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3. Elk City District, Idaho. From Geology of Elk City I"ininc; District, 
'by P.J:Shenon and J .C.Reed , ADE Tech.Pu1:5.562,1934 .(N. Y. Heeting,Feb ,,' 33 ). 

r,letamorphic rocl{s surround a body of granodiori to, or at least encircle 
it on the west ,so17thwest and south.:See plan. The folloving is pieced to­
gether from a most disjointed description. 

The metamorphics are derivatives of a thick se ' imentary series of 
unknown, possibly Belt age. The quartzite has a rather coarse granular tex­
ture,and besides quartz has minor orthoclasejIDUscovite,biotite,zircon and 
mae;neti te. The feldspar is 'usually in rounded grains along contacts between 
quartz areas. Hence part of the tteldspar, at least ,may have been added from 
magmatiC sources. The schists vary from largely quartz-schist to schist rich 
in feldspar. Biotite and muscovite are abundant. Microcline is ratrer COlmnon 
in the feldspathic varities impregnated by granitic material . Most of the 
schists contain apatite and zircon;some carry epidote, sillimanite,tourma­
line and garnet. 

The banded gneiss, shown on the map as a unit, applies to rocks show­
ing alternate lig~t and dark bands. The proportions of light and dark bands 
vary greatly,from. schistose rocks with a few imperfect light bands to gneis~ 
sic granodiorite with a few irregular dark bands . rhe poorly banded schist­
ose rneisses carry principally quartz , biotite and muscovite,with quartz 
making up over 50% of the ro<k • The well banded gneisses are mainly oligo­
clase and quartz. The augen gneiss , also mapped as a unit,differs from ban­
ded gneiss because it contains rlany larc;e microcline crysta1l:s and knot -
like lenses of aplite . No sharp line can be dra,\'ffi between augen gneiss and 
banded gneiss containing a few large microcline crystals on the ODe hand , 
and with gneissiC granodiorite with large microc line phenocrysts on the o-
ther. The chief minerals are oligoclase, microcli~ , quartz and biotite,and 
the rdcrocline ap ears to ha~ been introduced after the rest,as seems to 
be the case with llany of the schists . 

The granodiorite is coaBBe-~rained,decidedly porphyritic; its texture 
is gneissic near contacts with gneisses . Contacts bet~een granodiorite and 
gneisses are gradational . The main minerals are oliGoclase,quartz,lnicrocl-
ine,'gneen hornblende and biotite . . 

The authors deftly avomd interpretation; this is unfortunate since the 
thesis of the paper is the structural setting of the veins. IIowever ,they 
say the granodiorite is intrusive into the gneiss,and that the foliation0 
of the granodiorite corresponds to that of the gneiss; also that the aug­
en gneiss probably rades into the banded gneiss along the strike. Also, 
the nlanar folintion of the banded r,neiss, au~en gneiss and schist coincides 
wi th the bedm nf of these rocks. '1'he foliation is parallel to the mapped 
quart zi te bands, representinc; definite sedimentary layers. l'his is ObVious7 
va§Ue,since the~T stres'" the poi'1.t that the granodiori~e , irneous, grades 
into the gneiss , sedimentarY.cxl'hey speak of varieties o~ schist impregnated 
by r,ranitic material . Under eoloc;ic History,th8Y say that the first event 
[las the period of deformation and intense Metamorphism. "'/hile the metamorph­
ism nay have been partly due to folding,the intrusion of the Idaho batholith 
lnust have had a ~rofound effoct. wince in places eranit~c rocks clearl~T cut 
the folded sediments,part of the deforr~tion o~the sediments precede0 the 
5.ntrusion of the ba choli th, and rm:r !'epresent an early staee of tl-J.e diastro­
phism wbich CUlimin8ted~n the intrusion and consequent met~orphism. 

4It R~Constrl1ctine the picture from these hints, ~e seem to have an intrusion 
confcbrminc to sedi'1ents di::>rine; rather steeply NE, i.e. laccolithic in 
character. The metamorphism,intense in the sediments and occurring along 
the e:>ontact ",ith the granodiorite ,in the latter,is presumably due to the 
intrusion; but granitic material,given off by the intrusion,invaded the 
schists after they bad become schists,forming injection gneiss, etc. 
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Quartz Veins.- The most productive veins (gold-quartz) have been 
round in gneiss and schist, and in a zone less than two miles wide adjac­
ent to the granodiorite contact, although veins occur in all the formations 
of the bedrock series. Widths to 20'; len~th from a few feet to at least 
300'. The quartz occurs as a series of slightly curved lenses separated by 
a barren fault, and the lenses are separated rrom the wall rocks by gouge. 
Hypogene minerals are pyrite,blende,chalcopyrite, tetrahedrite and gold. 
The ore minerals tend to concenfrate in shoots, although they are d~stri­
buted to some extent throughout the veins. Some sulphides and gold occur 
in a narrow zone of hydrothermal alteration next the veins. The alterat-
ion consists of calCite, quartz and sericite along fractures and as irreg­
ular patches. 

structure.- Most of the veins cut the strikes of the foliation (hence 
the strikes of the original bedding) at roughly 900• They also lie normal 
to a linear element in the plane of the foliation. (See plan). The grano­
diorite contact is concave toward the NE; so are the outcrops of the sedim­
entaries; trerefore the veins appear to radiate from a point NE of the 
mapped area. Mostly the foliation dips east toward the concave side of the 
trend lines. The foliation of the intrusive granodiorite seems to correspond 
with that in the adjacent intruded gneiss. 

-The linear parallelism mentioned consists of a parallel linear arrenge­
ment of the prismatic minerals lying within any given SChistosity plane. This 
arrengement also occurs in some rocks lacking planar SChistosity. This 
Streckung is in general parallel to the axes of the minor foldS (which are 
numerous). H.Cloos recognizes a right- angle relationShip betwee~ this 
stretChing and a set of Q or cross joints. Cloos refers the stretching in 
wall rocks to analogous movements in them at the time of emplacement of the 
adjacent intrusive mss. Accordingl¥, the stretChing in the wall rocks and 
that in the intrusive,if the latter crone in under sufficient pressure to 
deform its walls, shouldbe concordant. 

As shown on the map, the stretChing defines a NE-trending syncline. 
Also, the quartz veins have the relation to the stretching that Cloos's 
Q joints have, except that instead of 900,~he angle is closer to 700 • 

Note that the most productive veins strike across the schistosity at 
nearly a right angle. This is common in other districts, while fractures 
making small angles with the SChistosity are connnonly unimportant, and a~ 
~lk City, too.no commercial veins parallel the foliation. 

The quartz was well fractured before introduction of the sulphides and 
gold. Zones of more intense fracturing fOl!Om ore shoots. The mineralogical 
si~larity of the ore from all veins hints that all ore minerals came in at 
the same time, therefore that the intermineralization movements occured 
*hroughout the area at the same time. The plan of part of the Black Pine 
mine suggests that here, at least,such shattering was not simple squeezing 
open or the fissure {whi~ ,in fact,might not have shattered the quartz),but 
a shearing movement, north side west, along the fissure. 

The tendency for the stretching to be parallel to the granOdiorite 
contact, and of the veins to be normal to it, together with the foliation, 
parallel to the ancient beddLng,bei~ parallel to the aontact,points to the 
foliation being a result of direct squeeze of the granodior~te on its wall 
rocks,with the direction of elongation or easi8t~ relief being upw~rds, 
to the northwest,at moderate angles,in the central and northern part of the 
district, and upwards to the SE,at similar angles, in the southern part. 

The foliation in the granodiori~y be flow-lines •• It is also pos-
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sible that regional compression,acting rrom the NE, shoved the granodio­
rite, convex to the SW, against, the sediments. The massive granodiorite 
transmitted this stress in directions normal to its BW border. It is even 
possible that pressure rrom the SE shoved the sediments against the grano­
diorite,whi~acted as a butress an! caused rlow or the sediments NW and SE 
along the contact,with gash joints normal to this rlow. This might explain 
the roliation in the granodiorite as true roliation rather than rlow-lines. 
Naturally the stretching wouldbe most intense next this supposed buttress, 
hence these gash veins there. 

InasmuCh as these even*a appear to be closely linked in time with the 
intrusion or the Idaho batholith, the stresses that produced the rracture 
pattern may be ascribed to diastrophism connected with intrusion. It see~ 
rar-retched to suppose that s~ch sort rocks as schist could transmit stress 
£rom a rar distance up . against the granodiorite~ It seems most likely that 
the ' grapodfQr,lteC<Jfiass.0~ppedioB:1ILsed~,the :)scb!.stIlslt~'jaIltl. !. gnelpsl1e :::-struptuDe 
!on'. theLsepj;menb~1 as well as the stretching and the tension rractures. ·The 
gneissic structure around the border or the granodiorite, and within the 
latter, may well be due to the ract that the shell ·of the intrusive had 
solidiried, or nearly solidiried, while the interior was still markedly 
not solid, viscous or more liquid. The shell had more or less the characw 
teriitics or the sort sediments, hence was metamorphised like them. This 
notion woul4 accor~ with the fact that the sediments were apparently impreg­
nated *ith granitic material arter th~ had become schistose (the hints about 
injection gaeiss etc. in the paper). The gr~tic material could well have . 
escaped rrom the still molten core or the massive, through Q joints developed 
in the shell. One or these is shown on the plan, and since the granodiorite 
gradestt~ough gneiss to gneissic sediments,probably a number or the veins 
shown adjoining the granodiorite,in the "banded gneiss", are really in the 
shell. This conception, besides explaining the injection or granitiC material 
into the schist, would also explain the vague nature or bhe granodtorite 
contact,since the great bulk or the squeezed-out granitic material would 
probably be deposited immediately without the shell, in the nearest sedi­
ments. It is notable that the augen gneiss, representing ror the most part 
material with a maximum or injected ~rantic stuft,occurs next the granodi­
orite in the trough of the ·syncline delineate~by the lines of stretching. 
If a mar¥ed area or weakness had occurred here, the stretching would have 
extended markedly into this area; .~.LdiDec.t:l;ood:l."fo;;s.t:mltehdln~tteba_~ rle.t!li!l.ed 
as a~l~ne~m@re or less perpendicular to a compressive rorce, and connecting 
two pOints or places of low resistance. One such point would be the supposed 
area of low resistance marked by the development or the augen gneiss; there 
should be two others, one to the NW,the other to the SE,of that area,each 
close to tha NW trending granodiorite oontact. The locatiorl! or these other 
weak areas would be determined much as the location of where a thrust comes 
out on the surrace, i.e. the place iz • ZRxwxtt is determined by the angle 
or dip or the thrust, and this angle is a resu1~t of the vertical pressure 
due to the weight or the cover and the horizontal stress producing the s 
thrust. 
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