7 33.7 38,3 39.1
¥-£4. 0.0 45.0 62,3 17.1 25,6 62,5 51.9 Li.2 L35
pl. 0 0 0 1.5 0 0.2 x 0 0.2
5. 0.2 2.0 0.5 x 1.1 x 045
2CCe 1.0 b 4 009 0.5 003
e2T. 203 1-7 2.2 X 0.7 2.6 0.4 1.2
ch. x 0.4 0.1
60T 3 €De 503 805 1.7
gill. 1.0 2.6 x x x 1.2 0.6
E3Te x
C:*::). 007 001
2D X X 005 0‘7 3-1 0.3 O|8 0.7
ZT x x x x X 0.1 x x x
s}p. x x
aee, x x 0.1 0.6 0.9 0.3 x x 0,3
ores 2.5 3.0 1009 17.2 27.0 703 10.1 15.9 11.7

1M 1.9 245 8.5 17.2 27.0 6.3 2.3 15.2

HI 0.4

iH x x

R-1H 2.0

I"'P\}l 0.6 005

Jo¢5 X 1.2 x

Ha 0.6 0.7

24 b 4 x X 1,0 C.l

I x
146 - 500 feet northwest of Coprer Mire, Edison Arez; ilnenc-rutilches-

145 -

149 -

144 -
154 -

153 -

151 -

tite = I5R160pg.

northeast end of Condon Cut, Ldisvn hArogj ilmeno-rutilohauatite =
17730863,

Big Cut, Edison Area; hemoilmenite = Pag._gf'jg_lg(HZSI'y?), 1.0,
magnetite tablets Intorgrown with heaoilrenito; rutilo-{lzencterc-
tite = Roy3tp-10(I37ilg3), 1.e., magnetite tablets intargroim with
rmiilo-il=cnohenatite.

Big Cut, Fkdison Ares.
noirthenst end of Condon Cut, Idison Ares.

Sherman unit, Sherman Ares; rutilohamtite = (Rapglipp)s rutile = l3zRaa,
f.e., na;netite tablets intergrown with rutile,

Sherman unit, Sherman Area; rutiloheratite = Mo_po(RosHy2), L.e.,
magnetite tablets intergrown with rutilohematite; hemorutile = (HjcRgy).

Shernen unit, Sherran Arsaj henorutile and rutile = 3-?1!110?{59, i.e.,
maznotite tablets intaergrowrn with heiorutile ant ratile.
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In Figure 3 the propertions of cuartz, K-feldspar and opaque sxides
(lsrpsly megnetite) reczlcoulated to 100 por cent for these 44 opecimens
ere nlotted in 2 triangular diegram, The tablee and figure show that
trere is consziderztle vorinlion In the minaral compoeition of thess
ramles (note <k wariznos vilues in Tahle 5), The eorposition varies
oror o rarnctitoorts greica (motacvertzite?) to a mamotite-%-feldopar
s {mronite?), Houovsr, it 4s elro apparent from the flijuwe and
Lables theb oot of tht essples cre in the aomporitlcnnl range ol &
roonaetitoecrlooleTeldopnr gredos or s nymntitoY-Teldsprr-qunriz
ionin YWl tho oo coab of moigntiite s ganerclly soloxdinate Lo the
quowts end YaDnIdorar ol slodd Ralf the savplos huve rore N-foldopar
than gquarta oid Lthe othir LoIf nore quartsz than X=feldsnsir, Thus the
rebrareorhie datas onghatieally oubstontlate the Tleld chszrvations thad
oo interlipers whleh reo oconpooed lasgely of quortz, Z-foldepor aad
Lo rovl Wlch oo the zrincingd wsel Ippe within [l ndind geeleos

. F 2O .,
cong vhiieh

g --»'\ 414 ‘—\1 e ave gpe g
FYTR S SRV, ;.&u A . L“"l

ere swowiat vor

try end recoetits rlch axtreva,

Si1lirenit e 11wl pnelss sldlunit g11lirmanits g ubigmitous
Lut eecurg in bighly wvorieble preporticns, The voluzs poreantages of
grofos froo T dlos £2 end 5 oo plettod fn Mloure 4, The fipgure fows
thuet garples with seootor Llin S0 por eont Yofoldzpar rarsly carry
Cosiszory «10linanite, wad coamples with 30 to 50 por cent Befeldspor
12ally cavey up Lo 5 oner exub socessovy 11N imenite, In 2dditicn
gaiplos with less than 30 psr cont A-feldconur moy earry up to 20 per

cent s8l1inondite, The four srplas clustered near the ordgin of tho
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Quartz

X 8 samples from Table 4

» 36 samples from Table 5

.
/ N\ AV4 LAV] AV AV] M. . N AV4

K-feldspa Or¢

Figure 3. Variation in mineralogical composition of magnetite-quartz-K-feldspar

gneiss
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Table 5. Minersl snalyses of thirty-six samples of magnetite-quarts-K-feldspar
goeiss from the Edison Area and Sharman unit.,

2 o
. (] o & . .
sapledo. ¢ T, . SERELacBf . ¢ . 02 £4 .t id.g
2 4 4 7 & 8 &8 £ T 8§85 5udEgé
E-127 56.5 36.1 4.0 x 2.4 1.0 x xz x x
Ed=-1 1‘&6 550‘ 19-6 x 3" x X 3.6 x 39‘ x x X
Ed-la 42.5 46.8 x 9.6 x x x 0.2 x x 0.9 x x
Ed-27a 66.5 16.1 7.9 x x S22 X x x 0.3
Ed=154 66.5 17.1 3.3x x 7.8 5.4 x 0.2
Ed-174 55.0 33.4 7.2 x 1.0 0.5 = 29 x x x
Ed-179b 30.2 60.5 9.0 z x 0.3 x x x x
Ed-191 4.9 4.7 2.8 x ** 0.3 5.2 1.1 x x x
Ed-22la 62.4 12.9 238 x x 0.2 x 0.4 x = 0.3
Ed-221c 571 9.1 22.4x xd xd x x 9.7 13 x 0.4
Ed-221e 2.6 36.9 32.2x x x4 x 1.8 x x 0.5
Ed=-228a 43.1 47.5 38x [+ 93 x x 5.0 x x 0.2
Ed-271 35.1 5C.0 8,9 x 7.6 x x Cod
Ed-2766 15.6 39.6 21.7 x* xx 13.7 x 4.9 45 x
Fd~-276b 52.0 2644 5.5 x 2.0 x x x 12,2 x 1.9
Ed-370 8.9 41.8 T2 X 0.6 2.4 x 0.1
Ed-1045 55.5 33.5 él x 1.7 x 0.3 4.9 x x x
Ed-1052 70 45.2 9.8 x x T7 x x 0.2
1d=1053a x 80.0 T4 X 12.3 z x 0.3
E&-1053b 4L.8 85,5 1.9z 7.3 x x 0.7
Ed-1057 4.8 11.3 0.4 x x 14.9 x 8.4 2.0 0.9 0.3
B-143d 3695 149sc x 12.2 x x 1.0 X X X 10’
B-151a 46.0 37.1 7.4 LD x 2.2 x 0.9 x x x x 2.
B-151g 36.5 3.2 x lid x 3.5 x x x x x 1.5
B=151h 76.7 19.0 x 1.7 2.6 x x 1.C
B=151k=1 20.4 0.9 T2.4 X 0.6 5. x x 0.6
B-151k~2 1.l 8.4 x 285=x 0.9 x x x 0.4
B-152¢ A3 3.7 A8 L33 x 0.5 x P 3 S 3.6
B=-170a 32.0 43.3 0.5 x 13.9«x x 0.4 = 9.5x x % X 0.4
B-170b 42.8 iBed x L x 80x x x x 0.8
Cemaa ST T L e iR LS e .‘ it e
£6=419 4.2 49.5 8.4 x xx = 0.5 0.1 x Q..
Ed=434 24,9 67.6 AT x b 4 = x 2.6 Ouc
Eo=447C 56,6 29.2 2.0 x x x x 2.0 9.7 of
Ed=447d 14.0 53.4 26.2 x x 3.0 x x x 2.7 x 0.%
Ed=ilTe 47.3 Q.4 5.2x*x x 0.8 5.3 x x x
Ed452 45.5 14.8 15.2 79x x b3 x 16.6 x
Moan 39.7 36.9 0.2 0.6 15.0 1.6 0.1 0.1 0.8 2.4 9.9 1.0 0.1 [+
Yariance 350.6 485.1 27.3
E~fd 1.08
- - 0.7
' + orss

Sartitic; ilmenite intergrowth somotimes altered to hematite plus rutile.
brounded.,

®Pertly altered to hematite and rutile.

"Pmly intergrown with martitic magnetite tablets.

Sibt martitie.
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Figure 4 Relation of sillimanite to K-feldspar in the mixed gneiss subunit



figure are magnetite~quartz gneiss (mataguartzite?) and are spparently
ss free of sillimanite as of E-feldspar., Within the limite of accuracy
of the sampling procedure and modal analyses, the figure indlecates
that thers 18 an inve-se relationship betweon the emount of K-feldgpar
and sillimanite, The data surcest that either there is & reaction
relation btetweon the tuwo ninerals suech that sillimanite by ediition of
gl wag transfored to K=feldspar or that the two minsrals eryctalliczed
et equilibrium and that the mineral proportions wuried zs a funcii-n
of thz Wk chermicnl ccn%ositian of the 1:ilieu, The forrmer casoe ray to
chenlcnlly exprecoosd ass
£3113manite 4 potash = E-foldzpar

~rd the latter c«52 a3

a$1203 + hSiOz + cKao = efeldoper + elilVimulte
As thare 12 no irdependent e.idones to surest that one minaral replrces
the olhir, it ic conelnded that i3 lronilc end Melaldne o erystallicad
topether, svbgbantielly ab e juilibrive, end that ths proportiong of wash
rincrel voried with the bull cooposition of the Ir-edizte eavironent,

A

Litholoric varistiona., Other rock typos within tho mixed gnelss

crbunit are intimately Interlayered with the rore sbundant riugnetite-

th

¢

cuartz-~feldspar graing, Cne or all of *Le mincrals guarts, V-felds:

or vaomatite formn en escential constitvent of thece othzr scek v

1
e

v

leties,
but In ad {tion cich rinsrals sz blotite, sillimanite and garnsl are
vory important constitusnts, Some of thoso lsyors ere nothing meore than
bictitic, 5illinanitic o garnctlfercus varistiss of the prodoninant

ragnatite-quoartz-f-feldspar gnelss, ilowaver, muny of these lsysrs have

mineral compositions vwhieh are markedly different from the predominant
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nagnetite-quarts-K-feldspar gneiss, Soms of these distinot types inolude,
(1) garnet-biotite-sillimanite-quartz gneiss (metagquartzite?), (2)
gillimanite-blotite—quartz gneiss and rarely, (3) biotite-quartp-feld-
spar gneiss, mas well as numerous other varieties which differ from each
other only in the proportion of the vrrious minsral phases, (‘e modal
enalyses in Table 6) It is not difficult to f£ind layers vhich repregent
all gradations tetwe:n the predozinant magretite-—quartz-F-fcldspar greles
and thesa other iypes. The irregular distritution of such minerals as
bictite, £illimanite end garast (thece vory frem 0 to 20 par_cant frox
lnyer 4o layir) as well as the thirce principals, quartz, ¥-feldspar and
negretite, fmpart preat heterogenily to the nixsd gnclcs subéﬁit. whis
irpoguler distribution hae led to the interlayering of diffzvont related
rogk varietlesz which earry tha pame ninorals but in widely differdnt
proporticona, In ordar 1o rore clearly descoiba the rature of theze
veriations Ywo dstalled jyofiles are danarilad,

Tumarized below s a 160 foot litholozio profile meds ceiopz the
ctripped northeast portion of the "charts Mine (Plate 1). ?;ve dletinet
zonag are coparated, Zon2 1 on the northwest is about 20 feot iriek and
consiots of magnatite-quarto-X-feldspar gnziss (D-151a, Tablo 5) in which
there are interlayers, lences and thin eeams rich in blotite, garmet end
sillimonite, In adliition thare are permetite genas and Jsrors ng wnll
ag oceasicnal "vugs® ceoataining coarss grained plates of biotite, “xtrena
varieties include a 1 to 3 foot layer of garnetiferouns-blotite~zillimcnitew
quartz gooiss (metaguertzite?), (B-15if, Table é). Zome 2 ir a continnous
(troced abtout 50 fest) 3 feet thick pegmatite, (n the whole it is very

coarse greined with feldspar corystals sometimes as largs as Z by & inches
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Teble 6. Mneral enalyses of misceilaneous
- samples from the mixed gneiss subunit.

o : 2 5 :

Rl g ERERA L ds 8 dggiedd
30.8 5.8 32,7 97 x x 17.0x 2.8 x1.0 x 0.2
30.5 18.0 33.5 8.5 8.5 0.6 x x 0.
3.3 9.5 13.8 3.5 13.1 9.8 x 1.5
42,7 15.7 5.1 10.2 3.5 12.8 3.0 x x
(7.1 8.1 39.0 x 3.31.0 x xx 1.5
27.3 36,3 19.2 5.3 9.3 x 1.0 x x 1.1
45.0 11,1 8.3251 x xx 3.0 x 6.0 X x 0.5
59.8 9.8 6.0 4.2'1.8 8.7x 153 x x x x 0.4
39.7 7.2 33.8 8.0 10.5 x x0,8xx 0.1

51.9 1.1 3.5 1.6 7.6 19.4 1.2



in oross~-sootion, Its contacts with the adjacent gneiss appear eonformatle,
The pegmatite is uniform and mapsive sxcept for an occasional thin layer

cr seam enriched in nmagnetite and biotite, Sillimanite end garnet are
abeent from the pegratite, Zone 3 is sbout 30 feect thick and is a fairly
uniform mgnetite-quarte~K-feldspar greies (B-151g, Table 5). Elotite

ic & nmincr accescory in thig -:w and parnet end sillirmonite are virtually
abgant, Lxcept for a single Y fout leyer of marnatite-qrarte gmolss
(rmotaguartzite?) (B-151h, Tatle 5) =nd tho usval pegnotite seans and

larors 4hé comnogition of mne 3 is vers uniformn and +uld ecorrecpond to
th2 average mernetite-cuarboe-t-feldgrar gnaicsy Zoma 4 wich contulns

a considercble anount of rognetite is slout 40 fcol thick and iz the
irzediate hanging wll to zon3 3, This zon® is an interlajersd complex:
£ typleal maprstite-quortc-l-reldaner gucles altesrntiuz with bonds

(up to 3 to 4 inches thiek) of nmacretita, (B-151k1 end k2, Tuble 5)¢ In

ploees garnst s curdched and loaslly rumorive cunitz s abundunt,

Iillingnite 1c altcont in ~ore 4 ond tiotits 2g a rinsre nceepucry.
Fart?eular rly characteristie of zene 4 ars acceszory sulfldse minar:ls

1ich include such pyrite and some molybdenits (sue paragraph ea gulfide
2cna), -Zono § ovarhangs the maymetite rlch zone 4 and is very sinilar to
zone 1 in that it is magnetitc—quartz-Y~Peldspar gnelos with wvarlallons
rich in bictlits, gurcet and sillimanite,

The above descripticn illustrates the nzture of the large orale
1itholozie variaticons in the nized gnoics subunit, 7The prall gesle
variaticns, such as {niicated in mu: 1 ahove, may be hotter illuotrated
by describing & li*uolozie profile evyposad at the 01d Cgden line (Flats 1).

Thia duseription, whick i3 summarized in Table 7, 1llusirates the rapid
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Table 7., Lithologlie profile, 01¢ Oidoer “dre, idizon, lew Jerc.),
Thickness Hineral
(Spes. Ho.) Composition Rock Name Fabric Romarks
2 inches blotite-napne- coarse grained
tite~-quartz-
faldapar gneiss
é inches qtz. 30.5 blotite-magne- finc-melium, slirhtly pez-
(B=-1420) mic. 18.0 tite-quartz- uneven grained matitic
0l. 33.5 feldsper gnelss
b’-. 8.5
=111, O.G
ores 8.5
acc, Q.4
3/4 inch blotito-ma ne-
tite rock
13 inches silliranite-  fino-medium ircludes 2 1+
bilotite~z:gno- proined Ineh lnyor of
tite—qusrtz- N reomtite

feldspur gneiss

-

2 inches

biotite-morne-
tite pepatite

massive

o s+ o b oS

10 4nches qtz, 43.8 nmzgretito- fire to nadlun
(B~142¢) e, 2.5 sillimanito- crained; bilo-
ol. 13.8  Dbictite-feld- tite, 21111~
i, 13,1 spar-guorts randita, &nd
8111, 9.8 pnelss guartz and
ores 8,5 ne orotite
aee. 1.5 lenses-in
preferied
oriecataticn
1C inches qtz. 49.7 pornet-blotito- flne grainad, sillimmrnite
(B-1424) miec, 15.7 maynetite~3ill- naurly nascdles
Pl. 5.1 fanite=Teld-  schictose linested
bi. 3.5 spur-qulrtiz
sill, 12.8 grelss
gar, 3.0
ores 1C,2
4~5 inches qtz. 47.1 sillissnitic- modium grained
T=1/2e) mde. 8.1 nicrocline-
bi. X manetiteo-
s111, 3.3 quurtz ganeiss
gar., 1,0
orea 39.0
acc. 1.5
8 inches sillimznitic- f£1-a grained
biotits-iegne-
tite-quartz-

feldsrar meiss
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Table 7. (Continued)

Thickness Mineral

(Spec. ¥o.) Composition Roek Name Fabric Remorks
8 inches blotite-magne- mussive rare blotite
tite peguntite rich layors;
a00ess0ry por-
net
& feot
(B~142f) qtz. 27.3 npagnetite—q fine-nediun garnct abount
mie. 36.8 quarts-l- grained
pl. 19.2 feldspar gneics
bi. 9.3
5111, 1.0
oreg 5.3
ace. 1,1




and extreme varlations in corposition and texture between variocus rock
interlayers in the mixed gnelss gulunit, However, as wvas 1llustrated
in the profile at the Roberts MHine the entire subunit 48 not as variable
s this deteiled profile wnuld puggesty to the contrary, there ars froe
quont thiok zones which zre uniform magnetits-quartz-X-faldsper gneisg

1

Qo "0’ zons 3 ut t}‘e Qﬁw- ] ;f‘na

-

Pampatlites, Pegmatitos cory.095d of quartz en? K-feldspar with a

winor enount of magneiite, biotits and occonionslly =211limanite are

sdxnad with 21l the variocus »ock types vhich ruke up the nixed ;elss sube
vnit, HMinsralogleelly the pogmatitze are very ciidlar to eons varleties
of the memetite~quartz-l~"eldspar gnalas; howev y, in gereral they cerry
for Yens megrotite and wors K-feldspor than the typisal gaelss. The
paccetites are maesive and vory in grain size frou ccurso graincd to

~t

exlrenzly coarse gezined (F-felienzr crystals up to 3 faches long),
Pegontite bodles vary fron narecd cew:s end loneors less thon one

Inch wide to leyzsre as thick as 3 fezt. 511 the ogmatlites whilch wewo

-el) enough exposed to enzbls the iraeing of Lhelr boundariss proved %o

ba duetlesse In othor wards they eltlor lonce ocut into the surrounding

gnel

o er fade awy into the gneles, The contacts betwesn the pematites
and the adlocent gneline ave clweya st bt are newr chap or diks
1tke, Instead, the conteclts are gradstional over a distance of an Inch
or two, 4% the actual peutlte-riciss boundary the grains of cach type
ere intergrowm sercap the boundory oo thal the coutact ic slightly
irregular and iz of the sare noturs as tke ircepulaer grain houndsary
ceontacta betweun adlacent la:ers within the gnolicss,

Although the pegmatites usunlly are confermably interlsyered with



the gneims, they oocoasionally eross-cut mdjecent gneiss (Plate 9), 1t

is clear from the plate that the pegmatite lode erces-cuts the gmeiasic
structure of the adjzcent magnetito—quarts»x-faldapaf gneiss as well ac

a8 layer of blotite~sillimanite-rmaznetite~quartg-K-feldspar gneies, Thic
pegratite is massive and wery conrse groined in ite centrel port, It
gredes into the edjacent gneliga Ly a progrecsive decrease in grein alze
towards the torders until at the eontaot the gramlarity of the maccive
pegratite lode 1s 1dsntleal to the gremulerity of the medivm greined
greiesgic w1l rock, Ulote alsc that thie pegmatifte ®econds off conformabdle

-~

siringore w:ick aleo grade into the enolocing rmiss, Elsailiore thin
duetlesc pegnatite sseis and loyers croco-cut the folirsfon of tho gnoiss
at very mell angloe and in sons places actually dictort the zdjacent
leyvrao of gneliss,

Thus the pegmatitos gpresr €0 be astructurzlly distiﬂ?£ Teom the
enelesing gneics and were probably emplaced subsequent to the devslopmant
of the felistion of the bull of the gneigs, In addition 1t is coritienl
to anntse that the pegmatites carrylonly accoscory magmatlta. They never
aprear to be "mineralized® with rognstite, sz Itmediately adlacent queric-
Fefaldapar gnelss may be. Indead, the pegrstiiass actvally cross-cub gnelss
vi:ich carries a falr proportien of magmetits (Plsts 9). Thess obacr-
vations indicate that the peguatliies vwere emnlacsd not only sftar the
dzvelopent of ke pralonirant rock types but also after the emplacorent,
fixaticn ete., of iha nagnetite, It is sugrested tlat tho pegrnatites
raeprecsent late stapge produets of crystallizatien, The Imnlication is
that & corlaeln ancunt of material in equilibriims with the nocnstite-~

quartz-f-feldspar gnolss remained in the dispersed state, 1. a¢, not



fixed or orystallized, until the temperature dropped or soms other physical
changes took place (such ss the developmont of low pressure sites along
gheor onea) vhich caused the orystallization of this disperssd material
into discrete pepnatite bodien.

Fakrige Textural varlaticna in the nixed gnoiss subunit ere as
frequent as compositionsl vnriations and the caueea for both of theee
varintions are probatly related, The predominant magnetiteequartzeli-
feidepar gneiss as well as the othor cubordinate compositionsl types
ineluding the magnotite concentraticns are medium greinsd or Tins-mcdium
grained and fairly even grained, Howevsr, some fine gralined layers ars
sropemt and coarse prained to pegratitic layers are guite abtundant (oeo
diecuasion of pogmatiter). Quartz, ¥-feldepar and all opagua oxides ors
xeetlnstic end either fairly equidizcnsional or of distinet lenticular
norpgtioln:y (Flates 3, 4 and §)e  Si11iranmits is usuzlly in the form of
elongeled nocdles with well developad pinzeoidal faces tub g.nerally
without torodnations (Flates 5 and 6). Dintite oc.urs as thin plstar,
Garnet occurs either na dlssemincied xenoblastic greing or in pCr“:jTD—
blzots in an otherwize nmedium grained gneles, These y<aphyrcohlssta ere
beet developed and most apporcent in biotite-rich and gillimonits-~rich
variotiog of the marnetite-cuartz-Y-faldapsr moias,

The nature of the stiuciure of the rocks in the mixed gneiss subunit
alse aprnars to vary gomevhat vwith rook compo ition, The predoninanf
nagnetite-quartz-f-feldspar pnelss has a distinet gnaissie structure
dve to the proferred orientaticn of the lenticular sghaped grains of
" guertz and magnetite, It 1s extremely interesting that tho varilety

nagnetite-quarts gneiss (metaguartzito?) arpears considerably more
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deformed than eny feldcpathic varieties of the gneiss., GSoth the quarts
and the magnetite in thie variety are drawn out into long thin lenticles
vhich testify to rather intense dsformation, There appears to be a
definite irverse corrslation botween the amcunt of K-feldspar in ths rock
and the intenaity of its deformation febrici such that samples lov in
y=faldagar appear to have a stronger gnelssie gtructure than do samples
pich in F=feldepar (compare latea 4 and 6 with Plates 3 and 5).

In the nagretito—guarte-i-feldgpar ¢nelos magnetite ia genarally
dissaminated in lentizular graina, A4As the por cent of megnetite progrecse
iwvaly increarss 1a the gneiss the magnotite begine to occur as lenticular
ag-repates and thin dicenutinuvous layers all of which eontritute to the
plensr feirie, Finolly, the magnetite is oo enriched as to ccour in
Salinite triek 1ayers (1/4 inch to 3 incheg vids) shich altornrte with
tyriesl rmogetlto—cunrtz-l-feldspar gneles, In these magnstite-rich
layers the poiw gasicsie struetuvrs appesrs evident as in the pogratite
poor wall rock gneles, Low ver, In these lavers the gneissie ctructuvre
fa dqua to lentloular cpurepates end ctreaks of quartsz end K-feldspar as
orroged to sireals end lentieles of negrnetite in the silicete-rich greisces,
Thus the f=bric in the magmetite-rick (ore) layers appears to be escentially
the sxme as the fabric in ths typlezl magretite-quartz-K-feldspar gneics,

The roek varleties vhich srae enrichad in bilotite and sillifmonite
chow a very streng sclrueture due to the proferred orientalicn of these
irequidironsioral minernls (Plate 6), Eiotite plates and eillimenite
nocedles sre alwmyg orientzd in the foliation plane, The sillinmanite ray
or ray not heve a preferred linear fabrie, Thie strusture may bte ealled

achistese with as such accuracy as gneissie, Actuslly, such rocks coneist
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of schistose biotite and sillimenite-~rieh layers alternating with
gneissio quartzoge-feldopathic layers. Thus it 1s clear that the precise
nature of the fabrie ig e function of composition ac well az of defore
mation,

Sulfide zone, There is a dlstinet zons which ie chorecteriszed by
gbove normal content of culfids minerals viich ray be elearly distinpuished
fron the ncrmnl rmixed gneiascs ot the 01d Codon and Doberts !ne (Plate 1),
In these two nlaces the zeno is chont 40 et thick and is logeted in
the rsoutheast wrkincs of esch of the minec, The vons has been trazed
ns far gouthwest as to the chaft Just ssuthzast of the Devenpert Hine,

In the field ths higﬁar eonbent of culfide ninerals relative to sdjaeocent
gneirace 13 rade yarticularly evident by the repe interesa wzatliering of
tha micicses in tho s:1fids mons, In 2dition acuny date {c.e Chepter 8)
from dlanond drill holeg 1 and 2 (Plete 1) vixich Jreluds total sulfur
determinatione, svbetantiate the existercs of a distinct slfids mne,

In each hole the aul?ur content in tha sulfide-rich sone averagss 1.5~
3.5 per cent, but tha eulfur content of tre suifide-poor gneles is always
less than 0,5 por cent ard genarally less than 0,1 per cent, The drill
core data also show that the =zulfide zone is a zond of enrichment in
regnetite, However, it sghould be empharized thet other magnetite rich
conag Which ¢l:9 have been astayed are not enriched in salfur., The
mulfide zone is conformable to the foliaticn of the gnelesan, =nd it is
interesting to note that the zone 1s alwmye In the sams "etratigrarhic®
rosition relative to aediscent gneleses, Thus, there eprears to be no
doubt that this zore is rcre or less traceable for st least 2500 fest

from the shaft ssutheast of the Davenport Mine to the northeast end of
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the Robverts Mine, It is interesting that far to the northeast sulfide
minerale are rather abundant at ths Copper Mine shaft (Plate 1).
Although it ococuld not be substantiated by fleld obmervations, it is
poszible that the aulfide zons is oontinuous or perhaps discontinuous all
the way to the Coppor Mine,

The sulfide mineraels in the Cld Ogden and Robtarts line vortions of
the zone ere pyrite, chalcopyrite znd ecmo molybdenite, The mne is
rather rich in mspgnetite end on the vhole uppsars to carry rore garnet
than many of the sdjacent rocks. In adiition pegmatite conctitutes a
large porticn of the sgulfide zone at the C1d Oglzn line, bhut st the
Robarts Mine the zone appears to bLe more qusaritszose than édjacont gneissee.

The chaleoryrite and pyritz in the sulfide gone in the 014 Gzdem and
Roberts Hinesg are fraquently intergrowm, Often the pyrita rirs the
chaleopyrite, The relationchips betwsen tha rasnetita 2nd the sulfides
ie quite elear, TFrequently pyrite rims the megetite arnd cocasicnally
a veinlat of pyrite culs zoress ragnstite grains, The toxturel evidence
sugzasts strongly that ths sulfides are later than the ircn oxides,

The pulfide hearing rocks ot the Copper Mine ars rich in biotite,
garnst and gilllimanite and are particularly hoterogenecus., As usuzl the
predoninant type is a magetite—quarte.K-feldspar gnelzsy howsver, there
are muwerous Liotitle, garnetifsrous and aflliranitie werieties, Tre
eneicses all earry a considerakbla aroundt of rasnstite th-SO rer cent),
Sulfide minerals are disseminated throughout the gneiss and probably
forn about 1-2 per cent of the rock, dccepsory minaerals include apstite,
zircon, fluorite and some plegloclase, The heterogencous character of

these rocks 1s strongly emphanized by seans, thin layers and bands of



pegnetite which alternate with the layers ci gnelss, and in which the
K=foldspar occurs as ooarse grained porphyroblasts,

The principal ores at the Copper Mine are magnetite (somstires
nartitic) end bornite. Aocoeccory ores inoclude ilmenshenatite, hemo-
ilmenite, ilrmenite, chalcopyrite, covsllite and some pyrite and molyb-
denits, 1o magnelite ocarries no ilrcnite blades; howaver, in one
racetlon zone with bornite the mormetits carries a few blebs of ilienite
wileh irdicntos that sons ilrenite wnn in £o1id sclution in the magnelite
(reacticn with bernite reloused this iluenite), There ere three types
of bouraite, The £irst consists of indopendent pgreains of browairsh tornite
whleh carry chalecpyrite exsolution filns vhoge orfent :ticn 1a sirictly

od by erystallogrophie plonsse The second is pinkish bormite

[
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indsh ey cceur as indgpendent grains tat uore frequantly occurs aos
exhdrel intorgrovihs with magnstite, Thia type esrries excolution

e aleeyrile in the forn of blebs or dreplots and as strings vhich wind
In a “.rivoss pattern within the bornite. Eoth typea of chaloopyrite

«r: condintd to the central part of the host erystal, This type fro-
guently grades into type threa, The third type is bladed bormite, 1. e.,
blades of bornita (with exsolved chalcopyrite blebs) alternating with
bledes viieh coneist of a mixture of limonite, rutile (7) and ilmonite.

This type is found adjac:nt to mognotite and dofinitely replaces scme

acnetite, The copper sulfldes hawve boen partly oxidized to covellite

-

long fractures and at grain boundaries,

©

it seems evidont that the copper sulfideg are younger than the
magnetite, Bornite of the first {yps probably erystallized dircetly

from "conper colutlons®;y whereas the sscond and third types of ltcrnite



were probably formed by replacement of magnetite by "oopper solutions.®
In this case the bladed bornite would reprcaent the early stages of this

replacement process,

guertz-K-feldopar gmeise
introduction. The guarte-I-feldcpor gnoiss is a vory uniform subunit

which is conformable to and forms rart of the henging wrll to the nixed
zneles mubunit, In the gouthwest jart of the Edlcon arca the quartoz-X-
foldspar gnelss interfingers and lences cul Into the biotite-quartz-
fcldspar goelos cubunit, To tha porthenst the gnoiss has thinned or
pinchad to a thicknzss of zbtout 150 feet and 13 confornahle btetwesn the
northeazt extoencions of the mized pncles subunlt and contaminated horne
hlenda grenite, In its eontral portlon the cuarts-t-Celdsrar gnoliss 1o
abeub 200 foet thick, Thua, the shaps of this sulunit in horizontal
erosz seotion (Flate 1) is that of a large lens with a length of 2000
feet end a maxirus thiclmees of 900 foot,

Hinsrnlooy and gompositione The nineralozy of tha quoartz-Kefeldspar
gnclcs 48 very simple, (muoris and perthitic E~feldspar (sse Chapter 6)
sre the two rmajor minerale, Garmet od iloonomagnotite ars the two
prircipal secceegsory winurale, 4As in the case of tho magnotite-quartz-ie
feldspar grelss, plagloelare 1s e2lunys ebsent in the quartz-R-feldsper
gaeles oexcopt in some samples talen from szones which are elosely esce-
ciated with the tiotite-quartz-feldaspar gnolsas, Other nocessory mirerals
include blotite, zircon, allanite and apstite, Secondnry minerals ars
seriecite, chlorite and rarely heratite (rartite). Chlorite rzy cccur
exclugive of hiotite but frequently it is interlsyered with biotite as

en alteration produst, GSoricite eould bo an alteraticn product of



plagioclase, Hematitio slteration of ilmenomagnetite (martite) is usually
pot present; however, occasional semples contain traces of martite (never
more than 1-2 per cent of the ilmenocmagnstite).

The quartz-K-feldspar gneisg is a very uniform rock. Ths modal

n.lyses of 16 sarples of this gneiss are presented in Teble 8 along with

the arithnetio means and vardancas, In Figurc 5 the modal percertare
of quartz-K-feldspar and mggnstite, recaleulated to 100 psr eont are
plotted in a triznpular disgrame The dicgram cnd verlances ecnolusively
substantisto ihe field irpression that the graiss has a wry unifern
composition, It is partlculsarly intececting end egifnificant to nolse that
the variahility of the quartz~l-feldgpar gﬁ&ics is much leszs than that
of the nagnotite-querts-Y—foldsnar gnelss (eumpare Fipure 3 with 5 end
Table 5 with 8). »

falric. The texture of the quarts.l-feldcrsr gnolce is es unifom
u#s iteg corpoasition, The unweathered grelss 1s eithor a pintish tuff or
crayish thifte colory 1t westhers to & rmsty crange color. The rock is
fine greined 2nd equigranular (Plate 7),al£hough fing-rmedium graired zones
are pregent and garnst graine ars often cluuped togother in porphiyroblagtie
lile aggregates. The minerels are all equidimensienzl, Magretite ocrurs
s dieseninated graing tut ray be enriched £lightly in thin gesma, laome
ragnstite greins sre subhedral; =zircon is usuelly echedral (with scre
slighi recorption ?); otheruise; the iinerels are all yunoblasiie, The
nincrals are not Aintergrowa ruch aleng rrein boun@aries. Instead the
sontacts between grains are slightly irresular tut swmocth, 1. e., the
graing ars not intergrown along a tortuous (cuture) boundary (Flate 7).
In sumrary the texture is fine groined, equigranuler, equidimensicnal and

xenoblantic,
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Table 8, Mineral szalyses of sixteen samples of
quarts-K-feldapar gneiss from the Edison Area.

soptete £ § g R RE 4 §gedd
E~40 41.9 51.4 L5 x 2.2 x x
k-6l 40,0 57.3 2.7 x x x x x
E-G5 35.6 57.7 1.0 x 5.4 x x
-30 45.9 45.1 1.8 x 3.7 0.3 3.1 0.1
E-75b 1.1 53.4 3.3x 1.8 x 0.4
2-2la 8.2 L7.4 3.8 x 0.6 x x
£4-163 39.8 53.8 3.2xx 1.2 20 x «x
F=170 1.7 47.0 3.0x 3.9 0.3 1 xx x
=177 35.8 59.7 3.0x 0.3 1.0 x x 0,2
IA=20 (2.8 51.1 3.7x 0.4 x 2.0 x x
L3217 39.9 53.9 3.9 x x 2.3 x
Ed~2(5a 13.9 60.1 1.3 x 6.0 18.7 x
E2-931b 53.8 36.7 L4 51 x x
Ed=-932 53.9 41.2 1.6 1.6 0.8 x x
Ed-2544a" 42,4 41,29.1 2.8 0.1 Lih X x
E=145¢ 37.2 56.5 5.5 x 0.3 0.4 xx 0.
Mean 40.2 50.8 0.6 3.1 x x 0.8 x 0.2 0.7 2.8 x x x 0.1
Variance 81l.2 50.4 1.5
S 0.80

L2 0,76

K={d, + ore

BFrom contact zone with biotite-quartz-feldspar gneise.



-¢8-

Quartz

K-feldspar | Or

FIG. 5. Variation in mineralogical composition of quariz-K-feldspar gneiss
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The struoture of the querts-f-feldspar gneiss is gramulose iTyrrell,
Pe 274, 1948) with sore bands and stresks of prophyroblastic agrrogates
of gurnet vhich impart a rough follation to the rock, The streaks and
lenses of garnet ere from 1/2 to 3/4 inches thick and ususlly 1.3 inches
longe The distributicn of thepe garnot azgregates is somevhat irrepgular
and in zones frec of ruch garrat t*e rock 1s ucually very raesive, As
indicated previcusly all the rincrals of the quartz-f-feldspar gneiss are
equidimsnricnnl; thoy ore caldom of lenticular ghapes or in other forms
which would surrest that the rook has besn defornzd (Plate 7)e Zven the
credng of parnot vilch ocour in lenticulsr opprras-tes aprear undeformed,

trus, the ghructure of the gnaiss is cxtreroly faint end is due to the

[

prosonee of lonces and girealis of distinet ninerel composition, 4, 2.,
carast a-_orerutes, It 4s intercoting to note that this glivcture ig
gonlermobls with that developad in adjaccnt gnoics, but it should bs

pharized that tho febrie of thoe quartz-i-feldspar gnelss isg rueh loss

Ty

Covelopsd than thad of eny of the cdlacent meisses.
Clrenification, The average ninoraloglo composition of the quartz-

T=f21anar guelas 1s given in Tohle 8, The striking festures of ths
comnogliticn are the high quartz content and shsence of plarioclase
faldanar, The conposition, as 211 as texture, corracpord closely te
Fornat alashits of the 4direndncrs (Tud dington, 1951) or a granitoe
aplite (Jahansozn, pe 302, 1932), However, bacauce of the nature of il
geologle occurrsnea and tha alipht foliation, 1t seems more censible %o
give a genersl nae to the rook instesd of a grecifiec narma sush as splite,

Tharefore the rock 18 deseripiively elacsed as a quartz-X-feldspar gneiss.

(5ee Chapter 11 for a further diascuscion,)
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Belationahip $o other rogks. The contact of the quarta-K-feldspar
greiss is conformadls to the foliation of the mired gnelss subunit, This
occnteot i3 very well expoeed on the northeast end of tke 01d Ogden Mire.
Here the contact of the quartz-K-feldcpar gneiss is with the magnetitoe-
quartz-¥-feldepar gnzisses of the gulfids zone, The contect ip conformable
end very eherp with ne obeervzble gradaticnal zeme, There cppears to be

P A

no intorlayering of the two rock types, The fekric chaongen ot tho eonts

2

ere quite epporent, The rineralesieal chonges have toon stuvdiod in
detell, Sarples of esch type wore toiin st distances ¢f 1 to 2 feet fron
each cthar carocs the contaets On the thicle the minaraloyy ie sinilar in
that quartz and ¥~feldegpar are corsron essential mimerals, Piotite, eratite,
zircon ard regrnetite ers esrron acrescory pineralse Garnst is lirdted bo

the quartz-t~feldsper gneiss, The tio racks differ ro:i in the nature of

tke oxide and smlfida minerzls. Fyrite and chaleopyrite cie accastory

s

-

ninorals In the sulfide sone htut are sbsund in the 1rondlclely sdfecont
quarto~t-feldspar meliss, If~rt* {ite iz wore abundant in the nnnstitoe
quarto-f-feldspar gnslss and is nartially altered (sbout 15 per eent) to
hamatite (martits). 7The mesnetSte in the cvartz-X-feldspar gnoiss is
rtiraly fros of any martita, Althoush theze features are not of grost
racaitule 1% ia interesiing that sveh viriastions occur over mich minll
diotenceas,
In it scurthwest extenzion the quardz-F-faldspar ¢nelisz lenses cut
cipletely in fzvor of the blotite-~quartz-feldeper grelss, To the north-
ecst the opposite 4z the caxse in that the blotite-quartz-feldsznr pneiss
lenses out into the guartrzeV-feldsper gneiss, In the zone inmedialely
goutheast of Edimon the two gneisses ms wall as some blotite alasidite

are strongly interleyered. The representation on the Ediscn area map,
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Plate 1, is higxly dlsgramatic in that the entire gons coutheast of
Edison ig a complex interlayersd mixture of the quarts-K-feldspar gnelss
and ths biotite-—quartsz~feldspar gneiss as well as biotite alaskite. The
gonag as mapped seem tc congist predominantly of the indicated variety
dut the other kind of grneins es well as biotite alaskite layers aro
ubiquit ous, The seale of the interlzyering of these thrce types may be
szall encugh to be seen in 2 single thin ssetion, In the {41eld layers
as thin as 1/2 inch lenss out 4n%o one another (Flates 10 and 1), Tie
contzets tetusen all thitee rock types arsextromely abrupt, The o-nlasts
s> not voin or dike like bt instcad are elmply the irresular interlooh-
ing grain boundaries betwscn the ninerels of ths jarticular voek Y- g
{(Flate 11), The widih of tha contuct zon2 ia no greater thon the vidih
of tre edrsest graln aloag the boundary, Ho gralational ecntretz wiore
obazrved,

Only minor varlations from the normzl of the two gnelesce pxd the
biotite alaskite rre noticed in thls camplex interlsyorad zore, ke
textursa of the thres rock typss remain the sere as in ncn»intoriayercd
zones, The coarss grained character of the blotite alrakite is in
sharp contrast to the medium gralned biotitequartz-feldspar gnelss and
the flne grained quartz-F-feldapar gnoles, In guch corplex sones tha
quartz-li-feldspar gneiss somotimes carrica e faw rer cent of acosssory
plagioclase, Thia appoars to be its only mincraslecinal change from she
normal. In the contaect zone Letwran blotltcequarts-feldepar greies and
biotite alackite sltersd hyparothere (2) 1s present. In addition tre
bistite quartz-feldapar gneiss hes & =1l Wt simmificant inercose in

i~feldsper content in the interlaycred zone (sea next ssstion),
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Otherwiss there ap.ears to be no significant mineralogical deviations
fron the norm2) varietiss found in non~interlayered zones,

Biotite-guartz-feldepar gmolsg
Introdustion, The tiotite-quartz-feldspar gnelgs formg the hanging

wall to ¢the nixsd gnelss cubunit in the southwest part of the Zdison area.
Tre neiss lenses eut irto the quartz-F-feldspar gnelss to the nortlieast
n? has ba n treced to the southumst ocutside the Xdicon area to the line
siove the Ddison wmit 1s faulted, Thus tho blotite—quarte~feldspar gneise

sutunit ie a cheat chaped nasge shich is conformable to 21l the swerounding

idneralosy, The escantinl nirerals of this gneiss ave quertsg
rlagtenlase (oligeslace) 2ad glightly porthitie E-feldopsre Cictits is
aluz s the most dmroriant wardetal mincral and garast 4s eithor a
varfsbnl o unjor ccenponry ninersl, Subordinate accessory winsrals
iaelods homblends, Ll onoarmetite, {lmenite (losally beomoilnenitn)
rutile, snatide, zircon, hyporsthcne end allanite, Second:iry nminerals
are opidote, chlorite, siricite, rutile and hematite,

The pleciccluse 4s in the oligoclace runge of corpositica (4An 20 i3),
It is purtizlly sltered to s ricite ard poretives epidots, Both {ri-
clinie (micraeline) and ronoslinie E=Celdaspar are preczatl in tho tictita-
suartz-toldeuar gnelse (e22 the discuscion in Chapter 6), In eonirast
to the plarioolese the "~feldapar 48 free from alteration, Tunrbtsz is
highly streained bttt nev r cruched or granulated., Diotite {8 a rediish

browm to e very dark brown variely:

Z=nedivn gtraw ellow
Y=dark rediish brown
Z=very dark brown, near opaquo
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The biotite is partially altered to epidote and chlorite, Hornblends

is a dark gre-n variety and is unaltered, iiypersthene is a flesh oclor
and generelly intensaly altered to a micaceous mineral and an opaque
oxide (hematite?), Hypersthone has been found only in the gneies vhich
is ¢losoly sesoolated with alaskite, and is intorpreted as having formed
an & conocquence of this relationship., It is interesting {o nole that
no martite is present In the ilisncizrmotite; howevsr, the ilwinite
bladeg within tho mapgnstite and th2 frze ilrvnite grains are froequontly
altercd to a nottled agiresnte of rutile and heratits,

Pekric, Tha biotito-quartz-feldsiar (meiss is a groylich whitle te

eddigh b2 color on frach surlecs., Tho paclss 48 nodivm or coorpse

e}

va2dimm grafned but fincensdiwm end eonrse grain~d warieties ars present,
The gnalus is ev.n grainsd bt is corsiderably less go than the quurbo-
f=feldepar gneies (Plate 8)e In nluces porphyrcblaste of f-foldapar
(Flnte 11) and porphyroblastie azerepatas of roamet are presont, The
rinerels with the excepticn of zizcon and azatita are xcnodblasite, In
soms zumples tﬁa quartz aud feldspar ray have a slightly lenticular chape,
tut vpually they ers equidinmonsicsnsl grains vhich are of amnehoid charaster
in that they have very irre;ular chepes and grain boundarlea (Flate 2),
Diotite oncurs ag thin plates Wiich are erilented in the fabriec plane,

7he biotite-quartz-feldepar grneisa has a distinot plencr structure,
This ic duveo té the preferrzd oprlentatisn of Lioctite plotes and Yo glipht
textursl and compositional variatinns within the gnelea, In ndliti n
ecnforiatble Interlayers of distined rock types, such as the qusrtp-l-
feldapar gnsiss, emphaeigr the structure, Locelly the biotite content

becomes g0 rich that the roek has the febric of a blotite achigt, The
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planar structure is aleo intensified by the oocasicnal lenticular shape
of the quartz and feldspar,.

The structure of the bilotite-quarte-feldspar gneiss is not ae greimsic
(in the penne that the btulk of the minerals are "shearsi" out fnto thin
lensea_and lenticles) as is the structure of the rocks of the mixed gneies
cutunit, Instead its siructure ig intsrmodlate betusen the nearly magcive
quartz-E-faldspar grelss and the very gnelosle nixed gneles subunit,

Commesition, In Tsble 9 the mudal analysos of tuoniy-tw srxmples
of blotite—quertz-roidspar gncies (ona thin czction p-:er garple) az
prerented, The aucunis of cuartz, plagicelase and H-feldcpar for such of
thess gamples has btean eceleulatazd to 100 per eont and plotted in a
trianpdar disgram (FLmre 6)e  The diasran indlieatss that the 1vdal
corponition of the gneless is nonevhiat variable but t-h;;t thoe aupocrs 10
b: a dsfinite ccncentraticn of camples whicee quarts centeut 4s from 20
to 35 per cxnt, VWlthin this range the ¥Yaloldonor content voricy fran
0 to 62 per cant oo the plazicelnco contont varies fron 79 o 25 por eocnd,
On the basis of the feldznar preportions tuwo distinc%. 20M38 are rsovge
nizable within the biotitc—quzrtrz~feldspar gnelgs eutuntt, Uore B
includns thase greisses in the area eoutheast <f Idigon which are inti-
nately mixed with the quartrfn-?ﬁ-feldspar‘ grnaiss and tiotite alscshite
(flate 1) Zone A inslvds3 those ;meisses well southwest of this mixsd
zona, iron the diagran and the reans in Teble 9 1t ig apparcut that
the gnolsses in zone A have an aversge contunt of plasioslass eomew
vhnt higher than thet of the gncisses of zone B, Thus it is clear that
¥~feldppar is increaring ir proportion te the northeast toumrd the quarts
K-feldgpar gneies, Despite this remarkable variation it shculd be
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Table 9. HMineral analyses of 22 sanpies of
blotite~quart~.feldspar gnetss from the
Edison unit,

qtz. E-fd. pl. ores py bi. ser, ch, hb. gar. ep, al. 8p. sr. acc.

ou—

Zone A

m..z[,s 23,0 1104 10704 17.0 x x X b 4 X 1.2
£3-247b  25.1 58,2 10.5 x 4.8 x x x x 1.4
E3-249 26,6 22,8 39,8 x 8.4 X x 2.4
E2=250 13.9 53.5 x 17.2 x x x x x 15.4
E2-2565 37.3 19.3 34,2 6,3 x «x X x 2.9
¥can 27.4 13.5 33,9 11,3 3.9
Zone B
126 2B.6 25.4 31.0 x 13.7 X x x x 1.3
=205 37.5 31.5 24.3 x x x 6.6 x x x x 0.1
12218 25.6 33.7 3., x T4 x x x 1.9
LA=D3 0.4 51.4 18,6 x 13.0 x X x 16,6
EC-240 192.1 35,0 35.0 x 9.7 x X x 1,2
12-243a 23,7 3C.9 32.0 x 11.5 x x x X x 1.9
E1-2/1b 72 10,0 64,2 11,2 X x x x X x 12.4
113—9‘52 3-‘4:8 14!5 l6v X 1500 X 19.7
12-963 31,7 18.3 35.0 12.0 x x x x 3,0
id-Gole 26,9 31.6 29.1 x 9.8 x 2,6
Fi=2540le 32,9 17.6 3L.6 9.8 x xr x 5.1
Mca-n 23-9 2703 31'9 10.9 6.0
Other
Sunples
£3-173 2.2 36,0 26,3 x x x 14.2 x X X 2,3
3200 0.8 1445 39,5 x 5.2 x x X x .1
E—B'ggo C}ol 8‘-0 3307 X 809 b 4 X X 0.3
Cverall
Moan 27.1 22,8 34.7 . 11.0 A
Oversll

Variance 130.6 219.6 154.7 14.6 35.6



-7

Quartz

samples from zone A
mean zone A
samples from zone B
mean zone B

other samples
overall mean

® 0O o KB x

L.—feldspar Plagioclase

Fig. 6. Variation in mineralogical composition of biotite - quartz-
feldspar gneiss



emphasized that there i3 not s oontinuel werwution frox :iotite-quarte-
plogioclase gneiss to quartz-li-feldspar gnelm. The tw sypse were
always éistinot In the field and as can be sam from F.—=es 5 and 6
thers ic & distinet compositional disecntim—:- botweer hem. In
addition there is a marked texturnl and fzitw:: disocont:—=3iy. In ciher
woerds there is no evidencs to ruriest that s:s guartz-’- 2ldepar gnelisgs
wes forred by eontinual enrie t~nt of E-felir-ir in a t.7ite-quartze

plagioclass gnoiss,

- Iitholorie varintionse In oome plress 222 bilotit- wrboefeldspar

Lo

snzise appears wniform ard ths only aprarest =rietion: o due to the
elizhtly irregelar distritutien of the bletize =nd gars. Cenerclly
the pnofes is interlayored with other rook t—:se Thir lerlsyering
‘vay b2 on a seale of 1/2 to 1 dnshy or b oy 2 one s of 1 10 10
fart, In {ta northozst exteat the gneiss fz xasidere s interluyeced
it Liotite slaskite ovd quarts-Yefoldspar ~ciss (Plr. s 10 vnd 11).
L8 cxn b2 obgerved In ke platss ths roeks =~ interlss *»3 en a seale
‘of inches, Ad’itionzl rock layirs uixed viit he gnelr include pegmatite,
somo bietite sehist, garmct rich layers (eyssi-ic), bir_te anphibolite
- ard pyroxene-plagiceless-herntlende eiarn,
Aalationghip to otler rocka. The detivr-quertse’ “lspar greiss 1is
eonformable to 2ll adiacent rock types. It: sootact r.:lons to the

quaric-K-foldspar rmelse omd Vietits nlaskis: zrve digeoz d in the

gection on the foriwr gnofaos,

zpddeto=aoapolitomquart s suoiss and relatel Z-cieg

Introduetion. The epidote-sorpolite—~ii-iz gneim mbwnit (here-
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after the lime rich subunit) ocours in the northeast pert of the Cdison
ares and extends to the northeagt to the line of termination of the
Edison unit st the oblique fault near Highway 23 (Figure 2), The subunit
lencges out wver— rapidly into the mixed gnelss subunit} ons zone cf the
iime rieh evbunit was mapped within ths southwest pertlon of the mixad
gnelss subunit, otherudes no intcrlsyering of the two types Lz apoaront
(ilate 1), The Meafes unit ca ths northwest linb of the Decver Leks
antiolins (Fipure 2) 4s probably the cheatiprayhie equivelent to the line
rich gutunit, Ko lire rich eculvalent wic leocated in the Se~d Eills
wnit, The 1ine rich cubunit is 2lingys conferiabls to adjcent rovis,

The lime rish zubunit is corpos od of a variet ty of interle ered rock

tipes vhioh vory Srom rebagquartzites to quarto-feldspar gaslsrcs,  Tntera

nedinte Lypea Intluds feldrinthie metacuartsit=a and feldspor-oivts
gedoses, A1l thess varlstles zro ehurncta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>