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The Northgate district is in Jackson CArinty, ••:olorado, tne 

r.orthern end of, ; ,lorth Park, a broad intenaontane basin between th;.:. ..edicinc 

bw gountainas and the Park iianGe of the sou then: unity ',4o-untains. :he c.iist-

rict is largely on the wester:, flank or 6:6,6 -)oitt :.i.our.Laixs, out 1so-

iacludes the northed.ot corner of Aortii Para. 

The pre-(Amabrian rucks in toe :.orth;ate district consist of. a gneiss 

complex invaded :)y a 4; raniti stock. A few andesite porphyry dikes cut, the 

noise oolplex and are older than the stock. 

kgional meta:aorphierA converted i i.e parent rocks of the ,:fneiss complex 

into a hornblende-; plagioclase iTneiss (hornblericie gneiss) , and was closely 

followed by widespread :aetasomatic transformation. alkali and silica 

.aeta.soriatism converted relatively large ,wasses of hornblende gneiss to 

quartz :2onzonite gneiss in the northern and southeastern parts of the dist-

rict; smaller bodies of quartz laonzonite gneiss were formed through the 

central part of the district where they are associated with abundant peg-

matite having. similar replacement relations. .3iotite-garniet-quartz-plagLo-

cla.se gneiss (biotite•tarriet gneiss) is a coiai.ton associate of the pegmatite 

and was formed by local hydrothermal iuetailiorphism of hornoiende „neisa in 

a zone peripheral to Lae i.aai.n zone of alkali .atataso4atisi.,. .-1,-yurothermal 

metamorphism of e i uitruiaatic bodies developed a rahe)er of zoned dei:osite. 

of chlorite, tremolite-ar:tinolite, and ve rmiculite. 

ahearini; during and after i;ranitization reduced iauch of the rock in 

the gneiss complex to Avlonite along art east-trendinl,. zone in the vicinity 
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of Pinkham ,:reek. Farther north, wherr sr ring was less intense, only 

hornblenJe gneias was much affected and irregular tidies of hornblende-

uartz-plagoclase gneiss (hornblende-bLotite gneiss) -mere formed. 

Some quartz aonzonte rieiss in the large bodies in the earth eat and 

southeast parts or the dia't;rict :)eeaJaf.4 ;..obile after transforNation and 

invaded surrounding rocks. :ailations are clearesL near tae ziorthwest 

corns: of the dietrict, tvhere a 1...Lathei--siu.yea .rasa AO:* ialle 

diameter rorciOl injected and ,reatly deformed the adjacent rocks. 

.Aavera.i. iine-6rainec anuesit.- i;orp4ry dikes cut the tmeiss complex in 

::.he vicinity of lower ;asap reek; trey definite:.; are older than the quartz 

aunzqnite in the atock. rho dikes follow tension fissures that do rot 

conforiz to the structural pattern shown icy the oeiss co:r.plex, and the 

andesite porphyry is lielieved to be tuirelated to the other pre-:.;ambrian 

rocks in the district. 

intrusive quarts aonzonite ;or,lzi a ,took and assooiated dikes in 

the central part of the Norttwate district and severai related dikes near 

the eastern edge ot the district. As similar rocks, called Sherman granite, 

are coalion in the Rocky licitintains of southern Wyoming and northern (.olorado, 

the stock is believed to .:;(4 u cupola on a much larger undorlyin,-: bAy. The 

original ilagmas which aas dioritic Jr qua dioritic 1.4age 

nay for itself bi magmatic stopinc,. Alter the ;;OCK 

was orecclated and invaded Oi alkali- Witt silica-uearin lute Aa6matic so-

lutions that converted the main body or the stock into a biotite quartz 

monzonite. :itleh of the biotite in the peripheral parts of the stock was 

chloritiled, and the plagioclase here is significantly none sodic than that 

in the central part of the stock. Fall-rock alteration was minor. 



INTIODUCTION 

This report deals largely with the progressive regional, metasomatic, 

and dynamic metamorphism, culminating in local rheomorphism, of a layered 

series of rooks, and with the later, unrelated emplacement of a dioritic 

stock and the deuteric alteration of this rock to quartz monzonite. All 

of these 3aetamorphic and i6neDus rocks are of pre-aAbrian age; they 

prise about two-thirds of the rocks exposed in the z,orth,ste district, 

_;olorado. 

The Northgate district is in Jackson county, :;olorado„ near the northern 

end of north Park, a broad intennontane basin between the '!oK-!i(!lne 

tains and the Park iange of the southern iJocky Vountains (sPP 71,.. 1). The 

district is lardelv on the westr-rn flank of the tedicine?;oar Thuntains, but 

also includes the northeast corner of Forth Park. The area covered 4 this 

report -- about 65 square miles -- is pounded on the north icy the 3olorado 

state line, on the west V the North Platte on the south by the 

township line between T. 10 N. and T. 11 N., and on the east by the range 

line between a. 7811.and h. 79 W., sixth principal meridian. 
Thin report presents part of the results of an investigation by the 

U. 3. Geoloi;ical ;survey centering on the fluorspar deposits of the district. 

The work began in 1943 as a Strategic - tax,..inerals investigation, when id. 

assisted by J. O. Fisher and J. 4. Odell, ;Amide a preliminary study of the 

larger fluorspar deposits of tne area. The vein zones were studied in wore 

detail during 1944 and 1446 kr D. w. Gox and E. Benson, assisted by li. 

Henderson. The writer visited the area briefly during the winter of 1945-

19460and spent about 11 months during the field seasons Jr 1946, 1947, and 

1948 studying the regional geology and fluorspar deposits. P. Johnson, 
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L. }hish, and leir assisted i:: this work. The results of a •. 

'Atreau of :lines exi.loratory program were 7ublished in 1947 ',arne, 1947), 

and geolo,,ia map; of the fltpar (!ed93itt. and a brief prelAinary re-

-,ort were issued by the (eolo,,ical 6urvey in 1948 (,ox.„ et al., 1943). 

Prior to the present investiga- Omaost n!.) detailed geologic work 

had been done on the j, re—Camorian rocks in the vicinity. The broader fea— 

tvres of worth Park and tilt. surroundina imounta2.ns were uescriOed Ltriefl;, 

11. 1677 by ii.a6ue (1877, pp. A-141 a3 ix1rt of the ,eneral recowiaitit;w1ce 

carried out .eoteell .LoC7 and 1.;T:, / tae ;..1oration. of 

the Fortieth Paraiiel. The coal resJurces and oneral geolo,.--,y of orth 

r'ark N,.re tiescrthed ane althoutj. the report .;,as 

on only one tleaeon of :ield work that was done withnut an adequate base 

map, it is still the most comolete account of the geoloy 'orth Park. 

In 1964, ?filer (1934) pulished the results of a uore detailP6 study of 

the anticlines in east—central .orth Park. The fluorspar de— 

posits have been described briefly Ladoo (1926, pp. 2,i-31, 1927, pp. 

116-119), Hurchard (1963, pp. 12-14), Cox (1Ab, p. 277), and ':;ox et al., 

(1946). i note on the mineralogy of one of the fluorspar deposits was 

published by iioldring (1942, pp. 717-719). 

At the ti,:ae of :Meld Work there Uilkb adequate 1)::,6b covering the 

North6ate district. Therefore the INriter did moat of the 1-*Lional 

on enlarged t. i. ;o:-.est oervice aeriai puotot;raphd taxer, iab7i tajide 

elappin in wa4 (Ione on aerial photoGraphs taken tor the ,Jeolo,;i1:al 

ourvey in 1447. „)ection corners set during the ienefal Land Office resur e: 

:Dade in 1938 and 1939 were located in the field, and a dunimfo,ric map was 
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constructed using the ,eneral Land Office township plats for control. 

.'nfortunately the fesurvey did not cover the northern part of the North— 

sate district, and here the radial line method was used for map compilation. 

...;ontrol along; the northern edge akip area is ',Aised upon the :olorado 

state line which was located in the field. 



At71‹.1, 

On lehalf of the L. Js ZAIrvey i;eolo4st;) who have take: 

part In this 3 ilvestiation, the writer exi)resses appreciatior i r the 

help and cooperation giver, by the staffs of Kramer Mines, In,'" :astern 

Iluorspar :Orp., and .olurado Fluorspar Corp. "-,.equested information was 

freely given, anu living accoAodatl.ons were furnished, first .17! 

Fluorspar Corp. and Tatar by Colorado fluor; ;gar The writer is 

especially appreciative of the ,aa:ly courtesieJ shown P. aoohan, 

fosident an‘; ;. ,:ltchtil )1 doiorw.iu .:luorspar 

writer siAult several .protitaPie days reviewin the fluorspar 

deposits efth the leo10 ical ",:iurvey, rturini, 

the surners of 1946 and 1946. Two days spent in the ,.-ompany of P. '1. 

Uc(;rew and a. H. Knight of the University of Wyoming r'ontrillute0 

to the writer's understandirw of the Tertiary stratigraphy of the area. 

A. h. Koschmann, A. 3ramlettes Ani,ewal:!, and Ogden Tweto, all 

of the U. 6. Geological 6urvey, each spent a day in the North ate district 

reviewing the it;eneral geology . 

The help and stimulation received from aany discussions with fellow 

groduate students and members of the faculty of the DePartment of is;ealogy, 

University of California, Los Angeles, are gratefully acknowledved. The 

report was prepared uruier the guidance of Prof. James who critically 

read the manuecript. 
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—",avahrian rocks 

The pre-Camrtan rocks in the Northgate district consist of a gneiss 

complex invaded by a L;ranitic stock. A few andesite porphyry dikes cut the 

gneiss coN3lex and are older than the intrusive stock. The rocks of the 

:neiss complex were formed under pro;ressivel changing conditions of Aeta-

Aturphism during a single orogeliie period. Regional metamJrphiam converted 

the original rock to a hornblende-plagioclase gneiss (hornblende „meiss), 

which later was transformed by shearing and etasa. replacement into 

various biotite- and quartz-boarint, 6neissos aria uchista and into quartz 

...onzonite gneiss and ,A6matite. Tile chief agehts of riietasoalaLi 1.ransfor-

AtaltiOn were alkali- and silica-oearin6 solutions which perweated the horn-

,:aende ,refs during a period of shearing that closely followed regional 

aeta.:aorphism. Some of the rock in the larger bodies of quartz monzonite 

tjleiss became mobile after most of the metasomatic transformation. 

3e"reral fine-grained andesite porphyry dikes cut the gneiss complex 

near lower Camp :reek; They definitely are older than the granitic stock 

and apparently are unrelated to the other pre-Cambrian rocks in the district. 

A stock and associated dikes composed of quartz raononite cut the gneiss 

complex in the central dart of the district, and several related dikes occur 

near the eastern edge of the district. The abundance of similar rocks, 

c-lled Sherman granite, in the Hooky Mountains of northern Colorado and 

southern ilyoming indicates that the stock is probaoly a cupola on a. much 

lamer underling body. The rock waa e:4)iaeeci as a GioriLA.G ma6a which 

wade way tor itself watimatic stopin,,. Alter Lae dioritic .00k solidified 

it NUS brecciated and then invaded by alkali- and silica-bearint, late magmatic 

solutions. The main body of the stock was converted to a biotite-microcline-

5 



o1i6oclase-uarts ixinsoniLe; in the periFneral zones, ,21:Itite 

is cnloriti'4ed and most of the dlat;ioclat,e is alite. all-rock alteration 

was linor. 

Pemiar. and ':esozoic rocks 

:'solded Permian and )fesozoic ser'.i,;tentar; rocks underlie the basin of 

North Park but they are larcelv covered by ,,maternary terrace gravels La-

luviums and dune sand. The sediJientary rocks were cescrioed by Meekly 

(1915), and Miller (19&4) closely followed F:eekl:ris description in a more 

(ietailed study of the McCallum anticlines in east-central North Park. in 

the pcesent report some of the earlier subdivisaons are revised to conform 

more closely with the stratigraphic units now differentiated in neighoring 

areas. 

The followin6 chart swam:AH1.es T.ne ?erAian and .,'sesozoic strat4g0pAy 

in he ,;orth6aLe district: 

6 
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Table 1. PerAidn and Acwmoic rocks III Lae Aorth6ate district, ...olordoJ 

AU 4.. (feet) -_ITHOLOGY 

4per Pierre shale tray fissile sl:ale. 
'retaceous 

Niobrara yellow to gray, limy siltatone 
retie;IP)us formation and shale. 

canton shale Dark Lira", “Itr—l)edded shale.PPer 
'retaceous 

!pper Dakota 200-320 Pebbly sandstone and cri;:lomerate, 
-retacwius sandstone sandstone, and shale. 

c)per %Sorrison 445 vAriejated shale vrif%, .,'nor inter— 
(jurassic fo risati on Iledclod sandstone, and silale. 

4per Sundae ce 145 'ray to bro'vn sandstone ;And shale, 
Jurassic to mation minor amounts of limestone. 

UN 0.)NF)ii.MiTY 

Permian Jhuordter 690 ..tm silty shales und 
and Iriausic forfaatiJn 

Permian korelie d-15 Pink to iLht tray, la.;,inated 
ilmestone limestone. 

Pemian Satanka J-50 ,Jetcl silty shales. 
shale 

1% e 

Pre—Callbrian Gneiases, schistz; and igneous 
rocks 

The upper part of the Parshale and the Socene Coaimont formatior 

that are exposed elsewhere in North Park do not crop out in the Korthgate 

district. 

7 



Laramide oro,;en:i 

Two distinct stages of the recurrent coLupressive defor,lation 

affected the Aocky ,iountain area at the ciose of Lae ,:retaceoua aria 

throuo early Tertiary time can oe reco nized in the liorthgat.e district. 

'..he oldest recognizable Lar&slicke deformation co.apressed the sedimentary 

rocks into a series of north-trendin,:: folds that rou4;hly parallel the 

long axis of the North Park 'wain. :reverse faults cut and displace many, 

of these folds. The largest of these faulted folds in the North ;ate 

district is the 3entinal ;Iountain-Dean Peak anticline, which is unique 

in that it is cut by both east-dipping and west-dipping reverse faults. 

;any other folds have .similar trends, but none of them appear to be more 

than minor wrinkles on the flank of the larger synclinal structure of 

North Park. 

The northern end of North Park is na-ked by the fault-line scarp along 

the Independence Mountain fault, a north-dipping reverse fault that. cuts 

almost at right angles across the trend of the earlier Laramide structures. 

The earlier structures, which in part were cross-folded afont, this later, 

second-stat„e zone ol deformation, show no evidence that they are Ci.,iinitihfht, 

in size, and it appears tnat the original structural basin once continued 

to the north for a siolificant distance. 

Several faults cutting the pro-(.1ambrian crystalline rocks have altered 

rocks a3sociated with there that are identical with altered rocks along; known 

Laramide faults. These faults are clearly pre-Oligocene and probably were 

formed during one of the stages of the Laramide orogeny. 
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Tertiary rocks 

White, tuffaceous clays and silto bolonginL to the .:Bite Aver group 

of Oligocene age occupy old valleys in the pre-Cambrian terrane. The to-

pography during White Aver alluviation apparently was fairly rugged. The 

partly exhumed valle:rs shoo fairly steep wails, and alarti (lila:ale:La ars so 

narrow that any flat waled floors ,Auat have z.aeen narrow. ,:roass-wari;iht, 

of tae did-'Tertiary atrea channels shows that the area #as defamed after 

alluviation. 

:sandy ailta and clays of the -orth Park formation occupr an old, 

northwest-trendini valley that carried the late Tertiary drainage of an-

cestral North Park. This formation has tentatively beer considered as 

4iocene (?) in age ("Ilmarth, 1938, p. 1514), but P. n. 4c3rew in an. In-

vestigation of the Tertiary stratigraphy and paleontology of the 6aratoi;a 

basin, Wyoming, has found early Pliocene vertebrate fossils in beds he 

believes were at one time continuous with those in the Northgate district 

(personal communication, 1960). The North Park formation has few remnants 

in the mapped area of the Northgate district, but it is widely exposed to 

the northwest and in the south-central part of North Park. 6ome old streaua 

:;f ravels in the northeast part of the Nortt4ate aiatrict are believed to be 

related to the North Lark formation. Thew) ,ravels tiive Lho only evidence 

for postalluviatiun deformation in the urea .happed for they appear to have 

been downwarped. in the central - "ark.)art of North Park, however, the Nor. t1'. 

formation forma a *syncline with dips as steep as 35° along the flanks. 

Fluorspar occurs along minor faults that cut White -Aver sedillentary 

rocks and are beveled by a post-early Pliocene (1) erosion surface, it is 

not known to which of the . Addle or late Tertiary periods of minor deformation 

these faults belong. 
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AEISS COMPLEX 

The i;neiss complex comprises a varied group of rocks formed under 

progressively changing conditions of metamorphism during a sini21_ -i7>eriod 

of orogeny. Hornblende gneiss formed as the result of regional meLamorp.msm 

and was subsequently transforaleo Aletasowatiam to art wonzorlite ,neiss, 

4iotite-garnet Lneids, and peigatite. Local shearinG concurrent with tine 

metasomatic 1,ransiorwation converted the oter rocks in the ,,noias compleA 

to hornblende-biotite ,neiss and myiunite which subsequently ,-ecr:stallizvd. 

Some quartz monsonite gneiss in the northwestern and southeastern parte of 

the district became . Tobile or rheomorphic subsequent to transformation. 

10 



!iornblende 

General features and distribution -- The hornblende fleiss consisLs 

essentially of hornraende and intermediate pla,:ioclase; minor amounts of 

(,uartz, biotite, and diopeidic augite occur locally. hornblende 

brades into almost all other rocks in the gneiss complex, and field. .end 

petrographic relations indicate that most of the other rocks were derived 

from it, either by metasomatic transformation or by shearing. 

Hornblende gneiss is cost abundant in the nortnern and northeastern 

parts of the district, where masses a aiie or m.ore in diameter are reiatively 

free ofani istabOCAAsteiG peb:::.iatite or quartz ,,ionzonite gneiss (see P1. 1). 

To the west and south, where replacement by pegmatite and quartz monzonite 

neiss was :r.ore complete, the hornblende imeiss forms irregular, 'relict 

masses of various sizes. The larger bodies comonly are interconnected, 

but many of the smaller bodies are isolated inclusions in pegmatite or 

quartz . lonzonite 6neiss. 

In the central and southeast parts of the district the hornblende 

gneiss grades into biotite-garnet gneiss, apparently formed from the 

hornblende gneiss by hydrothermal metamorphism. Near Pinkham Mountain 

and eastward the hornblende ,neiss shows transitions to hornhlende.biotite 

gneiss and mylonite gneiss, seemingly derived from it by shearing. horn-

blende gneiss is widespread in all these places, and the surrounding rocks 

generally appear to have been derived from it. 

pods of alas:Ave chlorite occur sporadically in hornolende 6nelaa, 

and in the northwestern part of the district several irregular bodies of 

chloritic serpentive are 100 feet or more in diameter. Near these bodies, 

11 



hydrothermal meLaiaorphism was articularly effective and produced 

com71e7ly toned chlorite-ixecflolite-vermiculite lvdies along the mar6ins 

of some serpentine masaes, and talcose rocky along some chlorite pods. 

A separate study is Heing made of the :mineralogy and genesis of these 

deposits. 

Lithglogy -- Tie dark, mediu,a-t;rained nornUende gneiss crops out, 

in blocky layers or ":mdaw tnat ran6e in tnic4ness several inc;;, 

to several feet. The grains ,anerall:are less t?an Jal long„ but 00..1k 

nornolonde tjrains arty z or ,acre long. The layeri:IL due to variations 

in bulk coy poaition of the several layers rather than to mineral 'Andintc: or 

the scale of individual grains. in most of the rock, hornblende ane 

ola4oclase are present in rowhly equal a:flaunts and fresh surfaces have 

a distinctive pepper- and-salt arq;earance. Some laers a few inches to 

several feet thick, lowever, differ greatly. .11eri? hornblende 4 reatly 

predominates, the rock has a dark greenish-black cast and the scattered 

plagioclase crystals are glossy and in places almost colorless; in 

lighter--colored varieties, the more abundant plagioclase tends to be white, 

although still quite glassy, and hornblende is in scattered crystals or 

clots of crystals. The long axes of hornblende prisas roughly parallel 

the plane of lar6er-scale layering, but the minerals generally are not 

segregated into bands and the foliation is poor. aornblende priams are 

fairly well alined in some bneios; but Laineral lineation is wear or ab-

sent in ;axon of tne rock. moat plagioclase brains tend to be equidi-

llensional, but some are elongate in the plane of layerin4;. 

The layering; of the gneiss appears to have been an original feature 

of the rocks and is not due to meta;aorphic differentiation. Not only do the 
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layers show minor crenulations and drair, folds, but individual "bede can 

e traced around the crests and troughs of larger folds. ore layers of 

Aght-colored plagioclase- amj_ quartz-rich hornblende ;ineiss as much as 

1 1/2 feet thick are interbedded with the cowaon, uore mafic varieties. 

These rocks show no evidence of a secondary origin, and in all pnbability 

they originally had contrasting compositions. 

ehloritic pods, from a few feet to nearlz/ ahundred feet in 

lenth and up to 20 feet wide, are wicespre,ic.1 ranoe relativelj 

: :ure, massive chlorite to variaule xix.tureL of chlorite and hornblenue. 

,rain size ranos fraa wedium to very coarse. The s'itall eerpentine bodies 

in the northwest part of the district are dense, greenish-black rock that 

encloses abundant small agreates of tremolite and olivine. '!uch of the 

serpentine is altered to chlorite. Thin rims 'lade up almost entirely of 

horn lende commnnly separate the chlorite and serpentine bodies from nor-

mal hornblende gneiss. These rtms grade irregularly into both the hornblende 

gneiss and the chlorite or serpentine bodies, and apparently were formed by 

reaction between the hornblende gneiss and the more mafic pods. 

Petrography -- The gneissic structure is even less apparent in thin 

section than in hand specimen, and hornblende and plagioclase grains form 

cristalloblastic aggregates with little mineral banding. Almost all in-

equidimensional grains a:e elongated in the plane of foliation. hornblende 

has a strong parallel orientation in some rocks, .Alt more cualmunid the 

orientation is iwperlect and in sous rucka the texture 6ranouiastax. 

Proport/ons of the component Ainerals var;,, so widely :mat an average 

composition has little meaning. riornblende forms 5 to 100 percent and 



plagioclase up to 70 percent of the rock, pit in .cost specimens 

class is somewhat wro tundant than hDrnAende. Diopsidic augite i8 

rare, and whore it occurs it L:enerally makes up less than b percent of 

the rocks although as much as 1!-J percent of this mineral Walti seen in one 

secimen. Anor azo, unts of quaAL and biotite are widely distri'mted, 

but in most places these minerals do not appear to be primary. Accessory 

7:inerals make up leab than 1 percii.nt of the hornblende 6noiss. Of these, 

apatite is uost abundant; sphene and magnetite are very subordinate. 

Strongly pleochroic nornAende crystals are in Irreular grains and 

rough prislas. Acicular crystals are rare, io.ad le* pris:Aa are .sore -!snan 

o or 4 times loner than the are thick. 46st ,rains are anheciral and 

interlock irre,ularly with surrndin, ,;rains of hornblende and platiociasr. 

in hornblende-rich varieties BO UM crystals are up to 2 cm long, but gen-

erally the prisms arr less than mm lone. .,;0111P very fine grained varlet:on 

have few crystals more than 0.5 =I in diameter. 

The plagioclase in most of the hornblende gneiss is ,Ts.alcic andesine 

(A1140-45)0 but the composition ranges between sodic andesine (An55). The 

more calcic plagioclase is generally in hornblende-rich gneiss, but some 

rocks with roughly equal proportions of hornblende and plaocLAse also 

contain labradorite. :host plagioclase is in clear, roughly equidimensional 

crystals that range from 0.6 st:a to 2 mm in diameter. 

Diopsidic augito forms sAall, irroular 6rains, generally less than 1 

mm in diameter, that are closely associated with hornblende. 6ome augite 

grains ile) irregular-rimmed by pale, amphiDoie, out these riae 

aro not con on. 

.founded blebs of quartz eail)ay both hornblende and pla,;ioclase and in 

places form abundant small poikiloblastic inclusions in hornblende. Small, 
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cuspate 1*.ans of associatqd :Anor a:-aounts of microcline ap-

parently replace in part the earlier, larger crystals. :ome quartz may 

be an original constituent of the gneiss, but most appears to have been 

introduced after the hornblende and plagioclase crystallized. 

Aotite enerally is associated with hornblende and in plaees forms 

imperfect pseudomorphs after it. `gore commonly biotite forms flakes and 

sheaves along cleavage planes or crystal margins of hornblende. '10 bio-

tite was found in augite-bearin: hornblende ,„neiss. ,:wme ,na.y have 

keen original in tue gneiss, gut ,cost of the .:iotite iyparently 

durin, the periou of nydrotnermal alteratiJn and snearing that iol.iowed 

re.jonal aetawordnis,a. urains ranhc in size from approxi:na'el: tnat of 

the associated hornolende (1 to 6 to very, fine (less than 0.5 mm). 

:small, stubby prisms of apatite are scattered through almost all 

hornblen3e gneiss, but they nowhere exceed a fraction of a percent of 

the rock. Magnetite and aphene are even less abundant, and in places 

appear to be secondary. Secondary epidote is in small, irregular grains 

and aggregates scattered through the rock. 

Some chlorite pods clearly were formed from hornblende-rich masses of 

oieiss and all stages in the alteration can be reen. Hornblende was altered 

to chlorite, magnetite, and epidote-clinozoisite; the subordinate plagio-

clase was highly saussuritized and sericiti2ed, and commonly was almost 

completely altered. !tan: of the chlorite pods retain little evidence of 

their origin, out consist of ...tediuL. to coarse chlorite with small a,aounts 

of magnetite (commonly titaniferous), epiuute, and green spinel. 

The serpentine bodies are mwie up in large part of very fine grained 

fibrous chrysottle with abundant dusty to granular magnetite and hematite. 

Irregular arm partly serpentinized aggregates of tree olite and olivine with 

abundant accessory alaoletite and spinal are scattered throu,:,hout the ser entine, 
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d Icattore flakea of chlcwIte wit mti t;n01:ite cu:, b() v. 

.erpc;,tino and the tremolitlivne reli-t'-. "Tirnatic trortolite anz 

roun1/41.00 to irregular olivine 'rains ?\cc-r aryvtalloblantic at:Ire.eto 

t'rot or'e:e -livine wa more ec. 

t' all and in man./ or 7—err 

ro3.11acet: preur7oxy'rv.r rf c P. in t e •107•C ' ' 

satarod roe.s tremoUte also v o marpentiniseC Oisap:eared 

,Arpentinization, nnd .mgnetite was largely r(icrystializo:. 

trtiqPipa 41thou4h the hornblende gneiss is fliAinctly layered, it 

leaks key beds or (..istinctive horlion :.larke:%1. It rare. o involved 

in later shearing ,,nd %Ietarlo-4etic t::-annfortiu-s iluch of t:A1) sys. 

c4nce for ,:eter:iining, the ‘ .e ailee tructure of the rocks ;Ais been lost. 

Foliation and layer...ng trei eafterly one nort .eapter1:: anc :7ener-ally dip 

steeply north. Locclly t'se rocks are considerably foieee. FoLation 

parallels t'A-1 la Bring of nklny fol 'c, but in rx).:e ..te foliation 

t,.ansects the ax al part. of folds. 

2,11 fold axes in V:(- ro.innally metamorphosed hornblerWe gneiss plunge 

teoply, gonerall:• about doom dip. The orientations of 31 random fold axes 

plotts.i on a :ch. irlt equi-area not (rig. 2) fan within a relat3vely oral 

area, wile it iv significant that no measurement deviate?. far frog the 

regioni1 trent', 'inoation eosin by oriontoe prienoCe hornblen'e crystal 

conforms to the oome pattern, and ti-c oriental-it cf 18 reWom measure onts 

al no ir n on Fic. 2. Thu?. the ainarol l'neation is parallel .t41 

toctonic axis Cafined by the folr! axe-, nne according to intorprefedons 

widely ut not univo-sally accepted the d3roct-Lon of tfctonic .i.anvport was 
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1:,ir,ely horizontal. Lineations developed durine, the subsequent dynaaic 

Aetamorphism and rheomorphism are parallel to lineation in the regionally 

acitamor?hosed hornbiande gneiss; apparently the same stress field per-

3isted after isoclinal foldin and regional laeta:iiorphis ceased. 

-- Similar hornblende-rich rocks _trout other iiiaces In the 

pre-Cambrian of ,-;olorado and southern 'ayo:iiing nave ueeu described. AceordiLb 

to 61ackwelder (1910 the most abundant itietaaorphic rocks in the Larae 

and Sherumn quadrangles are dark greenish qornblende schists; they are very 

abundant on Jelin `fountain alonj the western edge of the Laramie quadrangle 

and 12 to 15 miles northeast of the !:orthi,ate district. From 'lackwelder's 

description, these rocks aiTear identical with the hornblende gneiss in 

the Northgate district. Ry analogy with similar rocks in other districts, 

.1ackwelder suGgested that they are utetaaorposed dasic dikes and lava flows. 

mall (Spurr et al., 1908, pp. 46-46) first described hornblende gneiss 

in the central part of the Front range, Colorado. he noted that the_ rock 

occurred as sheets and dikes and believed it to be metamorphosed ntafic 

igneous rocks. Lovering (1935, pp. 10-11) described a similar hornblende 

gneiss in the Montezuma quadran!je, Colorado, where the hornblende ;,.fleti38 

is essentially confusable with the underliin‘ Idaho 4)rin6s ionisation. 

Loverin6 sugaiest.ed that it oriGinated throut;h the metawoi.phisa of the 

andesitic flows. Preto (1947, pp. 47-6b) aade a detailed study of the 

hornblende gneiss in the Vasquez Itiountains, ;forth of the > ontezuma area. 

here bands of hornblende „;neiss alternate with gneiss and schist of the 

metasedimentary Idaho Springs formation. After carefully considering the 
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Ueld relations, the variations and 117.1its of composition, and t. e com;Jon 

association with lime-silicate rocks, Tweto concluded that the hornblende 

i:meiss resulted frog the metrphisra ol dolowite. 

,lornblencte-pla6ioclase rocks other ,,iet.a.lor,..1c terrahes 41.-e Lo 

aave peon derived imal ':)oth iiineous anu seaiii:enta rocks. 'brie weli-KL,Jwa 

a:Aphibolites ill the urenviile series In New York, *)ntario, and .(1100(1c have 

)fpen attributed (Adams and Tiarlow, 1910; '4uddington, 1969, pp. 11-12; C;shorr, , 

1936, pp. 197-::23) to the steta.morphism of impurc calcareous Sediments, :a ms 

and dioritessand volcaric flows and tuffs. 

hornblende gneiss in the '`ortheate district is so hi:.hly metaxorposed 

and so e;reatly involved with later transformations that any discussion 

of oriein would be largely conjecture. The present structure and mineralogy 

are due to intense deformation and regional metamorphism of what appears to 

.lave been a layered rock originally. The composition shows wide variation 

similar to that observed by Tweto (1947), but no unequivocal metasedimentary 

rocks were found. come dense clinozoisite-epidote-quartz rocks that may 

have been lime-ailicate rocks of sedimentary origin are in the belt of re-

crystallized mylonitna along Pinkhau, creek ..,anyon, but the relations now are 

too ,reatly obscured by cataciasis and ,ranitization to be ciear. The re-

sidual treiiioiite-oliville-spihel ..a6ret,ates in the serpentine bodies have 

been co:upletely recrystallized and no relict texture survives. On the basis 

of composition, however, these bodies could well represent metamorphosed 

ultras afic ioeDus rocks. 

Although the co!:4position of the different bands in the horn lends gneiss 

shows more variation than might be expected in a series of lava flows, it is 

perhaps even more difficult to envis,,,e a sequence of impure calcareous rocks 

as thick as that in the Northgate district without some interbedded clastic 
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sediments of distinctive character. The ocurrence of serpentine bodies 

of possible ultramafic igneous origin suggests that the associated horn-

)2Lende-plagioclase rocks also may have been of igneous origin. 

cuartz ,onzo:,-te _neiss 

ueneral features and uistrioutlo z)ome of the h,rnbienuc ,heis4, 

the '.oznitne,ate uistrict Ana converted b, a.eta.suiliatiaia to a E,ranitoid i;nei6s 

of luarts monzonitic composition. aoundant pegmatite of similar orit;in is 

closely aseociatec with it; many quartz monzonite oleiss 'odies have a C.ia-

t nct1;; pe4matitIc facies. The very intricate shapes of the quartz monzonite 

,neiss bodies shown on the ceolo in map (Fl. 1) actually are eeneralizations, 

as it was found impossible durin - field work to show all the details on 

aerial photographs with the approximate scale of 1 inch equals 1,000 feet. 

Large bodies of quartz monzonite gneiss form crude zones in the northern 

and southeastern parts of the district. qumerous small bodies are in the 

area between, but they are subordinate to the abundant pegmatite. The 

zoning probably was due to variations in temperature and concentration of 

the solutions responsible for metasomatism. Kxcept near the masses that 

became mobile after traneforAation, the quartz monzonite forteeu 

without deforwation of the surroundine; rocks. of nornieilde ,141166 

abound in the mi6matitic rockst and even in the interiors 01 d0.14 of the 

larger bodies relict textures can be reconized. The transitions between 

quartz :nonzlitite ,)leiss and the metainorphic rock:i on one hand and peimatite 

on the other are coonly so gradational that many of the mapped co7tacts 

are arbitrary. This gradation is particularly commoe alon the strike of 

foliation from the migmatite bodies; across the strike liany of the contacts 

are fairly sharp. host of the larger bodice of quartz monl,onite gneiss are 

relatively massive and "granitic" appearint„. Aany of the smaller bodies 
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.:lapped (Yl. 1) are incompletle:, transforlaeQ rocks that in the field 

resembled quartz monzonite 0-Leiss INDini than the orii,;i%al metamorphic 

rock. Pervasive solutions altered the original ;Iinerals and Introduced 

;Aaw minerals ion, tae wart,ins of tae older „rains; little or nu iit-

par-lit bneiss or veined 61aeisti is associated rites the i r„e oodies of 

quartz :aonzoitite &Lutists. 

(ec.)1naissanue in adjacent areas snowed that the la-ye bodies of 

yuartw monzonite rieiss in the northwestern and southeastern parts of 

district are carts of much larger masses of these rocks. After 

transformation from hornblende Ileiss to quartz wriz:)nite ,-,neisu, the 

rock in the northwest corner of the district apparently became mobile 

and invaded the surroundinb rocks. Similar mobilization took place in 

the southeast part of the district, but on a much smaller scale. 

Lithology, „Alartz monzonite gneiss includes a variable group of 

medium-grained pink rocks composed dominantly of feldspar and quartz 

with minor amounts of biotite or chlorite. The incompletely transformed 

rocks vary most in appearance, but even thoroubnly granitibed rocks range 

widely in texture, 6rain size, a:1d Jumerai most of the rock 

is layered or bneissose, anu tnree oneral textural varieties were rec-

oi;niaed in tine The most distinctive variet:; shows a faint relict 

texture, but this generally is subordinate to the rieissose or aplitic 

varieties which have entirely new textures. 

All stages of transition between the quartz monzonite rleise with 

the faint relict texture and hornblende „;neiss were traced in the field. 

After some familiarity was gained, the rather nebulous resemblance could 

be recognized more easily. The similarity to the hornblende gneiss lies 

chiefly .n the plagioclase grains which were more or less albitized during 

transformation but retained their crystal form. 
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The rock is made up of an a4;reate of roughly equidimensional grains of 

quartz and feldspar up to 2 in diamete;: with small quantities of bio-

tite or chlorite. The kineissic texture is due dniefiy to a faint lajeriab 

owint„ to variation in grain site and wineral co-position" and to tne 

elongation of aok,ie 4uartz irains and agi,regates in the direction of foli-

ation. 1iotite and chlorite generally arp too sparse to effect the 

foliation, but the few grains present tend to he oriented parallel to the 

layering shown by the other ;ainerals. Pegmatite layers as much as an inch 

or two thick are comAon and generally follow the foliation. The quartz 

Aonsonite jleiss with relict texture crops out in blocky layers or "beds" 

that resemble in form the outcrops of hornblende gneiss. 

- elict textures are absent in the other two closely related textural 

varieties, which are distinguished V their degree of foliation which in 

turn is controlled largely by the relative abundance of biotite. Where 

biotite makes up more than 5 percent of the rock, most of the flakes are 

oriented rou(;hly parallel to the ori6inal la;ierint, of the ;Aetamorphic rocks 

and the foliation is fair to booms; where oiotita is verb .Ainor or ,ioscA, 

the rock is distinctly aplitic. diotite oeneraily is ratner evenly dis-

tributes;, 'Alt in a few rock& it tends to be agret;ated into biotite-rich 

layers. 4uarts and feldspar grains in both the gneissose and aplitic rocks 

are in even-rained agLreates and show little directional orientation. 

Some quarts grains are eloni;ate in the direction of foliation hut most 

tend to be equidimensional. As in the rock which snows relict textures, 

thin bands of coarser gneiss and pegmatite are abundant and generully fol-

low foliation. These rocks appear fairly uniform in hand specimens, but 

moat., outcrops show 3: ht textural variations that give the rock a layered 

appeartnc:a. 
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The several textural varieties are closely associated, and gradations 

are common. The variety characteriLed by faint relict textures is absent 

near quartz monzonite oeis6 that becaue mobile; Out where the rocks were 

relatively undisturbed, difrent varieties occur in acijacent la;:ers, ever 

in the interior of large masses oi .416satite. 

in addition to the sommwilat coarser oamiii coon oi tne quartz 

Aunsonite bneisa, many bodied contain abundant irrei;ular :aasses of peg;flatite; 

sone slaller bodied pass laterally into pegmatite. These Oodles were ar-

oitrarily mapped as either quartz monzonite 6neiss or pegmatite, depending 

on the dominant rock type. 

7etroEraph2 -- The textural varieties of quartz 7aonzonite :neiss differ 

considerably in mineral content. The meiss with relict textures has sig-

nificantly less microcline than plagioclase, and biotite or chlorite generally 

are wsbordinate. slite or oligoclase are lamely in corroded psetdomordhs 

after the plagioclase of the original hornblende gneiss; in places such 

la ioclase ,ti -ains still make up 50 to 55 percent of the rock. Those rocks 

with new textures generally haw, microcline-plagioclase ratios of 1/1 or 

greater and the gneissose and aplitic varieties differ chiefly in biotite 

content. Plagioclase occurs as corroded relics in tiles*/ rocks too, but 

:sore complete repiJ.cement has destroyed the original textures ut the rock. 

.uartz rant,es widely in abundance but wakes up 3O to 4b percent sf most rocks. 

A study of thin sections of quarts monsonite oeiss disclosed other dif-

ferences in composition which apparently are related to variations in soda 

and p-stash concentration in the alkali- and silica-bearin solutions reeponlible 

for transformation. .:;here potash was predominant, the resulting rock characier-

istically consists of microcline, oligoclase, quartz, and biotite; where 
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soda was abundant the rock is made up of microcline, sodic albite, qua7-tz, 

and chlorite. Most quartz aonzonite gneiss with new textures and some with 

relict textures developed under potash-rich conditions; most rocks altered 

by soda-rich solutions show relict texture3. The mineralojc transformations 

transitional between hornUlende tneiss and quartz %4onzonite gneiss differed 

: reatly i.mtween potassic and sodic of origin. 

Potash was the predominant alkali involved in the development of ,AJst 

4uartz .4onso4ite (.;neiss. in earl., li'(,at,es of the transioniation, 

as converter to oiotite, plagioclase. wad altered to a s3.aewhat more sodic 

feldspar crowded with saussuritic and sericitic inclusions, and coneideraUe 

quartz was introdu(!ed. nth continued alterwdon, caicrocline was illtroducPd 

along the margins of the older rains, and biotite was progressively replaced. 

-laijoclase was progressively replaced by microcline and some additional 

luartz, and was converted to sodic oligoclase and calcic albite with relatively 

abundant ayrmekite. Typical, thoroughly transformed rocks of this origin 

consist of 25 to 50 percent microcline, 10 to 55 percent sodic oligoclase, 

60 to 45 percent quartz, and U to 15 percent biotite. iAlscovite and garnet 

locally make up several percent of so:ae quartz alonsonite gneiss, Yut generally 

are very subordinate or absent. 

.4here the altorations took place under more sonic conditions, the soda-

bearin solutions were most effeotive early in tile periou of transiormation 

and were followed 4 progressivel, inure potasn-rich solutions. in early 

sta6os of alteration, iiornblende was converted to chlorite, in places through 

intermediate actinolite„ plagioclase was altered to sodic albite crouded 

with saussuritic and sericitic inclusions, and some quartz icenerally was 

introduced. some albite mcrystallized durin, this sta,e and al' its-rich 

stringers with pegmatite textugearr relatively common, but most of the Inter-
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•e (7: te rock sllows excellent, re] .orn1.11fIntle texture. 

cn ,:tero!7. 7antiles !And en:Alat,o f:orc ::bundant. 

miaroclinc luur 'fifY[(i s, an G ..uantity 

of chlorite diminished rt rko<31;,., with en increase in llicrocline cott:.,ont. 

inclast ns in plairLoc71.::-,,e in tl -te nor° alterf3r'i rocks nre very 

rregularly distributee, and clear to 7)artly clear grains are cal' on. 

icroolirie generally makes up on?.: 20 to 30 percent of the quarts monzonitc 

..!zieiss of this origin and relict textures arc rest of t ,-:e roch 

t:7-,ically is nu(*) un or 25 •`',C# 35 percent albite, 35 to 45 percent 

Quartz, and up to 5 -,-iercent chlorite and epi.dote. 

Flagioc3a qo _n a 1. varieties of quartz monsonite gneiss fornf, irl.egular 

reins that characteristicall,: are e..nbayeti hy :iicrocline and quartz. -one 

--ryrtals are 2 an in diameter, but most Arc between 0.5 and 1.5 ran in diameter. 

ccmosition in rocks that forned under predorainantl:,, pcotassic oonOitions 

ranges between Ans. and tn, c; the albitized grainn in rocks Inhere early soda 

letatt)matirts was widespread gerxerally are more sodic gran Any, laussuritic 

end nericitic inclusions in plagioelase generttlly decrease in abundance with 

an increase in the degree of alteration. iv particularly true in the 

more roeic plaoloolaret hut gone relatively ea3.eic clear also. 

•,yrriekite i t ri,(7erproad tYlrough quartz monaorrtit© gneins nrid generally is 

alone, Vle mar,...ins of plagioclase grains adjacent to micro& ine. It ite nx)st 

abundant in those rocks forme(' by predominantly potessic .~...olutions and le 

relatively rare in sodic albite-bearinc7 rocks. All cry' .alts 

tire highly corrorlerlp and evidence from transitional rocl:s ftugge its that 

roost .;rain® ore sndic peeudoorphs of the interme-:. iate pla - 71oclane in the 

original hornblond gneis • 



Irregular grains of microcline range from :airier interranvlar 

wisps in incolapletely transformed rocks to relatively lar{:11 pegmatitic 

crystals an inch or so in diameter that corxwnly contain abundant re— 

sidual inclusions of unre;o1a2ed plajeloclase and biotite. The co,tacts 

everywhere indicate replacement relations toward plagioclase and biotite, 

and all cradations in the irogressive replacement have beer observed. 

:ost of the textural .!)anding noted in outcrops and in hand specimens of 

4uarts uonsonite gneiss is due to greater introduction of zicrocline 

along certain layers parallel to foliation. r*Jacement in cost places 

oegan along crystal aordera and bradualiy enbu:,;:ed the adjacent rains; 

injection apparentl: had little iniiuonce on the eru of taeae 

'layered rocks. 

qua; to was introduced fairly early in the transformation, '_:,efore 

si,cnificant quantities of microcline were introduced. The later stages of 

aetasomatic alteration generally show only a slight Inez-Pave in quartz, and 

considerable recrystallitation apparently took place as it is difficult to 

_leteriaine any consistent age relation for quarts and microcline in thoroughly 

transformed rocks. .rtz typically is in lobate to rounded b1e5s and grains, 

and as elongated crystals and aeti strung.out along the foliation. It 

definitely corrodes and replaces plagioclase and biotite, but some crystal— 

lised quite late in the transformation and cuts microcline as well. 

ragged flakes and grains of biotite are scattered through the 

quartz monzonite gneiss. The biotite is corroded by microcline and quarts 

and comuonly is associated with abundant uusty Lo 0-antdar Alablietite and 

hematite. in places thuscovite is interleaved with biotite or fora discrete 

flakes. Away of the rucks contain secoAary chlorite and !aa.6netite associated 

with biotite. 
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Chlorite is most common in the rocks in wilich early albitization 

was intense. It is abundant in partly transformed. rocks, where it 

forms pseudomorphs after hornblende; out where transformation was 

more complete, chlorite rarely makes up more than a few percent of 

the rock and generally is in raggeu shreds with abundant dusty to 

granular mashetite and hematite. Sphene and epidote are associated 

with some of the chlorite and are most abundant in incompletely 

transformed rocks. 

Irregular small grains and aggregates of magnetite and hematite 

are distributed through most quartz monzonite gneiss. They are 

commonly associated with corroded biotite and chlorite ,;rains and 

appear to be most abundant where replacement was most complete; 

it is likely that the scattered grains are residual from the replacement 

of original ferrmiagnesian minerals in the rock. 

Pink garnet is fairly abundant in some of the smaller bodies of 

quartz monzonite gneiss. It has the same appearance and index of 

refraction as garnet found in partly altered metamorphic rock and 

Dcgmatite; in all probability it is a residual mineral that survived 

transformation. 

Zircon and apatite occur as very minor accessory minerals. 

tuartz monsonite gneiss in the Northgate district formed 

through reaction between hornblende gneiss and silica - and alkali-

bearing hydrothermal solutions which permeated the rock after regional 

metamorphism. tquartz monzonite gneiss is in extremely irregular bodies 

that do not conform to the highly folded structure of the hornblende 

oeiss. although some local control on replacement was exerted by 
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folds in the host rock, almost all mediuril to large-sized n11183:18 

transgress the older structures. In spite of the cross-cutting Co 

)". 

nature of the quartz monzonite ,i,neiss bodies the adjacent rocks 

show no deformation, and tne orientation of foliation in numerous 

inclusions of hornblende gneiss within quartz monzonite gneiss is 

parallel to that in the enclosing rock and in the adjacent horn-

blende gneiss. .ven in areas where local control for quartz 

monzonite gneiss by folds in hornblende gneiss is apparent, the 

relations are those of incompletely replaced folded rocks rather 

than of folded granitoid rocks or phacolithic intrusion. 

Intermediate stages in the transformation of hornblende gneiss 

to quartz monzonite gneiss are found thoughout the district. '.1rada-

tional contacts are coaanon along the strike of foliation from quartz 

nonzonite gneiss, and many smaller bodies show all stages of the 

transformation. Although marginal transition zones are not conclusive 

evidence as to the origin of the interiors of such bodies, the presence 

of relict textures and iumisaes of incompletely replaced rock within 

large bodies of quartz monzonite gneiss indicates a common origin. 

Petrographic study of intermediate stages in the development of 

quarts monzonite gneiss indicates that most plagioclase is pseudo-

morphous after the plagioclase in the original hornblende gneiss, and 

that replacement by quartz and microcline began along grain boundaries 

and gradually engulfed the adjacent crystals. Hornblende was converted 

to biotite or chlorite, and the ferromagnesian content gradually 

decreased as the transformation progressed. &von though foliation 

was rather poorly developed in most hornblende gneiss, it apparently 

exercised considerable control on the flow of the hydrothermal solutions; 
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the layered character of quartz ..tonsonita gneiss is in large part 

due to differences In degree of replacement, ahc; contacts of quartz 

monzonite gneiss bodies are commonly sharp across trio trend of 

foliation. The correlation of relict texture with less complete 

replacement by microcline is particularly siisnificant in verifying 

conclusions reached in field studies. 

Thus field and petrographic evidence indicates that transforma-

tion was accomplished by rather tenuous hydrotheru6 solutions that 

were capable of penetrating large masses of rock without disturbing 

the structural continuity of that rock. Lime, magnesia, and iron 

were largely replaced by potash, soda, and silica, and the bivalent 

gases were removed in. solution. LC,arly conversion of hornblende to 

biotite and the introduction of quarts, followed by introduction 

of microcline and more quartz in most of the quartz monzonite gneiss, 

indicate that potash and silica were very important constituents of 

the solutions. Albitization was not intense in most of these rocks, 

and the plagioclase most commonly in sodic eligoclase. This fact 

suggests that the soda concentration of most of the solutions was 

relatively low. 

Local transformation of hornblende gneiss to albite-chlorite 

quartz rocks, followed by later introduction of microcline and more 

rmartz, indicates that locally the early solutions were soda-rich 

but that they gradually became more potaseic as transformation 

progressed. These rocks occur throughout the gneiss complex, even 

in the interiors of large bodies of quartz monzonite gneiss. No 

control for this type of alteration was discerned in the field; such altera-

tion however, is particularly abundant in many relatively small bodies 
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of Avirtz mon7onite Jnoise. It is su7,.sted that the sodic 7,11teration 

may have been rk local marrin,15 effect of solutions enriched in soda 

by .,otash metasomatiem of p3.ik7ioclase feldspars at depth. ;is graniti-

zation pror:xessed sonic alteration would be followed by f-.otash meta-

s=atism. 

ki,ptite-_:araet A'iedss 

General feattims ;aaa Ustribution -- Irregular boGies of biotite-

7trnot gneiss (biotite-arnet-(]uartz-y)lA4ioolase gneiss) occur in the 

central part of the NorthTate district, where they are associated with 

abqndant pegmatite, and in the southeast rlart, associated with ,:luartz 

ron7onite Tneiss and :-,inor amounts of pegmatite. The lamest bodies 

of biotit$,--,arr et. gneiss are near 1w7er Camp Creek and the North Flatte 

river, where several interconnected passes 1,000 to 6,000 feet long 

and 500 to 1,500 feet wide crop out. 'lany smaller borties are found here 

and elsewhere throu7hout the are where nelmatite is abundant; many are 

too small to be shown on the geolcy-ic map (Pl. 1). 

The scattered masses of biotite-arnet gneiss were formed through 

local tr%nsforation of hornblence moiss. They are so closely associated 

with'ne7matite that a cenetic relationship is obvious in the field. Most 

)1(lies of biotite-garnet gneiss were most completely transforned next 

to 1 TIAtite, and it locally grades into pe7matite through transitional 

zones either of lit-par-lit meiss or by a general coarsenitv of grain 

and decrease in biotite content. On the other hand, biotite-:7arnet 

connonly interton rues with hornblende L;neiss and -,,nAes into it through. 

narrow transitional zones. The contacts are so indistinct and irregular, 

and the tonnues of biotite-.garnet gneiss so discontinuous that it is 
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dillicult to conceive of any ot;ler t.raisror.dtion. 

Untransformed or partly trans forme relicts of hornblencie 

similar gradational contacts are common within many biotite-arnet 

:neiss bodies. 

11,1ko1oRy, biotite-lareet tie.des from only sli.htly 

altered hornblende gneiss to eoqrsely ?orphyrohlastic aurmn-gneiss, 

banded lit-par-lit meiss, and ever , ep;matite. V%riable _~rain size 

and uneven texture characterize the interior of most 'oodles of biotite-

gernet vleiss. In most eecks t,-* different minerals tend to be unevenly 

distributed, and the r:eeree of se7re7ation increases with the intensity 

of alteration. yerine is -'rondnent in some rocks, -!0 luartz and 

foldspar form discontinuous thin layers and lenses inter Leaved Ath 

layers rich in biOtite. hed ,carnets are irregularly distributed through 

most of the rock. They are most abundant in or near quartz-feldspar 

layers; elsewhere the i!ernet a7rr(rates are commonly surrounded by 

light-colored halos that ..re poor in biotite. here layeri-i:? is not 

. rominent, :ivartz and plagioclase with minor amounts of biotite form 

irregular or lenticular aT1-,regates in biotite-rici: .,,neiss. Such biotite-

rl.ch and biotite-poor masses of rock inter rade completely qnri cammonil 

jorm masses a few inches to a few feet in diameter. 

The transition zones between hornblende gneiss and biotite-arnet 

,leiss are commonly rather narrow and are marked by the a:vearance and 

progressive increase in abundance of biotite and quartz. ith increasing 

biotite, the foliation becomes more mar1-7.ed, but in general the rock 

strop 1y resembles hornblende gneiss. A short distance from the • ::. rips 

hornblende becomes rare, and biotite, •ii,e-tz, and pla4oclese ,7enerally 

are coarser grained. Some rather even errained a7!!:reates of plaelociases 
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quartz, and biotite with minor amounts of hornblende make up fairly 

Wye bodies, but more commonly such aggregates make up minor facies 

near the mart ins of more typical biotitewgarnet Gneiss. 

!here alteration was especially intense, particularly near the 

laro pecmatite bodies, the gneiss varies extremely and the quartz-

Feldspar layers pass into small pods and stringers of relati•tely fine-

trained quarts-plagioolase-garnet oeclatite. Feldspar auger or small 

?egmatitic knots of quarts, placioolase, and Garnet occur singly or in 

beadlike strings along the foliation; in planes these knots coalesce 

into fairly persistent bands several inches thick, or into irregular 

!Asses a few inches to a few feet in diameter. A.th increasinf numers 

of pegmatitio pods and stringers, the rooks attain a typical lit-par-

texture; many have a distinctly knotted appearance it outcrop. As 

the quantity of associated pegmatite increases, the biotite-rich bands 

become thinner and more discontinuous; and microoline, hitherto a minor 

oonstituent, becies progressively more abundant. All gradations exist 

between the lit-par-lit variety of biotite-carnet gneiss and nany of 

the laror, mioroeline-rioh pegmatite bodies. 

Petrocraphy -- Along the marrins of t!,e biotite-garnet pleas 

bodies the texture creatly resemlies that in the surroundinc hornblende 

violas. Hornblende and plagioclase trains closely resemble these 

crains in hornblende gneiss and aymrently are relict. Biotite occurs 

along the oleavaze and crystal marEins of hornblende and as separate 

grains. 'There not strung out along later shear tones, biotite tones to 
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be evenly distributed trout:h the rook and is oriented roughly parallel 

to the layering; the rook is distinctly better foliated than the original 

hornblende mneiss. Irregular to lobate quartz t rains have renlacenent 

relations toward other minerals. A representative rock of this kind 

is made up of about 40 percent Aat ioclase (A,n28.u), 3n ,ercent quartz, 

15 nercent hornblende, and 15 percent biotite. As much as 5 percent 

microcline is found in son rocks. liornblende is absent or is very sub-

ordinate to biotite a short distance from the oontact, and is introduced 

quartz is somewhat coarser and more abundant. 

The minerals in most of the biotite-carnet t neiss are unevenly 

distributed, and the texture shows wide variation. In banded varieties 

the discontinuous quartz-plagioclase layers generally have very indis-

tinct margins and oorimonly coalesce into irregular masses of quartz-

plagioclase rock. The darker, 1-iotite-rioh layers generally are somewhat 

finer grained than the light-colored layers and are thickest and most 

abundant where alteration was less advanced. Garnet, with associated 

quartz, biotite, and blue amphibole, forms irregular to rounded at gre-

rates that are cogmonly 0inch and more rarely several inches in 

diameter. /lost t arnet aggregates are in the quartz-feldspar layers or 

are surrounded by light-colored halos poor in biotite, but in some rooks 

garnet occurs in nests of coarse biotite. The mineral oolrosition of 

these different "typical" biotite-garnet rocks varies greatly, but most 

of these rooks are made up roughly of 40 to 45 percent plagioclase, 25 to 

35 Dement quartz, 16 to 20 percent biotite, and as much as 15 percent 

marmot. leliot hornblende in minor amounts is widesoread, and several 

percent of niorooline occurs in a few rooks. 
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Textres near pegnatite and lit-r)ar-lit masses vary even more than 

in the less altered rooks. quartz-plagioclase-carnet stringers have a 

typical ?etmatitic texture in which some quat-tz and feldspar crystals are 

an inch or more in diameter and asmociated biotite and garnet are only a 

little le:3 coarse. The texture of the rook adjoining the permatitic 

stringers is in places very similar to the more normal biotite-garnet 

gneiss, but commonly it is even more Irregulars 

zany of these rooks underwent ninor granulation during the same 

period of shearing that elsewhere developed hornblende-biotite gneiss and 

nylonite gneiss. Cuartz stringers and relatively coarse undeformed 

biotite follaw some granulated -:ones through the rooks, and both quartz 

and Liotite, as well as plagioolase, are ground up and spread out along 

others. Thus the shearing appears to have been recurrent and to have 

taken place at a'Iout the same time as the transformation. 

The composition of plagioclase In biotite-garnet gneiss is remark-

ably uniform and is generally between Ann and And. A striking feature 

is that within any given body, the plagioclase has the same composition 

whether it occurs as relict crystals in the narrow, hornblende-bearing 

marginal zones; as relict or recrystallized grains in the main part of 

tie body; or as coarse and completely recrystallized grains i r the 

quartz-plagioclase-garnet pegmatite stringers. !n several sWtes of 

s?ecimens from different biotite-garnet gneiss bodies the ranee in corn-

)f)sition of plagioclase was only 3 or 4 percent of anorthite (close to 

the limit of accuracy of determination), and the range in Individual 

specimens was nearly as great. The only significant variation in 

plagioclase composition is in those negmatitic roo,.rs with 10 percent or 

more of introduced miorooline; in these the plagioclase generally is near 

An25. 
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One very significant deviation in placloolase compostion was noted 

in a sjecimen of sli htly altered hornblende tneiss .from the martin of a 

relatively small body of biotite-carnet gneiss. post of the specimen Is 

made up of about 4i percent hornblende, 40 percent r)lagioclase, 10 per-

cent quartz, and 5 percent biotite. 'lac:lochs. and hornblende have the 

same textural relationship as these prinerals have in normal hornblende 

gneiss; quartz has replacement rela-c{ons toward the earlier minerals, and 

biotite is along cleavage planer, a'-id margins of hornblende. This slightly 

altered hornblende gneiss is out r)araliel to the foliation by an irregular 

stringer about inch thick of biotite-garnet.plagioclase rook. This 

stringer of typioal biotite-garnet gneiss grades into the adjacent rook 

and still contains a few racged hornblende relicts only partly altered to 

biotite. The composition of 15 plaeloclase (rains was determined; fl,,e 

grains from the relativel: unaltered hornblende f-neiss showed an average 

composition of An30, five ,rains from the margins of the biotite-garnet 

stringer ranged between Ansb and An37, and five grains from the 

central part of the stringer ranted between An40 and An45. The altera-

tion here developed a distinctly more °oleic plagioclase than that in the 

original rook. 

Placioclase t rains have the same appearance and habit in rear ,final 

transition zones and in even-grained varieties of biotite-garnet gneiss 

as in the surrounding hornblende cleiss; apparently individual grains 

aersisted through transformation although the composition changed. Tr 

more uneven-text red biotite-garnet eneiss, however, the plagioclase 

ranges widely in grain sine and was largely recrystallized. The large 
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recrystallized trains in the quartz-placioolase-jarnet pecratite strineers 

isenerall:ratey smiler 21agioclase trains. As nost of the crystals a-e 

rather clear, the change in comvositi-)n was not due to a saussuritlo 

breakdown of the or4:inal placioole2e. 

Plagioclase rakes up 40 to 50 ocroont of most biotite-L arnet cneiss, 

regardless of the debree of transformation. This is only slightly less 

than the average amount in unaltered hornblende gneiss. Only in pecmati-

tic varieties of biotite-garnet cneiss does the quantity of plat ioclase 

vary signifioantly; plak ioolase oolrnonly makes up 50 to 70 -Jercent of the 

quartz-plaioelase-1.-ar:let ztrin,ers and pods, and it Is relatively minor 

where abundant nioroollne was introduced. 

Hornblende is most a ,undant in the transition zones between horn-

blende rneiss and biotite-garnet rneiss, where it occurs in Irregular 

trains that oommonly are oartly altered to biotite. her biotite '8 

subordinate, the hornblende Is very similar to that in adjacent, unaltered 

hornblende gneiss; as the quantity of biotite Increases, the hornblende 

reliots become smaller, less abundant, and much nore irregular. "orn-

blonde within the bodies of biotite-garnet iineiss are in scattered, 

rac( ed crains, chiefly in the less-transfomed parts, where they are 

associated with abundant biotite. Hornblende onerally is absent in more 

intensely altered rool:s near ?ecmatite and quartz monzonite In a 

few places alone; the martins of biotite-L arnet c neiss bodes, hornblende 

gneiss is distinctly coarser zra:lqed and hornblende is much more abundant 

than normal. This is partiouloxly true in the rare places velere quartz-

placloolaso-oarnet peematito striniers out hornblende cneiss. Some of 

the oeonatitio pods contain hornblende orystale inch or more long, 

and apparently the adjacent rook was considerably enriched in hornblende. 
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Biotite is closely associated with abundant hornblende ln tne nar-

Linal transition zones and in :-)artly transformed, hornblencle-rioh 

!nolusinns within biotite-garnet t- neiss bodIss. It is regularly distri-

buted through relatively wren grained biotite*arnet gneiss, a d the 

relations with scattered hornblende 20,:qicts indicate that the biotite 

here had the same origin as that in marginal zones. 'here transformation 

was more complete, most biotite is in separate grains that show no trace 

of their oriLin, but all relict hornblende crystals Kaye sore closely 

associated biotite. Texttzres are uneven in thoroughly recrystallized 

rooks and biotite forms irregular comentrations and stringers that ranee 

widely in grain size. Motite Is coarsest where it Is nost abundant, and 

in some rooks It forms local concentrations with grains un to 0 inch or 

more in diameter. Yore commonly it is rixed with variable amounts of 

plagioclase and quartz or is closely associated with garnet aggregates. 

Coarse-grained biotite is a minor constituent of many pegmatite pods and 

striltgers. 

The total hornblende and biotite contont generally decreases ,nth an 

increase in degree of alteration of the rock. hornblende comprises ob 

percent or more (LI' most hornblende gneiss, and in the marginal parts of 

biotite-garnet gneiss bodies, combined hornblende and biotite make up 25 

to 3b percent of the rook. 13iotite generally makes up lb to 25 percent 

of those rooks where hornblende is very minor or elsent, and as little MA 

b percent of much lit-par-lit gneiss and rook out by abundant pegmatite. 

Red garnet is widely but irregularly distributed through biotIte-

carnet gneiss and associated pegmatite, and in places it is in the adja-

cent hornblende gneiss near a contact with pegmatite or biotite-garnet 

gneiss. Garnet is coarsest and most abundant near 7egmatite bodies and 
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in --.any places is found only in thin peripheral zones around neumatito. 

In other nlaces, carnets are distributed throughout relatively large 

rases of biotite-carnet gneiss. T)ock with abundant garnet cenerallv 

has less bi_otitc .Llan similar rook. with less ,:arnet. The garnets are-

oorpletely !..sntro and probably belong to the almandine-pyrope group. 

The indo:. of refraction of garnets in 20 specimens from all occurenoes 

was determined. Ta 24 speoirKkns the index was betinen 1..71 1.rC, 

and in 2 speoil^ens the index wn,3 sit..nificantly above 1.30. Thi the. 

eompz7)sition of most gtrnets in biotite-oirnet gneise and related rooks 

probably lz near !IP7(y y304. The -ftrnet t:rpcally occurs as .)An)llar, 

poikil.nblastio ai.4:regatse with altnelant rounded quarts inclusions and 

varia);le anounts of closely assoliated blue amphibole and biotite. All 

stares in the de--elop74ent of carnet were seen, both in slif.htly altered. 

hornblende gness and in thorolrhlv transformed biotite-c.krnet melee. 

%mete forred frog materials derived Prom the breal7dowm of' both horn-

ble.ilde and biotite. In the earliest stases, fateratlon was corn ed to 

scatterer', frreeular to round ?.d snots up to 1/2 inch fr.. diareter, and 

adjacort 1?1,rnblerfir and biotite ,r,nere,1171 -vere mlneverat o')rreded. 

These snots consist of snail crain!, of blue amphibole and biotite with a 

fern mnall garnet :ranules set in a very fine mosaic of quarts aid 

serioitised olavioclase. ke the qutntity of carnet inoreases, the 

quantity of blue amphibole, biotite, and pltvioolase deoreames, and the 

quarts tends to be aLt receted into rounded blobs surrounded by or closely 

associated wlth granular carnet. The larger carnets are in rounded to 

very irrecular acgregates with abundant lobate to rounded quartz inclu-

sions and variable quantities of closely associated biotite. The 
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biotite forma peripheral ooncen';rations, scattered inclusions and rrfic.. 

ts.:re fillincrl sone relatively 1fIre crystals nrojeot haphazardly into 

or tliroueh the zarnet. "mall .rans of blue amphibole arc associated 

with many ftrnet a6,reates but Generally are &sent w4lere 'hlotite is 

emndant. The iArnets within biotite concentrations are s,Arrounded by 

thin rims of fine quartz, serioitized plat:5001as°, and biotite, and the 

larger adjacent b'otite crystals nre strongly corroded. 

:he blue ampilihole associated with many garnet acrecates is most 

abundant where the surrrtundinr rook is rich in hornblende, but it is 

relatively common even where the hornblende in the adjacent gneiss is 

insirytifioant in amount. 'ost of nr blue amphibole is irre--

ular to idloblastio grains that formed as an intermediate sten in the 

development of garnet, but in some `hornblende-rich rocks V,e original 

lorrI► lende crystals adjacent to the carnet acrregates were partly or 

entirely converted to blue amphibole. The opt1ca1 propertles of the 

blue amphibole are almost identionl with those of hornblende, but the 

color in more oharacteristio of amr,hiboles relatively rich in alkalies. 

The pleoohroic colors of the blue amphibole are yellow, blue-green and 

Green-blue in contrast with the yellow, crass-green and dark creen of 

unaltered hornblende in hornblende ,nelse. 

klthough biotite Is a oorrlon assnoiate of garnet, the rook around 

the larr;er garnet ati;irecates oononly is relatively poor in biotite and 

hornblende, and in places the minerals in these liEht-colored halos are 

distinctly coarser &Trained that those in the rest of the rook. The 

biot'te-poor halos around & -,arnet auregates and the relati,relT: low 
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peroentat e of biotite and hornblende in those rooks whore , arret is 

abundant suuest tat rost of the rarnet-forminc material war of local 

orlrin. ?he development of garnet undoubtedly accounted In nart ror the 

decroase total biotIte and hornblende contort with an Increase in the 

de, -c of alterat:ton. Total bit'te and garnet, however, rarely exceeds 

a -roent of the core altered roolcs and cenera117 Is leso than 20 per-

cent; nonsequerti: th.63c totkls re..:recont a. sltalf'_cant deorehoe the 

irJn aAd nabnenia held in the nri iLal hornblende cieliss., 

.-.,larn was one -f the ear lit 7Jnorall introcileed during; the trans-

formatln of horilhle:Ido Leis s, and even in narinal zones it comprises 

as much so 30 percert of some blotite-arnet moles. It forns span 

lc'-,ate e7.ratos in slightly aiterod ryl':s; with an inoreasi.nE alt,.ration 

the quarts becftne ooarser, more irrei;ular, and somewhat more a'inidant. 

The quantity of quartz in biotite-rarnet cneiss ranges w!dely, but 3t 

mskea up 20 to 40 percent of most thoroughly transformed rooks. Some 

quartz ncllolAtodly resulteJ fror thc, breakdown of hornblende to biotite 

and tanig:t. rowever, as the unntity of vartz iin most biotite-carnet 

gneiss exceerls that of coml'ined b.Intfte and Earnet and 13 a-,, 7t the same 

as that of hornblende in the oririnal rook, sienifloant quantiti.es of 

silica must have been introduoed durinc transformation• 

ricrooline in wisps and small erains constitutes as ruch as 5 Derr• 

oent of sore typical biotlte-i7ernet Fneiss, but in riuoh of the rook it 

is absent. Some biotite-garnet gneiqs, particularly near larre micro-

oilne-be*rinE pe;:matite bodies, contains 30 lercent or more miorooline 
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Viat rare :e from very small u to rou rectangular augen an 

inch or rrre in leni7V1, The microclne embays and replaces both .otite 

and placioclase and some quartz as well. 4rmakito is wiOesoread 

these rooks, and IlAny mIcrocline cr7stals are crowded wltY , nreplaoee 

inclusions of tile oltier mineral. Thrnk of these inolusiona are ai.ere-

ckte .tiatt shau the normal relations of biotite Larnet ctelss. The 

was evidently introduced at'ter tb& horn1.14 vms 

transe#17",-ted to biotitearnet 

Accossory w.inerals in ori,:lnai lornnlende cneisu make un rn a 

fraotion of a percent of the -,-orv,:; anatite is the most abundant of tl-, nse, 

h;lt sphene Is fairly widespread as w4.11. Roth swatite and sphere, is 

well as variable amounts of secondary epidote, arc much more ablindart in 

the biotite-i:Arnet gneiss, and an7ear to increase in abunda.nee wit: the 

degree c' transformatInno s ro r are, nacnetlte also are friirly 

In biotite-i:Arnet gneiss, but they are Ereatly subordinat., to anatite, 

sphene, and epAote, 

Ori -In Abundant evidence indioatee that biotite-car7et :noiss 

ori,Jnatud by trausfomati;:ln Of hornbleAe Cont:u:ts betwrnn 

those two rock ty..:.on are cradatinnal and irrezular, man / 'Intransfornied 

or incompletely transfomed resids)abit of hornblende gneiss cocur thrvagh-

out the biotite-car:et gnetss) anei rany details of the transfornatiort 

can be observed ondur the microeco7e. The close association with oeema-

tits and minor amounts Qf fulatod varts monzonito gneiss and the evi-

denoe for recurrent shearinc during trarefornaton indloate that the 

transformation was a phase of the General dynamic and retasovatc rota-

norphism that aff'eoted the gneiss oomplex shortl: after retional 

metamorphism. 
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Although progressive mineralo,c and textural chant .es clearly 

ante the replacement origin of most biotite-Garnet tTle origin of 

quarts-plagioolase-garnet pe6matite Is not so obvious. bodies of this 

rook range from small knots a few inches in diameter through thin, d5soon-

tinuous stringers in lit-oar-lit eneiss to relatively persistert, vein-

like bodies a few inches thick and to several tens of feet long and 

irregular masses up to several feet or more in diameter. Nycause of 

their coarse grain and law biotite content these rocks appear quite dis-

tinctive; but the bodies do not diellaoe their walls, and the contaots 

characteristic:ally are ,radationnl. ;Ithongh present in different pro-

portions, the minerals are the sane as those in the wall rooks; wld 

neither placioolase nor garnet shows any chancre in composition across the 

contaots of the Noplatitio bodies. TAridently the quartz-plagioclase-

oirnet pecmatite resulted from the sare alteration that developed the 

adjaoerat tiotite-garnet gneiss. 

Except for alterations aocompanyinc the relatively late introduotion 

of nioroolie, (chani;es more closely related to the origin of 7,liorocline-

rioh pegmatite discussed in the following section), the transfontations 

)rodvced chiefly minerals containing considerable 'Fre, magnesia and ironi 

Abundant introduced quartz is the only significant exception. Normal 

hornblende gneiss, having roughly equal proportions of intermediate 

nlacloolase (An- - Corrb) and hornblende, was oonverte4 to rock of- 00-5 

biotite, garnet, quarts, and plagioolase (An2b.455). Total ferro-

magnesian content shows a slight but progressive decrease with increased 

alteration; magnesia ap7Arently was lost more rapidly than iron, as the 

ratio of relatively iron-rioh carnet to biotite increased with the depree 

of alteration. 
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scco,lrlish there changes sone Alicf. ''nr 

en•cer.c of that .':er:17ped frr breee rn f -•-rni)l.ene:4, f'() biotite and 

'.:m eta Om? ruffielent 77c,;.u•ro6 to !-,ortait the !'evel.onment of 

fr. c5,1 hornblende. :- .tut enr17- sta.fes 

ontly low, for little rniarorqin-, r owl. The other alte a-

tir,ne requirec rer!oval of smell nagneria t and iron. 

"m se chamer. contra;t notably wit; raljacent rtnd eeeper 

zone whore quartz no: Izonite gneiss Wa ford. ere la ri!e -luantitip of 

lieea nagnosia nncl iron were renlacod by allailies and -nick. a a t:.o 

71.alioclaoe of the hornblende .:neias oonverteC soe.f.e oli •oeltIry 

albite t.m-' the f'ar'o,- t-lerinn minorrOr were largely dertroree. 

,t1though the minerals of t'.1e biotite..f,arnet gneiss tare generall:.-

oonsidere0 to originate et higher terneratures t 'en them in uartz 

nonz,mi to 'noire: ogi o cored ition s eturf,e tat that r war: not the co se. 

4.1.otito-tgarnet ,peirR ocours with abuneant a *rlatite izz ti envie 7,rne 

peripheral to tle -uarts nonzonite gneiss botlies, zono where the 

tnrinerature should have hem wisewhat lower. 

'!ore probably tYe eiffereneet in renetinn were related to differ-

°noes in ooncentration of t e various later!a:s in solution. Evident1,7 

-xlIrt alkalies in the hyerothernel molutions were preeilitaied in the 

',evelognent of quartz nonsonite gneiss, a precipitation Vemann 

p. 326) postulates as taking /Alice within a narrow zone or Pfront." 

the solutions were impoverished in alkalies tl)ey undoultecly wore enri6-

ed in displeeed lime, magnesia nnd iron. Thus the alteratton of the 



rook above the iranitization "front" would take illace in a hydrothernal 

environment relatively low in alkalies and rich in the bivalent '-arses 

'lire, racnesia, and iron). There was no rIreoepitation of these naterials 

in the biotite-garnet Eneisu to form a "basic front" (leynelds, 1044, 

pp. 234..2381 read, 1948, 2!). 11-12); rather there la evidence for slirht 

removal. However, the uniformity of composition of plagioclase and 

Carnet sui_ c ests t' at these minerals approached equilibrium with solutions 

considerably richer in lime, magnesia, and iron that those in deeper 

smuts. 
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loreelit,e-quart 1agioel.a so 
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15' .Ty abureT,- nt 171 a crude roue 1)!--,Itire'z1 the :large rizrser 

luartz ta-orinr,ni.e rci In the northern end s.outheastern r)ertc of Lile 

1:.ortl..gtzto ••1:11 bo:'.'..os of luarts raonsonite are j: i'oat 

o ith he aburilmt pe:urtite• but they fire larg‘!:t ay' cic:rt nurlerous to 

to iiY ore the peatite one tcrtz nonzonif•fe- r,;noicic sonar overlap. 

The lar;7ort, •!n ..ratIte TY...)dirtr, are in the vserft cen. ,ral pert of he district 

where they rare from nall poet;to 7,ery irre u1er ,•)n , ef• more t7•an 2 miles 

Ton:,,, nal :"•000 feet wic'e. liiotito.-:•larnet gneiss is associated with tie 

sbundr.nt pe,•.latite .he centrn1 pmrt of tie peilmatite zone, where 

gunrtz !•-v-inzonito mesipr 1 UbOrd inelte • - n t notrtl'ern hart of he 

1)eariatite zone relations ;eve been 7rontly obnouroci if!noeas Intrusion, 

Lsrar-itie fEnatinf!, and ertiary tilluviation; 'ant peotttite appears to be 

much lei •,cre ti-Lon farther north. It for!. ?; muiereur mien 

bodies! on 7.*inkhaa lountain anti oePtward viers f-; Aiming appeare to have 

been tictiie during V:* period of metasonatic alteration (ere folloring 

motion), and the ftouthern nr n of the pe iitite zone coincides 

roughly 'vv1t - n irrtruliRr belt of rcrlonite gneirr. near Piera Creek. 

tfoite tir:loc...ated with the 1ev rla•-,•ser of quert,v 7v)r43:7.41.;_to 

gneis.9 both nor-,h and oauth of the pegratite soul but i itw4inctly 'asp 

tihundlent have then in the central pert of the &strict. 

•,11:11,11 4h erne of the r...Itftler pogrintite lr.•nsee clear y displace 'Voir 

walls end apparently reprevent injected mater!.al, nort of V-e isr!er 

borlion show replace:limit role lom. ockr f;urrounciin.: the eomp1exl 

brenc' . ing peTnetite ner!•e!-1 tire not displaced. or e',.•/ . 7orrled• nnd the folia-

tion in the wall rock (.11.4 in nurwerouv undtlenteel inclusions of county:7 
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'Ate r!.frwr t!le n.le orieltc. r. n "r C 1PCm' 

hey!ier ere fal.rly sharp, but elr-er'ore te •- •roder .nto 

•'lc'. (7 ver:•e 

ancier $ :-n‘i ;warty •noirt.. :‘(Nr riot-:r t ' 

tito orr arsociatoe with alT,oit all quart:. a.ne non, 

ivv3ie nf yam. fro.a r,; its ,7nt.ist: in one dcrt to x.04: ratite 

in &nether, :/agrlatite tarsi .1.u3rtz •ne: -.r geno &11.1:• appear confess. 

noranenue$ 'hit Vlore an fme mequence can be eterAinee 

-ilwaTre Vie yot.tri•er. 

it feu nermatite Ln the liortk:ate eirtritst 
—.row 

!liar _ner”1_ , :ie or 1:cf.:tuna but it e origredete of 

re: rub-)rtilrvitte vite$ biotite, ,iernrt $ and 

naf*.netite or 13IX• atite. "he i,e7.-ture e.arc -ert rticall7 e Woven, ane. 

sore grel.nc are as rue,. Incher in 0:67-rter. "ar:7 

ratite is quite rare. 

TN1 per,qatite ranger. wieel:.• in eonposit:_en placioclarc-rle 

mity.roolino•noor through all -ra('ntion t s thoro in which Yleterly all 

fell spar is riterocline. ',here plagiocla5,* is almndant the rock genertt.U. 

is wla:Ite to .irrazt and is relatively fine ,seined for pet,rrstite. nrnet u..nd 

biotite are stoat abuneant in Veto rocks, ned nicrocline is chiefl,z, in 

•!cattered pink etrystelot. !tiler° nicroclina storo abuncInnt$ the rock Jr 

distinctly nit* tine gcnerallz coarser !!rane(1. 7n nicroclines.ricY 

it in twattered grains and in irre -oaar$ Tanular 

nter:. 7'n places quarts rald the arsociatee. relesteir ;thow the tans 

ran* in grain nile but !lore con-pray f ,jtart7., is in irregular evre. 

.:!atf”.* between larger felemper gralrift. "1,1reovite r abundant In a tow 

boel.er$ but is very scarce or absent in mit. arnee.ite$ or martito$ Jr 

wiffeepreat! in the pegmatite, and in plee(..-pr. risks up !lemma percent of t7-* 

reek. 



Lost contacts of peenatite with quartz ilonzonite gneiss and biotite-

arnet gneiss are completely ,,radational. 'fin :luArtz monzonite gneiss the 

lecnatite pcollre either as na-row hands parallel to foliation or as irre-

Eular masses of various shapes and sizes. 'ost contacts ere Indistinct 

and the two rooks appear to be of about the same ate; In acne places per. 

natite cuts quartz monsonite gneiss with fez*, sharn oontaets and is 

younger. Biotite-garnet gneiss grades into microcline-rice, 2eematite 

VomniCh an abrupt increase in introduced miorocline, a decrease in bit,. 

tote, and a general imp-ease it grain size. The ohange is most marked in 

the medium-grained ell en-textured blotte-darnet neiss, but more commonly 

the transition is with the lit-par-lit variety, where much of the adja-

cent rook already had a aeosatitie or near peematitio texture. :cattert0 

trains and aucen of pink mdoroollne mark the first stace in the transfor-

mation to pe ►tfte. .11th an increase in the quantity of niorooline, the 

biotite content decreases and the gneissIo texture is gradually lost. 

The grain size increases signifioantly, even in rocks that already had a 

pegmatitio texture. 

The relations between pegmatite and hornblende eneiss are consider-

ably more varied. Some contacts are fairly sharp but more oomonly a 

narrow, enidote-rich transition zone exists between the two rooks. 

Chlorite, pink plagioclase (albite), garnet, and speoularite are common 

associates of epidote in the transition zone; miorooline is progressively 

more abundant toward the 20gmatite. The transition zone is highly 

variable in texture and ran o. from pseudomorphic hornblende gneiss 

through structureless aaregstes to distinctly pegmatitio textures. 

46 



 

Late in the ympriod of pc ,-.1atite efrrelopnPrato t'oe 

wn: vi, les7-reae in both 'atite and ...-iunrtz 

!ri.ar.(*1-! f leeched rock are only a few feet ()r te a of feet in eiart-

eter and make u otily n m81114)t f the nff.ctr. .o..'. 7 44 leac 

wa erratietsal:.• distribute(; and ex '43';..t for L' 'octal tion new. 

the bulbour ends of peatite bodior4 nc Ftruct-oz•al control vac (ircerned. 

n 'orte pineP nunerour partly leac'.•.ed 1•e1icts occur tt-ireu.gh the more 

...071.111.ar ck. rf the ex dties contain sootteree to nunerour r 

of enecular hematite and a fm., hales are i.ins mitt! oullerlrel 

cq-,.lartz cryrtc' 

Piatirc,,•••ra: Me abundance of different minerels in the poftriatitt: 

fr ;azi.....-tz-111 • ..flocl.are- -arnot poi!natite with mboreinate 

nicrncline to traartzwiAcrocl wIti little or no plagioclase. 

or •.tarnet. uartz maker, up 20 to :),0 :percent of almost all of the pegma-

tite, and in rsoFt of tile rock nicrocline i rignifieantly more ahuntient 

than plagioclaae. rnet, (i:onornlly with our ac..ociated )intitet ir 

relati.vely abulldnnt in p3.aklioearie abwulant, but it 

ir rare and irreilzlarlydittibuted in rticrocline-quarts 

".u:-:'ovite is abundant in a fn placer but ernorally ie 1 te rare. 'inor 

r.luantit.les of nagnetita •.nd ^lart.,te are ri.c'e 

”la.f,ioca.bse onera11y occur in an irreg,ular ae.±...ro.late with quartz, 

and rock:- rare plm-loclase is the rout abundant feldepar are finer 

gra! !io0 •t, an the more common, rfticrocline-ric.!-! pegmatite. icrocline 

'reins range frm 11 , inter::ranular risps that corrode and replace tr 

adjacent plaiocla:. )e to lar7f.e, irregular !mine that contal.n nwatr-ous 

pertly absorbed pie lir"c/.0 re 11101,3,101.1N The inclusions have irregular 

enbayttd riargins and cotnon:;.y Revcral adjacent inclusions halm the sane 
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crystallo,,raphic orientation. "'.ome quartz appears to be more or les 

contemporaneous in orli:in with plagioolase, but other grains olearly 

corrode the plagioclase and were either recrystallized or were introduced 

at about the same time as the riorooline. 

Many pegmatite bodies have a distinct 7easoopio foliation shown by 

numerous elongate quartz aggregates, or, more rarely, by musonvite-corered 

folio.. Under the microsoope, the quartz aeA:recates anpear as stringers 

and veinlets along reorystallized oataolastio zones. "7ranulated feldspar 

and (Farts along these zones have recrystallized to a fine interlocking 

kgregate of irregular grains, and are out by the larger quartz stringers 

which definitely are later than the shearing. Where present, musoovite 

forms small grains in the reerystallized oataolastio aggregate and larger 

flakes and layers associated with the late quarts stringers. 3oth 

varieties orysitallised after shearing. -.jlettred and foliated pegmatite is 

most abundant in the same general area where hornblende-blotite gneiss 

and mylonite gneiss are most abundant. 

?lagioolase was one of the earliest minerals in the pecmatite to 

crystallize, and it is generally corroded and 2artly replaced by 

miorocli-e and quartz. In those bodies where Ilagi3olase makes up more 

than a few peroent of the rook its oomposition generally ranges between 

kn20 and An30. F,,ome grains aro quite clear but most are somewhat 

$aussuritized; a few grains aro very heavily crowded with sauswiritio and 

sericitio inclusions. Little correlation exists between oomposition -And 

de6ree of alteration. ',Imre plagioclase is a very minor constituent of 

the pegmatite, it tends to be distinctly more sodio and oommonly ranges 

between Anio and Ann. !'oet of these grains are highly saussuritised. 
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:ymekitio borders are oommon on plagioclase gains where considerable 

replaoemel-t by microcline has taken place. 

Vicrooline ranees from snail cry' tats betwer'n the pla; ioclase rains 

to large, irreollar to rouehly rectangular crystals thw% cornonly contain 

abundant corroded repots of plagioclase. In plagieclae-rich pegmatite, 

the microoline clearly was introduced Into a previously existinf rook, 

and all derrees of replacement can be seen fror these early rocs to 

rooks in whioh the feldspar le largely mioroollne. 

Quartz occurs in irregular to lobate I:rains and a,09eates that are 

unevenly distributed through the rook. 'here plaEloolase is abundant the 

assooiated quartz appears to be ao.lroximately contemporaneous, but where 

nIcrooline is the ?redominant feldspar much of the quartz is corrosive 

toward the plowioolase and appears to be of about the same ace as the 

mAoroollne. ks quartz in the plagioclase-rich pegmatite, and in the, 

miorooline-rich pematite is about equally abundant, the apparent differ-

enoe in relative age may be due in large part to recrystallization of 

quarts already present. This reorystallization is further suggested by a 

general increase in grain size of quartz with an increase in introduced 

microoline. 

larnet has about the same index of refraction in legmatIte as it has 

in the adjacent biotite-carnet gneiss. The irregular to rounded rrains 

and aggregates have a typical sieve texture, with abundant blebby quartz 

inclusions and variable quantities of closely associated biotite. larnet 

is most abundant and the associated biotite is most common in pegmatite 

that is rich in plagioclase; garnet is relatively minor and biotite is 

absent in peLmatIte where replacement by mioroollne was more complete. 
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nt:vs.,e t'-AJ traror.,forrition To:11ritle: c.,r,t of 

The bc-reon lecrantite end 17fIrr -.71.encle egneise 're 

ram elneeft jay ahundz ;:lt 011.1.drito one voricms rtineral rt, ,(.7. 

ti.lere rocket rt>ovv voti relict texture If the ertl:Inal 1:nrnqem'e 

w'.th elorit4 nnontionorr It r, 'r ,ornhletarle riot in c ilense rztrix raf e!piictc. 

ere co. only t'-e alteretim r.roe.-act it a dense ;r;7 a; rcvl: compared cf 

prollominent :•ranuler to mimetic er7icinte wriable r.Luentitter cif 

rink albite (An 2.5). ,311ene, diorite, and 'olatito ro ererion nceerc-,r, 

rsinerelm. In .lef rnek ir quite eoa"re..Ireinec? and 

har a perlatitic texture. fnirly 1-,orn1,1nir!e 

roar pew:rotate and ir the tronriti,-.71 toner. , and in one riaev r (Tense 

larnetaselinosniflitesircepoilte.elbitea,rphena rock men r a 

nevetlte.hornblignee cIneies cotitnot. 

"The large r)egmatite be,lir‘ ore n-,.trnriely irrc,ruiar cre 
0111MMONIIIMININIMIP 

eontein Miaerour inelllAnnr cif rirtanorphic rac17. r. tith rev eget:tient! 

th• wen rocky. and Ir.el',/flions whew no evidence (f efitorr.&t.i.m, .mod the 

frlintien in the inclueirine end the wall rocky' ten the erme 

arietrtati.r,n. 1%n:7 of the eontiu ere greentifnel. one rfe c manor 

ie7satite boeler clerr17 Oisplace V)eir reale, but nert of the nrr'c3f.tite 

in the larger reamer evirlenti:7 replaced rathertun intri'c'n the neterarlr-

!Ade P eonolnrion Jr fttrt!-,er by t! -P -̀ ()fit; 

rep3.acenont re placiaela no by rair,rooline [IF wen on the ocrIrrenco of 

relatively Gracia p.lagioelerie (An.;),)..cr) nre flerect c-en nicreellm 

in relatively absent. 

lerqeline in all the pematiter o-fert in the eent..ral r.trt ler:ft 

pef!riatite !Wier, rEtplaoement r' lationr torrirt 7 -7. u OCAS M. anti fib t 
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mr„Thal zones of the pegmatite bodies microollne clearl:' was introciuoed 

after the biotite-garnet zneiss was formed. These sere relations are 

found in the cradational contacts of biotite-oxrnet neiss inclusions 

within pegmatite as well. The omposition of most placioclase in the 

pecrlatIte in the !'orthgate district is more calcie (An20_30) than is 

oannon in quartz-feldspar ?egraatiote, and carnet in the permatite has 

th e sane composition as rarnet in adjacent blotite-gar' gneiss. 

Apparently both the placioolane and garnet are relict. liotite-garret 

gneiss and pegmatite beer no constant relation to each other In snace. 

Uthouch biotite-garnet gneiss generally is most completely transformed 

near larc,e pegmatite bodies, many thoroughly transforned masses of tio-

tte-carnet Eneiss have relatively little closely associated ?egmatite, 

and many pet:matite bodies have ro assoclated biotite-garnet gneiss. 

Although a distinct sequence in time between biotite-garnet rneiss 

and peomatite is Implied by the late introduction of microolne, it seems 

quite likely that the two rocks were formed about contemporaneously, but 

that the biotite-carnet 6neiss developed ahead of the advancini7 pegmatite 

"front." This hypothesis is consistent with the eommon close assoolation 

of pegmatite with the riore thoroughly transformed biotite.pgarret gneiss 

and the apparently continuous local sequence in time between the two 

rooks. 110 eneqn.1vooal example of concentric zoning of blotite-garret 

gneiss around a large mans of peL-matite was observed, and in many places 

a pegmatite body grades into highly altered biotite-garnet cneiss on one 

side and into hornblende gneiss on the other. Hydrothermal solutions 

chanced during the course of transformation from those carrying abundant 

lime, macnesa, and iron to those rich in potash. .:'here the later 
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solutions followed the save general ohannels as the earlier solutions, 

biotitegsgarnet Lneiss and pegmatite are very closely associated; where 

new channels developed or old ohanrels shifted durinc transformation, the 

alteration nroducts occur either alone or with minor intermixint. 

Nornblende-biotite vess 

General features and distribution -- The hornblende-biotite gneiss 
.11.111.111.1110101111•11.11 ---1111.,•0 

includes a croup of well-foliated roc,-8 raae up of varying proportions of 

hornblende, biotite, quartz, and platioclase. amounts of micro-

aline are widespread, and irregular bodies of quarts monsonite gneiss and 

peonatite replace some of there roc s. The rocks forr complexly inter-

layered series that rant° from unaltered hornblende gneiss to fine-rrnined 

mylonite gneiss. Foliation in the hornblende-biotite gneiss parallels the 

layering in adjacent hornblende rneise, and the different roar s ainear to 

be interbedded. The mixed rocks do not persist alone, the strike, however,. 

but the layers feather out and grade into hornblende gneiss. The horn-

blende-biot.!Lte gneiss is very erratically distributed, and it is not 

separated from hornblende gneiss on the 001000 map (P1. 1). 

These rocks are most abundant and moat biotite-rich on the southern 

mart of Pinkham ountain and alone Pinkham Creek, where they are associ-

ated with mylonite gneiss. some hornblende-biotite Gneiss occurs south 

of the belt of mylonite pleas, but relations are obscured by large 

masses of quartz monzonite gneiss and by Laranido faultings. Farther 

north, hornblende-biotite gneiss alternates with larger and larier masses 

of normal hornblende Eneiss. No hornblende-biotite eneiss was seen in 

the north and northwest carts of the district. 
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Litholotcv :lorneblende-bi9tite neizo wiCel; fro:, place 

to place as it is made up of a completel 1,Pries of rocks. 

'qh6re hornblende is abundant the rock has a grain size ro!!2nly cotaparable 

with that in the associated hornblende fleiso and commonly has a similar 

appearance. 3iotite way be fine-Krained, but in places it is almost as 

coarse as the associated hornblende and plagioclase. The foliation gen-

erally is considerably more distinct than that in horneblende ,rneiss. 

With increasing biotite and quartz, the rock becomes finer-grained 

and more closely foliated. .some hornblende and plagioclase occur in 

slightly larber grains, but the rock loaeu the distinctivesalL-and-pei.eer 

aspect of hurnUende jleiss anu acyuirou a more oven, 0,).6c bras color. 

Althouoh closely foliated, tne rock 0.00J nut split evenly along a si-etile 

plane; Lilo fracture is hackly„ and megascopic foliation appears to be a 

compromise direction Iletween several planes of zaineral orientation. As 

the grain Laze beco:aes smaller, the oeis.;es grade into dense, uniform 

to banded gray rocks characteristic of mylonite gneiss. 

Feldspar aucen and irregular quartz-feldspar stringers are abundant 

in many places, particularly near bodies of quartz Aonzonite gneiss or 

pegmatite. The quartz and feldspar are generally strung out parallel to 

the foliation, although in places they form irregular, cloud; maw:04s. 

The contacts are characteristically indistinct, and the stringers and 

masses appear to result from replacement or transformation rather than 

injection. 
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- - MM Ortiblffilriede.13i0ti ,sfo c, lc -aul.;-4,0, 

roelfs intermediate in texture between ':. -,rnblen:::e ;heir:-: ;in? nylortido 

Fine- quarts end biotite with abundant aoceemor:-. P oec'T alo 

•iht;nr zones line in recrirtallizo' t cataclarrtie '...at L 

lari;er, iTa'..rn of pltc,:!_ocl MI an torn7.1.ent•o; f..he c1nti!.:7 of quartz 

;.:nd biotite :7 irectly relatee. the of ;!,ranulat-Loi: of tl rook. 

Biotite 1,0i,::!E or:ented elm. -!...1;e .Yarioua shear plazie a and the 

n much ;74:.ron-er tan VIA in norrael horn'aenie :n placev 

a sin:.)f.le $et of s'aear planes irt dominant end •:1!(-'• f• - on relatively 

\lotite -poor gneies hap good megascopic '!-.4, of the hornblenAe., 

1.,lotite anoint; ehows several poets of s'!ear planes 'Vat intersect at 1w 

atIgles in t;;e coon ,f ne4arecopic f-liation, as well ar eono3d,. reble 

granulate'? rook :-If3tt0011 the lor..er cryrtalf,. .n these rocks tI a rtrengt:1 of 

foliation 3epende bon on the ..,uantity of cr:',ented biotite am? on the an,lles 

of interseot;on of Qv Acuar planer. !O eatao3.a vi is took place 

only ho Wean the grensl ti ese rocks 1-bave elnort n.o i,o 

can be acic!o fy.,:cerning the relation of rtrentll of foliation 

tiL.th the (le .ree of ccvninution. 

ornb:lent7e and plagioclane occur as rsi,A;0(1, relict :1'' set in fine:1., 

7,ramtle-1.,nr-: roe:. :raine of pi/igloo:1.nm are abundant in the surroundin; 

granulatoil rook, but fane-grained hornblende is wico-tiOn• rain /size of 

the bar Vicar aryoala is c0773)arable w!..th that in nor...al hornblende gneins, and 

in Bane of the leer broken rocks, remnants of hornblenile :..!nel ae are eor:r...m. 

Hornblende relicts generally are not ellundant ar plagioclase r31icts, and 

;.hey are ecci•!)on1;‘, alterexi in part to biotite. tilferco tItrre Atili a tegreitioent 

7,ranulntion, 

54 

https://pi/igloo:1.nm
https://sin:.)f.le


plac,oclaae is :tore audio than that iu the associated horn-

Ilende gneiss, and ,,enera117: is either nodic anoesine or oligoolase. 

Am*, ;rains are roilsiderabl:,tie-ir!ittzed an0 saussuritized, rvlativ-ly 

clear grains also a-e &:lundarf. in general, plavoclase is about as a-

bundant in the relsu; ti7. Dalkas it was in the original Iorn':;lende crisis*. 

AltholIgh a small quantit of biotite is co:.vionly associated with the 

relict hornblenoe grains, most of it occurs with quartz and plagioc.lase 

in nine rained crystalloblastic age:mote along the shear zones and be-

tween the larger plagioclase and hornblende crystals. !iotite 

irregular to well-formed platy crystals that range from very fine grained 

to nearly as coarse as !WAS o the lornblende crystals. Asriy of the biotite 

Oates are oriented alone the shear planes, out a larbe number 4i60 now 

randoA orientation in the kiranulat,ed rock beLween Lae reeilcI crios,a4.a. 

iiependin largely on; the t.eb ree of 3hearin6, ranges xn abundance 

from practically hero to 20 percent of the rock. 

(ituartz fora small, roughly equidimensional grains ansociated with 

the recrystallized biotite and plagioclase between the lamer cry3tals 

and uomewhat larger grains in elongated aregates alon.; shear zones. 

;:uartz makes up as much as 30 perrent of some rocks; it is generally most 

abundant where biotite is most abundant. 

Microcline occurs in llinor wisps and irregular grains in the recrystal-

lized cataclastic zones of some of the gneiss. Small quantities of micro-

cline are widespread, but it is most abundant in the vicinity of quartz 

monzonite imeiss and pegmatite bodies where concentrations make up the 

augen and granitic-appearing stringers. Hicrocline replaces relict horn-

blende and plagioclase grains, as well as Lliotite and pla4ioclase in the 

cataclastic :aortas. 6everal poikiloblastic microcline grains were observed 
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that cut across granulated zones and contained biotite inclusions oriented 

in the direction of the shear plane; these microckine graina obviously 

crystallized after shearing. The transition fyom hornUende—biotite c;neiss 

to the asociated quartz Aonzonite gneiss tames place cruelly 1; an. abrupt 

increase in the quantity. of 1:Itrodueed Aicrociine. Idtho i;L 

definitely was introduceu-alu . so= 6rauulatee zcmeas places it 

was :)roken by later shearinc. 

Apatite, sphere, and 4sanotite are :such ..sore abundant in hernIqende— 

biotite i:neiss than in unshe-reci hornblende gneiss. They commonly make 11:. 

several percent of the biotite— and quartz—rich gneina s and in some specimens 

they constitute about 5 percent of the rook. 

Irregular c:rains of epidote are scattered through qlost of the rock. 

They are erratioally distributed, and generally in quite minor amounts, 

althout;h in places epidote forms as lauch as 15 percent of the gneiss. 

Sri, in -- The transition from hornblende gneiss to riylonite gneiss 

through intermediate hornblonde—biotite gneisscs and schists is marked 

by progressively more intene shearing and 6ranulatixi. in all )1* these 

rocks, only hornblende and plagiociaae oc6ur in tine relatively large 

relict cryatals; the gruundivas conti;.sta easentially of a fine adgre6,ate 

of crystalloblastic biotite, quartz, ar.d feldspar. The trtrsformation 

involved Granulation of the original hornblende gneiss pgnetrative 

movement and shearing. Plik;ioclase was broken and altered to a somewhat 

more sodic feldspars bit the quantity of plagioclase ir the rock did 

not change appreciably. Hornblende, on the other hand, was broken down 

and the constituent materials recrystallized as a mixture of biotite, 

quartz, and the lime—bearing accessory minerals apatite, optima, and 
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epidote. These new minerals did not lord pseudo&Jrphs ail;er nornOlende 

but occur scattered thrJu6h branuiated part J i. the rock. 

As indicated of the relations of microcilnt: alone granulated zones 

in the rock, the shearing took place during regional JA:ranitiziati, )n. The 

additional potash required. by. biotite could have 'eer derived from this 

source, and perhaps some quartz also ma-t have beep introduced. its most 

biotite in the granulated zoncu shows no obvious relation to t-roken horn-

blends remnants and quartz is unevenly distributed, the recrystallimation 

of materials lerived from sheared hornblende involved some movement in 

solution. Possibly this accounts for the varying quartz-'biotite ratio 

and the erratic distribution of the lime-Dearing accessory minerals. 

ttlonite gneiss 

General features and distribution -- The mylonite gneiss is made 

up of very fine grained crystalloblastic rucks r.hat, oriGinated throu‘h 

intense shearing and branulation, followed by woderate recristaiiization, 

of the different rocks in the ;fleiss co4iplex. These rocks vary widely in 

composition, depending on the composition of the orifjnal ,, 11.eiss, on the 

intensitv of shearing, and on the degree of recrystallization. n- of 

Lhe rooks are strongly streaked, and rounded to lozer,:e-ehaned aren are 

com'aon. Following the nomenclature in the glossary compiled by '.p aters 

and Oampbell (1955, pp. 478, 481) these rocks are called mylonite gneiss; 

some rocks that have been so intensel:i sheared that all orijnal textures 

were destroyed are classed as ultramylonite. 
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4ylonite 6,neibs is aost aoundant alon4, tie wails °I Kint;s 

and Pinkhkua ,;reek _;anyon; smalier areas of this rock are exposed in the 

core of entinal !fountain and s17n. the front of the -ieeirine w '(onrtains 

northeast of :;entinal Mountain. - is mos" ahundant where!!ylt;rite 

the original rock was dominantly hornblende ;:neiss; it ,i.eLJ out to tie 

east and south, 'where large masses of quartz laonzonite „Jleiss are present. 

Some large quarts monzonite f.rieiss bodies show considerahle megascopio 

evidence of shearing along the margins, but this is lost away from the 

(.!ontacts where shearing produced interigranular cataclasis on a aliroscopic 

settle only. irregular, relatively unsheared retreants of hornblende gneiss 

occur even in the areas of most intense Irovement. 

LitholoRy Mylonite Gneiss derived from hornblende gneiss generally 

is a very fine brained medium- to dark-o-ay micaceous rock that is cloueLj 

foliatod and in part stron;,ly streaked. the kitreaks are due to aiLernatlx 

3lotite-rich feiUspar-rich layera that are co:: only folded *And ,:renulated 

on a small scale. nornhlende crystals occur in bands aloe:.; the folic of 

some of these rocks. The foliation is uneven, and fractures commo-Jy sparkle 

with reflections from abundant fine biotite. :Mounded feldspar swan are 

relatively common, and in places they are stru/v out alone, layers like series 

of beads. 

A dense, white to greenish gray, slightly greasy-appearing rock that 

may have been either a lime-silicate rock or a normal hornblende gneiss 

occurs alon!:, the flanks of Pinkham f:reek ,Janyon. This rock is made up of 

a very fine aggregate of epidote and clinozoisits with minor amounts of 

quarts. Much of it is megascopically structureless, hut the more quartE-

rich varieties show faint streaks parallel to the foliation of the adjacent 

,;neiss. 



quartz monzonite ,:neiss was more resistant to shearing than hornblende 

gneiss, and even in the zones of greatest movement only the marjnal parts 

of larger bodies were reduced to mylonite. ';any of the smaller bodies, how-

ever, were ground up to a very fine grained, pinkish gray rock with. a distinct 

quartzitic appearance. These ailiceous-aiTearing rocks commonly snow color 

banding parallel to the ioliatI,xL of adjacent, rocks. ...clerk, 6ranuiatIon wars 

not so co::idlete aoundant rounued to avid i'eldapar ,rains are bet in a 

thin-layered, vitreous groundulaas. The cri!:kled la:.'eca .;:_.end around the au6en 

much as flow bands in lava bend around puenocryats. Uoderately sheared quartz 

,aonzonite lieisa is distinctly finer grained and '..etter foliated than normal 

quartz mlnznite gneiss, but the cataclastic texture is not cenerally obvious. 

:Jost mylonite gneiss derived from pe.latite has a distinctive appearance. 

abundant rounded to lozenge-shaped augen of pink feldspar up to several inches 

in diameter are surrounded by a fine groundmass with a strongly streaked, 

pseudofluidal texture. The contrasting colors of the pink to gray "flow bands" 

that branch and bend around the pegmatite relicts and augen are due largely 

to the tendency of quartz and feldspar to aggregate into separate layers. 

Minor amounts of biotite and muscovite occur along swim of the folia and ac-

centuate the banding. there tne original rock was completely ground it is 

difficult to tell whether tne light brak, to pica ultra..yionite Wiati ueriveu 

frow quartz mJnzonite bneisa or from pegmatite. 

Petrw,:radiky -- The coon dark gray mylonite gneiss derived from horn-

blende ;neiss shows an excellent recrystallized cataclastic texture under 

the iicroscope, hornded and t.soken plagioclase augen, generally calcie 

olli7oclase, are set in a fine, crystallohiastic groundmass of feldspar, 

quartz, and M.ntite. Hornblerde crystals are few or absent in moat specimens, 
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but they are abundant in some mylonite ineis.3 and tend to be concentrated 

along relatively hornblende-rich layers. Some hornblende occurs IN re-

crystallized, poikiloblastic grainu that are distinctly- coarser than the 

fine groundmas3. Curving streaks, or "flow bands," marked by abundant 

biotite flakes, branch and bend around the rvanded feldspar auger. Those 

rocks that were reduced to a fine cataclacitic acgregate :nth very few 

grains, lator recrystallized to fairly even textured, dense rocks compose6 

of biotite, feldspar, and quarts rains thaL enerally 0.2 mia or less 

in diameter. The megascopic bandiu„ is comaionly indistinct under tae 

microscope. 14uch quartz oco..4ra rocrystallizeC oataclastic rock, 

but ao;ile aggregates and microscopic veinleta string out alon the curving 

'„)ands. '..pidote, apatite, an6 sphene are coma= accessor- iiin*,rals. This 

rock is the cataclaatic end member of the transitional series called horn-

blende-biotite tlieiss that r;radea from slightly sheared hornblende 4neis6 

to mylonite gneiss. 

The fine-grained, white to greenish gray rock of uncertain parentage 

that occurs along Pinkhala Creek Ci.inyon is composed largely of clinozoisite 

rid epidote with lesser quantities of quartz. Clinozoisite is wich more 

abundant than epidote, but all gradations exist between the two Ilnerals. 

epidote and clinozoisite crystals are 1 mm long; most grains are less 

than 0.5 mm in diameter. :quartz genorall:; makes up only 10 to 20 percent 

of the rock, but places it is :such :sore abundant and tends to occur in 

wands or streaks. 6phene is a coal.Lon minor aoceaaory winerai 

All 4;radations exist tretwecn siLhtiy sneared quartz ,aonzonite ,aeisa 

and fine-grained ultramylonite. .iome rocks that appear in liand si:ccimen 

to be relatively fine 4; rained quarts monsonite ,;neisn show Aarked inter-

;rarular cataclastic texture in thin section. Where shearin, was not 

60 



intense, t ralulation. was confines: to rela:Lrol7 thin zonea alone- grain 

mart;ins. •Ith an increase in degree of kearini, the zones of intergranui 

brecciation became wider, and interated shear zones cut throu÷h the rock. 

These shear zones generally intersect at relatively low an!;lets in the di-

rection of me„;ascopic foliation. Yriere the mylonite stage vas reached, 

lost of the origi:ial Living were milled out to a fine autaclastic ai,gret:atc, 

and one of the several intersectinb shear planes ;:,enerally ib dominant. 

The relict feldspar auf,en that survived are rounded and fractured, in places 

4ving the appearance of having been rolled. some of the lari;er grains sitAr 

the external form of auons out aer crouaed z-iiouis they ad,ear allamt as 

orocciated as the 6nm:1(14414a. 61th ex:41,1120 brahuia4:_on aii the oribinai 

brains were broke,: down, ano ahearint, tendea to separate the different ain-

ends in ;he groundasiaa into quartz-rich and feldspar-rich bands that bend 

around the ovAd feldspar aueen. -cost of the recrystalliter grains in the sr 

rocks are less than U.S mom in diaueter. 

The composition of plagioclase apparently was not altered mEch by the 

granulation of quartz monzonite Although plagioclase in the ground-

mass is too fine to determine accurately, it appears to have roughly the 

same index of refraction as the asso,-,iated angen, which are either caloic 

albite or sodic oligoclaae. notite was broken down into chlorite and 

sericite, which occur as scattered wisps and shreds through the rock. Al-

thoubh the cataclastic origin of the rocks is obvious, the present texture 

is crystalloblastic. quartz apparently recrystallized most easily and is 

distinctly coarser than the feldspar. all grains have irret,ular, interlockin‘ 

contacta. 

l'ebmatite underwent the awlim beneral chani,es as civartk, ;limonite bneias. 

4414, atiben tend to be awch laror than those in cuwparaole sheared quartz mon-

zonite ;Telati, i:vt the streaked ovundmass in both rocks has the SRAP aspect. 
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Structure -- 1,C11'.ation in both hornblende-hiotite ,neiss and mylonite 

gneis3 is parallel to that in the associated unsheared rocks, and lineation 

shown by minor fold axes and mineral elongation conforms closely to that 

in hornblende gneiss (see Fig. 8 A). Apparentl the same general stress 

field persisted through regilnal oetataorphista and dynamic metamomhism, Brut 

the type of deformation changed froa isoclinal folding to more localized 

shearing and granulation. 

Only the northern narhin of the pelt of she red rocks is well exposed 

in the Northgate district; he rest of she melt is lar,ely covered ty 

youn1;er sedimentary rocks in Norte, relations are iurLher cohluseu 

by Larataide reverse faults. The clort.iiern ,aare;in of aiylonite oeiss is ir-

regular but fairly shari), and Lenerall:y is roui;hly parallel to the regional 

trend of foliation. An edit at a small copper 7gospect alone 'irkham :7reek 

near the eastern edge of the district cuts across the strwt.ure in a lass 

or relatively unsheared rock that projects into the mylonite oeiss and 

is nearly surrounded by it. Surface exposures suggest that the rock is 

unaltered, but careful inspection of the walls of the edit disclosed that 

numerous narrow 'rends of granulated rock cut, the otherwise unsheared horn-

blemie gneiss. Apparently the irregularities an the north margin of the 

mylonite gneiss were due to local c',ncentration of the movement into 

narrow zones. The hornblende-biotite gneiss which is north of the zone 

of .aoat intense shearing, resulted from relativel:: scattEred movement. 

Uylonite 6neiss mor,es to the exit into large masts of quartz won-

sonite oetsu. The mart;ins of these lar„e 'zAmiies beneraiii show iLtenas 

granulation, Jut this feature is lost a sl,ort diatance from the edge of the 

bodies whore the rocks are siAlar in appearance to the quarts monsonite 
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,, n-Ass in the rest of the district. Evie.ently the lar,:f bodies of 

erJartz monaonite ,neiss were maseive enou, h to :,esist per etratlre 

shearintr, that reduced the weake:- rocks to mylovlite. 

Me apparent, offset of the northern ;.argil of the belt of ivw:lite 

ineiss across the independence :fountain fault zone near Kings .")wv,al 

probably is )aisleadings as this oftset is the reverse of that expe.;ted 

along a north—dippint; reverse fault. lore probanly the broad zone of 

mylonite gneiss contains relatively large masses of ungranulated rock, 

or is made up of several distinct bands of wylonites, and the actual 

northern inargin ay not be exposed south of thc! independence :fountain 

fault. 

!al:J./J.1R Aylonite ejneiss resulted fro.:.. the Intense of 

all rocks iii the ,neiss coi.plex durin*, the same period of shearinE; that 

develwed hornblende—biotite gneiss. As peginatite and quartz monzdrite 

neiss 1.odies t/hich were formee at, an earlier stakre in the shenrinv were 

reduced to orrlonite l the belts of intense 0-anulation apparently developed 

late in the period of :ihearng. The relative movement between thr rocks 

in the northern and southern parts of the district appears to have become 

more and more localized alone, -ertain zones as the shearing pro6res.;ed. 
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 dieollarphic civartz iaohzo:Ilte 

,ieneral ieattAre6 and distribution. -- 6oax: Tlartz monzdnIte ,meiss 

in the no; anc southeast parts of the !,iorthe:ate distri ct shows 

evidenco that it beoame plasl.ic and moved after it was transforae0. The 

tanded texture of not al quartz Aonzonite gneiss was lar,jely destroyed, 

and a nom uniform, aplitie texture was developed. 'There movement was 

not great, highly contorted original bandir; still can recognised; and 

this handing is commonly cut by a new, less distinct foliation. The trends 

of unreplaced hornblende gneiss inclusions show great departures from the 

reg.:onal east and northeast trend of foliation and layering, and reflect 

the larger-scale features of the deformation resulting from movement of 

mobile quartz monzonite tnciss. 

Relations are clearest in the northwest comer of the district, where 

a funnel-shaped .mss of quart4 4.Juhonite 6110.1dd ttiJOUt i 1/4 dilleo lord, 1.);., 

m.. le wide intruded and deformed the rocks in the adjacent e,neisa cout-

;,lex. Allot features and the differencea in composition of adjacent 

la7ers in rheoorphic quartz T:!' nsonite t neiss eueest that the movement 

was %r plasti;; flow rather than as a melt. Azilar deformed, ariitic 

rocks occur along the southeast edge of the mapped area, and may be mar-

ginal to a larger mass of formerly Tobile rocks. -Ittlations in that area 

are so poorly understood that the following discussion will+al largely 

with the area in the northwest part of the district. 

Structural settinK -- Local mobilisation took place only within 

large bodies of quartz monsonite gneiss. The new structures developed 

luring mobilization are locally transgressive, particularly along the 

strike of original foliation, but more commonly the once-mobile rocks 

t;rade into rocks of the surroundin6 oeiss compie4. 
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The fUnne1-3haped mass in ,:,he northwest corner of the district is 

a iwomlnent topoe,raphic featare that stands out strou,ily iri the lield 

tnc 9r. aerial iTh,ito6radna. ,,iat;JrItinuous quart:. 14.0;i12/.toe 

,T:eis3 and Niaor awounts of ilorn.iinnde 4.;neiss :lose completely ar.f..,nti 

t.ae structure and „ive it a distinct annular appearanc.e. !ayere dip 

c;00 to 70° 1. on the south flank, 30° to 85° W. or: the east nose, 0'1 

throm:h vertical to 05° b. on the north flank, and the northwest. 

nose plunges so° to sop 3E. (see 2). 'There annular layers are 

parallel or nearly parallel to the foliation or`sanding in tIAP sur-

roundinE gneiss complex, mar: dins of the funnel-ahaped mass are c.ompletely 

;;radational. They grade into normal rocks of the gneiss complex to the 

south and into highly deformeu rocks to the west and southwest; the 

northern margin is outside the area mapped and was not observed. The 

highly deformed layering in the surrounding rocks splits and bends 

around the northwestern none of the “fUnnel," and rocks in the vicinity 

of the nose are MiLWAYO, nearly structureless quartz lAorsonite gneiss. 

The eastern nose of the flow structure is snarpi.;.. aLainst 

adjamilt norn!)lendo amiss and pegmatite, and the annular layeea cut 

almost at right anGles across the :aore normal trend of the sountr71, nocks. 

Vassive quarts monzonite eneiss marks the transition between the funnel-

shaped as and the surrounds n; rocks in the areas where the annular 

layers swin from nearly normal to parallel to he adjacent '-andirof and 

foliation. Nww textures are most prolAinent along the flanks of the 

runic/I--shaped mass where moat uovement apparently was concentrated; some 

relict textures can be recognized in the core and toward the outside 

edges of the "funnel." 
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The area of highly defonaed rocks to the west and southwest of the 

funnel-shaped sass contains hornblende gleisa and quarts monzonite gneiss 

that ran,;e from nearly no: al rocks of the oeiss coxplex to zliassive, re-

crystallized rocks with no rt-lict textures. :al the absence of distirxtive 

Horizon narkers, i.t is uifficalt to cieteruilie tae details of structure in 

this area, 5ut the relations of tne deforwed hornblerde :'reiss inclusions 

.ndicate the i7eneral course of plastic deformation. The northward-plunging 

fole adjacent to the fu-Inel-shiv,ed mass trends almoat at right angles to 

the trends of folds in regionally metamorphosed rooks away froTa +he area 

of rheomorphism. original small-scale layering in the geartz monzonite 

);:neise was highly crumpled during this deformation, indicating that mobili-

zation and deformation followed metasomatic transfornation. Some bands in 

the original quarts monzonite gneiss were milled o t into spindle-shaped 

boudins an inch or two in diameter and a foot or two long. Lineation shown 

by these boudins and by the contorted bands conforms to the same pattern of 

lineation in regionally metamorphosed hornblende ,sneiss and in the later, 

dynnuilcally metamorphosed Aylonite ,neiss (see Pit,. 60). Apparently the 

same stress field persisted tnrolkh re6ion.41. .uetaAmorpnism, .utLa60;,.4.A,,10 auc 

dynamic metamorphism, and moDilization. 

lAefonaation of the rock west of the annular flow structure apparently 

was accompanied by plastic flow, particularly of the quartz monzorite gneiss:. 

The larrer folds show thickenir or limbs and crests, and new toxteres a-e 

best displayed in areas of greatest apparent thickening. The southern mar-

011 of the large mass of quartz monsonite gneiss that encloses toe formerly 

mobile rock follows the normal renional trend of the gneiss complex. 
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attention on the part of the lar,,e, north treridinp cross fold within ;she 

outermost discontinuous arc of hornblende gneiss inclusions, one can soe 

that the fold starts on the west from an interlayered series of quartz 

;,ionzonite gneiss and hornblende ?:,neiss about 1,W0 fet. thick. The horn-, 

blende ,4neist; inclusions in the fold show a progressively wider swing 

outward 'rDm the core of the fold, and the interlayered series of rocks 

where the fold loses its identity to the east is nearly twice as thick as 

at the western end. Much of the apparently thickened quartz wonzonite 

ileiss_in the core and easte lim.J J i. tale laid is ii-assive and oni Ainor 

relict texture survivod deforwat.i.J. it the z;;),ters oa.scontint.,Jus nd of 

v.ornble:ide 6neisu Inclusions were strainttaed out, it wolad extend nearly 

to the east end of the Imes showinf: annular flow struturp. Thus in-

trusion of the funnel-shaped :nuse of mobile quartz monzorlite rnetss ap-

parently forcod the displaced ro,,ks .101atively wes*:ward by jastir flow, 

which is recorded by the folding. ;martz monsonite gneiss shr,ws the great-

est thickening, but local bulging of hornblende gneiss inclusions xuggests 

that this rock also underwent ,,lactic flow. Ns surfaces of discntinuity 

other than the layerinw were discovered in this area, and apparently the 

defomation was wholly. plastic and without faulting. 

The area t,etween tiie north-trending cross fold and the .';orth '1.atte 

Aver underwent deformation as intense as that in the urea to the east. 

The hornblende gneiss inclusions are hig hly contorted and irregular, and 

the lar:,e bodtee of quartz aionzatlite e,neiss are ratiAr 14as*Ive, as 14,oubli 

the too were thickened through flow. The relation* undoubtedly record 

the ::rove sent of plastic quartz monzonite r neiss, but i,eolo4c data on 

sdlarlent areas are insufficient to permit an avaluation of the struflturea. 



. ar! west of the 

funvel-s}laped .:aass is protlably due to differences in the iaastity of 

the surrounding rocks. The larc.o taass of quartz monzonite gneiss featheu 

out into hornblende gneiss a short distance east of the "funnel"; the rucks 

here probably were somewhat cooler and more brittle, and the flow structure 

cuta sharply across them. ...,uartz monzonite gneiss is abundant west of the 

funnel-shaped sass, and reconnaissance west of the - orth aatte Aver dis-

closed that it is the dominant rock there as well. Apparently toward the 

interior of this lar,;e mass of quartz monzonite ,Tneiss, the rock was 80 

plastic that it deformed readily with the local .floveent of ,doge Aabile 

rock. 

:4ckfit in r.416 area where the quartz aunz:ihite gneiss was 

widely Alooaizeu u,,ow all ,,radatiJos xn the destruct- the layered 

The Ilarked12; diffefent behavior of ti. rocks flaw-

Ion 

texture of normal quartz ,onzonite oeias and the development of a new, 

aplitic texture. Although still ,aedlum-ixained, moat of the rocks are 

somewhat coarser than the original warts monzonite ,.neiss; so '. e feldspar 

grains are 3 mm or more in diameter. g/ilartz and feldspar form an even-

grained pink aggregate with a little hiotite. The biotite tends to be 

oriented roughly parallel to the larger-scale layering, in most rocks 

it is so uparse and widely soattered that foliation is poor or absent. 

Locally biotite is more abuLdant and tends to form thin, discontinuous 

bands, rendering the rock distinctly „fncissose. 

Although most rocks cOlow little handing or foliation in a hand spec-

imen, they are distinctly layered on a larger scale. The layers recognized 

in outcrops range from a few feet tc., a few tens of feet in thickness. -an:' 

acijacent layers are stailur and difler only slizhtly or hot at, all in tex-

ture and covosition; elsewnere the ro(As ox the several layers differ 
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markedly. iiornOlende gneiss is abundant in the area of deformed rocks 

west and southwest of the funnel-shaped mass, and is subordinate but 

widespread within the mass snowio au:Allar flow structure as well. in-

clusions of hornblende amiss are orielited parallel to the layerli, iii 

rheomorphic,4uartz monzonite and the coy tacts of the inclusions 

are sham. 

Ckuartz monzorite gneiss with highly contorted 'ilut still reeo,mizable 

original layering occuri throurhAlt the arra of apparently folded rocks, 

and in the core of the funnel-shaped mass as well. most such niaces 

a new foliation cuts t.h.e deformed layers, and all stages in the disruption 

of the original texture 'scan be seen. The original banding is still readily 

recognizaUe where it parallels Lhe new foliation, but it is very hazy and 

indistinct where it is cut by the new foliation. .relict textures are best 

displayed in the smaller bodies or near the margins of the larger masses 

of quartz monzonite gneiss; they were largely destroyed in areas where 

significant thickening took place. 

Irregular pegmatitic masoes occur throu+,Lout tae rheoAorphic quartz 

monsonite ;rleies. These masdes nave ,;redational .4111/13 and apparent 

formed by local reorystailization that obliterated all previous textures, 

includin,; the crumpled original layer!.n. and the later, indistinct foli-

ation and layering related to plastic movements. 

Though generally sparse, ')iotite is the most comaton forromiwnesian 

iaineral in thnse rocks. hornblende, or 1,ornblende and .iotite, occurs 

in some layers, and the rock, although still leucocratic and aplitic, commonly has 

a slightly different aspect than biotite-bearing quartz monzonite 

in outcrop, hornblende-bearing rocks appear somewhat more closely knit 

and blocky, the color generally is lighter, and where hornblende makes 
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up Imre than a few percent of the rock it gives the rock a distinctive 

foliation. 14ost of these differences are so minor that they are dif— 

ficult to describe, but the rocks can be recognized readily- in field. 

hornblonde gneiss inclusions appear much the sate normal i.,orn— 

blend° gneiss in the rest of gneiss coelpie,c. come rocks show a tend— 

ency for plat oclaue and nornblenae to occur in li&,ht— and dark—co;_orod 

clusters, out more coaLoAlni.-. the rocks are relatively even t;raines aalt— 

and—pepper a6gregates. 

Petrgraphy N'.inerals in rheoLlorphic quartz aonzonite 

largely recrystallized durin movement and defo:-Aation. The textures 

.:'rota typically crystalloblamtic mutually int.Prferin Frain 

boundaries to various mixtures of crystalloblastic and replacement tex— 

sures in the latter, microcline and quartz, which embay and replace 

pla4oclase and biotite, apparently were nearly contemporaneous. 

rocks show 3x4e replacement textures. ,xcept for the minor biotite, min— 

erals in these rocks show little or no dimensional orientation but cccur 

in a6gregates of equidimensional, xenoblastic grains. Although most rocks 

appear equigrshn:tlar in hanc' specimen, they show a wide range oz rain size 

in t4in section. 

ilagioclaaff in the formerly isoolle 4uartz monsonIte gneiss lor the 

most part is clear or only siiLhtly saussuritizes. In the more co :on, 

tdotite—bearine, or alaskitic varieties of quartz aonzonite hneiss, the 

plaqioclase composition is i,enerally between Any and Ani5; in hornblende— 

hearing quartz monzonite gneiss it is ,zenerall7 somewhat :sore cal dies. 

Plagioclase forms roughly equidimonsional irains up to 2..:; mm ir diameter 

in rocks with good crystallohlastic texture, but generally it is corroded 
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by microcline and quartz and shows all stagey of replacoment. Uany 

plai;ioclase grains show the offc(As of 4inor deformation that Ras gut 

shared by the adjacent, recrystidlized microcline and quartz. Twin 

lamellae are distorted, grains shorn wavy extinction, and sonic. crr8tals 

w,;: re broken into '_wsaics of smaller ,,rains with slightly different, or-

entations. Only a small percentage of the plagioclase srains are 

deformed, but the minor cataclasis took: place throu‘hout .,he area where 

-.7)ks were moidle. The gral: vviuently were bent and oi- Jke. wLiie the 

.rocks were beirq; defurwed; apparently isw.xe dla„iociase surviveb. 4aJtio 

Aovement without significant rec:rystallisation. 

!yrmekite is 'oideopread it rheoriorphic quartz ilonzonitr 

and ionerally occ9r3 along the margins of pla!joclase adjacert to cor-

rosive microcline. The myrmeiri4.,e ttreloped subsequent to the brecc:i.ation 

and deformation shown by smno +he plagioclase grains. 

Microoline crystals rane from mere i:Aerranular wisps to relatively 

coarse, poikiloblastic grains 15 mm or more in (iia.meter that enclose relict 

inclusions of plagioclase. Although locally they have mutually interfering, 

crystalloblastic relations with the, adjacent minerals, they are enerally 

corrosive toward the plagioclase and biotte. Twinning is slightly dis-

torte;1 in a few grains, but adjacent i;rains show no related cataclastie 

texture. in many places, microcline tonoes with replacei4en't, relation 

project into broken plag:.oclase 6 rains alont, fractures or straineu zones. 

Althoux,h microcline shorn; a wine ran,;e in ;;rain 3ize, crystals are 

medium-,aiilou and either of about the sane size as ,:he associated plagio-

clase orvstals o- a little. coarser. 
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'..uartz evidently recrystallizon durinp, a relatively perl.cd. It. 

occurs with plaiociasa and microcline in the crystalloblastic aggregates, 

as grains about contemporaneous rtth strongly corrosive .;;Iicrocline, and 4S 

lobate to irregular grains that cut microcline as well as plajjociase and 

biotite. ',Then observed uncle: low mai;aificatin and with cros6ed nicols„ 

quartz in many rocks appears as an ovPrprint of Ly,ate to irre ular 

impressed on the wicrocline and plagioclase aggregate. grain size is h.Li.h1:, 

uneven; the older '.rainti are nearly. as large as the associated fel6s7ar 

rains and tend to be coarser ana lore irregular than the yoLln6er, lobate 

to rounded 6rains that cut microciine. :tuartz also did nut share de-

formation shown by some plad ociase and in preierentiaily repiaceu 

the strained parts crystals. 

The irregular masses of pegmatitic rock that cut the crumpled layers 

of rheomorphic tau art. monzonite r rleise formed throe ;h the more -c:r1plete 

replanement a!';d recrystallization by microeline and quartz. rye relations 

are simfLlar to those observed in :ost thin sections where microcline and 

;,Aartz are corrosive toward plagioclase and biotite. I,vidently the re-

n.istallization of qioi3t microcline and quartz was later than the deformation. 

Aotite rarely makes up mo,e than a few percent of the rheomorphic 

quartz monzonite gneiss, and much of the rock carrias only a trace As small, 

corroded shreds and grains with abundant associated magnetite. in general, 

.4agnetite is most abundant where biotite is most highly corroded. h few 

layers of the rock, however, contain as wuch as 10 percent of biotite, and 

here it either forms a cryotalloblastic at;6 re;,;ate with pla6loclase, Aicro-

cline, and quartz or has ;mitually ihterferinn contacts toward piat,lociase 

and is corroded Issicrocline and quartz. 'here it is ilost abundant, ale 

biotite flakes are as =ouch as 1 1/2 ma long, but most of the corroded shreos 

are less than 1 mm. 
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Zlacnetite is consideraUy „lore Wwndant in •-ivartz 

.elonzonite gneiss tharl in no:ual quartz monzonite fleiss, and in places 

makes up to a percent or two of the rock. It occurs as sNall, equant 

crystals 1 mm or MOT* in diameter scattered i,hroui:h the rock and us 

dusty 6rains associated witL the corroded Uotite. :i.ost of the Aaoetite 

recrystallized during mobilization, and many grains tend to be idio4orphic. 

The relative increase in Aa,;netite along with a decrease in biotite con-

tent and the close association of ;iiii;notite with corroded Iliotite cr:7stals 

suggest that much of the disseminated magnetite developed by recrystalli-

zation of material left from the destruction of hiotite during mobilization. 

Small, rounded to idiomorphic red garnet crystals up to 2 in di-

ameter occur here and there throu,. the rhooi,Aoridilic quartz ,aunzonite 

r,neiss. They are completely recrystallized and show no evidence uf their 

origin, put it is likely that Lney afe recrystallized relicts that :survive 

, Aobiliaation and deformation. 

hornblende occurs it solle of the discontinuous layers of quartz -aon-

zonite gneiss in the runnel-shaped awls and in `_he defog{ ed rocks to the 

west and southwest. It ran ea from mere traces up to 10 percent of some 

rocks and generally is moat abundant where microcline rlakee up 25 percent 

or less of the rock. Irregular t,rains of hornblende 6enerally have mutually 

interfering contacts with plagioclase i_;rains, and, in those rocks that have 

minor roplacemtnt relatioru with microcline and quartz grains as well. In 

motit rocket however, alicrocline corrodes the hornblende, and where micro-

cline is abundant the hornblende tends to be in small, rai;;ed grains. 



jillimanite s with associated fmusbovite, was ;ouno IL two speci.:ielis 

frolf, the once-oUle quart% onsolLite „neiss; it .makers , imarly lb per-

cent of a resistant, spindle-snaped :ioudiu about 2 inches tilick and 1 l/k 

feet lon,; froiA the area of deionle6 rocks, and a little was seen 4, a 

specimen from the north flank of the funnel-shaped mass. In this the 

sillimanite and muscovite occur alonc several closely spaced fractures 

that cut the crystallohlastic texture of the rheoaorphic rock. The 4inor 

shear %ones were largely healed by later recrystallization, and the mus-

covite and sillimanite are bath younger than the shearing. Sillimanite 

forms single needles and shehves; also bundles enclosed in muscovite, 

aicrocline, or quartz. :duck of the muscovite has a peculiar, myrmekitic 

texture with irregular, wormy quartz inclusions, and in part is closely 

associated with biotite and apparently developed from it. Petrographic 

relations sugt,est that biotite along the shear zone altered to Auscovite 

and minor ma6netite, and that muacoviLe ill turn b-i.oke down into sillimanits 

and perhaps iaicrocline. The miateriais ,iiigrated consIderaulli uurint, re-

crstall;,zation, and details of the alteration a2e ouscure. 

and ,muscovite, however, are confined to the shear zones, and muscovite is 

associated with biotite on one hand and sillimanite on the other. This 

distribution suggests a pro,ressive alteration. A sixilar se venre is 

suggested by relations in the '4)udin, but :Treater mik:ration of recrystal-

lizing materials makes interpretation difficult. 

The dominant biotite-bearing or alaskitic varieties of rheomorphic 

quartz monzonite gneiss carry significantly more microcline than the 

average quartz monzonite gneiss elsewhere. 6eventeen specimens from the 

funnel-shaped mass and the deformed rocks to the west averaged 41 percent 
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microcline. The average microcline content of 22 specimens of typical 

quartz monzonite gneiss frolci all parts of the district wau oni-i 32 per-

cent, a significant difference. The plat-Ape-lase content (An 15) averages ... 

only 25 percent in the i/ specimens of rheomorphic 6neiss; of these on14 

7 can classed as quartz monzonitic or 0-anodioritic, whereas the re-

mainin 10 are truly 0‘anitic composition. 

Only traces of biotite are present in 9 of the 17 speaimens of 

rheomorphin rock; 5 specimens have 1 to 5 percent, and 3 have 5 to 10 

percent biotite. Magnetite is an abundant acessory mineral in all the 

specimens and makes up 1 or 2 percent of at least 10 of them. The quartz 

content ranges between 25 and 50 percent and averages 35 percent in the 

17 specimens. 

Hornblende-bering rheomorphic quartz monzonite gneiss varies much 

.uore in composition than the more common varieties of quartz :anmonite 

:;neiss. Microcline ranges from mere traces up to 50 percent of the rock 

and generally is very irregularly distributed. Of eiht specimens studied 

it avera es almost 30 percent. autual crystailobiastic relation:: are ,more 

common in these rocks than in the biotite-bearing rocks) but even here 

Acrocline tends to enbay the plaa;iociase and hornblende. Plagioclase 

ranes between 20 and 60 percent of the eight specimens studied and averaes 

around 35 percent. The composition ranges between An and a-reraes AnEo. 
10-26 

In general, plainclase is most calcic where it is moat abundant; but in one 

specimen with only traces of microeline sodic oligoclase (An12) makes up nearly 60 

percent of the rock, while in another, calcic oligoclase (An26) makes up 

only 20 percent and is subordinate to microcline. Deformed plagioclase 

grains occur in four of the eight specimens studied. The hornblende content 
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also varies oonsiderably; two o.i' the eight spo.cimens ::contain 

only trace,-,, four contain 1 to pen.;eht, aria the other Lj 

por:ent. •, -here it is iao.,t the hsrh ien e 

abz,re4,ate Aitts, 

ano i,uarts. atnief:-.iiy it iLp uo,letwilat corrok;e0, and unero 3. ifl 

alonnt, st. fond wisp., an(' i;rain,,3. !iacnetite constitutes 

up to 2 per!Pnt of these rooks ann is even abundart here +hall in 

the biotite-bearing varfo,ties. Traces of biotite n(!-!lir in all of these 

rocks. The quartz cor.tert is rather uniforl ary- j ranges between 30 

and 65 percent in all specimens ..tudied. 

The of hornblende gneiss in rheomorphic quartz monzonite 

:rjetlisa resotable nor.aal hornblende hand spectaen, but if thin 

:;ention they display a completely recrystalli?..ed texture.. The horn-

blende tends to be idioblastic and the plagioclase grains are more 

equant and much less irregular than in regionally taetamorphosed horn-

Aende gneiss. in all SpeCitilffila studied the plat '..,ociase a.3 

saLL,sur.itized and seri:itile,ed and rireat,es in ou-vosition between an60 

and An65. it little quarts is v.i.,lespreau “n overprint o f 6:41al1, 

rounded blebs. .:;01110 spec imen:.-; show a ti•:,(lency toward lain,: ral sereeation 

and have irregular clusters of someithat coarser hornblende and plaeio-

:qase set the :Wore typical hornhle,IC.(4-1)1aF,ioo1ase aggregate. 

?.)rifzin — -rumpled original Sandin.: and the iTracluiil 4 .,8truzltion of 

ortaal quartz inonzonite gneiss textures and the development of new 

textures with an increase ir degree of deformation indicate that 

the w)biliza.tion followed the metasornatic 
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transformatif.m. As the lit:elation shown Iv mlains aria O; 

crenulations :ontorted ,iheis3 is parallel to that, in rtz,f..o;ial.4 anti 

dynauically ‘tetamorpi-loseci i•o:',.xs„ the mobilizat.i.o!. presu:aa:,1:f took _)lace 

under .he st2vas field. 'Arrosion relationzi of .aicrocline 

quartz ,;Mains und fte matitic ;aasses that &literate c?arli('r 

textures su,:est that are;: alkali—earin solutione si:ailar to 

those active in metasomatic transfor.lation i)ersisted through zileolizorphism. 

Thus it seems :)robable that the from regional metamorphiew to dy— 

namic and metasozaatic meta;aorphism and to rhealaorphisra reflected a pro— 

.jressive change in conditions during a sl:.ngle orogenic episode. 

7ondition of rocks -- The fruapling, destruction of texture, and 

apparent thickening; and thinning of the deformed rocks rather conclusively 

indicate that they were lonsiderably more plaStic than those elsewhere in 

the ensue complex,`nit relations within the area of formerly ;,iobile rocks 

are not so clear cut. The funnel—ail..pod madam is the only ..iappeo aLructure 

within the area of rheumo,-phic rocks that cannot ',:)e explained :.;/ del'orglatiJn 

of rocks that previously occupied nearly the same posi-Aon the:" 7low fill. 

This feature has the appearance of a foreign body that forced aside the 

rocks already there; ost or the displaoed rocks were shoved westward, 

where they were further deformed by movement of other mobile 3iasses of ro!*. 

A knowledi;e of the relative plasticity of the funnel—ehaped AUG3 

the surrounding rocks at the '.ime of origin is critical for the interpre— 

tation of the flaw features. ronsidering only the pattern of deformation 

shown on the 4ap (P1. 2) it is conceivaae that the annular structure either 

could have acted an a more resistant muss that rotated and controlled de— 

formation in the adjacent, more plastic rocks, or it could have been a more 
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mobile mass that attained its present ,:osiLion by invadint, ald 

Aside the adjacent rocks. The axis oz I'Llanol-sikyed Est: rou,nly 

parallels the tectonic, axis ?..LsewIlere shown b/ ioid axes in reionaily 

and dy.lially aetamorplioaod rocks and c lineation in adja0e,, „ con-

torted rheontorphic gneiss. 'rota geometrical considerations, the for,;e1-

3haped body is properly oriented to have originated through rotation. 

nowever„ several lines evidenr' suggest that the funnel-shaped mass 

was more plastic than the rrounding rocks and that rotation was un-

important. 

Under the rotation hypothesis, the annular layers should have 

ori6i,,ated through differential rotation of the various layers. _Lt is 

significant that these layers are neither most prominent nor most closely 

spaced near the periphery, as might be expected if ;she rocks 17.omposing 

the"funnel" were resistant; inw.ead the layers, though well-torraed 

throughout the structure, are 6owewilat ADM prow,inent near tilt :Addle of 

she sui;gestinii that the differential Aoveuent was ratner evenly 

distributed. isAe aolA)11%t of differential illovement betwesii-tLe layers 

appears to have been ,,reat. For exalaple, inclusions of hornblende :neiss 

near the northwftatern and southeastern ends of the mass were so drivTed 

that their foliation strikes at right angles to the regional trend. The 

amount of rotaion suggeated fly the ,gip pattern is so small however, that 

the distributive movement Nytween any two layers would be almost unneasura 'le 

and certainly inadequate to acount for so great a drag. 

If the deformed rocks west and southwest of the funnel-shaped mass 

were straightened out and corrected for thickening, they would occupy much 

of the area now filled by the rocks in the flannel-psi aped mass. Thus the 

funnel-shaped mass appears to be a foreign body, and simple rotation does 
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not explain haw it 04AS to occupy the spac it DOW fi115. 

I'midence .rain the rocks themselves is even ,aore telling, against :he 

hypothesis of a rotating resistant masa. The rocks in the fun, el-shaped 

mass are indistirudshable from many of the more deformed and thickened 

rocks in the acjacent areas. These 6:sae .into normal rocks of the ,neiss 

colplex with a decrease Ule inteasi%y of delomatial. ,ne t,estruction 

of old textures and developAent of new provides a crude measure tne 

extent of plastic dulormation. AS relict textures are al coat completel; 

absent on the flanks of the "funnel," it appears that the rocks here were 

ore mobile as a whole than the :lost plastic rocks in the adjacent, highly 

defor.ied izasses where relict textures are still widespread. 

'1ethod of movement -- The evidence for progresAive softening and 

mobilization of quartz gionznite ,:neiss suggests the method by which the 

rock moved. The hornblende gneiss Inclusions and the quartz monzonite 

meiss, which still show such relict features as crumpled original layering, 

apparently retained structural continuity during deformation and acted as 

plastic solids. To what extent the rocks Ath entirely new textures be-

haved as plastic solids and to what extent as viscous fluids are considerably 

more difficult to answer. L4any of the aplitic rocks are structureless or 

only slightly gneissose in hand speci,Aen, but ,ne:, occur in uiscontinuous 

layers that close around the i'uthiel-unaped mass. Aithin each une 

rucks are relatively uniform and way be either very sii:$ilar to or markedly 

different from rocks in adjacent layers. Layering is fully as distinct 

where rocks in adjacent layers are almost indistinolishahle from each othPr 

as where they contrast sharply; evidently the layering is an original fea-

ture of the rocks. Thus the method of movement was such as to 1.,ive rela-

tively homor;eneous layers with similar or c.:ntrasting composition, separated 
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by sharp discontinilities. 

Leucocratics horn'lende-bearing quartz i;LOnz ite 6-noisJ is a iairior 

but widespread rock in the furnlel-shaped mass and in the iaore deformed 

parts of the adjacent rocks. This rock shows the recrystallized texture 

of rheornorphic rooks, but is eAremely variable in composition. .an &en-

oral the plagioclase is amore calcics and the aicrocline is less abundant 

and more irregularly distributed. than in the more common varieties of 

rheomorphic quartz monzonite .,once the hornblende-berinb 

rheoutorphic rock is more clusei..„. leralot,ically to novil-;.ende 

oeibs than to quartz iikulace aid eruuaLi; uribinated oy bilearIng 

out of nornUenue „nelss while i.ne rocks were zuooile. 

locks that snow contorted orit:inal ia:,ers have the same microtextures 

a3 the layered rocks without relict textures, and aye cut 1.) similar ir-

rei:ular p0f;-ma filaaL4e8; and deformed plagioclase grair's are found in 

rocks frnm all oc..,11:---en^ns. Apparently complete fluidit:, was not attained 

by any large segment of rocks. The significantly larger percentage of 

nicrocline in rheornorphic quartz monzonite gneiss and the poet-deformation 

crystallization of microcline and quartz, however, suggest that the mobile 

rocks were at least lubricated by alkalic solutions, and the material 

surrounding the plagioclase ? rains may have closely adproached a melt. 

Penetrative .ntsrgranular movement in the presence of alkalic solutions, 

followed by recrystallization, converted the ori g inally banded quartz mon-

zonite gneiss into a more uniform, aplitic i-ock with autuluant 

cline and minor aunts of oiotit,e. onere nom:lends ,iieisa was auojectieu 

to penetrative itiovehiant, :wen of the hornblende was deotro.4eO, the plat;io-

°lase was converted to a 'sore sodic feldspar, and the YVkif3 irregularl 
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penetrated by alkalic ann silirin solutions. The horn lende jneiss that 

was not sheared Jut liG was drai;;Tjed alone: ::,ore or less pasrsively rerrYsta:-

lized somewhat. ',71ut did not chanre composition :1-eatl';. Shia rp rii. --

continuities between relatively even textured layers, which ranee from very 

similar colapositions to markedly different compositions, sug,Jost that much 

of the movement in the mobile rock took place by shear between the layers. 

A;:parently movement was that of a very plastic solid or an extremely viscous 

fluid in which ',he varioua layers retained -hei:r compositional identities. 

Urection of movement -- in a determination of the direction of flow, 

much hinges on Ahe question of how the orientation of structures at the 

present time compares with that 41-, the time of orii;in. This question is 

vry difficult to answer au it is luipoasioie oyez: to Bete wine Lne extent 

or direction of Laramide defomiation within the pre-Jamorian rocks, without 

considerink, the long; periods for which we have no record. There is no 

petrographic evidence, however, for a period of met4Laornhism later than 

that during which the rocks in the Yleiss complex were formed, and the 

regional trend of foliation and lineation in the gneiss complex are rather 

uniform. lost local deviations in the attitude of foliation occur in the 

vicinity of crests and troughs of folds. Fvidence for local deformation 

was seen only along large Laramide faults, and involved cataclasie rather 

than flexure. That large-scale tilting, folding, or inversion took place 

seems unlikely from a consideration of the zonal distribution of the van-

ioua rock types. Large masses of quartz monzonite occur in the 

northern and southern parts of the district, and each of these masses shows 

evidence that some of ;.he rock became mobile suWequent to transformation. 

These two :wanes reached about Llis same atabe in ueveloi,ment .t time 

of ori6ins fdrf36- a01.,Itr were at cowparable depths. Pe,matite azid 
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biotite-,,arnet 6neiso bodies are abundant thro401 the central ...LA of tree 

district in a zone peripheral to the large boded of quart: :.onzonite ,;neisz, 

and this zone may have,)cep (W1rwhrped. This suz..eati) is 'orre out 

any -,Nrstematic variation in attitude of foliat/ior throui.h t.ft district. 

Althou,..:h pegmatite and biottte-,-arret ,,neiss are not uriThrmly distriYmted, 

they 'Noth occur throu,:hout the zone, so presumably there has been no strong 

east-west tilting. Although not conclusive, these conniderstions suzest 

that the present vertical coodinate through the rheomorphic 1.ock ins not 

far frog vertical at the time of metwiorphism and mobilization. 

The annular layers of the funnel-shaped mass could arise most easily 

by differential movenent either around, or in the direction of the axis 

of the funnel. in view of the evidence that the rocks in the annular struc-

ture were more lastic than the surrounding, rocau at tne tine of deformation, 

(sce previous section on Wnditions of locks), it is difiicult to underatdne 

how rotational moveJle:nt could account for ,.ne leatuI.es shown. if the 1\im el-

shaped ctr+u had been a Aass of rock that intruded and shoved 

aside :110/ ndjacent rocks movement: in the direction of the aNis, the dif-

Cerc7!tial movement due to frictional crag on the walls would have been 

distributed through much 'porn of the rams than if the structure had been 

a rotating resistant body. In a mobile map the k:reatest differential wove--

sent would have taken place along the flanks there the most prominent 

layering and best-developed new textures now occur , and movement of the 

mobile rock would limited only by the physical condition of the intruded 

rocks. it seems necessary to postulate movement in terms of at least sev-

eral thousands of feet, to account for the discordant relations of the 

annular structure and the orientation of hornblende gneiss inclusions 

https://leatuI.es


parallel to the layerini; auS lacalL:/ athtkift the re;_ioni.:J. Ace 

fuLnel shape and the general appearand& of the iii4631 sl,. besLive of a 

foreit;n oody that shoved aside tae i;rc—existent rocks, ....Lplies a root— 

loss :ass of :Lobile rock vita .reater pam of the body above 

levels now exposed. 

'cruse of movem(mt ovement in the direction of the axis of the 

annular structure would be snbparallei to the tectonic axis as shown 

by the lineation of fold axes ie regionally and d7namically metaraorphosed 

rocks and thus about at right angles to the direction commonly inferred 

for rekional tectonic transport. The re.lt.ional stress field that per— 

sisted through the complex sequence of metamorphism in the district could 

hardly account for movement of this type. it seems more plausible that 

the movement was governed largely by gravity. .?.uarts monzonite Fneiss 

is considerably less dense than hornblende gneiae, and if large enough 

masses of the lighter rock became aioAle under the influence of high 

temperature and abundant .ore solutions, the buoyant force osulu exceed 

the stren„,th of the surrounding rocks and the aioAle rock would rise. 

The specific gravity of typical specimens of most pre—Cambrian 

rock types in the district was fietermined (see Table 1), and the avera,:,e 

specific gravity of the rocks in different parts of the district was 

approxiirated. The specific :- ..avity of biotite—bearing rheomorphic 

quartz monzonite is about 2.64, the a7erage specific gravity for the 

rocks cropping out in a strip of j) iss complex a mile wide along the 

south margin of the large mass of quartz monzonite gneiss that includes 

the once mobile rocks is about 2.76, and the average specific gravity 

of rocks in a large block of.;Heise complex south of this. strip is about 

2.80. The average specific gravity of rocks in that part of the gneiss 

86 



colaplex lying between the large mass of quartz rnonzonite 6neiss in the 

northwest part of the district and thr stock of Sherman granite is near 

2.76. 

These comparative figures re3resent only the order of maLnitude of 

the differences during mobilization. ihe* do not taxe wto acount var-

iations due to elevatec temperature was presaure; and .Wore Importantly 

the:, uo riot abort the effect of pore solutions. 110 us seems likely, in-

terl;ranular alkalic solutions were abundant in 'Ile mobile rock, they would 

have lowered the specific gravity of that rock significantl-. A co:varison 

of the s',,ecific gravity of ac,iacent blocks of rocks row exposer rorsiders 

only part of the environment at 4 he time of rheomorphism; the buoyant force 

of the mobile rocks depended as well on the specific gravity of the over-

rocks. Metasomatism was zonal, and transformation probably decreased 

upward. The hydrostatic pressure of the cooler and presumpbly iore dense 

ovPrlyine rocks would provide a powerful mechanism to force the li;hter, 

!aobile rocks upward. 
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Table 2 Approximate specific 4.;ra-rities o z pre-:'arabrian l•ockti 
from the 1.4orthi.,:ate districts Thlorado 

Hornblende gneiss 2.95-5.00 

monzonite gneiss 2.61-2.63 

rliotite-,,arnet 1,:neiss 2.80-2.85 

Pegmatite 2.58-2.59 

:lornblende-biotite t,neiss 2.W-2.82 

klonite „nelas 2.68-2.70 

theoilAorphic quart& 
A,un&unilie oeisLi 2..64 

,)herman 6rarii 
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IntrufAve in the Wrt!ri.z:ite .t 

rine ueined porrhyrj 

Clikes!)f lunrtz There bdie.:; acris thn 

in the gneiss complex ?_tiG ...,e1i1V00., to be r..urger. The 

;a1;lesito pr.;hyry •ike :-.Afiritely Icier ti n the ,uart7 

.tack -nd f be - znrit it. 

(.1,1ro:r!1. fc.4,f.:tr,rw-, • ne, tilistrit 1)11.2.j A v-ry fine •riine6, 

11.u;',- r. ek eLur ncrth-PA 

trem:iilt,-, 'Aker. ne..kr the low, r.91in of Calw Creek. ‘1,1he ri.;c1.- is 

h.:rd And resit 7,ent t, ;.(eat!leri:!: ito ..:)utcropc, 

numerouti. The -Ire up to 5 feet thick (!nc. :VOC te't lo 

they ore no_brly v9rtior.1, ”nd all have the sf. trentl..me 

No offtet c,f the wolls w?e detacted Acrons .1ny tha ,'Lich 

.sere apparently injecteU 1n tg.n,;ion fissur-qi. Vert OikeJ1 end 

in hornblmIlde moi38, And no fracture or group of frnotureti con-

tinue lorw the Ftrike. 

Th.1 dikes trend r u ally ut riAt knFle6 t, -rike of 

foliiltion of the gneioa complex lnd in the se ner%.1 direction 

us the plunge A fold oxen ir .r.tar.2rphic rod' Evidetly 

the tenA.,:,r. fi:',.sure :long 4lich the dikes Igor, injecterl re-

L'Aed the f'rifAn 1. deforl.lti(/1 plan thq enei: 

.re .'cund in xenoliths in :):le !Ther ,in 

Vok .outh f lo'ver CnA) Creek.; 
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these al-e definitely olde:. than *!le enclooni, granitic rock. fne dikes 

are interuediate in ao between, the rocks in the earlier pre-Cambrian 

;Ileiss complex and the later 6herman (;ranite and may be unrelated to 

either. 

Fetrography -- The anuesite porphyry typically is composed of 40 to 

50 percent sonic andesine, 15 to 20 percent green biotite, 10 to 15 per-

cent orthoclase, and 5 percent epiLlote. Apatite and :la petite are rel-

atively abunaant minor ac(lossor:f lainerals. ;,,Lalus...ile occurs 

:Jnenocrys.,s up to 1.6 allit lop,; and as 1.ath1lke crystals 1J1 1.4;t iine 

r;roundiaass. 6lotIte occurs in irregular plates and onerally is evenly 

distributed tilrou6hout !he rock. A it'll ratxed poikilittc horn Mende 

phenocr7sts up to ' m1,1 in diameter are found in some dikes. cAxarty- and 

orthoclase form a fine :aosaic interstitial to the other malor constituents. 

pidote is secondary. The crystals in the groundaass p!)nerally are U.5 mm 

or less in diameter. 



...iherrnan ..irarute ;.:ionzonittl) 

C,nneral features and distri'f)ution — Intrusive quartz rionzonite 

1.7:113 stof!k and assor:iated Bikes in Thr central part of 'Ire 1orthgate 

district and several related dikes nca.' tilt:, eastern ed;_,e of !i:cie 

iilthou,;11 the relief is not great, the area of ,..he stock is extre,:rol7 

rough. ';eathering and erosion of - ,he .1-elativel:y course 6rained, jointed 

rock has reduced the surface to a rut:;.• U,ea of rounded pinnacles and 

boulders, abrupt cliffs, hind benehlike flat. areas. Very little soil. or 

talus is present. The main ':)ody of the stock I.VOSCS eastward into a 

complex of dikes that cuts the older gnei5:306 on "'inkhorn :Abuntain. The 

broad sualit of ?inn,ham, Mountain is relatively flat and is covered ,,ir 

heavy ;:.ine forest and a thick Laantle of weathered rock. 2.he are 

Inure resistwit to weathorin„ than the jurround.....;q, ovieve4, 

te!iu to s and out as .ow outcrops. .:.xposures oi bram_te or, tile slopes 

of rinicham iiountain are good. 

A1thou6h the (ymposition of moat of the rock is near quartz mon— 

*mite, it is ai.cailar to the [;hernan granite first deocribed 

welder (1903, pp. 17;•;-786; Lisrton et al., 1910) from the widespread 

exposures in he Laramie and .•-;hernan quadranLiFs, 7Nyorair16. The ti.herr an 

granite, as described by nackwelder, is very coarse trained and is com— 

posed chiefly of pink feldspar, glassy quartz, hornblende, and biotite; 

it varies considerably in texture and composition and comnonly is coarsely 

porphyritic. At some points its contacts are sharp, but elsewhere they 

are marked by broad zones of '.)reccia containin6 fra6ments of older rocks 

cemented by granite. :4prinere does the c.ountr:, rock show notaule evidences 
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of aetweorpism. 'Ath certain e:);.epti)(1:3, the above descril)es the stook 

in the ,1orthgate district very well. 

The nearest exposure of the :Merman granite in the Laramie quadrangle 

(lArton et al., 1910) is sheep '!ountain about 16 miles northeast of 

the Northgate district. Aeconnaissance near the Or;lorado-yomini: state 

line showed that a large mass of similar granitic ruck extends fro: a 

point about a mile east of the Northgate district for approximatel 6 miles 

eastward to a point where it is covered by younger sedimentary rocks nea 

the Laramie der. The western margin of this body is cross-cuttinz: and 

*haip and shows little evidence of contact metaaorphism. stailar large 

:crass occurs in the central part ol to 2b 

wnithwest of the Uorthgate district. Thin sections of specimens collected. 

near tWinoow Lake in the ?ark Aan,,e and along .,oswell .;reek, about 2 miles 

east of trio fiorthgate district, were studied for comparison. The rock 

from both of these areas stronly resemhles that in the Vorthgate district, 

and tnn stock in the Northgate district appears to be 'out one of many re-

lated ,ranitic passes that oerur in the pre-!".Eimrian of northern j;alorado 

and southern yoming. 

The variation in texture and composition of the quartz monzonite in 

the Northsate district is related in large part to deuteric or hydrothermal 

alteration. Flahioclase, biotite, and perhaps some quartz were the earliest 

minerals to crystallize from 'Jle magaga, and they formed a ruck of dioritic 

composition. The rock was deformed after it was consolidated or nearly 

consolidated, and the biotite and plagioclase crystals were bent and oroken. 



Silica— sm.: alkali—bearing solutions pemeated the roken rock; and .he 

early minerals were corroded and in part replaced iiy abundant xicrocline, 

quartz, and more aodic plagioclase. The intensity of the hyCrothermal 

alteration varied from place to place through the stock and associated 

dikes; the mineral transformatIons tenu to show a rough zonin . ten— 

oral the plagioclase is ,ore sodic atai the biotite is lar6e1 te.rec, Lo 

chlorite and sericite in the peridherai 6011C 

Lr4.)lace,i,ent -- The froze which the .hick )J1 the sock oriLinally 

Iormed wad etzplaceu at -,ne levels now expostG chiefly ;-leans oi fr.a,;matic 

stopinc. The hydrostatic pressure of the risini, magma column undoubtedly 

cause some initial l'racturin and dilation of the roof of the magma chamber 

and permitted the earliest dikes to penetrate the surrour-Win rocks. These 

fractures, filled with tongues of dii4;:ma, served as locally favortyle zones 

of accelerated stoping. Many examples of fractures irre8ularl enlarged 

uy local stoping can be seen on the ,00logic map (P1. 1). The maximum 

spreading of such a fracture that can reasonably be credited to the hydrs— 

static pressure of the magma is limited to the narrowest width across the 

fissure, and in most places this appears to have :Jeer) relatively small. 

it is difficult to cietenaine which of the dikes or irregular :a asses of 

granite were emplaced alon6 fr..ctures opened by acwai spreacia, of the 

roof of the wa,;ma chamoer. Jnce stopin6 eniarbed Fracture or 

zone of fractures to arc., extent above the General top ox' the akilaa t>ody„ 

other fissures could open by the T,ovement of :locks of country rock toward 

the already active zone of stopin, and no further dilation of the roof or 

malls of the mawna chamber would be require( . 
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,in ofThe striking strai::htnese of the stopin - dikes are' the mari-

the stock shows that the emplacement of the magma was controled in gen-

eral by two different groups of fractures. of the blocks pried from 

the roof and walls of the mama ehamer broke along two sets of fractures, 

one r )uphly parallel to the foliation and the other at right angles. Small 

blocks in particular show this control, although several large masses also La.e 

::ounded by these fractures. A)st of tie fissures developed alone these et-

rections of weakness are rather irrei_ular and „Alerally do not persise far. 

eeus the small-scale fracturinE, ,he cuuntr: rock and ,,ee i)ieceweal stopinc„ 

by the magma appear to have deen euntrollte directiens ue weaknee:, 

inherent in the wall rooks. 

Another group of fractures trends east to soetheast lore or less parallel 

to the elongation of the stock. These frac'ures co-trol parts of he northern 

margin of the stock and are followed !e :oat of the dikes that extend east-

ward fron the main bod7 of the stook toga .d the 'like- fit and the (limp Creek 

mine (see rl. 1). They trend obliquely to the foliation in the gneiss com-

plex, and most have relatively smooth and reular walls. The fisseres fol-

lowed these dikes are not related to known directione of weakness in the 

wall rocks, are much more regular and peesiatent than those following; the 

foliation or related fractures, and are parallel to the general trend of the 

stock. They might well have originated in the fracturing and spreading of 

the roof of the ma ma chamber by the hydroatatic pressure of the rising 

column of magma. The more abundant out smaller-scale iiseurie, alunt. foli-

ation thus have resulted frJa tee detai.eee breociation of a roue already 

stretched and bruifen alon6 east-to southeast-trending master fissures. 



The details of a. atic stopiniT are exceptinally 51!2wn ir 

many places in the stock. The nortern marjn of the stock has .any 

L.ngl:lars steplike Irreolariti_aa; ard !n plar-e a narro ( -11:0 pro-

jects out fr.:)m the wain }Tot,- of the ntock parallel to a nearby nertim 

of the angular contact. In this iaane the dike most certainly was frozen 

while pryin off it hlock from the well of the stock. The extre.mely com-

plex group of dikes and stoped :locks on 7inkham :..our:isain displays all 

stage in the disruption of the roof over a stock. The magma appar,4ntly 

penetrated fairly wide-cpaced fractures in advance of most active stoping. 

These fissures opened under the ..rcasureof T.he injected ,Ila;;:a arc were 

irregularly c.:lari;rd. by local. As3to1 in , drocce6ed, cerLiin 

clambers were particularly enlart;eC anc irro6ular a () Aa 1...rojeoLtc. 

well up into the fractured and \mined roof rock; ccntinued stopin,: ,rad-

ually enr.;ulfed the pendants and neta 1)rtwern the*c arr,As of ,2,re rapid 

!Jtopin. 7ffects of this process are shown alon the sut.hr7n flank of 

2inkham where exposl:ros are good and rclatiors are clear. !4r-

mil dikes with regular walls, perhaps rep-c,sentiTL.: fissures ferled 

local spreading, connect angular mantles of granite wni,7h are fringed in 

part 1)7 a lace-work of small dikes. Many of these small dikes covletely 

surround blocks of country rock, and obviously were activoly breaking up 

the wall rocks when cooling of he stock put an .1nd to the process. The 

highly brecciated mass of metamorphic rocks between the Vero and rcnber 

workings and the Yluorspar aine and in the area to the east is particularly 

significant. Tnis approximately a half 1,1ile in diameter, is sep-

arated from .he rest :neta=aorphic rocks 4.n LiO sto,Aab area an 
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',el 'Ito l-r ,v,er characte tle 

t •fte.t'c sto 'Sr the?. !-n S.~ to the stockOf 
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crir—ot t.e -1;4 to rts,trn.1.1.,410.. ).etther it :mist '- r.,ve reny,Ite,' t"..e rti!lv.ing 

if the blocks to level nty•g ,,)c.')oseti. To -lccomp:: -;..s1-, this rernov-il 

telo-i very acti-rt either the qt• must 

'•ave bo.bfir ra-i(1 or the s!,)ck nuat hoVIO been slow enough to 

— t,,-e s'ter t,'$), st•ck !ad 

con mrlel. Tr this ::re %op the r.t,)--ie Hoc': a Ili te oxpoetc,.4 t.) fi c c 

cents te.1 loft r The tlef,A1 and to clecrInso in cumber t• 4,!••,e ce-..ter of 

atom' . •c!, rr-, 1. VAR im not, t',..,141. the nort; t‘-e 

stock, +,4 )e q, •rt!P, mtri-,mite xel up to Viz contact, 

ant! even th) trroTl'ir, 
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did on f'inkham :lountain, let alone poraittin the .!)locks so loenened to 

sink easily to great .:ipthc. 

A_tholoy -- The texture enC si.z.e of the 'r3ritP (quartz 

Tonzonite) vary widely, not onl: tween 'he stork and the asociated dikes 

but also rithin mach body. The twin body of the stock is made up largely 

of a medium- to coarse-:frated, somewhat porphyritAc rock, but siificant 

quantities of relatively fine vrai.ned, distinctly porphyritic quartz mon-

zonite also occur. Aectangular pink uicrocline phencrysts half an inch or 

t3ore long a-,-e set in a varible gmundmass of pink microcline, white plagio-

clase, and glassy :12artz. F:iotite varies widely in abundance; in places it 

kakes up nearl:;- 10 dercent of thP rock and elsewe2e is eLtircl;: absent. 

3n weathered surfaces the rock appeard dull 6ra.i to brown, but its .i.ean 

exposures appear mottieo ding an(i 

The rock in some of the lazy.or dikes urc3 irceolla.:. masses ot 71nkham 

!ountain resembles that in the central part of ...he stock, ,.)t most of the 

rock iJ) he stoping dikes, and some near the marjr of the rain :>od;; is 

fine- to medium-omined and arpearm distinctly aplitic. is a minor 

constituent in most of ihe rock in the peripheral zones, and the ,.. 1 .rtz 

and fel6spar fork an 1.serega-4 of hnhedral ;:rains with sczittercd laier 

crystals of microcline and quartz. The rock contains few well-formed 

!dcrocline phenocrysts, and moot of the larger grains are irreRular in 

shape. 6ma11 mas6es of fine-grained pegmatite are lomlton in some dikes, 

and all gradations exist between these and the nurromndinl: aplitic rock. 

Fine-grained, porphyritic quartz monzonite oecnrs in several :Aiken 

and small masses northeast, of c.:te stock and near the: eastem e of the 

district. The dikes ran/;e :CroN leas Cauin. a foot thicic aLd severa.L Lento 
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destroyed durint, the aelormation and -he laLer hsuroLnei%Jal 

Alt in many crystals 4 iiki.Z•t; or ",hoat" tmin;.in6 still can Jet recoonizea. 

The cores of of the laths are crowded with fine sericite and very 

fine grained saussuritic inclusions. The arranteraent of these incisions 

in some cr7stals siu:,ests that the plagioclase originall7 was zorec; and 

was apdreciably tore calci: in composition. The irre-ular and untwined 

plagioclase grains are not deformed; they evidently fomed 4 recr:stala 

lization after cataclasis. These grains have nearly the same ccmposition 

as the earlier, deformed crystals adjoining them. The sericite and saus-

suritic inclusions in the recrystallized plagioclase are in patches rather 

than zones. Clear borders are common in plagioclase crystals, and the cores 

of many grains have in part been cleared of the inclusions. 

Microcline perthite forms irregular to rou1,hly rectangular phenocrysts 

and smaller, irregular grains in the ground mass. it generally embaya the 

deformed plagioclase and biotite and cu;4L:only contains abundant inclusions 

of them. Uicrocline iu riot deforaied and definitely crystallized alter .he 

arecciation of the early plag ioclase and biotite. The a6e relations ',4-

tween microcline and recrystallized p1a,4oclaae are not so definite, a. d 

the two minerals corinonly appear about contemporaneous. 

'"ynnekite is widespread along the contacts between plagioclase and 

microcline grains. It occurs as rounded growths embayinp; microcline, as 

border zones on both relict and recrystallized plagioclase crystals, and 

as irregular growths within some deformed plagioclase crystals. The platio-

class in myrmekite commonly is slightly more sodic than the associated 

oligoclase or albite. 
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irrebular t,rains and a6,,re,a ,,es vi' ei;,1)ar t es reli.A, pia„iociaoc 

and biotite cr:oitais am; ikepear to have been introduced both contemporaneously 

with and slightly later than the wicrocline. ;noise of the quartz ai. re aces 

are compara'Ae in size to the licrocline phenocrysts, but generally they are 

s:ualler. In places abundant irregular to rounded grains of quartz embay all 

other constituents of the rock. This relatively lute quartz is comon in '.he 

stoping dikes or near the margin of the :stock, but is not restricted to these 

occurrences. All he quarts shows wavy extinction, but this could have been 

produced much later than the tip e of introduction. 

One small area near the center of the stock is particularly significant 

as no microcline was introduced here. Hydrothermal action was sufficiently 

intense to convert the plat4oclase to sodic albite (An3 r )* to introduce con-

siderable quartz, and to cause the crystaliizatIon of idiomorphic 

hlbite makes up nearly 70 percent of 0na over naii of this quautit j 

has reerstallized at undeformed 6raJ.ns that ranoe iroiLA saall, irre,uiar cry-

tale to rectanbular paenocrysts more than half an inch long. The remainder 

of the albite occurs in pseuooraorphic laths, ui- ost of which show marked effects 

of deformation. Those latter grains are abundant and preserve some of the 

pre-deuteric textilre of the rock. The rest of the rock consists of 20 to 25 

percent quartz with replacement relations, and 5 to 10 percent idioinorphic 

epidote. The relict texture shows that plagioclase was one of the major 

constituents of the original rock and that quartz and 4icrocline either were 

lacking or were present in very subordinate amounts. The oriLinal ferrorag-

neoian minerals were completely destroyed by the deuteric alteration. 



,;toping; area of the stock -- The co aposition of the rocks in the 

stoping area of the stock differs significant fro:; that in the interior 

of the stock. In general, quartz, microcline, and plaL;ioclase are present 

in nearly the same proportions as in the ..lain body of the stocks However, 

biotite is decidedly less abundant here, and the average plagioclase is 

significantly laore sodic. 

Aotite generally forms only minor wisps and shreds generally associated 

with varied amounts of chlorite, sericite, and magnetite. In places these 

iuinerals form rough pseudomorphs after Aotite, but elsewhere they are dis-

seminated through. the rock. i trace of muscovite occurs in some of these 

dikes, but it is generally rare. xiere and there several percent of biotite 

has survived the alteration; and in one speciulen studied biotite up 

about 8 percent of the rock. 

Tne co:at)oaition ol tine plagioclaae varies considerably, in IU speciwens 

ranging froii An3 to An14. :ienerally the rano! is between Any and moo. 

Plagioclase forms corroded and deformed pseudomorphic laths, as well as un-

deformed irregular grains partly replacing the earlier crystals. These 

broken _;rains originally had abundantnolysynthetic twinning, but much of 

this was destroyed during deformation and subsequent deuteric alteration. 

The surviving twinning commonly is patchy or in hazy "ghosts" like that 

in the interior of the stock. The recrystallized plagioclase is uritwinned 

and definitely replaces the ea Her plagioclase; in a given area the corn, 

position of the plagioclase in both habits is essentially the same. The 

sausiuritic and sericitic inclusions in both the relict and recrystallized 

grains of plagioclase in the stobing area of the stock tend to cluster into 

irregular patches separated by abundant relativel;i clear iaa,;ioclase. Uear 
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rims are common, and some crystals are alwosi, Iree ol .D1 

;eneral the .core sodic the plai;iocluse, the iewor tne inciusions; sui4e 

al:rost clear crutals of albite contain evenly distributed, sparse saus-

suritic inclusions. 

As in the central part of the stock, microcline perthite (g oes not 

have a cataclastic texture, and it corrodes and replaces the deformed 

plagioclase laths. The lari:er rains contain abundant relicts of the 

earlier minerals, many of which show common optical orientation. The 

phenoorrsts are more irregular than those in the main body of the stock, 

though still roughly rectanollar. The smaller grains are very irregular. 

In the pet:matitic parts of . .he dikes the microcline shows t'ne same re-

placement relations as in the finer-grained portions, and the pegmatite 

texture apparently was formed at the time Acrocline was introduced. 

cuartz was the last isuportant constituent to be introduced. ;.iame 

appears to have i:orused more or less coatelaporaneouaii 

,̀alit other brainy aellnitoly corrode tUe kuicrociine. quartz occurs 

as irreollar isidsees and rounded blebs and rods that replace all the other 

hinerals. in places a pseudographic texture developed, and one specimen 

from the core of 3entinal !!ountain shows that the quartz rods in ad.lacent 

microcline and albite grains have a common optical orientatior. 

In places where replacement by aicrocline was less complete, some 

relict texture of the original rock can be seen. sent and broken plagio-

clase laths of random orientation, now pseudomorphed .iy• albite, have 

contact relations characteristic of a normal 6ranitic texture. Commonly 

considerable recrystallized albite is present, but not enough to mask the 

original textural relations. 
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iatellitic dikes -- The composition o roc& i ssteiiitic 

dikes near the eastern ed0 oz Lae district is variaLae. AS in .0 

stock and associated dixes, pla4;ioclase and biotite appear nave .:Alen 

the original :Ainerals of the rock. These were replaced in varytil degree 

potash feldspar, more sodtc' plaiio,71ase, and quartz. In general, plagio-

clase, potash feldspar, and quartz each make up about 25 to 75 percent and 

5 to 10 percent} of the rock. The groundmass of these rocks is very fin. 

grained; the phenoerysts are up to 2 mm long. In cone rant with the rook 

in the stock, the phenocrysts are plagioclase rather than microcline, and 

were an orii,Jnal constituent of the rock. 

aagioclase is hi,<hly corroded ',oth in phenocrysts and in groundmass, 

and much of the original twinning was destroyed. Commonly the crystals 

are crowded with saussuritic and sericitic inclusions and the composition 

is difficult to determine. The original plagioclase crystals were ir-

regularly albitized, an in thin sections cu.:positions ran„,e irogi near 

mid-oligociase (aniii)to calcie altsite (,117). irreGuiar, recryatallized 

plagioclase crystals which replace the early pla6ioclase laths are comwon, 

'out they are 0,,nerally not as abundant as in the stock or stopinr dikes. 

Plagioclase and biotite are corroded and replaced by a very fine 

rained aggregate of potash feldspar and quartz. ,ome quartz clearly 

embays microcline, but in much of the rock no age sequence could 1 e dis-

cerned for these two minerals. Many corroded plagioclase laths are 

surrounded by micrographic intergrawths of potash feldspar and quarts, 

with the quartz rods arranged more or less radially around the plazioclase 

cores. The thickness of the micrographic rims is related to the degree 

of replacement of the plagioclase. where plagioclase laths still stain 
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along many contacts, particularly where the wall rock is quartz monzonite 

gneiss or quartz- and biotite-bearing gneis3es, no evidence of alteration 

was recognized in the field. 

Thin sections from a suite of s?ecimens collected across; a contact of 

granite- and hornaehcie ,neiss were studied. The horhulende uvra.y 

from the contact consists of about ()qua/ a.a0L:hts of andesine ay.c nornulenut, 

with as much as 6 percent bi.otite. minor aiuounts of epidote occur as scat-

tered 6ranules. Next to the contact with ,:ranite the rock has a cataclastic 

texture, and the original minerals have been altered somewhat. uornllende 

was transforraed in part to chlorite and epidote, biotite was altered to 

chlorite, and plagioclase Was saussuritized and chanEed in composition to 

near An20. Minor aunts of quartz and potash feldspar were introduced 

along fractures and cataclastic cones, and abundant epidote occurs in vein-

lets and scattered grains as well as with chlorite in pseudomorphs after 

hornblende. 



Original rock -- ...,:;eiormation and cataclasis of the earl„ ainerals 

could have taken place only after complete or nearly complete consoli-

dation of the magma. No unaltered remnant of the original rock has been 

found, out several lines of evidence indicate that it probahly was a di-

orite or quartz diorite. 

Aotite and lath-shapeu crystal6 al.e the only ainerals 

that clearly snow breceiation. 4icroclines where not broken later, 

unrelated .aovemenLso la not de erred anu everywhere is corrosive toward 

deformed biotite and plagioclase. .1.ireulars recrystallized plagioclase 

i;rains of about the same age as the microcline also are not deformed and 

clearly repla,:e the earlier crystals. :aist of the quartz was introduced 

at about the same time or ever. h little later than Acrocline. Under the 

microscope, almost all quarts shows the wavy extinction generally attributed 

to strain; so evidence of deformation cannot be used to establish the pres-

ence or aosence of an earlier generation of quartz. A former interstitial 

habit of earl:.! quarts could easily have 'seen masked .7 quarts introduced 

later. 

in the central part of the stock where albitization was least intense, 

many of the relict plagioclase laths contain zonally arran6ed saussuritic 

inclusions of zoisite or clinozoisite nu sericite. These prouaoi.) were 

inherited from an ori,inal zoneu ano woe calcic .L'teldspar. AB the inclusions 

cowmonly are sowelkaat, disrupted and clear of platiociase brains are 

CUM110110 it is proba.Jle that even here albitizution involved some introduced 

:naterial and was not aerely sausnuritic alteration. This is further sur-

gested by the progressive disruption and decrease in &,unriance of saussl.:ritic 
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inclusions with an increase in all,ite content of jai.;olase. Thus the 

orijpinal plagioclase probably was significantly core calcic than the 

sodic olioclase or calcic albite now found. 

'relict granitic texture still persists in the variou6 stoj.ni; and 

satellitic dikes and in local areas in the stock whre less microcline 

::as introduced. Althowh considerade albitization and recrystallization 

of placioclase and alteration of biotite took place durir4: deuteric alter-

ation, enou6h relict exture is preserved to indicate that .riot..ite probably 

made up 10 percent or .sore ul the 4r1 .aui ruLst; and wIAL Q0L0.-

prised much of 1.he 

:01rotherahial alteration v,ydrotherias.1 alteration of the oriinal 

i;:neous rock produced a crude zonin6 of transformation prow!rts, which 

is shown best by the degree of anitization of pliwioclase and hlteration 

of biotite. in the :main bod,,, of the stock, most of the pla4oclase is 

sodic olidoclase which in ,roneral contains abundant saussuritic inclusions. 

Aotite, although considerally corroded, in still fairly well preserved 

and has only a minor amount of associated chlorite, sericite, and magnetite. 

Large, rectangular phenocrysts of .Iticrocline are common. in the stopini, 

area the plagioclase eenerally is :sore thorouehly albitized and in places 

is highly sodic albite; the abundance of saussuritic inclusions decreases 

with an Increase in degree of albitization. Very little biotite persists, 

as rsost of it was replaced ..y Diicrocline and 4uartz or was converted Lo 

various mixtures al: sericite (and a4*covite), .4a,netite. 

Acrocline phench::ysts arti dballU4nt :lore 41.1 in ',Ale Auill body 

of he stock. ititnou6h more variale„ the rocks in the satellitic dikes 

to - he cast belong in stKieral to tiie sane gone as the stoping area of the 

stock. 
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The zoninf, does not appear to due to it clmplete reac'tion 

between the throu0-travel1in: hydrotheraal solutions and the fractured 

rock. The plagioclase in both the pseudoorphed original L;raina and in 

the recrystallized brains with replacement relations has essentially the 

same maposition in any given specimen, su at least the plagioclase ap-

pears to have approached equilibrium with the hfdrothermal solutions. 

Aotite in the Jain body of the stock and in the mixture of sericite, 

chlorite, and magnetite in the peripheral zones also probably approached 

equilibriuLI with the hydrothermal solutions as the assemblages biotite-

olii;oclase-quarts and chlorite-anricite-alAte-4uartz are co:uon .,.0,.iu-

ciations in regionally metavaorphosed roes where ai,:roxiviate 

enerally was reached. 

4ore pro.JaUly the sonihg resuAted iroia difierences in temperature 

and concentration of the solutions in the different parts of the stock 

and associated dikes. The sucressive mineral assemblaves developed in 

proi;rossive regional metamorphism indicate that, oligorlase and biotite 

are formed at higher temperatures than are the aliAte, chlorite, and 

sericite, so the zonal arranement of these minerals, with the lower 

temperature assemUades in the peripheral zone, is just what would be 

expected from a pro6ressive lowering of he temperature of the through-

travelling hydrothermal solutions. 

Little is known of that happened to the lime, magnesia, and iron 

removed from the replaced minerals. bore of the lime was fixed in the 

Ainor amounts of epidote which is relaLivel;i comiuon in the .Ares and 

near the wails of the stock, uut certainly most was rewovea in solution. 
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Little could be held in saussuritic ink;iusions tilik;iulasc, as Lileue 

inclusions decfease in aiJundance with an i:,crease n (c,i ree of ali1.14atop. 

The chlorite and secondary alanetite occur chiefly in ..:iron 

fro::, the disassociation of. - iotite, and they represent only a spell per-

centage of the TiagnesLa and iron in .11.e original rock. "0 concentrations 

of calcic or ferromagnosian aecondary winerals were noted in the vicinity 

of the stock, Wt the wall rocks carry abundant hornIlende and intermediate 

plagiolase, it is Impossible to trace the origin of the Ividely distributed 

secondary epidote and chlorite. 

it is difficult to explain relatively minor alteration of the wail 

ruck around a body as intensely endomorposeci an quartz monzonite stock 

in the Northeate district. .erhaps the crop in temperature of the hydro-

thermal solutions au they passed from the relatively not mass of tne stoci: 

into the coole -: wali rock inal;.;ited lurl,her nyurotaerwal aiterstioi,, out 

this hypothesis encounters difficuities wnen it is applied to 

of stopinz, diKeti on Pilikaam _ountain, where the dikes could hardly have 

been at significantly higher texperatures than the surrounding rocks. 

..:natever the reason, the trivial alteration of the wall rock noted here 

seems also to characterize other bodies of Sherman rranite in southern 

Wyoming Olackwelder, 1908). 

Hydrothermal solutions -- The krdrothernal solutions probaay ori-

ginated at depth within the igneous ',)ody. An eNternal source is extremely 

unlikely as the mull rocks show only minor alteration adjace:!t to the In-

trusive contact, and in the stock the endomorphic alteration producus are 

arrariged in rough zones, with the highori-temperature ainerals toward the 
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center. .iosidual wa.oatic solutions o Local orit,iIi couce.vaol 

account for so;ai of tae all;eration, ::rut :'he Vji.UWe rosi(ual wa.wa 

reoainin6 alto:. crystallization o t e dia„,ocia c nurd1 account. 

or the :licrocline which eu 6.5 percent of the rock arli lu rt.4 which 

averat,.is 3U percent or the rock. The zonal arrangement of the alteration 

products is consistent with the thesis th4.t `be deuteric solptions f71,-)VP,1 

upward and outward throuh the brecciated rock of the stock. 

The composition of the feuteric solutions can approximated roughly 

from ;,he various minerals introduced or transformed - theta. Judi,ing from 

the quantity of aicrocline and quartz that corrodes and replaces the de-

formed plagioclase and oiotite, potash and siLica were ialportant constituents 

of the solutions. quartz may have been orlijnal, but certainly much 

was introduced during deuteric alteration. 

The p2o6reasivP albitization of plagioclase proves that soda was present 

lu the solutions. .;foliic albiti'Latiun was unuuu :teal/ :,terely saussultic, but 

hoisitc and sericite inclusions are auhaakrt. ih (1,i of the 

stock, where the ilabioclase is .:ost QuIcics and the:i are all-lost entirely 

a'osent in JO.rtO sodic a! rite. in any speci4en, however, the composition of 

plik.fioclase generally is independent of its content of saussuritic inclusions, 

and 'oth relativel:! clear and heavily clouded grains have a ` slit, the same 

composition. The broad zonal decrease in saussurlte with increasing albite 

content is accompanied by a progressive disruption of the oriO.nal zonal 

arrangement of the inclusions :fithin individual crystals. aagioclase cry-

stals with .4onally arranged inclusions are restricted to the Aain part of 

.he stock, and even here they are not abundant. 
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Potash apparently was more a.,undant than soda in the hydrothermal 

solutions that invaded the stock and related dikes. O'Neill (1948, pp. 

167-180), in a series of experiAents on the hydrothermal ;,,iteration o. 

feldspars, shoued that the sat,Lititution of potash lor :iJOa ib 

a reversiule reaction c.)n.trcile(.. of ,data action. a0out 

a third of the rock Could have replaced by .t.crocline only if the 

concentration of potassium ions in the solution was si';nifieant17 !).1Kher 

than that of sodium ions. 'tepleeement of plagioclase -.'y microclire would 

iApoverisl, the solution in potassium inns; at the same time .the sodium 

ion concentration would increase from the replaced plat:ioclase. This may 

account in part for the increased albitization toward the peripheral la'ts 

of the stock. The presence of abundant microcline in the dikes and near 

the margins of the stock, however, indicates that even here the potassium 

ion concentration was high relative to sodium ion r- centration. It has 

long been recognized that the residual liquid from the crystallization of 

a normal subalkaline mat a is rich in alkalies, silica, and water; and 

Bowen (1928, p. 100) has shown that potash couLaohly increases relative to 

soda in the late diffe rentiates. 

ior.periAents t:Jy Urdner (1944, pp. 670-609) and J'Neill (1940, pp. 167-

18U) indicate taat the transformation of albite to potash feldspar and tLe 

albitization of plagioclase take place moat readily in basic solutions and 

that alkali leaehing takes place in acid solutilns. ro evidence of alkai 

leaehin,: was observed in the specimens from the quartt monzonite stock in 

the Northgate district; the hydrothermal solutions responsile for the 

endomorphic transformations probably were basic. 
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