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FRACTURE PATTERNS-SlIEAR I N HORIZONTAL PLANE . 
J? 

BUTTE . (Plate IV-2). 

Butte has iClt up to now seemed tp negative the thesis brought out 
that tension fissures parallel to c-c,or feather joints ,cannot exist 
vlhere antithtetic shear planes promoting flow occur ,because the first 
means disruption by splitting of competent rock into fissures,the second, 
plastic deformation without loss of cohesion for the deformed block as a 
whole (Wisser: Criticism of McKinstry paper : Structural Control of Ore 
Deposition in Fisrure Veins, Trans . AIJ'ylE 144(1941), p . 88 ff'.) 

The oldest Butte fissures are filled with quartz-porphyry dikes and 
by the rich copper veins of the Anaconda syste~ (Plate IV-2). As shown 
in the abstract on the Boulder Batholith in this fo1der,these E-W fissures 
probably formed under E- W compressional stress dominant in the whole reg­
ion at the time. The granite was competent , u 'a 1 tered, for the HT solutions 
only reached the districts after cracking op en of these tension fissures 
gave them channels (Plate IV-2). Reno Sales ( Ore DePosi ts at Butte , !Jont ., 
Trans . AIME 46 (1£11 3 ) 3 -109) says the granite is full of joints older than 
the period of main deformation and metallization ; but doubtless it was 
nevertheless a competent rock . . 

On the opening of these E- W fissure s however (and the filling of a 
number of t "" em by quartz porphyry dikes ) hydrotherma1s01utions ascended 
them,psread out and affected a pr ofound alteration of the rock. As 
Sales says (p. 30) " ••• there is an umktfustakab1e close gene tic re la tion 
existinf betvJeen the widespread rock alteration and the Ana conda vein sys­
tem •• n P . 31:tt, •• the entire rock mass , wU-ether granite , aplite,or quartz­
porphyry,hasbeen invaded by active metasomatic .processe s,resulting in a 
product differing r~rkedly both in chemical and physical character from ' 
the original rock.The hard,dark-co10re d e-ranite has been changed to a 
whitish or mottled gray , less firm rock ••• HObserw.. tiona seem to indiCate 
that the rock a1 te J" a tion is becoming more widespread as great er d~~ths ar e 
obtained. " 

Sales states that in crushed,fau1ted regions one would expect to find 
the greatest alteration beCause of the ap~rent greater pe r meability of the 
broken country rock toso1utions traversing the fissures.This is not true 
because (1) eg> lie st as.eending wa ters mor e aC ti ve Che!11ica1 agents than 
later solutions due to higher P ,Tmand pos si b1y to their chemic al comp . 
(2) earliest fracturestension fissures, slight disp10cation,lack of gouge. 
J.ilasy access of sibutions into wa11s,a t all point s along the fissures. La te'Yl 
faults ( plasti c deformation)gouge dal1IDled off the solutions,narrow alter­
ation halos if anyj.(3) Regions traversed by older fractures subjected 
to action of vein-formine; pr oce sses over much longer period than regions 
adjacent to later fault veins. 

Sales: The chemical · agents greatly aidefin attack on granite by dynam­
i c pr ocesses (point for Grigsby). 

HT alteration: along and, loutw~rd from fissures-the channe ls from dept 
Follovl ed oldjoint planes. 1st stage:ch10rite-pyrite. Feldspars to serio­
ite ,qtz . Kaolinite . 

It was after this profound a1efirationtook place that snearing t~3 
bef\an at Butte. Whi le the plan (pJ ate IV-3) shows only port ions,?f the 
area so a1tered,there seems no doubt that at de pth the whol e reg lon ViB.S 
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softened up and made amenable to plastic flow . 

The later fracture patternthat of flow indicates a counterclockwise 
shear couple, probably combibed ~vith simple E-W compression . The first phase 
of this was the horsetailing off the Anaconda vein system fractures. 
Use of pre existing E-W fractures as pomrly oriented ( d irections of shear ) 
resulting in horsetail synehetic shear planes . 
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RELATIVE AGE OF BUTTE FRACTURES. 

1. Reno Sale s: Ore Deposits at Butte, Montana. . Tra. . AIME 46 (1913 ) ,3-109 . 

1 . Anaconda. 
2 . Blue 
3 Mt .View Breccia. f aults 
4 Steward 
5 . Rarus Fault 
6 Mi ddle Fault s 

Anaconda 

• I 
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THE B()ULDER BATHOLITH OF MONTANA . 

Paul Billingsley: Tr .ADm 51 § 1915) 31-47 

General Structural Setting: Granite intir~tely associated with the 
gr ea t mt .fold8 and faults of the Montana cordilleras. Most e"sterly is 
an outlying zone of gentle folds-Little Belt,Big Snpwy Mts . Next to W, 
Rocky Mt.belt proper,Livingstone , Main and Big Belt Ranges-a belt of 
closely folded and faulted rocks overriding the E zone along great 
thrust faults. W border of this zone indefinite-folds decrease in inten­
sity to W.This belt and these thrusts are E of Butte.batholith is a 
massive, a plateau .( Note that the great Lewis-Linimgstone SE belt of 
thrusts VIuits to the SE due E of tl;e N end of the batholith;only the 
Lombard overthrusts exists E of the ba "t-;holi th and near it.) VI of the 
batholith another zone of thrusts inaugurates a third mt .belt.( Phillips­
burg and other thrusts betw een Idaho .( Here is perfe ct me chanics for 
Butte : g~~fal mo~ement , west t o east,op osed by B&ulder massive .Butte 
probably -3:-a- reentrant facing west . ~f-r-e-et'r~"~&e'B­
~ e conta-c-t-,discontinui ty, ten-d-enerfoP--a~tve- fa-tt3:t-8-, -.B-s.i.Qe-~_ 

~ 
Early Er>W Anaconda tension system-cracking of W ed~e of batholith under 
pres sure from the W,whether or not there was a reentrant in the batholith 
just W of Butte (Check Weed, PP 74). Granite then competent. Later HT al­
teration softened it,can sed "flown.See later. Compare with Baguio ,Lords­
burg . ) 

Time Table : 1. Mid-Cre t. l\1ain R(bcky Nt .folding,fo )'mation of large NW 
earth folds (USGS Bull .470,Contrib.to Ec . Geol .: Geologic Relation of 
Ore Depos it s in t he Elkhorn ]lts. , Montana. R. V'J .Stone, 75-98). 

2. Middle-Upper Cret. Er osion,bevelling of folds. Shore deposits 
to E . 

3. Upper Cret.Andesite extrusions on erodeu surface. 
4 . II !I ? Local intense erosion (local uplift) ;coarse andes-

ite cgls. 
5." n ? Thrust faulting along NW lines ,local intensifl:cation 

of folding,including the andesi t~~ seds. 
6. Eocene? Intrusion of Montana granite. 
7. Eocene-extensive erosion (uplift). Peneplain.Early rhyolite. 
8 . Oligocene. Normal N-S faulting,locat accumulation of gravels. 

Peneplain beingeroded. (Uplift) . 
9. Miocene. Further river deposits .Later rhy.,dacite. Thru Pliocene. 

Note: Billingsley thus places the thrusting before the intrusion of 
the batholith. But ge neral considerations affecting this whole region 
give good reasons for thinking W~Wx west-east ground movements were 
taking place at the ti Y'J8 of the major intrusion: 

Lewi s thrust :Willi s, pre-~liocene, but in Tertiary , midclle . G.R . :Mans­
field: Syructures of the Rocky Mts. in Idaho and Montana. Bull.GSA 34 
(192 3 ) 269. 

Osburn Fault (Umpleey,J,B. The Osburn Fault,Idaho.JG 32(11924) 601-
61j . Late Crete but probably continued. 

Phillipsburg Mont.( F .C.C alkins and W. H. Emmons,Geology and Ore 
Deposits of the Phillipsburg Quad .PP 78,141-151. Late Cret."with 
probabl y later thrusting" (Quot.f rom J.J.Beeson:Mining Districts and 
their relation to structural geology .Trams .AIME 75 (1927)757-792). 
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Beartooth Thrust,Montana(A.Bevan,Summ ry of Geology of Beartooth 
Mts., Montana., JG 31 (1923 ). Oligocene. 

Heart Mt .thrust" Wyoming ( D.F.Hewett, 'l'he Heart NIt.overthrust. 
JG 27(1920). Oligocene. 

Chief Mt .(check) M~ntana. W.T.Thom Jr. Relation of deep-seated 
faults to the surface structural features of c entral Montana.Bull.AAPG 
7 , 1-13. 

Lombard Oveflthrust, Montana . W. P .Hayne s: The Dombard Overthrust 
and rela~ ed ~eologic features. JG 24 (1 916) 269-290. Look up. 

Since the Butte fractures probably formed shortly after the intru­
sion had co ns oli da ted, it seems very likely that the west -east movement 
may have continued, in diminished strength,thru the period of fracturing 

N~te: The re seems no doubt that the Idaho and Boulder batholiths 
have \I shadow areas" E of them where there is little or no thrusting. 
Nevertheless t h ere is thrusting between the batholiths (Phillipsburg) 
and not very .tar E of the Boulder bath lith (Lombard). This sugg ests 
that the notion of thrusting by deep-seated rock flowage is a sound one. 
The massives offere d effective resistance locally,but in f,e neral the 
deep-seated flow pers1tsed even past the ir ,. shadows tl • 

Suggestion : two orders of thrust: (1) major ,related to the deep­
seated flow: LewiS, shove is not toward a basin but toward Sweetwater 
Arch. The anti thetic faull:ts west of the Lewis( tension)back up the no­
tion of d e ep-seated flow;no other conceivable mechanism. 

Phillipsburg: Shove is toward the Boulder batholith plateau . 

Thrusts 100 mi . E of Idaho Falls:Shove is toward Teton and Gros 
Ventre u plifts. 

While the great thrusts NE of Salt Lake head toward the Green Ri­
ver Basin,they are the S extension of the thrmsts just mentioned, 
hence probably belong to Order l,continental thru sts . The basin,if it 
existed at the tine, doubtless aided the development of thrusts.On the 
other harld,it is possible the reverse is true:the great b asin may have 
forme d the thrusts, so strong t hat the extended N opposi te the uplfts. 

( 2 ) Local thrusts related tp uplift and heading toward ba~mns . 
In the Bighorn re gion thrusts h e ad towa rd basins re gardless of direction 
They range in direction of shove almos t thru ~800: 

Beartooth,sh ov e toward Craz y Mts.synclinal trough. N30E. 
Bi e;horn , " " Powder River Basin N50E. 
Bear toothl;lSE end:thrust turns thru 900 to adapit itself to 

t he Bighorn Basin. Due E. 
Owl C1"e ek uplift, S side. Shove toward Win d River basin . S20W . 

Billingsley c ont. Some of Billinmsley's sections do prove granite 
later than some thrust fau lts. 

("rani te intruded as a double dome; the high points E of Butte and 
N of Basin are separated by a deep trough • 
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Batho l ith v e ins E .!W. Widepre ad , uniforn distrib ution throur,hout the 
batho . 

Dis c ussi on : Lindgr en thinks there was cl.ominp: , and points t o Marys­
v ille ( Barrel l) and Phi l ipp sbur g (Calkins ) shoVJ that these m.inor intru­
sions domed their covers; he pcb~nts a lso t o Bi llins g l e y F i g s. 2 , 5 , 7 . 
Billingsley a dmi t s doming . Cover 3000 ' h :"_p 1,er a t hi gh pts . than on 
flanks . . 
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Btttte, ont • .Tames C.Ray, "Age and structure of the Vein Syst ms at Butte, 
ontanatl , T.A.I •• E.,1931,rnentions "'eadts experim nts on shear and torsion 

an~ applies them to Butte in a general,not a detailed way. He sayss •• homo­
geneous crystalline roc masses,when subjected to sufficient strain,are 
fractured and faulted inl. a systematic manner;the local manifesta~ions of 
the forces r often the secondary ••• rather than the major ones. lension 
fractures ••• tend to remain open;compression fractures show the opposite 
tendency while the stresses that c us d fracture remain ctiv. When the 
str ses cease , the resulting blocks tend to settle. otary or torsional 
str in will develop combinations of compression and tension phenomena •••• 
development of the utte fracture systems was a localhase of regional 
.diastrophism. Ih!..' th" ... · il..tgoa neitllel I!e iun J

,; ' s uplifted and great intermon­
t ne troughs wer~ form d,accompanied by m 'or north-south.faulting.(L rge 
scale diastrophism.) ••• fractureJ syat of the Butte ty can be roduc d 
by strains r ught into play during the adjustment,s' of re ional fault 
blocks • . 

Cloos's experiment for counterclockwise shear fits the Butt fracture 
attern perfectly; (See 1 ).Set aa ~ the ' or Blue v in fault syst m; 

bb =- Stervard fault system,tensioil cracks 0 =- An conda vein system. This 
is c nfirmed by L.H. Hart, Geol. Dept. Anaconda Copper Co.,in the a er 
" esotherm~ Copper Veins and Replacements", Gre Deposits of the .. estern 
states,A.I •• E.,1933. He says,in effect. Leith and r.e h v de .nstr t~d 
tha when a homogeneous ma.ss is subj ected to rotational 'stress two sets 0 

structur 1 failures are de elop d,one including t nsdon cracks normal t 
t he direction of elong tion,the other including vertical faults with ho­
ri ontal slips (for horizontal shearin ) n arly aralle~ to the direction 
of tr ss application,and rnakin ' gle of about 45°to th ten ion cr ck 
Sometime when the streBs app1ic tion is long continued 3rd set com li­
mentary and at about 90 to the second set is we ly de elo d~ These e~e­
rimental results apply •• well to th ore-bearing structures t Butt .The 
~aconda set corresponds to the- tension failures 0 no displace ent;the 
Blue vein system to the best developed horizontal-sli fault set • . The com-
plement ry horizcntal-slip structures re of s1ight importanc .A com -
lex system of post-mineral faults exists ••• when these occur as strik fault 
along the Anaconda veins tension fault ch racteristics re masked. late. 
this is greatly accentuated when alte~ation alters the w 11 t soapy stuf 
E.W.)The orebodies of both the vein and 'horsetail area.s (see plan) re c m­
bined fissure-fillingd and replacern nt, tabular in form.The ( naconda) ten-

, sion fractur are free rom selvage cl~ ;by reducing rock ressure in the 
affected areas they f vor solution d·iffusion into the .8011 ;they are there 
fore characterized by associated repla.cement bodies.The Blu veins, speci­
a lly in the upper levels, where displacement is greatest,are filled fissures 
replacement is confine within definite gouge wal .(R •• - v ins). is­
sur -making str sses acted before, during and after the mineralizing e och. 
relatively short geologically, nd related to the final s ges of consoli­
dation of the Teriary Boulder batholith.i t follo ;e closely the injection 
of quartz-porphyry dikes .(The 1 tter followed in par~, set aa (lu vein 
system);mostly ~eir trend roughly parallels ' set c(Ariaconda system),or in­
termediate between a and c.They would fallow mostly the tension fra.cture 
present in their tim ;the position between c and a m~ be be explained 
by an earlier orient5&ion of the shearing stresses,with th couple pointin 
mote nearl N-S;this might happ n if th tendency toward shear me t stiff 
resis ance at first. (E • • ) 



Reno Sales (ore Deposits at Butte, Mont.T.A.I •• E.,Vol.XLVI,1914) 
-gives the following dat of interest. The Blu ewstem of fault fis-
sures ahow a notable uniformity of spacing;the~r strik i remark bly 
uniform, but the dip is variable. The fissures as a rule ar steep,but 
the variation in dip along a single fissure m~ be great. Edith May vein 
dips 80 X from tne surface to the 70 t level;vertical from th 700' to 
~he l6~' le~el;dips S b~low the 1600. Th se faults show som re£ularity 
1n t he l r hab1ts of dip. !he most southerly (Clear Grit, Flat and Blu~ 
dip rather flatly S,45-6~0. The central ones (Skyrme and Edith ay) 
are more nea.ly vertica~;on the xtreme north th tendency is to dip 
steeply north in the upper lev Is, ith a change to the outh at grea-
ter depths. The Blue fissures are faults of marked isplac ent-their 
amount of mo.em nt (on imprtant members) ranging from 150-300'. the High 
Org fault vein displa ement is about 270',direction of movement making 
35 with the horizntal. In all of these fissures the S or hangingwall has 
apparebtly moved to the SE and downward relatively to ~h ,and the di­
rectimn of movement of the hangingwall has been along a line making an 
angle of 150 to 3~with the horizontal. ~ 

Th Mountain View breccia faults occur north of, and parall I with, 
the corid veln,rn-ihe Mt. Vie mine, and also as a weternoontinuation of 
the Jaaconda vein itself(Gagnon vein) where th Aaaconda is cambinea,by a 
mutual accomodation is strike, ith the steward fault. (Note in this con­
nection Griggs observation on testing experiments,of the tendency for 
shear fractures to combine ith tension fractures for certain shapes of EX 
the specimen.E.W.) Th se breccia faults or vein are presistent angular 
fissures filled with fragments of country rock with ame fragments of the 
earliest veins. One foot in diwmater down to fine sand •• usually looks like 
concrete,rock fragments in a matrix of disintegrated granite grains;larger 
pieces often round d. Sometim s 11 fine, resembling stratified sandstone • 
•••• While the general N75.E course is well defined, locally and in detail 
th trike is extremely irregular. Tbey are angular and zigzag in plan,r -
sembling str aks of lightning. A fissure 12"-18" wide m y follow a regular 
course for several yards,when it ill suddenly offset at right angl s,fol­
lowing a joint plane or vein all for aever feet,when it again resumes 
its nor.mali cour e. (Thes are obviously tension cracks, connected with 
the Anaconda system;for some reason they were not mineralized.) . 

The Steward fissure system NE fissures Show even spacing; their aver­
age dip is to the S at 650

• (The Be11 fault conforms to the orientati~n of 
the system,but is barren and its age doubtful. It's movement haa a small 
reverse component. )The Steward faults are narro zones of crusked gran­
ite wmth well-marked seams of attrition clay. ( i4~ fr m a few inched t 
10t.)Total displacements on important members 50-150'. Normal faults,mov 
m nt t 700 to the horizontal. (Cepare N-S RJD.M. fractures. practically no 
displacement,except settling.) . 

The Rarus f ult seems to be later than the Steward system. Its dis-
placement decreases from to NE;in fact the fault splits u and goes to 
pieces in th Colusa min • ~he line of movement (HW down) is normal to the 
s trike in the Belmont ( part),where the dis lacernent is 350';but m es 
and angle of 6 0 or 1 ss in the Leonard (NE end) where the displacement is 
less than 120'. (This rotational movement suggests a torsional origin for 
the horse-tail fractures. See plan.) 

Sales' Description of the tein • 

The "ol~est" fractures (Anaconda system~ are continuously minerali­
zed and are free from sudden changes in vein filling, i n marked contrait 
to the Blue and Steward systems. In the latter the ore occurs in great 
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1 'nses,with intervening stretches characterized by crushed rock and goug • 
60- 0 $ by weight of the ore is altered granite,sometim s ore itself 
by impregnation, often not. 

An conda System. Ore continuous, of ten for thousands of feet.Vein often 
split on strike and dip. Average stoping width,Anaconda and Syndic te v ins 
30';average width for the system.20 t .The vein-filling is usually massiv , 
showing little brecciated st~ucture;the veins carry more quartz and py­
rite than the "later" veins.~he filling lacks fault clay and crushed gra­
nit. The Syndicate v in has'more pyrite than has the An conda. 

Blue Vein Syst ml The fault zon ,usually 5-25 t wide,is often composed of 2 
or more well-defined movement planes,with clay seams 0.25-2" thick.The 
rest of the zon is usually fin ly comminut d granit .Variations in miner­
al content ar the rul mineral content is function of localit .1nS is 
locally abundant.Ore 1 ss massiv than th t of the Anaconda system,being 
often a complete or partial replace en' of cru hed granit ,it retain the 
brecciated structure.it is crushed altered granite netted by stringers and 
tiny seams of the ore sulphides,with minor associ ted quartz and pyrite. 
The ore soften Shows rude bandlng,du mainly to replacem nt a~ong closely 
spaced planes of movement ,or to Rh axing of the early for.med ore masses by 
iniermineralization movement. The Blue v ins show loop splits. Length of 
ore lenses 100-2000';10-2 t stope idths are common. 

Stew.:rd Syste I Ore in i olated shoots, separated by barrengougy stretches. 
Or bodi s high grade. Primary chalc cit ,enargite,~artz and pyrit (these 
two less than in 11 older " veina,li ttle or no blende, ahalcopyri te or bor­
nite. 

Ray adds the following. The Anaconda tension system fonned the main 
mineral channelsjtheir massiv cry talline texture and vuggy structure 
hows that much of their are Was epo it'd between widely separated walls , 

sometimes as intersticial filling between country rock fragment which had 
settled between the fissure alla.This shows t n ional r sses ••• The m~ 
(Blue)and Ni (st ward) vein system wer not for.med initi lly as c ntinuoaa 
fault fissur ,ore was deposited only in cery 'n are s along zones of ma­
ximum compression where intr -fault block adjustment or slight local move­
ment relieved the pressure suffic! ntly to form limited open channels for 
deposition.In other pIa es actual fractures were absent along the compres­
sion zon s. Ray believes th se shear fractur s ctieved continuity through 
post-mineral movements and sho s that observed mutual displac m nt of the 
fractures could have occurred by simultaneou block settling. (See under 
Results of Experiments). 

Concerning intermineral movements,Ray gives the following data. Brecci 
ated ore;fragment cemented by later hypogene minerals. The east-west frac­
tures,since they were the main ore-channels,were sealed earl in the gam ; 
the and NE syst ms,results of compression,offered poor channels for cir­
culation,and only at points of localized intra-block adjustment. Along thea 
zones of maximum compression, planes of -eakness for.med which yielded ea­
sily to later forces to fonn true fault planes. ovem nt could have been 
simultaneou altng thes 1 ter planes. 

~otes. RaY's experi nt may b sound,but drawing the traces of the in­
tersected fractures on the fault planes of the various systems does hot 
confirm it. In few or no cases could the observ d aipplacem nts be due 
to simple down-dip movement,proper to fault-bloc settling. There appears 
to have been more than one mov ment on most of them,and a strong suggestion 
of considerable horizontal movement.(Cf.Sal s.) 



Camparison of Sales' Relative Ages of Fractures with Ixperiments. 

Sales . 

1. naconda tension fractures c. 
2. Blue system aa 

3. t . View ~reccia faults; 
probably continuation of 

. tension set c. 

4 . Steward set bb. 
5. Normal adjustm nt faulting. 

Cloos and ead. 

Set c. 
aa and bb nearly simultaneous,but 

according to Hart, aa the earlier 

See above. hobably set bb. 
Not included in experiments but per­
fectly logical. 

Evidenc of Age by Mineral Paragenesis. 

Paragenesis according t o tanc1ar . d~·ren:· 

1. Quartz ~ ngJ c n 4.pu.e4}i ~ent r}1ruout the '"fl:'t,er:;l ~ ..:':'=:.~ , but ·r:..;c].· 2'::1I'1 
2. • ..- yr~t. , c.)ve 1i e. _· .. lsc , !:'.Y'::::0:~E'tic vvitr bnrnite <...rd c!'c- l::: a ;ite . 
}. Sphaleri tee 
4.Enargite~covellite . Often syngenetic with bornite and chalcocite. (Hart.) 
5.Tennantite. Sometimes repla.ced by sp~lerite and galena. (H rt.) 
6. Bornite. 
7. Chalcopyrite. 
8. Chalcocite. Sometimes replaced by chalcopyrite.(Hart.)~so syngen tic 
9. ~parse Mg and Un carbonates. . ( ith bornite . 
IV. Calci tee 

The .Anaconda vein system was originally call d the "quartz-pyri t e" 
system due to the relative and absQiute abundanc of these early mi­
nerals. These veins also carry more eft g te than do the v ina of the 
Blue system, (Sales,) t h e latter having proportionatel more chalcocit 
and bornite. The Anaconda veins often carry heavy sphalerite, as do the 
Blue veins, but more locally. The Steward veins carry abun~ant hypog ene 
chalcocite,minor enargite and bornite, but no ~halerite,except in the Gag_ 
non (west)district,where older vein ore also carry abundant ZnS. . 

Ray argues for a single period of min eralization,mor~ a unit that 
Sales's. This is probably rig~t. On the other hand,fractures opening at 
successively later times during the period of mineralization would sho 
a var.jtng mineral assemblage. Thus,the oldest fractures ould have been 
open when the great bulk of the oldest minerals were depositing (iz­
rite , quartz,then anargite,sphalerite,bornite , chalcocite i n that order). 
Since the oldest minerals usually kept on depositing nearly to the end,in 
minor amount , and sinc also slight reopenings in the sealed older frac­
tures admitted younger minerals,in many crases,it follows that the propor­
tionate amount of relatively older and relatively younger minerals,not 
the abs~.ute amounts, is diagnostic of the age of a fracture , for both 
old and young fractures can have some of hoth old and young minerals.Con­
sider d in this lig t , Sales's age relations, as deduced (1) by faulting , 
(2) by mineral paragenesis, seem logical. After all,the actual differences 

yin age of the various fractures are functions of the speed with which the 
various minerals succeeded each other;they probabl followed closely on one 
another,and the different fract~re syste are closely connected in age. 

·he writer believes the Butte fracture pattern originated through 
counterclockwise shear,as shown on the map. The case seems so clear that 



recording of the physical data in this connection, as if it were a great 
laboratory experiment, seems worth while. 

Country Rock, Quartz-monzonite ("granite"). edium coarse granitic texture,± 
in places somewhat porphyritic.e5~ecially in the SW part of the district. 
(Teward,Gagnon, Colorado mines.) he granite everywhere sho swell-defined 
systems of joint planes,bearing n5 definite relations to thenlater frac­
ture systems. he jOints are old~often showing aight displacements caused 
by (later) readjustments withmn broad inter-fault blocka.vVhile ~h jOints 
have played no partJ in the determination of the largerfeatures of the 
fracture systems, they are responsible for many large stockwork orebodies. 
(Leonard mine.) eadts shearing experiment finally results in rotation 
of the shear planes in the direction of shear. In 'the west and 'part 
a£ the district the aa fracture set (Blue system) Shaw marked rotation in 
that direction. This may possibly be due to the porphyritic eexture of the 
granite there. A finer-grained groundmass might "flo" to some extent. 

Attitude of Plane of Shearing stresses. Since the shearand tension frac­
tures are not vertic~, this was inclined at about 300 to the nort in the 
SW part of the district;in the N part it was much leas inclined.(fractures 
much steeper her .) 

Angle ~etween Shear Sets aa and bb.{Excludes Bell fault, and areas where 
bending apparently occurred.) 7~0. ~Cloos experiment.650 -67°; Real de~ 
Monte,where se a are least bent. 82 .) 

Angle between ension Set c and Shear Set aa 37°. (Clo08 36°). 
I . 

~gle between Tension Set c and Shear Set bb 290 (Cloos 26°.) 

owler d Leyden,in.their paper "Sequence of Structural Deformation 
in the Oklahoma Mining Filld", Mining and etallurgy,Oct.1934, giv a 
different picture. According to them, the sequenc of events at Butte was. 
I.Deformation of the granit jformation of east-west fissure zon s with com-

lementary - relief.( ould be ' oDndaeftssutea y 1 . ~ a ~maJor 
shear set aa,Blue fissure set.E •• ) 
2. Filling of fissures by quartz-porphy~ which also re laced the conti-
guous granite. (E- ' and dik s, as describ d ahoy ;Steward s~. evidently 
assigned later age because it ~rries no dikes;it m b that secondar,y 
shear sets like Steward are not adaptable for dik invasions;cf.Real del 
Mont N-S fractures.E •• ) 
3. Second period of adjustment with reop ning along old zones of adjust­
ment and formation of new fiseures.(Th new fissures are eviden;lJ th 
Steward set.bh.E •• ) 
4. Deposi;ion of the ve~n minerals in favorabl reservoirs. 
5.Furth r deformation subsequent to ore deposition. (Rarus, iddle,probably 
Bell faults.E •• ) 

The above seems te represent a sticking to Sal st ideasconcerning dis­
tinctly different ages of the fracture sets. 



THE AMERICAN INSTITUTE OF MINING AND METALLURGICAL 
ENGINEERS 

Technical Publication No. 265 
Class I, Mining Geology, No. 27 

Age and Structure of the Vein Systems 

at Butte, Montana 

By JAMES C. RAY 

STANFORD UNIVERSITY, CALlF. 

DISCUSSION OF THIS PAPER IS INVITED. T his paper was 
presented at the San Francisco Meeting, October, 1929. D iscussion 
in writing may be sent to the Editor. Ameri can Institute of 
Mining and Metallurgical Engineers, 29 West 39th Street, New 
York, N. Y., for presentation by the Secretary or other represen· 
tative of the author. Unless special arrangement is made the 
discussion of this paper will close M arch I, 1930. Any discus_ 
sion offered thereafter should preferably be in the form of a new paper. 

29 WEST 39th STREET 

NEW YORK, N. Y. 

All papers issued by the I nstitute are abstracted month by month in 
Mining and Metallurgy. This paper is issued with the January, 1930. 
number. Members are urged to go through the abstracts each month and 
select and request such papers as they can use. 

Copyright, 1930, by the American In~titut~ of Mining and Metallurgtcal Engineers , Inc. 
Pnnted 10 U . S. A. 



:A(otice 
Papers presented before the meetings of the Institute 

and accepted for publication are numbered and issued 
individually as TECHNICAL PUBLICATIONS. They are clas­
sified in one or more series according to subject and 
numbered consecutively in each. 

Members of the Institute are invited to register for the 
receipt of papers in such slass or classes as may be of 
interest to them or to order individual publications by 
number. Each month a list of new publications is 
issued in MINING AND METALLURGY. Prior to July I. 

1927. the papers were issued as individual pamphlets 
with class letters but without class numbers. A com­
plete list of those published January to June. 1927. 
inclusive, appeared in MINING AND METALLURGY for July. 
1927, in the advertising pages; those published July to 
December, inclusive, in MINING AND METALLURGY for 
December, 1927. also in the advertising pages. In 
a similar manner. the complete lists are published in 
July and December for each year. 

Papers presented before the three Divisions, the Insti­
tute of Metals. the Petroleum Division and the Iron and 
Steel Division. are assembled. bound and distributed to 
the members of those Divisions. Temporary binders suit­
able for holding the papers of anyone or more classes will 
be furnished members at cost. $1.25 each. 

The Institute also issues MINING AND METALLURGY a 
monthly publication; an annual Yearbook, and one' or 
more volumes of TRANSACTIONS containing those papers 
that are of most general interest. These go to all mem­
bers but not all papers issued as TECHNICAL PUBLICATIONS 

are reprinted in TRANSACTIllNS. 
Members are therefore urged to save their TECHNICAL 

PUBLICATIONS. 

1. 



18 AGE AND STRUCTURE OF THE VEIN SYSTEMS AT BUTTE, MONTANA 

CONCLUSIONS 

• 

Age and Structure of the Vein Systems at Butte, Montana * 

By JA~ms C. RAY, STANFORD UNIVERS ITY, CALIF. 

(San Francisco M eeting, Octob er 102)) 



12 AGE AND STRUCTURE OF THE VEIN SYSTEMS AT B U TTE, MONTANA 

18 R. H. Sales: Loc. cil., 17. 
19 Loc. cit., Plate 1. 

JAMES C. RAY 9 




