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GEOLOGY AND ORE DEPOSITS OF THE BRECKENRIDGE MINING DIST.,COLO. 
T.S.Loverin~: USGS PP 176,1934. 

Rock CGmpetency.- For quartz Bonzonite and Idaho Sprin~s formation 
see under Monnezuma. Sed.co1umn (exposed) at Breckenrid~e: 

Cretaceous. 
(Upper) 

Buras sic 
(Upper) 
Permian & Pa 
Precambrian 

Pierre Shale 
Niobrar~ 1imey shale and limestone 
Benton shale 
Dakota quartzite 
Morrison shale, ss 1s. 

MarDon con~lQm.and shale ,grit, SSt thin 1s beds. 
Granite and schist. 

~erre Shale. 3500' in SE part of district, but in special area 
mapped near Breckenridl!;e Pierre not over 500'. Uniformly thin-bedded 
non-1imey clay shale. 

Niobrara'. 350' 1i y shale and thin-bedded Is. 

Benton Shale. 360'. Mostly fissile. 
[? '-rl 

Dakota QUartzite.125-165'. Top 100' 1 edium to thin-bedded quartz­
. ite and shale;&XKXxB rest massive quartzite beds. 

Morrison. Shale, 5S, 1s. Contains 450' po~phyry sill. 

Maroon. Shale between two massive con~lomerates. 

The porh,ry and quartzite bein~ brittle fractured wel1,formin~ 
open fault breccias. Shale bent or formed impervious clay-filled fissures. 
Quartzite and porphyry most favorable for ore. But alon~ W part of 
Wel1in~ton vein, shales were hardened and stren~thefned by prer,mineralt 
silicification. Good ore between shale walls;though vein width almost 
always decreases on passing from porphyry into shale,the tenor of the 
ore commonly rises. If a vein alon~ a fault fissure of small disp.is 
followed into sha1e,it usually pinches out as the fault fades into a 
sharp flexure in the ~hale. A fault of large displacement may have ore 
in quartzite or porphyry but be barren in shale,althour,h the fault may 
persist in the shale. Faults with a vhrow of 50-150' are more likely to 
conaain ore in shale than those with greater or less displacement. Even 
in stront!; rocks as porphyry or quartzite faults with more than 300' disp. 

ade much nearly impervious ~ou~e. In pre-mineral faults of this class 
the ore made in bunches and Chimneys "is commonly brecciated by later 
move.ents,and consequently is often mi staken for "dra~ reI from SOlIle 
faulted vein." (p.26). 

Structure.- Breckenrid~e seds. lie in a structural trough 10 mi. 
wDde,NNW from S to Middle Park. Uelt of seds.about 8 mi.wide,f1anked on 
each side by pre-Cambrian rocks. Older formations in SPark (Carn.,Ord., 
Dev.,Carb.) thin rapidly to N and disappear successively,allowin~ youn~­
er and yqunr,er seds.to rest on pre-C~brian floor. Of economic iMp.,becau~ 
ore-beds of Leadville,Aspen etc. (Ordovician and Leadville Is) are miss­
in~ from Breckenridge. 

Regional d~p E thruout trou~h.(Isoclinal folding). Oldest formatiens 
rest on the pre-Cambrian and pass eastward under an increasinr, thickne~s 
of seds. until folded and faulted back on themselves at Wedge of Front 
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Ran~e. 5 mi.E of Breckenridge seds.li~ited by overturned fola that 
passes, a mile N of Ti ~er,into tIle Wi l liams Ran~e thrust. The overturned 
fold ma y be seen just SW of Georgia Pass:contact of Uakota qtzite and 
overlyin~ pre-Cambrian ~neiss dip s 67oE. . 

Mosquito fault forms W boundary of tectonic block that i~ limited 
on the E by the Williams han~e thrust and the overturned fold. Mosquito 
fault runs from Leadville to the £enmile uistrict and beyon~. ~ormal 
fault near Leadville,but fault p lane steepene ~oin~ N,and in Tenmile 
district it over turns, beco in~ a reverse fault. 

Trou~h of oventurned synclinal fold was a weak zone, a locus for 
i~neous activity. From S park to N of Ti~er where the overturned fold 
passes into the Williams Ran~e thrust,the axis of the fold is marked by 
an almost continuous series of lar~e porphf'Y masses, This intrusion was 
preceded and acco~ anied by faultin~,and most of the faults and nearly 
all the porphyrv masses occur in the E half of the tectonic block defined 
above. The faults and porphy r masses form the westenmost part of the 
NW zone,Breckenridf e to Boulder. 

Special area mapped is on west limb of re~ional syncline,about 
2 mi. W of the axis. Details of structure ommitted,but "There is evide 
ence of gentle domin~ on Gibson Hill ••• " (p.18). 

In the re gion surrounding the ma ppe d area, most of the NW faults are 
older than those trendinr, Nand NE. COlmnone st faults strike N40-BOE; 
these are enerally older than those strikin~ N lO-20E • . Latter system 
includes r!.lost of the normal faults with large d i s p lacement;much of the 
movement alon" them was post-mineral. 

Most of monzonite in s necial area is part of one lar~e i rre~ J lar 
laccolithic mass, fed by many condu:lts,and formed of many distinct sills 
that have united. Base of this lar~e intrusive sheet is irre~ular,fiollow 
in~ different horizons, but commonly occurs a short distance above or 
below the Dakota. Bulk of p6rphyry intrud~ after foldin~ completed, 
and part of it is later than the initial ENE faults, but many faults in 
the district are later than the monzonite porph)iry. 

In "enerel the crosscuttin" bodies of monz ite and ~tz monz,por. 
followed the earlier lines of weakness indicated by the ENE faults,but 
in a few p laces the porph'jries broke across the sediments in a N-S 
line. 

Re lation to Front Ran~e NW Belt. Earliest record of the diastroph­
ism that formed the Front Range is contained in the overtlJ rned fold bhat 
passes northward into the Williams Rang e thrust. General trend of the 
fault,N30W suggests a compressive force operatin~ S60W or N60E. At Lead­
ville Lou~hlln(PP 148) concluded a compre s sive force must have acted 
S60W because the folds that trend N30W have steep W limbs and several 
of those limbs are broken by reverse faults. (Why doesn't :t8ver!t~ face 
the issue? If the Vil l iams ran~e thrust was an underthrust, then the lower 
Dlats moved 4 miles N60E. If Lou~hlin is ri~ht,then the ~round near 
Leadville tended to move very stron~ly S60W. Where i~ the enorMOUS hole 
thus created? Nut~.) 

No evidence that re~i nel compression acted .at any later time in 
directions other than west-"outhwest or east-northeast. 



The compressive an~ shearin~ forces that caused the unsYlmnetrical 
infoldin~,thru8tin~ etc. had little effect on the lar~e batholithic as­
ses of f;ranite in the Front Ran~e,"but they ~reatly affected a northeast­
erly zone of incompenent schist and "neiss between stron~ r,ranite butt­
re •• s. " "Compression was locally rel~tved by interlaminal movement in 
the soft schists, but the stron~er ribs of ~ranite and ~ranite ~neiss 
either transmitted the f rce wi thout rupturin~ or absorbed some of the 
force by fracturin~."(p.20). "Southwest of the ·pre-Cambrian rocks, . in 
line wit l1 the mineral belt, the stresses that existed were, in effect, 
(1) compre s·s ion from the west-southwest (?), (2) shearing direc ted to 
the east~northeast, and (3) tension or only slight compression in a 
north-northwesterly direction. The fracturing that would result from 
such a combination of stresses would have the most open fissures parallel 
to the direction of major compression and at ri~ht angles to the direc­
tion of tension.1 T)1e fractures caused largely by compression would J11ake 
angles of less than 450 to the direction of compression;steeply dippin~ 
compression fractures in this re~ion should therefore trend east or xx 
slie;htly east of north." (last statement cuckoo). By compre'ssion cracks 
Loveri~ does not mean shear planes. 

Mineral Paragenesis.- Pyrite earl~tst sulphide;then ar_tite (dark 
fe I' ru~lhn.ous zinc blende); galena (marmattee usually earlier,s.t. contm.p., 
occ. later~ then .ostof lie;ht-colored blende;then quartz and ankerite 
in ost places;but the ~an~ue minerals form only a lIlI.all portion of the 
ore in most veins. 

Veins.- Strike N40-80E;most show pronounced irre~ularities in 
strike and dip. 

Most of the ore came from veins in the monzonite porphyry B% and 
Dakota quartzite; but. a ~ood deal of ore has come als 0 from veins in the 
quartz Dlonzonite porphyry, Pierre Shale,Niobrara, Benton shale and Mar­
oon. 

Major fau lts seem. to have acted as channels, localizing ore shoots 
on l e sser breaks at places close to the major fuutt. Ore solutions under 
h i gh T and P followed the major faults, passin~ into the more open chan­
nels of mo derate-sized faults at the first opportunity. More open char­
acter of the latter,and the large areas of their walls,which cooled the 
solutions, served to r.~ke the solutions unload their cont ained ores. 
Zi~zag cohtrol, intra-mineral movement on cross faults. 

Ores mainly lead, zinc and iron sulphides,with some native e;old and 
some silver;comroonest ~an~ue mineRals are ankerite,calcite,quHrtz and 
sericite. 

Pyrite most abundant and widespread: in hir.h-T deposits close to the 
monzonite stock N of Ni f;~er Hill,in the zinc veins a short distance E 
of it,in the Idxed lead-zinc ores nearby,and to some extent in the hie;h 
~rade r,alena shoots scattered hhrou~hout the district. 
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Notes from: GEOLOGY AND ORE DEPOSITS OF THE MONTEZUMA 
QUADRANGLE, COLO. 

T.S.Loverin~: U.S.G.S. P.P. 178,1935. 

Competency of Rock Formations. 
Pre-Cambrian. 

Is.Idaho Springs Formation. Order than Pikes Peak granite and 
the l a ter Silver Plume granite. Largely quartz-biotite schist 
and quartz-biotite ~neiss, with all possible gradations between. 
EVen the schist is so injected by aplite, pegmatite and ~ranite that 
it is a fairly competent rock, as is the gneiss. Neve t heless if seems 
to have acted as the least competent rock of the re ~ion, fracturin~ 
only where nearby buttresses compacted it; elsewhere it dEDf~ed 
by flow. Metasediments;schistosity parallel to beddin~. 

Sg. Swandyke Hornblende Gneiss. Overlies Is. Hornblendic gneisses 
and schists with 50~ injected pe~matite, aplite, granite. Hornblende 
gn~~ss quite massive. A metamorphosed i~neous rock intermediate between 
gabbro and diorite. Essentially conformable with Is;probably thick 
series of lavas. Considerably more competent rock than Is. 

M~. Quartz Monzonite Gneiss. Intrusive into Is and probably into 
S~. More massive than the S~. 

Gn. Granite ~neiss. Generally follows schistosity of enclosin~ 
schists or ~neisses,and small masses are lent~cular or sill-like,but 
contact of lar~e masses that have broken thru the schists is very ser­
rate;apophyses feather out alon~ the schistosity. More competent than 
Is, perhaps on a par with S~. 

~P!·.Pikes Peak Granite. Intrusive into schist, but border alpmost 
everywhere parallel to schistosity of enclosing formations. Buttress. 

Ss~. Silver Plume Grani~e. In contrast to the Ppg,the Ss~ has Xk.~ 
sharp straight contacts with the older rocks in many places and probab­
ly followed fault lines and fracture zones more con~only than the ol­
der intrusive rocks. Inclusions of schist are common in the L~ss,and 
where they are abundant the schistosity is usually concordant in the 
different masses. Probable that both roof pendants and xenoliths are 
present. Buttress. 

Cretaceous ~?) and ferttary. 

Crawford,R.D.:A contribution to the i~neous ~eo16~y of central 
Colorado.Am.Jour.Sci.5th Ser.7,365-388,1924. &OyerIDn~ ~~'r'z.ert~ 
detra1!let1 .~ t 1blft~ -njbae .. t Pos. te6111'b:r!~' Ei~ sto~1 C)Y1 af pc rpl1:vr i e s f ro:-) erea t 
denth;(2)1~r,'~ -scBle folding and faulting; (3) 

1. Early Denver (lowest Eocene).Intrusion of sills and dikes of 
silicic felsites (~Vhite porphyry,Leadville;felsites of Ward aistrict). 

Early,mid1 2. Gradual vertical uplift,Front Ran~e region,accompanied by 
Denver ;r intrusion and extrusion of calcic .andesites and potassic basalts, 

such as the interbedded basalts of Table Mt. near Denver ;Valmont 'dike 
E of Boulder;gabbro,diabase and ultrabasic 4ikes of Boulder,Central 
Cit.,. and Geor~etown quads. 

3. End of Denver. Stron~ foldinr, and thrusting,preceded and accom­
panied by ib§rusion of monzonitic ma~ (locally dior~tic or ~ranodio­
ritic) such as Johnson Gulch porphyry,Leadville,diorite of Buckskin 
Gulch stock,Alma; diorite and monzonite porphyries of Breckenr.id~e,dac~ 
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cite of Geor~etown quad.;hbl. and bi diorites of Central -City qua~. 
4. (A~e not stated;still Eocene). Minor faultin~ followed by 

intrusion of dikes and Sills of porphyritic quartz monzonite such as 
Evans Gulch porphyry,Leadville;quartz monzonite porphyry (intermedia:be 
type) of Brec~enrid~e;Elk Mt.porphyry of Tenmile District. 

5. (Still Eocene). Faultin~ precedin~ and accor.lpanyin~ the wide­
spread invasion of coarse-grained porph~r'tic quartz monzonite,mostly 
as stocks and dikes, rarely as sills:Lincoln porphyry (Mt.Lincoln, 
Park Co.) ,Princeton quartz monzonite of Crawford, Montezuma quartz 
mpnzonite,quartz mpnzonite porphyries of Geor~etown quad. 

6. Minor faultin~; intrusion of dikes of porphyritid sodie quartz 
monzonite, such as alaskitic quartz monzonite porphyry of Geor~etown 
quad. and porphyritic Brainerd quartz monzonite of Ward district. 

7. Intrusion of dikes of sodic ~hyolite and porphyritic sodic 
granite such as the alaskite of the Geor~etwon quad.and the porphy­
ritic Modoc quartz monzonite of Ward dist. 

8. Intrusion of porphyritic granite and rhY91ite such as those of 
the Georgetwwn and Montezuma quads. 

9. Intrusion of alkaline syeatt:es and tr.achytes such as the 
alkali syenite and the bostonites of Geor~et •• n and Central City 
quads. and the trachyte of Sunset, Ward distric~. 

10. Minor faultin~ and the formation of ~old-silver-lead-zinc­
copper ores throughout the mineral belt of Colo. (See Burbank,W.S.: 
Revision of Geolo~ic Structure and Strati~raphy in the Ouray District 
of Colo.and its bearin~ on Ore Deposition. Colo.Sci.Soc. Proc.12, 
213-232,1930). 

11. Intrusion of felsites and related rocka,as the rhyolite 
ag~lomerate of Leadville,the biotite latite of the Geor~etown quad., 
biotite andesite of the Bluebird mine near ~ederland. 

12. 8oDt l Union (Upper Eocene). Cuttin~ of Flattop peneplain. 

13. Einm7 Wasatch (Upper Eocene). Minor uplift,and widespread 
peaeplanation durin~ remainder of Eocene. (Medicine Bow peneplain). 

14. Marked vertical uplift at end of Eocene,accompanied by 
faultin~. 

15. Denudation throughout Oli~ocene. 

16. Vulcani SDl throu(';hout Miocene in S. JUan, and periodically in 
the Sand N-central parts of Front Range,locally accompanied by forma­
tion of important ore deposits (e.~. Cripple Creek). 

17. Pliocene:denudation, minor vulcanism. 

18. Faultin~ and re~ional uplift,early Pleistocene,followed 
by stron~ erosion. 
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Re~ional Steucture. 

Front Ran~e an elon~ated dome. The Laramide events include 
stron~ folding accompanied by thrustin~ and related tear faultin~; 
several staees of minor faulting precedin~, accompanyin~ and followin~ 
the intrusion of quartz monzonite porphyry stocks and dikes;vein for­
mation;minor post-mineral faultin~. 

NW en echelon folds and their associated faults are the earliest 
effects of the Laramide revolution. Witn moderate deformation, these 
are open, assymetric folds,but where severe, the folds are overtrurned 
to the SW and in many places are bp ken by reverse faults,downthrown 
to the west (hence dippi~ E: . 

- E ). 

In the Montezuma quad. the west ed~e of the Front Ran~e coincides 
with a broken fold of this type. Thrust faults have been found on 
both borders of the ran~e but the lar~est known, the VJil.liams Ran~e 
thrust, breaks this W fold. Traced from Breckenrid~e 50 miles NW to 
MUddy Butte, just beyond Kremmlin~. At its SE end it passes into an 
overturned fold that continues BE into S Park. Underthrust. 

Narrow zone of porphyry .stocks trends N40E across Front Ran~e from 
Breckenrid~e to Jamestown. Nearly all the dikes, sills and mineral depo­
sits except Cripple Creek Miocene ores aie in the region just SE of the 
zone of stocks in a mineral belt 3-12 mi.wide. Althou~h persistent NVI 
faults cross the mineral belt and extend for lon~ distances NW and SE 
of it, E and NE fractures,which include most of the vein fissures,are 
abundant only in the mineral belt. The E mineralized faults in the 
W half of the range (includin~ the Montesuma district) show N walls 
to have moved E almost horizontally. The NE faults commonly show less 
horizontal than vertical movement;both reverse and normal faults are 
common S of the Montezuma stock. The NW ~aults are commonly reverse 
faults dippin~ NE. Since the mineral belt comes to the eWded~~ of the 
ran~e in the Montezuma quad. where an overturned fold breaks and pas­
ses .into the ''Williams Ranr,e thrust,it see s clear that these structura 
featares are related. 

The E faults of the ITlineral belt show ·presence of widespread hori­
zontal shearin~ forces,and the Williams Ran~e thr'ust, clipping NE Ht a 
low an~le,also sh ows near,.,.. horizontal ret!;ional s tress. Both types 
of fracturin~ are thou~t due to re~ional compression, for when the 
overturned fold broke into a thrust near Ti~er the movement of the 
fracturing rock masses was r eater t han in the .~t.« adjacent fold-
i~ layers, and str'one tearinr; stresses developed between the areas of' 
thru stint; and foldin~. ·.L·hus as one part of the overturned fold broke 
loose and moved alon~ the thrust fault past the less acbive part of 
the fold a transverse shear zone marked by tear faul~s was formed. 

Vlbere t he side of a thrust-fault block ends a ga inst a t"ar fault 
it may be possible to tell whether the upper block was more active than 
the lower block. If the lower block has been pushed actively under an 
inert upper block,movement on the tear. fault will not be the same as 
it would be if the upper block had moved actively over a nearly inert 
lower block. Points on the active side of a tear fault will be carried 
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past the inactive,or h~~~d, side parallel to the dip of the thrust 
fault~ If the upper~ moves over an inert lower block,points on the 
thrust-fault side of the tear fault will move up the dip of bhe thrust 
fault relative to th~ fold side of ' the tear fault,whereas if the lower 
block move's beneath an inert u pper block,points on the active side of 
the tear fault will move down the dip of the thrust fault. Since direc­
tion of movement of tear faults in mineral belt shows N side E while the 
fold S of the Villiams Ran~e thrust was overturm~n~ to the W,and as this 
'fold is deflected sli~htly eastward where it adjoins the tear-fault zone, 
it is probable that the lower block of the thrust was more act .i.ve thari 1t 
the upper block;the thrust is therefore an underthrust. 

Overfolding toward the SW accompanied by either overthrustin~ or un­
derhrustin~ has been common in Colo. NW of a line from Gunni-son to Boul­
der,nearly coincidin~ w~th the center of the Colo. mineral belt. In a 
wide zone SE of this li~e,persistent steep northerly faults,downthrown 
on the W,are common,but no thrusts;S limit of this zone trends nearly 
W from the N end of the Wet Mts. to the N end of the S.Juan Mts. Farther 
S overf'ldin~ and overthrustin~ toward the NE have been common. Thus in 
the Front Ran~e the mineral and porphyry belts mark the NW limit of a 
transition zone betw een opposite types of deformation. 

'(LGveri~ i~nores a difficultY. here: if the Williams Ran~e th~ust 
is an underthrust, then the active mwmber of his shear couple was a force 
from ~W to NE. But if there was only overthrustin~ in the zone well 
SE of the Gunnison-Boulder li~e, combined with overtur/ning of folds 
to the NE.the active force there too came from the SW;there was no 
shear couple,regionally chnsidered.) 

Local Structure. 

The fault plane of the Williams Range thrust is domed up at the 
W e~e of the major quartz monzonite porphyry stock;a window cut thru 
the ~neiss of the HW by the Snake River and Jones Creek exposes the 
underthrust(?) Cretaceous shales. 

A wedge of the Montezuma quartz monzonite stock projects west into 
the shale in the ~nake River ' valley,cuttin~ off the thrgst. (See map). 
he shale dips away from the quartz monzonite at 100-50 ,showin~ that 

the we~e is near the axis of a domal uplift. It is known that the do­
min~ of the thrust fault Was accompanied by faultin~ alon~ Jones Gulch; 
it also see 5 probable that the dome was broken by an E-W system of fault 
either before or durin~ the intrusion of the stock. 

On the Nand SE sides of the stock straight-line contacts trend 
N700E,suggestin~ a pre -porphyry fracture system of this trend. These 
may be fractures related to the tear or transverse shear faults of the 
mineral belt. Mostly the contacts of the stock are . steep;but the east 
contact dips 450 E {SW spur, Gray's Peak),thru an observed vertical 
distance of 1200'. In most places the ' stock breaks cleanly across the 
schistosity;there is no si~n that the structure of the sC,hist affected 
the shape of the stock. The upward bulge of the nilliams Range thrust 
at the Wend of the stock suggests the quartz monzonite was intruded 
near the center of a local E-trendin~ anticline,and the primary linear 
and pl~ty structure of the i mtrusiveand the position of the aplite seams 
indicate that it was movin~ upward and N80E at an angle of about 250 to x 
the horizental in this locality. 

~tock stro.~ly jointed but , has few persistant fractures. Since it 
was intruded after the period of strGn~ stress when the thrust was for­
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med,it was probably 'subjected to much milder fracturin~ stresses than 
the country rock nearby. (I think it acted as a buttressY. Fact that 
practically all porphyry dikes of the entire mineral belt are found 
only SE of the belt of stocks su~~ests stocks stood form, ~round be­
tween them and ~ranite masses to SE squeezed open). 

Re~ional position of the stock in the NE zone of stocks sug~ests 
that its intrusion was dependent Chiefly on re~ional shearin~ stresses 
between provinces of different types of deformation rather than on the 
presence of the thrust fault which it cuts. 

Vein and dike belt zi~zags. '!'hus,in NE part of quad. ,concentrated 
in a narrow NE belt from Kelso Mt. to ~rown Gulch (len~th,Dot width; 
same below). S of Kelso Mt. belt widens, 2 mi.,trends almost b to head of 
W Geneva Creek,where it swings SW and widens ~reatly. Wand S of the 
head of W Geneva Creek many scattered ueins,but best veins still confined 
to narrow belts. Near Montezuma best veins, usually NE,occu~ in a strip 
1 mi. wide runnint; nearly W from head of Vi. ' G,eneva Creek to Glacier rut., 
thence SSE thru 'l'eller !t. to Hall Valley. Scarcity of veins W 07 Gla­
cier hlt. due to fact that pre-cambrian in that area ter inate~ downward 
against the underthrust (?) plastic, impervious ~ierre Shale,barrier to 
risin~ ore-forming solutions. The NW-trendin~ belt of NE veins in Hall 
Valley area is probably related t the fault at the ~ side of South Park, 
with wh-i.. ch it aligns and with which prominent regional liNW faults c rre­
pond in ovement. 

Yre-mineral faults in NE part of quad.,near ~ilver Plume,commonly 
trend ENE;in Gold Belt tunnel the N wall of the chief vein fissure app­
arently moved down and ~. A few miles SW of here ost veins strike NNE;in 
the ~tevens mine the W wall of the •• in fissure apparently moved down 
and N at 600 • 5 miles ~ of stevens mine,in the Pennsylvania mine,NW 
wall of the N300 E fissure moved up and NE at 300 .(Inconclusive data). 
This shows vertical cOI'lponenet local a1'falr, va.r ' able ) • 

Near Montezuma the Bell-Meteor Wing vein, Bullion, Chatauque and 
Sts. John or Comstock follow reverse faults that dip NW;the Silver King 
follows a normal fault .that dips SE,its SE wall movin~ down and to the 
NE at '7(j)0. Thus with these the upthrown wall was ;consi stently on the N 
and the angle of movement moderately steep. fhis movement was probably 
expressed by step-faulting related to the forma~ion of the east-west 
anticline associated with the Montezuma 'qllartz monzonite. The Ida Bell 
fissure (E slope of Jones Gulch) s~rlkes nearly due ~ and cuts . the 
Willians Ran~e thrust. The north wall moved dOWl1 to the e8.l!lt at a sJ!W.ll 
angle. If the movement on these faults is representative of the re~ion 
near the.,it seems probable that they were formed in response to a re­
gional sheari~ stress,modified later by local vertical stresses atten­
ding the intrusion of the stock. 

The veins in the SE branch of the mineral belt in the Hall Valley 
area are transverse to a fault zone that parallels schisto~itJ of ~wan­
dyke gneiss in this area (NNW). On the fault (2 out of 3 in zone) W 
wall moved down and to ~. 'ransverse veins strike NE,movement unknown; 
ore occurrence in flatter parts of Missouri vein su~~ests a reverse 
fault in which mv wall oved up. 

Ore Deposits. 

Mainly lead-zinc-silver ores;some gold ore in ::sW paDt of quad.;som.e 
bismuth in a narrow belt from Hall Valley to head of W.Geneva Creek. 
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Most of ore deposits are fissure fillin~s. Many veins have a shallowed 
surficial enriched zone,but most of present ore primary. 

Paragene!is.- Ores not injected but deposited from solutions 
over a considerable period of time. 

1. ~ericite, quartz, pyrite-largely metasomatic replacement of 
walle. Near the major channels solutions rich in Fe,silica,K and S 
attacked the wall rocks and auded these elements. In such places the 
sericite and the quartz are in part earlier than the pyrite, in part 
contemporane0us. ~ericite aar~ely confined to walls, but quartz anu py­
rite occur both as fissure fillin~s and as wall rock disseminations. 

2. Interval of movement,brecciatin~ quartz and pyrite. Minor cal­
cite and man~anosiderite deposited. 

3. Moderately coarse copy deposited;gold associated with it in some 
places. Much of this ccpy twinned,whereas later ccpy is finer-grained 
and untwinned. A little sphalerite contemp. wmth this early ccpy.,but 
most is later. Minor quartz crystallized with the ' base-metal sulphides, 
chief11 at end of ccpy stage. . 

4. At about time ·deposiion of early cepy ceased, galena probably 
began to deposit;continued to deposit for some time after all ZnS had 
been deposited. Sphalerite epock. Barite within this epoch. 

'l'here was little movement during this ccpy-PbS-Zru:; sta~e, but local­
ly readjustment took place along the veins. 

5. Gray-copper inerals, tennantite and tetrahedrite-durin~ and af­
ter ~alena sta~e. 

6. After deposition of bulk of ZnS,PbS,ccpy and ~ray copper,anker­
ite gangue minerals,usually with much iron and SOMe Mn,were deposited. 
in may places this ended the period of mineralization, but locally veins 
were reopened and silver-bearinr solutions deposited minor amounts of 
PbS,qtz.,argentite,native A~,and the rubies,as proustite,pyrar~yrite, 
miar~yri te, stepnani te, frei ber',;i te, stromereri te, polybasi te. Bismuth and 
silver minerals formed in S half of quad. in a qtz.~angue formed at this 
time. 

Stockwprks.- Only in SW part.(See map). IXL a shattered mass of 
qtz Monzonite crOWded with fI'agmen ts of Dakota quartzite. Cut by aom­
plexly interlacin~ fractures cut porph"ry and inclusions. Rocks strong­
ly serictized,contain sporadiC seams ' and masses of sphalerite ore;thin 
veinletsof py,ccpy,ZnS,galena,qtz.,locally bismuthinite. Stockeworks 
richer in gold near surface. 

Jessie (less than a mile W of quad.) and the Hamilton,Cashier and 
IXL stockworks occur in a nar:bow zone trendin~ :10 ENE thru Ti~er toward 
the S end of the Williams Ranee thrust, thus being directly in the line 
of shearin~ that resulted from the underthrusti~ of the Upper CnenaC­
eous seds.;"but,as the quartz monzonite porphyry that contains them is 
youn~er than the thrust,the coincidence. of alignment and position. su~~est : 
that they probably formed in response to a felatively weak renewal of the 
shearon~ stresses that caused the efilsterly movement of the north walls of 
so many ·veins in the mineral belt farther east. As would be expected from 
the position of the stockworks,the dominant trend of the stron~est frac­
ture zones in them is east-northeast,but,in contrast to the area farther 
east,stron~, persistent pre-mineral fractures in the quartz monzonite are 
co~paratively rare." (p.60). 
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Noje.- This admission throws a lot of doubt on Loverings mechanics 
for the short and non- persistent ENE veins farther east. (Tear faults 
above an underthrust). The resumption of movement postulated could sc •• ce 
1'1 have been resumption of the underthrusti~;certainly any weak re­
sumptioR in it itself is hard to swallow,and even if admitted,the rlori­
zontal movements pos t ultated will hardly fol l ow,since they dApend on 
minor differen.tial movements accompanying, by their very definition, 
extremely strong major movement~. If weak later movements are necessary 
to explain the north side east movements of the stockworks,why cannot 
they explain those of the veins as well? Certainly weak Horizontal 
shearing movements are more readily explained as partial movements in 
weak re~ional shear than as by-products of thrusti~. 

Veins.-Most p.,oductive veins strike NI5-35° ,dip steep w·est. In NE 
quarter of quad. lead-zinc-silver veins ~reatly predominate over other 
types. Mainly PbS,ZnS,Pyrite,with small amounts of copper and silver 
minerals,with a quartz gangue. In S half of quad, especially near E part 
of mineral . belt,te.rtrahedrite is nruch more common than farther N,but here 
two above base sulphides are the most abundant. ~uartz generally the 
most common gangu e, but ba :rite abundant in the SE branch of mineral belt 
from Hall Valley to Glacier mt. In SE quarter of quad., ~all Valley and 
mount ains at head of W Geneva Creek,veins with bismuth and silver mineral 
are common, ge nerally associated with ccpy in a quartz gan~e. Low grade 
pyritic gold veins in the mts. near Swandyke. A few veins in the HW 
of the thrust north of the N fork of the Swan River,although this area 
underlain by the undertbr.st Upper Cretaceous shales.Mostly ~alena. The 
veins in .the S part of the stock nlOstly pyrite and pphalerite,but with 
moderate amounts of galena in a quartz-ankerite gangue. Farther N in the 
stoCk are sporadic rich silver veins. 

Rude zonal arrangement of ore t ypes around S border of stock. 
(As usual: deep trans r,ressing discontinuity is a trunk channel). Veins 
in S part of stock Have ore pyrite and sphalerite than those outside 
the stock or within it but ,farther N,and were probably formed at higher 
T and P. (see time table', p.2. The quartz monzonite was cold as a 0.1'1' •• 
on a marble slab at the time of mineI'alization,but the zoners must have 
their way). Most of the rich silver ores are scattered irre~ularly thru 
a belt about I i.wide bondering the stock on the S from GlacierMt. 
to Revenue Mt.,thence swin~ing Nand W into the stock,passin~ thru 
Cooper t. and on into Lenawee Mt. (See map). Barite and ~ray copper 
become common in the ' lead-zinc veins just S of the rich silver ores in 
GlaCier Mt.and Revenue Mt. 

Possibly the veins on McClellan ~t. are related to a center of min­
eralization to the W,between Kelso !Vlt.and Torrey's Peak (see map) .Rich 
silver ores in the Baker mine,on the S"",part of Kelso It.j!';alena-·sphal­
qtz-ankerite veins occur on McClellan t.,a short distance to the E; 
veins of ~ray copper,fluorite and barite are common a little farther 
NE on the same mt. 

Galena, sphalerite,pyrite quartz are found in nearly all the ores 
and are much more abundant than the other minerals. But deposits may be 
classified by means of the other minerals. Cu minerals most abundant 
of the minor constituents;in most veins,in very small quantit~,but loc~l­
ly rather abundant. Further,~old and silver associated with ccpy,and sil­
ver with tetrahedrite and tennantite. Most of silver in latter,however, 
as sulph-anti~o~ide or -a~Benide. 

~ -
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Ore 
ccpy,little or no 
~ray copper 

Abundant ~ray cu 

Galena-sphal.,with 
gray copper 

Galena,sphal.,ccpy 

Typical Ganeue 
Quartz of ankerite 

1\'J.a in1y quartz, bari te, 
~oderate am't }~-ank. 

Barite,fluorite 

Quartz, ankerite 

Locus 

Hall Valley,Teller Mt., 
Glacier Mt.,E s16pe 
McClellan .rut. 

From S end McClellan Mt. 
sw to Glacier 1t. These 
include most of success­
fully exploi~ed veins. 

The miar~yrite,pyrar~yrite,proustite,stromeyerite are commonly 
associated with a Mn-ankerite or rhodochrosite ~an~ue. So e silver veins, 
as American Ea~le and Winnin~ · Card mines in the stoek,had little ~alen~ 
or sphalerite and consisted of stromeyerite and ~ray copper in a quartz 
~an~ue. In the lead-zinc veins on Glacier Mt.native A~.,PJra~~yrite, 
pro.stite,miar~yrite ar~entite are main A~ minerals. They are later 
than the bulk of the lead-zinc-iron minerals and are not disseminated 
evenly thru the ~alena-sphalerite ores with which they are associated. 
They are usually concentrated in r i ch shoots whose occurrence is inde­
pendent of the a aunt or kind of the earlier base-~etal sulphides found 
in the vein. 

11 the bismuth-silver veins on the SE or E side of the mineral belt 
contain silver and ~old. Silver che ically combined with bismuth as 
emplectite or schapbachite. The moderately cowaon occurrence of ~alena­
sphalerite ores in the bismuth-silver veins~ may be fortuitous,as bis­
muth-silver ore shoots occur alone in many places and were apparently 
formed at a different time from the lead-zinc ores. Quartz,pyrite and 
ccpy are usually found in the bismuth-silver ores, less con~only tetra­
hedrite and ~alena, and very rarely barite and ankerite. 

Veins of massive pyrite,or pyrite and quartz,occur Gn Wise Mt.,in 
S part of quad. ~rimary gold and silver content less than $3.00 a ton. 

In most of the lead-zinc veins sphalerite and pyrite increase with 
depth. CRITERION: Bottom of an ore shoot may be marked by an abrupt 
chan~e into pyrite and quar~z or the appearance of barren ankerite that 
completely fills the vein. Galena commonly much more abundant in the 
upper parts of the veins, but it is persistent and occurs throu~hout 
many ore shoots. With veins havin~ notable copper content the latter 
increases sli~htly with depth. Where both ccpy and ~ray copper occur, 
ccpy becomes relatively more abundant with depth,~ray eu decreases. 
~ilver content of the ores does not seem to be related to depth from 
the surface nor to distance from the bottom of the lead-zinc ore shoots, 
althou~h in Glacier Mt. the ores are cODmlonly richer in silver in the 
lower part of the shoats. In the Bell mine,on the E slope of Glacier Mt. 
ruby silver occurs at 11,600',about 130' below the surface;farher NE on 
the same vein ruby and native occur at 10,500',300' below the surface. 
On W side of Mt. ruby apd native occur at 10,900,700' below surface;low­
~rade ~alena and sphalerite with sporadic streaks of gray copper exten­
ded from the surface down to the rich silver ore. However,in the Stevens 
mine, McClellan Mt.,upper part of ore shoots appears to have been richer 
in silver than the ore now exposed in the lower levels;A~ content ~rad-
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ually decreased with depth. In veins nearby,rich silver ore near the 
surface chan~ed abruptly into low-~rade ore 100-200' below outcrop. 

Enrichment did not extend more than 100' below outcrops of veins 
in the schists and ~neisses;in a few places silver enrichment to as 
much as 300'. Surface enrichment has been extensive only where the pre­
sent surface coincides closely with the Flattop of Rocky Mt. peneplain. 

Lar~est sin~le ore shoots ran~e from 600-1100' strike len~th,known 
vertical extent 400-850'. In some mines strike len~th ~reater than 
vertical,in others vice versa. 

Mine 
Steve~ 
Santia~o 
Pennsylvania 
St •• John:Com~tock ~hoot 

Strike LenlSth 
600' 

1100 
800 

1300 

Vertical Dimension. 
850' plus 
700 
400 
700 unbottomed 

Several ore shoots occur in some of the lar~est, most continuous 
veins;some of these veinsproductive for over a mile in len~th. 

Vertical Ran~e of Ore Veposition. At least 2000',may be 3000'. 
Note: Pilot vein,near mouth of Jone~ Gulch at stock contact,9500'; 
Ida Belle vein, less than a mile to south,11,600. Loverin~ expected 
.t'ilot vein ore at stock to be .hi~her T and P type than Ida Belle,8000' 
from the contact;but the ores are practically identical. Too bad. 

Hard,britt~e rocks, as pe~matite, granite,porphvry and ~neiss are 
the common wall rocks of the persistent shoots;soft plastic rocks,as 
mica and hbl schists, seldom f Dm the walls. Intersections favorable. 
Zit;zat; control:horlzontal at Bell: north side east,vein tie;htens where 
it swings NE ,opens where it swin~s SE;ore shoots in E or SE set;ments. 
flancient open space". Bell a reverse fault:ore in flatter segments. 

Where ~ein fractures parallel schistosity: sheeted zonejore shoots 
only where vein breaks across schistosity. 

vlose to '-hI:: 5urf~ce open fissures may be common in very soft 
rock;with increasin~ depth the fractures in such material become ti~ht 
althout;h open fissures may be abundant in much stron~or rock much 
farther below the surface. Hence f1 open fissures do not persist to 
as ~reat depths in the relatively weak ~chi~ts as in the strQn~er ~nei­
ses and intrusive~. 

;::'u~~estions fer Prospectin~: "If many periods of brecciation are 
shown in an anparently barren but stron~ vein, the chance of findi~ 
an ore shoot sonewhere in it i~ much better than in a barren vein which 
apparently was never reopened after the barren fillint; was deposited; 
thus a study of the para~enesis of the ~an~ue and ore may be very si~­
nificant. 

Mines. 

Bell.- Flexuous surface, strike N30-70E,ave.40;dip 
even~ steep SEe E~erywhere cuts schistosity of ~wandyke 
on maps of mines sheet. 

40-80~~ 
~neiss. 

or 
See 

Ore seam commonly 4-12";remarkably free from ~angue except where 
the vein dips ~E,and consists of sphalerite and p alena. ZnS pred'Minates 
in NE half,~alena in SW ha.lf. Ric'h silver ore shoot~. 1ilflre ~ilver,pyr­
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ra~yrite,miar~urite (dark rubies);also so e ar~entite and proustite. 
Ruby silver as lenticular masses in center of vein. Ore mainly in sin~le 
seam;but in places where ' pre-mineral " moveltent developed stron~ branch­
in~ ~ou~y seams and slips between main vein walls,or branches or parallel 
slips to main fracture,sulphide veins may follow these. 

Bell vein looking SW. Showing intra-min­
eral antithetic faulting connected~ with 
reverse movement on the major fault plane. 
Directly connects relative movement of 
Bell HW NE and up (s ~ e underground sheet) 
with the mineralization. 

x x x x x x x x x 

0ilver Win~ and Spelter Kin~ adits 
are on the Bell vein half aile 
NE of the Bell mine. See under~round 
sheet. Vein cuts across schi stosity 
on account of its ~entler dip. 
Zi~za~ control rm h ruby and w&re 
silver pocket,marked h on map :bree­
eiated sphalerite cemented by Mn-ank. 
Cementation not complete,vein open and 
vur,~y;many vugs contain abundant wire 
silver. (Typical of segment of vein 
parallel to compression:R.D.M. E-W 
veins,wire silver, vu~s etc.). 
The map also shows loopin~ at places 
of unfavorable or reversed zi~za~ 
control;I have discussed this else­
where. Use this in comparison sketCAes 

7rf 
Favorable 

Unfavorable 
Loops. 

Chatrauque.- Nearly east-west reverse fault,dippin~ 450 N. In places 
brecciated ea lena is ceme nted by Mn~ankerite and quartz,plus a pparently 
argentiferous ~ray copper sulphides. • p. 77:" Intermineraliza tion mover'lent 
on the vein was probably carried partly by the ore shoot and partly by 
the barren slips in the sheeted zone;and the ore solutions were more 
active in the open brecciated parts of the vein than in the ti~ht 
seams of the sheeted zone. ~ 

Hunkidori.- See under~round sheet. Little ~ou~e on any fissure; 
all show stron~ly sheeted structures or a zone of slir,htly crushed and 
altered rock. p.82:"At the breast of the a dit in 19~8 the vein showed 
evidence of repeated movements during the period of mineralmzation. 
Dark-colored quartz containing abundant pyrite dmsseminated throu~h it 
had been brecciated and cemented by pink manganmferous ankerite. Seams 
of li~ht-colored quartz apparently contemporaneous with the ~alena that 
is disseminated through it follow the wall of the vein, but the relation 
of the quartz to the other mine~als was not evident. ,j 
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Ida Belle. - Faults William Ran~e thrtust. Latter has horizontal 
component of displacement of at least 4 miles. Its fault brecc~a is 
40-70' thick in the Ida Belle mine,dippin~ 5-40 W,avera~in~ 16 • Striae 
on Ida Belle dip lODE. This movement,5-40' north side E on Ida Belle 
formed,in the shale benath the williams Ran~e thrust,2-6~ ~ou~e and 
sheeted zone; in the ~illia s Ran~e thrust breccia,a crushed and sheeted 
zone 24-60" wide; in the overlyin~ ~neiss a fissured zone 12-45" wide. 
Interestin~ comparison of effects by same movement in different rocks, 
and brin~s out the fact that with sli~t faults, presence of ~ou~e almost 
always means soft rock, .ither ori~inallJ soft or softened by alteratmon. 
Shows how competent and faVI7Dable a ~oCk the ~neiss was. 

Mineralization on the Ida Belle was stron~est in the thrust breccia, 
weakest in the shale. The ore in the breccia close to the shale contact 
WaS much better than that 50' above,and waS about 24" thick. PbS,ZnS, 
little waste 'close to the contact. 

Missouri.- Country rock ~wandyke hornblende and injection ~heiss, 
N250 W, dip 650 -850 E. Several beddin~-plane faults later than the vein 
fissures,althou~h not certainly later than the vein fillin~s. The main 
fault,with two others,are shown on the map. The only ore shoot on the 
Leftwick vein WaS found close to the junction with the main fault;the 
Missouri vein is weak away from the fault, but increases in stren~th 
toward the faul'), and the best ore occurs within 100' of the fault. 
All the small kidneys of ore found in other veins are close to the fault. 
Probably an ore channel. 

Occurrence of rich bismuth-silver ore on the Missouri in the pocket 
above a roll in the fault surface su~~ests 1 caiization by reverse 
faultin~. 

Paymaster.- Ore on dump: 1. Silicification, pyritization;2.Mn-si­
derite in vein;3. Barite.4. ~alena) sp~alerite and quartz. Much if the 
quartz is later than all the other minerals. 

Pennaylvania.- Stoped for 800 1 , stopes 6-14' wide. Pillar left 
shows character .of ore. 12' sheeted zone ~n ~ranite ~neiss;numerous 
seams of ~alena,pyrite ccpy and qtz.; ost para4lel sheeted zone but 
several dia~onal. Galena most abundant; as seams 1-12". About 30" of 
the sheeted zone is ~alena, 8 t pyrite, .2" ccpy. Quartz, py.,ccpy are 
earlier than the ~alena;m1nor dolo ite later than ~alena. 

Ore in ~ash veins sug~est localization by reverse faultin~; striae 
pitch 30° down to SW. Hence ~ Wall probably moved up and to NE relative 
to ~ wall. 

Peruvian.- Same vein as ~enn.(See map}. Loop branches: Shaft loop 
branch,30' west of Tunnel branch;loop 330' lon~.N junction diES 40oS, 
S junction 60°3. Tunnel vein «x~a strikes N32E,di ps 84W to 90 ;Shaft 
vein paralle+,dips steeply toward Tunnel vein. Most of ore close to 
Ii junction. Ore shoots in ..,haft vein separated by low-~rade fir barren 
stretches of qtz;little ~ou~e;Tunnel vein has many wide ~ou~e.seams 
between the ore shoots.( Main locus of movement,NW side NB. Sh1p~in~ 
ore 20" wide;vein lTunnel I suppose) ave.6' between walls and w1dened 
to 14' at the junctions. Below 4th level,more Zn than abo~e,alth u~h 
~alena still the most abubdant sulphide. 1.ryrite,quartz.2.Barite. 
3 sphalerite, ~alena. 
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Sts. John.- CR hornb1ande gneiss ana pegmatite of the ~wandyke 
gneiss. Main vein (NE) is Comstock or No.5. This crosses No.7,but a 
NE fault in FW of Comstock faults No.7 NW side NE. No.7 contains much 
more barite than No.5,hence is probably older (see Paymaster mine, p.1l). 
Loverin~ also says Comstock shown clearly later than No.7 at the junc­
tion. 

Localization of ore in flatter segments of Comstock su~~ests rever­
se faulting. Richer silver ore on the lowest than on the hl>~her levels. 

~antia~o.- Vein 2-8' widejin widest arts fi11in~ is coarsely brec­
ciated ~ranite,stron 1y si1icifiod and pyritized,processes ear1ien than 
the 1ead-zinc-copper mineralization, and not indicative of ore: the lead­
silver- gold tenor was very low in a place 'where the pyritic silicified 
breccia was 8' wide. ~pha1erite increases with depth. Gold in lower 
l evels varied wi t h abundance of light-colored znS. 

SarRefield.- Vein about 6' wide, but ore~ streak comrrtonly less than 
15" thick. Best ore shoot at chan~e ' in strike more to N.b:;ore nearly free 
from gan~e,24- 36tt wide,most1y galena and li ght sphalerite, vdth minor 
gray copper,pyrite, barite, qtz. 

~tevens.- early N-S,in ~ilver ~lume ~ranite. Very narrow but high 
i n l e ad: large producer. While the general trend is N-S,the vein obvious­
ly nade use of two conju~ate fracture sets: 

I 

I 
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Whale.- ~alls of vein 5-10' apart, but pay 
are ranp;ed from less than an inch to 36': in 
thickness. Apparently white barite cements 
"lumps' of ~alena and " ray copper. ure also 
contains quartz,dolo.ite,ccpy. Barite only 
~angue mineral where bein was wide,but where 
narrow quartz and dolomite a ppeared. ~~here 
the vein splits or divides around a horse it 
is almost always poorer. 

wild Irisrrman.- W continuation of E~W fault 
in Bell mine.(see undere;round s heet}. Vein 
material very vu ;~y,open-textured. ure in 
nearly vertical chimney~ separated by barren 
stretches. 



MONTEZUMA. GEOLOGIC HIS'J10RY OF LARAMIDE INTRUSIONS. 

The sequence of intrusien is shewn in Table I and. on the :map. 
Prior to the Laramide intrusi ns,the area SW from Geor~etown, to the 
Williams Ran~e thrust, was one lar~elJ of incom ' etent Idaho Spr~n~s 
schist enclosed on three sides (NW,NE,SE) by pre-Cambrian ~ranite,and 
somewhat elon~ated NE. The ri~inal strike of the schistosity seems to 
have been mainly NE. Upon this settin~ there operated a regional 
compressive stress in a direction sliehtly north of E,as shown by the 
strike of the Williams Range thrust, by the axes of anticlines and 
synclines in the schist,apparently fornled at this time, and by the frac­
ture patter. for the dikes of various ages, a pattern that remains 
consistent throughout the period of dike intrusion and indicates com­
pression in the direction described. (See map). 

It will be noted that NE shear p lanes greatly predominate over 
NW planes. This is probably because the NE planes adapted themselves 
to the NE strike of the sbhhstosity;the latter made excel~ent planes 
of shear. Nevertheless, while simple compreSSion may hafe started to 
act on the district,the great encouragement for NE shear planes,and the 
irulibition t NW planes would turn the si pIe compression int~ a shear 
couple, the me bers of which acted SW-NE,and the sense of which was 
clockwise. ?~ 

/~ The test of this idea lies in rotation of the 
NW shear set. The NE set should keep a fairly uniform comBon course, 
while the NW set should show bending (cleckwise) and due to the heter -
~eneity of the rocks, the NW set should be bent or rotated to various 
de~rees. 

If we assume that the mv faults near Geor~etown have the normal 
strike for simple compression (they are mainly in ~ranite) then the NVf 
fault at the Santi~ao mine -keeps the normal strike where it is in ~ran­
ite,but in its SE part,where it partly leaves the shelter of the ~ranite, 
it is de~idedly bent clockwise. SW of the Santiago,near the Peru and 
PennsylVania mines, a whole series of dikes,most of them apparently 
E-W tension joints,are dist'nctly be~ clockwise,and the part that is 
bent is the SE part of each dike. Several other NW planes S of the QM 
stock show signs of similar bending. On the other hand, the NE planes, 
wi th one or two exce tions, are characteris.tically strai~ht. 

It wou~d seem then that the ~eneral type of deformation in this 
nrea WaS a clockwise NE shearjthis type prevailed in the enClosed, body 
of schist. The mass of Silver Plume ~ranite on the NW of the schist area 
remained fairly ri~id and stationary,the schist,as shown by rotation 
of the NW shear planes and of the tension joi.t, was subject to simple 

. shear,movin~ pro~ress&vely further and further SW with increasin~ dis­
Dance SE of the Silver Plume ~ranite ass. The deformation was essent­
ially as~etric shear. ' 

This movement, however, was inhibite'd on the SE side af the 
schist area by the irre~ular masses of ~ranite there. Alon~ SONe line 
abQut alon~ the HE axis of the schist are~,the p~o~ressive shear reached 
a maximum;SE of the line it diminished because the t~~mh~bttn~ ~ranite 
masses were increasin~ in number and size. It was alon~ this central linb 
of maximum shearin~ that the porphyry maSses were intruded. 

The induced direction of maximum elon~ation WaS slightly W of N. 
Had the sfhist area had an elon~ation in that direction,with ~ranite 
masses on either Side, a great series of tension joints would probably 
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have formed. As it was,the enclosin granite som.ewhat inhibited ~longa l; io 
in the natural direction,so that from the start shear planes formed, 
as well as tension joints. Naturally the NE shear sets wouilid form be­
CaUse of the preexistin~ NE schist planes. Referrin~ to the map, ten­
sion joints predominate where the schist planes strike rou~ly N-S; 
in such areas the NE or NW shear planes had no preexistin~ pattern to 
help them form; the preexis t in~ pattern was entirely in favor of the 
tension joints, for elon"ation could take place with ~reat ease in the 
plane of the schistosity; with NE shear planes,N-S ~lon~ation would be 
greatly inhibited, but formation of NE shear planes correspondin~ly 
encoura~ed. This of course accords with experimental and field data 
showin~ that tension joints seldo rorm in the same places as shear 
planes. The }( ontezuma "relation is shown in Table II, where 76'~ f f the 
tension joints for with strikes at an~les ~reater than 600 to the 
strike of the schistositJ.(Prevailin~ dips of fractures and schist 
planes steep). 

The conditions described above prevailed up to the intrusion of 
the quartz monzonite stocks etc.,No.6. Table I shows that for dikes in­
truded up to and including Sta~e 6,from a thrid to a quarter of the dikes 
tabulated formed along tension joints,becuase ofi hhe comparative ease , 
of elon~ation N-S. Few dikes followed NW shear planes because few of the 
latter formed;the majority of the dikes followed NE planes. Those ex­
actly followin~ the strike of the schistosity Were omitted for fear they 
are sil15,SO that in reality the prop r¢'tion shown with NE strike is 
too low;but since probably the same proportion of dikes of all sta~es 
followed NE schistosity,the relative numbers of dikes in each sta~e 
followin~ tension joints is probably correct,amtihou~h the % of total dike 
of each stage is too low. 

With sta~e 6 the % of dikes followin~ tension joints starts t 
drop. This sta~e marks the intrusion of the ~reat quartz monzonite stock 
and a number of lesser ones. l 'he belt of schist was materially stren~­
thened and narrowed, so that the ability to elon~ate N-S was ~reatly 
cut down. The ~ of dikes of Sta~e 7 followin~ tension joints is only half 
that in sta~e 4,wIlile the ~ followin~ NE shears is 11.2~ ~reater. 

In the "ranite,fracturin~ of any kind was sli~ht due to the stren~th 
of the rock;there was no especial ease of elo~~iation N-S so that 
tension joints for ed but sparee~y. At the start shear planes predomin­
ated in the ~ranite,but short tension joints increase somewhat in pro­
portion toward the close of intrusion. 

The same tendencies are shown with the veins:at the start of min­
eralization there was still some tendency ~or f or mation of tans ion 
joints,so that the early pritic surge lar~ely confined to tension 
joints; the later minerals only entered tension joints where the latter 
were again squeezed open, brecciating the earlier vein material •• 

Dikes tend to hug the borders of steep-contact i gneous mas se,s such 
as the Idaho Spr'fungs granite and the I. ontezuma quartz rllonzoni te. This 
shows the t endency for openine s to forn where smft material is squeezed 
past a buttress. Where the edge of the buttress faces the direction of 
ground movement,as alon~ the NE side of the quartz monz. stock,the soft 
schist, shown by the attitude of the schist planes parallel to the ed~e 
of" the stock, was squeezed in two directions ,NW and SE,flowHa~ each 
was from an axis about perpendicular to the ed~e of the stock, and 199 -
~ about bisectin~ thaNE ed~e of the stock. This stron~ disruptive 
movement opened tension joints,filled with dike material,precisely 
at the midpoint of the NE ed~e of the stock. (Ba~io). 
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Shear planes bepame loci for dikes i.i n places where free slippin~ 
alon~ them was impeded. The SW-trendin~ irre~ular mass of Silver PlUMe 
granite near Kelso Mt. was a favored locus for dikes,and the irregular 
ed~es of many other ~asses of igneol1s r ock are similar loci. In some 
cases straight borders of some of these masses seem to have conditioned 
the attitude of shear fractures with strikes somewhat nore nearly para­
llel to the compression than natural;these were squeezed open. Dikes 
in ten!mon jOints may be localized almn~ the edges of butDresses ali~ned 
norm.al to the compression,as "'~l?t .J;hfi. · f~s~ .. ~e,~c~lbbeli, or they may be in 
the sch1st,far froL1 buttresses~ 1a.11q '~wH~¥e S ~la~e·-30f eJ-onp;ation N-S was not 
1mpeded;but dikes along shear r lanes are not found . se 
abear1ng mo far from buttresses and where the schist planes strike NE, 
because the shearin~ movement in such places was unimpeded. 
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SUMrU~RY OF VEI N CHARACTERISTICS, MONTEZUWA DISTRICT. 
S7j"e. 

Strike -B-W to N 70oE. 

Vein a t Drp oWature of Vein Tectonics. 

Baker N72E, 
N60E 

Bell N70E 
(minor vein) 
Bullion N75W 
(Yellow­
jacket). 

65N Ave,width 16" but lensy,3615'. See map. E ed~e Sp ~r. 
85N Pockets and chimneys ~alena and butbress,but protected 

silver minerals. Quartz ,fluorite. to E,and sli~htly off 
CCpy,stephanite. compressional direct. 

30N Vu~~y; ~alena and sphal. 

65N Vug~y incrusted with py. Quartz­
barite lead copper,x~ 24" for 
240'.Vertical diftmnsions exceed 
hor. Vein reaches 30" width in 
main shoot,Local abundant ccpy. 
Ualana S~am 1-20" 

Carrie.~. 90 Lar!ely pyrite. 
Chat;auque N80E 45N Stron~ly sheeted,brecciaed zone 2-10'.Intramineral 

to E r'!ainly gal.,rninor ~ray Cu and sphal. reverse fault. 
ualena as stoc~~ork or as breccia Breaks across 

Herman. N85E 

Ida Belle.N80E 85N 

cemented by Mn-ank.amd qtz. Gray schist. 
Cu (with which A~ ass.)confined 
to breccia ore. strong vein. 

5-6' w6de,20" paystreak.Gal., 
~ray Cu,ruby,ar!ent.,quartz. 

24~ ore in Williams Ran~e T. 
breccia;~al and ZnSjlittle 
!ian~e. 

Cross~ schistos. 

Jerry,~quity.E.80N. 6"-2'. Galena,rhodoch.,ZnS, 
qtz. Local ruby. 

,Schist.N15E steep E. 
~aults parallel to 
this barren or ve- I 
ry weakly min. 

Lancaster.E 

Mohawk. W.steep N. 

Fissured zone 4' wide with 5" 
t';alena vein. 

In MontezUDllil. Ql1. 

Fissured zone 1-5' wide;4-24" 
qtz., ~al. Pb re in chimney~,sep. 

by nearly barren masses of qtz. Little 
Af!,. ,no copper. 

C1h.ts across Se;. 

More Work N60-80E NON. Unstoped parts 5-12". W end:schlst.nearly 
parallels vein:weak. 
Center,schist.nearly 
at 90o ,nearest to EPW 
strlkejstron~est;E ene 
makes off on min.shea~ 
planes,NE paral.schst. 

Mor~an. N80E,55N. 

Barite most abundant;cons. 
~al.,sphal,qtz. 

Minor ore at crossin~g by NE 
shear~ with 1M movement. Main OB 
a chlmney,no such relation. Main-

All in Mont.Q.M. 

ly qtz.,~,sphal.also abundant; 
lent.bunches ~al.2-28".Vein to N, 
Mn-ank,6~,cont.crustif.thin layers 
py,sphal.Vein N of that mostly qtz­
py., but with abund.ZnS at NE shear 
vein:8" wide,open and vuggy. 
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Vein 
Rainbow. 
N80E 

Stat John. 
No.7 Vein: 
N80E 

Silver Kin~ 
N70E (ave). 

~trike S75E to N70E. 

Dip Nature 

55-65N Upper adit 15' sheeted zone,1-3' Pb ore. 

55N 

Narrow below. 

l2-36",lar~ely barite,with oder~te ~mounts of qtz., 
sphalerite ,~alena. Only 12" Wid~ wiT flfPj:i. t tle bari te, 
and mostly rhodochrosite,witj l1lo"d.~al.,sphal.,qtz. 
Pinches to thin barren ~ou~e,west end,main tunnel. 
Ore shoot 650' lon~ 

65-88S~ Appears to be splittin~ up in depth,and it does 
this by turnin~ and runnin~ parallel to the schisto-

sity,while it cuts the latter everywhere above. 
Q.uartz,pyrite, ankerite,with sparse t;alena and sphal. 
diatribe thru these. On upper level,~al.sli~htly ore 
abundant than sphal.,and the two were about equal to 
the qtz. ~an~ue. Near end of ore shoot~ Mn-ank. abund. 
and said to nave been associated with ruby silt 
'ihile ore seems to have preferred NE strike,width of 

___________________ total vein obv~ously preferred more easterly strike. 
Toledo. 
N85E 80N. In Mont.QM. Two NNE veins,3-l3" wids,contain py,~al, 

sphal,some freiber(,ite. Stron!; 50" bre;lcciated fault 
zone. "Like the other eastward-strikin!; fractures,it 
is pyritic,but does not contain appre;lciable aaounts 
of the lead, zinc, or silVer sulphides." ~p. 111.) 

Whale 45-60N 
N75E 

Vlalls 5-10' apart, but pay ore In -36". Ore seaMS often 
separated from wall rock by thin ~ou~e seam. Abundant 
white barite cements lu ps of ~alena and ~ray copper. 
Evidently reopened. barite almost only ~an~ue mineral 
where ore waS wide;where it narrowed qtz and dolomite 
appeared, barite becomin~ sparse or disappearin~ if 
vein carried no ore. Where the crevice wide ~an(,ue 
is soft and stron~ly impre~.with pyrite;the metallif. 
minerals seem to be present in m lch (,reater %. 

Wild Irishman. 
N75E. Steep N Miro.eralized fault breccia;vein vue;gy,open-textured. 

Gal.moderately abundant,pyrite and sphal.rare;much 
of ~alena dissem.thru qtz. I :bake it ~an~ue exceeded 
sulphs. S.all am'ts.cse-~rained barite. 'Ore in vert. 
cb.imneys. 
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. Vein. 
Adder N45E 

Altoona NE 
Atlantic NE 
Baltie NE 

Strike N250 -5jf E. 

Dip Nature of Vein eR Tectonics • 
90 4-12"~hick. 

Galena ,A~ mins. 

4 18" qtz.,local f alena. 
45-75 8-14". Barite,mod.ccpy and dk. 
NVI ZnS,minor qtz.,~al., ~ra. 6u. 

CR 
S~.N30E 

Revenue N55E 75NW 6n More ~ray copper (ass,with A~.) Parallel to schist 
ccpy (as s.with Au) gal. ZnS. Qtz. 

Bell N30-70E 40-80NW Usually 4-l2";very little Int ra-mineral rev-
gangue.Light ZnS,PbS. Rare erse faulting plus 
~ray copper.Dark ruby silver. NW side NE hor.move 

Blanche N57-35E 58NW N-57E stri ke,2'wide}.quartz and 
3" sulphide seam. val.,ccpy, 
ZnS. 

J,. ainiy parallel 
to schistosity. 

Bullion. N35E 
(Bul.vein) 
Cable. NE 

Cashier NE 

90 Barren 12"sheeted zone,2"~o. 
Thin seam ~al.50' lon~. 

5-8". Quartz, r;alena,some ~ray 
copper. 

Steep NW 12",up to 24". Galena, ~ray 
Cu,qmartz,some barite. Barren, 
S part of outcrop.~mall blind 

Parallels schist. 

Cuts schistosity. 

ore shoots. . 
Fisherman. N45-65E .ge~F.Very little ~angue.l.Pyrite (2)2'.Sphalerite (1), 
3.Galen~,(3) and quartz (4). Arsenp. Ore in lenticular swellin~~. ~idth 
not stated. (Map shows maximum. between walls 30",at place of chan~e, 
N45E t N63E strike,on latter course;20" ore in the 30".) N45E strike 
practically barren. 
Hunkidori.N57E,85S-90. Barren stretches-2-12" iron-stained sheeted 

zone,or zone of sli~htly crushed and 
.... . ". altered rock. ~lsewhere qtz.,Mn-ank., 

py, gal, minor blende.lO-30". 1M move-
ments: dark pyritized qtz.brecciated, 
cemented by Mn-ank. 

Lucky Baldwin. NE Steep. Thin and poorly defined in qtz.schist,but 
widens gradually as i t enters ~ilver Plume gr. One 
stope 30' lon~,25' high. Vein well-marked, 6-12". 
M st of it is qtz.Chi ef sulph.py.jsome ccpy,minor 
!al.,sphal. 

Missouri-Laclede NE 45-60. Missouri a6 , sheeted zone, but center 4.5' 
Leftwick. barren. Ave.FW high-~rade Bi seam:3";ave,HW low­

~rade seam:15". Thin to thi ck ~ouge seams. Qtz.,py., 
ccpy,dark gray Cu. Ore rich in ccpy has more Au,A~ 
than the ~ray Cu and Pb ores. Localization by re­
verse faultin~ . 

Leftwick: mo stly barren;near NE fault,6" gal.,~ray 
CU,ccpy,qtz-barite. Ruby,native A~I 
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Vein. 
Ne;VYork. 
N53-63E 

Dip 

75NW 

strike N25-550 E. 

Nature Tectonics. 

For most of 900':spha1.,~al.,py., In Mont.~M. NE shear 
in qtz-ank'Wan~ue. Ore sea ~en- plane (N.Y.)better 
erally 4-10 wide,but in main shoot than feather jts 
vein 10-36" wide for 300'. 35% co.- (Alladins Lamp). 
bined Pb-Zn. Ore on N63E strike; 

~eom.openin~s best in 
competent QM.,feather 
jts.NG because n easy 
a-a relief. 

Old Settler. 
N60-65E,steep N. 
(Intermediate 
between shear 

Ore streak 2' wide:~a1.,spha1., 
~ray copper,py.,qtz.~an~ue. 
~u1phs. much more abundant than 

lane tz. More al-8 hal. than • 
and tension J 
Old Timer 70NW. 6-10" ~a1.-qtz.vein.Ga1.dissem. 

thru qtz.,with some light spha1. 
Py only in WR.Barite and IAn-s~d. 
earlier than sulphs.and qtz. 

Parallels schist. 
Mostly narrow bar­
ren sheeted zone. 

NNE, 

Pennsylvania. 
N30E 

St.W. ~toped for 800' ;largest,6-l4' wide,where 
vein splits. Vein actually a sheeted Loc.by m1 side 
zone,and where ore, ~ranite gneiss. NE and up 30~ 
Where the sheeted zone 12' wide,tota1 (rever,se). 
af 30",~al.;8"py;2" ccpy.,total sulphs. ~ £ 
3' tn. Early P7ttee and jaspery qtz. 
brecciated and cemented by white,vu~~, 

Peruvian. 
N32~. 

cr,stalline qtz. 
Sippin~ ore 20" wide, but vein ave.6' be-

84W~90 tween wa11s.(Hearsay).So e ore on dump 
silicified ~neiss with disseminated 

sulphs. 1.Pyr.,sil.,2 barite,3 sphal. and ~a1. 
Nearly parallels schistosity. App.on same vein 
as Penn. 

St.. Jalm. 
Comstock: 60NW 
N40E 

Sntia~o. 70-85W 
N15-35E 

Sarsefield. 80SE 
N32-43E. 

Silver Wave. Steep 
N27-50E. 

Sheeted zone. Gangue seems s parse:mostly barite, 
rhodochrosite,qtz. SuI phs ~alena,sphal.,~ray Cu. rJby 
Ore less than 2' wide in most places. 
3-8',3rd lev.,2P5,5th. In widest part of vein,3rd 
lev.,fillin~ is coarsely brecciated granite,strongly 
sil.and pyrite These places not ore~~al., ode ccpy, 
less than 5;6 ZnS,minor py. Lower levels ZnS most 
abundant.Quartz ankerite. Wall r ock lar el Sp. 
Vein 6' w de,but pay streak less than 15 .Ore near­
ly free from ~angue;mainly ~al.and li~ht spha1.; 
inor gray Cu,py.,barite",qtz. Pinching at top of 

stope,12" down to 1". Ore localized where vein 
chan~ed its coarse more to E. 

NW Vein very tight where it strikes more N-S,and 
parallels schistosity;where it strikes more east 
it cuts schistosity at 1ar~e angle;ore in geometri 
openin~. Open,vuggy;late barite common in the vugs. 
ZnS,abundant ccpy and py,some ~alena,arsenp.in 
siliceous walls. (Probably early). Fine-grained qtz. 
In general a mineralized sheeted zone. Ore shoots 
all widen abrupt1j from narrow seams to 12-24" in 
5-l0',and pinch as abruptly. 
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Vein 
Tit;er 
N40E 

Strike N21i-550 E 

Dip Nature 

70NW 6' wide,but two narrow pay ~tr8aks,61t. ualena,sphal. 
in quartz-barite ~an~ue. 



Vein 
Josephine 
N12E 

Strike About N-S 

Dip Nature 
67W Well-defined;vein-fillin~ in 

barren stretches between ore 
shoots is quartz;ore itself 
remarkably free from gangue. 
Ave.width ore is stopes l'.Gal, 

Tectonics 
Very likely conditioned 
by steep N-S bdry Sp~. 
On E side:schist pulled 
away. 

some sphal.,py.and ccPy. 
Kelso.NlO-40W 80E 1-8",mainly ~alena,py.,minor 

li~ht ZnS;qtz-ank.gan~e. 
Like Josephine:attitude 
conditioned by ~ranite 
and injection ~nei33 
N-S bands in schist. 

Stevens. 
Just W of 
N 

60-75E. Very narrow,tendency to branch;little ~an~ue. 
Galena,some sphal.,ccPI;qtz pyrite where narrow, 
Mn-ank.where wide. 



NOTES FROM "LOCALIZATION OF ORE IN THE MINERAL BELT OF THE FRONT 
RANGE, COLORADO: - - - - - - ----

T.S.Lovering: Colo.Sci.Soc.Proc.12,No.7,1930,233-252. 

The mineral belt ex t ending from Breckenridge NE to Boulder includes 
Montezuma,Silver Plume, Georgetown, Idaho Springs, Central City,Caribou, 
Gold Hill and Jamestown districts 

Regional Structure. -See Plate I. Most of the range consists of large 
masses of pre-C ambrian schist, gnniss and granite,and small bo dies of 
late Cretaceous and Tertiary porphyry. Most of the schist aod gneiss SE 
of the miperal be lt has a monclinal dip to the N or NE at moderate or 
steep angles, but within t he mineral belt the schist and gneiss as folued 
into sharp synclines and anticlines t rending NE. On the NW side of the 
mineral belt a well-marked anticline trends N into Estes Park. Several 
large masses of OAlgonkian(?) pranite cut the schists and gneisfles.Their 
dist e ibution (Plate It sugg ests that they acted as stl'ong buttresses ~kl 
which withstood the stresses of Tertiary mt.building better than the 
less competent schists and gneisses,and thus helped to loca lize the 
fracturing of the mineral belt. Pikes Peak batholith extends from Veorge 
town south to Canyon City. It contains ~orkable ore deposits on) in or 
near volcanic pipes,notably at Cripple Creek. NW of Geor getown is the 
~ilver Plrnne granite mass. Few ore deposits in it excep t near its SE 
border. Coal Creek granite area, Bla& Hawk to Gold Hill has ore de posit: 
only in its N half. Granite area from Gold Hill and Jamestown to the 
Big Thompson river has veins only in its extreme S part. 

No extru sive s in the mineral belt,but dikes,stocks etc.of Tertiary 
porphyry are common. In the Sand N such intrusives are rare except NH 
near Miocene volcanic centers like Cripple Creek. 

R~franton of Intrusives to Schistosity. 

The intru sion of the Algonkian(?) granite was in large part responsi­
ble fo r development of schistosity in the earlier sedi lsl ents;rnuch of the 
metam~rphism precede d the solidification of the granites. (Injection 
gneiss). Granite gneiss commonly grades into injection gneiss at its 
borders;this t ype,early ,forms sills. 1'he late granitic magmas,shoh as 
the ~ilver Plume granite and the Tertiary porphyries show much less 
tendency to break across the schistosity,and commonly occur as cross­
breaking masses. Where the schisto s ity is NE and steep,however,l'ertiary 
dikes are commonly found parallel to it. 

Enrly Tertiary Histor y. 

The earliest 'l'ertiary intrlldsive s of the Front Range-felsites,basic 
andesites,baaalts,peri dotites are thought comtemporaneous with the 
Denver formation (Eocnna,USGS;Lovering thinks late Cretaceous). During 
the ~enver epoch the Front Range was rising,and it is likely that the 
complex series of NVv and N trending folds which finally developed began 
a t this time,although the Denver formation shows no angular discordance 
with the underlying Laramie. Folding continued wi t h increasing intensity 
during the Denver epoch,cu lminat i ng in the Laramide revolution,when 
monoclinal folds,overtu rned folds and thrust faults reli eved the oroge­
nic stresses which had accumulated. The monoclinal folds strike from 
N to NW;the overturned folds and the tlmust faults nearly everywhere 
strike NNW. The thrust faults dip NE,and t he folds are overturned toward 
t he SW and are cornmonly broken by reverse faults dipping NE. Af t er the 
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forr~tion of these folds and thrust faults , but still in the early Eo­
cene , large bodies of quartz-monzonite porphyry were intruded. This in­
trusi ve acti vi ty was local~zed alont:, the znae of folded and faulted 
schists and gneisses of the mineral belt between the Pikes eak and 
0ilver Plume granites and around the Wand N border of the Coal Creek 
granite . Faulting preceded and followerl the intrusions and produced the 
ve in fissures , decribed below . 

The larger stocks in the mineral belt caused feeble contact root~­
morphism of the country rock in places . These stocks were eut by later 
dikes of e-ranite porphyry and alkalic andesite before the first strong 
wave of metallization occurred . These ore deposits were formed before 
the Flattop peneplain developed in the late Eocene and well after the 
Laramide revolution . Provisionally classed as late lower or early middle 
Eocene . 

General Ge~logy of the Mineral Belt . - The faults , among which are 
included the veins,formed in response to reg ional stresses and have a 
definite pattern related to the regional geology . The mineral belt as 
stated comprises sharp NE anticlines and synclines of pre-Cambrian rocks 
\Ii thin this belt the general trend of the veins is· ei ther parallel to 
the edges of the belt or parallel to the schistosity , which coincides wit : 
the strike and dip of the schists and gneisses . Thms where the belt 
s crikes NE almost all the veins strike NE,but where the belt striKes E 
the veins strike both E and NE. However,NW-trending veins in pre mineral 
faults are not uncommoll;sinc e their prevailing dip is NE,they are nrobab ' 
ly related to the early reverse faults associated v'lith the folds of NVI 
t r end along the borders of the range . 

IVleager data suggest that after the early period of reverse fault­
ing,shearing movements occurred thruout the mineral belt,resulting 
in faults with large horizontal componen,¢'ts for movement . Faults of 
this period generally have a more easterly strike than those of e!:[' lier 
or later periods. Normal faulting and some reverse faulting accompanied 
~nd followed the development of the shear faults , and continued actively 
thru ·the period of mineralization, but rapidly diminished in iloportance 
after metallization was complete . In the NE pasrt of the mineral belt 
most ·of the pre-mineral faults show much horizontal movement . In some 
the N wall moved east,in others west. In the central and S\ parts of the 
belt,however,the movement in the shear faults was more uni~orm , and in 
general the N wall moved E. VerticalcompoRBBbt differs:at Uentral City 
the N walls are commonly downthrown;at Idaho Springs , Georgetown,Silver 
Plume and Montezuma the S or SE walls are downthrown. 

Local Examples . The Jumbo and Conger veins near Nederland strike 
NNE;Jumbo dips steeply E, Conger west. Movement horizontal , east wall mo­
ving S , In the Cold Spring and Orange Blossom veins a few miles NE of 
Nederland,the strike is N of E,and the veins dip ~teeply S ~nd N respec ­
ti vely. The N walls moved west near ly horIzontally . In the l.I entral City 
district the Dyke or Pozo vein follows a strong S-dippine; reverse fault . 
,Ji th veins that fault other veins , downthrown side is to the N. Consi sten1 
grovves in 3 widely separated places on the Kansas vein pitch 150 W. Much 
of the movem~nt on the E-W veins and faults of the Georgetown quad . aCC­
ording to Spurr Was nearly horizontal.(USGS PP, ii2+ 63,p . 162 ). The S 
side commohly moved west and slightly down. The movement was more nearly 
vertical in the veins of the Idaho Springs district than in the veins 
farther west . 
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In the Mont ezuma district the vertical E-W Ida Belle vein is later 
than the Vlilliams Range thrust fault, and the. south wall of the vein 
moved west almost hori00ntally. The ["Be~itetMfiteDr ev{(img, Bullion and the 
Saints John or Comstock follow reverse faults striking NE,dipping NW, 
while the Silver King vein,showing deep g rooves pitching 700NE,follows 
a normal fault strking NE,dipping SEe Some post-mineral normals faults 
strike NNE and. dip E. Thus in the district in e eneral,for the few cases 
where direction of movement can be seen, the downthrown wall was consia­
tently on the S ib the NE fi s sures,and the direction of movement moderat· 
ly steep;in the E-W ve i n s movement was hor,and the S wall moved west, 
corresponding to the E- W vein near Sfulver Plume. 

Veins and Ore Shoots.-

Distribution of Veins: The porphyry belt and the mineral belt coincide. 
In some p laces the intrusive rocks are much more abundant than in others 
indicat ing local intrusive centers. The porphyries vary grea tl~T in mode 
of occurrence,texture and composition, but generally a local center has ::.. 
g r oup CDf porphyries which is characteristic of that locality only. The 
local intrusive centers are cownonly also centers of mineralization,and 
may have ores which are as characteristic of them as are tlleir porphy­
ries. Those intrusive centers marked by an unusual abundance of dikes 
and small porphyry masses are associated with more extensive mineraliz­
ation than the centers where large intrusive stocks are exposed.Thus 
the Central City and Silver Plume distr·icts are more extensively miner­
alized than the Montezuma or Empire districts. (Ore deposits are most 
abundant near intrusive centers where erosion has not gone too deep). 

A zonal arrangement of ores is usually found around local centers 
of mineralization, and in many places the outer zones of separate cen­
ters overlap. 

G. E.Collins ~m~lative distribution of gold and silver values in the 
ores of Gilpn Co.:Tpa~s.~~st.Min.& Met.,vol.XII,480-499,1903.) indicates 
a central area of pyritic gold veins,an interme diate zone of gold-silver 
deposits,and an outer surrounding zone of silVer veins. Bastin,E.S. 
and Hill,J. M. (Economic Geology of Gilpin Co.etc.,USGS PP 94,133,1917) 
show that the i ntermediate 0nes contains abundant lead and zinc,rarely 
important constituents in the ores of the i nner pyritic zone. According 
to Bastin (ref.) pyrit e is early,followe d by Au-and Ag-bearing copper 
minerals , .followed in turn by silver - bea ring lead and zinc sulphide s. It 
seems like ly that the early mrqn-rich solutions took the most direct 
route to the surface (?) and formed pyritic de posits which largely 
clogged the more cenyrally located fissures. Hence later solutions had 
to find their way around the central pyritic area except where renewed 
faulting opened the pyritic veins. This relation suggests that in this 
area, where the ores are believed to have been derived from one central 
source,the greater distance traveled by the solutions that formed the 
oute r zones would favor ore deposition at greater de pths below the sur­
face than in the central pyritic area. But such an ideal arrangement is 
obscured by other factors which control the l ocalization of ore shoots. 

Veryical Rane e of Ore Shoots; he vertical range of ore within indivi­
dual Front Range minI ng 'districts is as mu ch as 3500' ,but that of a 
single ore shoot may be great or small according to local controlling 
conditions. Bismark vein,Silver Plume,single continuous ore shoot with 
v ertical dimension 1800';0.alifornzna-Hidden Treasure at Central City, 
several shoots connected b y thin or low gr a de stretches,mined to depths 
of 2200'. 
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Owing to mountainous topography,vertical range is better expressed 
in altitude above sea level than in depth below surface. Lowest alti­
tudes at which ore has been mined differs in different districts. 

District Altitude of lowest mined ore. 
Boulder 6500' 
Nederland 7700 
Central City-Idaho Springs 7300 
Georgetown-Silver Plume 8700 
Argentine 11500 
Montezuma 10000 
Vi of Montezuma 9350 

The lowest level 'of pay ore waS therefore distinctly hi gher in 
the west-central part of the Front Range than on e ither side,but this roo: 
be due to the Pleistocene arching of a ne~ ly horizontal zone of ore 
deposition. 

Localization of Ore: Lovering thinks these veins have no leached, barren 
zone at the surface; on the contrary, surface enrlilchmen twas importan:b. ,; 
where the present surfa ce coincides closemy with that of the Flattop or 
Rocky Mt, pemeplamns. Wise Mt. veins of Montezuma quad.crop out on the 
Flattop peneplain;rich gold ore l imited to a depth of 25 t ,below which 
the ore turned abruptly into very low grade pyBite. Veins near top of 
Republic Mt. at Silver Plume rich secondary silver extends down 300', 
passing then into primary le,ad-zinc ore. The top of Republic Mt. corres­
ponds to the Rocky Mt.pemeplain. 

Wall rock control is important;physical only, the mechanical reaC­
tion to the re gional stresses of early Ire rtiary time. Hard brittle Docks 
like pegmatite, granite pnrphvry and gneiss are the common wall rocks 
of the persistent ore shoots,while soft weak plastic rocks like mica' and 
hornblende sVhist seldom form the walls of nersistent ore bodies. 
Intersections usually open,localized ore;roorked Changes in dip or strike 

In the pre-Cambrian complex many different rock types may be traver 
sed by a single fi s sure;the schistosity of the metamorphic rocks r~y be 
crossed at a large angle in some places,or run parallel to the vein in 
others. A fault cutting a strong rock tends to open well defined fissure 
whel'eas it usually narrows on p as sing into a weaker rock. 
If the fault trends 
parallel to the 
schistosity it ~ 
may lose its °aehtity 
as a single \ , 
fracture and 
the movement 
become distrO- l 

b1il.ted over s -
veral paralle 
or interlacin 
slips, forming 
a sheeted or 
reticulated 
zone. Unless 
the direction 
of the vein 0 
the schistosi 
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changes,such a zone is unlilely to carry good ore in schist,although 
it is corrnnonly productive in gneissic or grani tic l·IJock~. See sketch 
of .:>ilver Wave,MontezU1'l1S.. Ore shoots occur where the vein breaks across 
the schistosity.(Cf.Sombrerete). 

CRITERION: If many periods of brecciation are shown in an apparently bar ren 
but strong vein containinggangue minerals co~nonly associated with 
ore,the chance of finding an ore shoot somewhere in it is much better 
than in a vein which apparently was never reopened after the barren fil­
ling was depo si ted; thus the par age:besi s may be very significant. 

" 

Alteration: 1.Pre-ore,little relation to ore channels-widespread 
chlorite and epidote in the pnrphyry belt. 2. l!.iarly stage of mineraliz­
ation:garnet, magnetite, hematite,tremolite, epidote,fine- grained quart~ 
near some of the large' quartz monzonite stocks closely r e lated to cente~ 
of mineralization~ 3. Sericite-preceded and accompanied ore de position; 
strongest in gold district;commonly related to mineralization channels, 
though not neces sarily to ore shoots. Pyritization and silicification 
of the wall rocks also preceded and a ccompanied ore deposition. 4.The 
formation of carbonate gangue accompanied and succeeded the ore stage. 
Pos t ore carbonates are nob related to channels of mineralization and 
seldom are important constituents of the rocks.5. Alteration to clay 
minerals • RllUtks 

strong silver laad veins-repaacement of wall rocks by siderite and 
ankerite,rare near gold veins. 

Rocks slightly replaced by any of the above minerals Gam be £ound 
throughout the mineral belt,but strong or complete replacement by seri­
cite, ankerite,pyrite or quartz generally means proxlmity to a channel 
of ore deposition. 

The relation of fissuring to k ind of wall roc k be comes increasingly 
i mportant wi t h increasing depth. Close to the surface,open fissures may 
occur even in poorly consolidate d clays and sands,but with increasing 
depth the fractures in such material become tight, although open fissures 
may be abundant in stronger rocks much farther be low t he surf ace. 
In the districts discus s ed,op en fi s sures do not persist as deep in the 
we ak s chists as in the stronge r gneis s es and porpl~ry intrusi ves. Hence , 
in anyone district profi t ab l e veins i n s ch ist are mor e abundant at high 
t han at low altitudes. De e p exploration shou l d be confine u to t he stron­
e;e r rock s. 
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Note influence of gn eiss on ore 10caliza tion. St rong veins in the schist 
like the Frontenac fol l ow irregular but persiste nt r e gmatite masses. 
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The Central City district is on the cre t of an anticline in which the 
predominant rock is granite gneiss and injection gneiss . The gneiss is 
interlayered with schist;many vains cut alternare layers of schist and 
gneiss but carry ore only wher'e one or both walls are gneiss . The bands 
of granite gneiss are reasonably persistent along both strike and dip. 
Deep ore on the Gem:veins parallels the gneiss . Callfornia,which c~ts 
across: bottom level in gneiss ,same as lowest band in section. The Gun­
nell horsetails in the schist,but it might revive in the underlying ~NBX 
gneiss . Results in the Srgo adit were poor;but the adit passes under 
the central pyritic zohe of the district; better ores would be expected 
farther from the center;but some of these veins,explored in depth below 
the Ar eo adit,have been followed to the outskirts of the pyrritic zone, 
and results have been poo:r. It is notable that the ore in these deeper 
w~rkings is more distinctly confined to strong wall rocks than in the 
upper levels. 

Discussion by G.E.Collins. l!:mphasises habit of veins to carry 
zones within which irregular ore shoots,small in relation to whole vein, 
li e , and tendency for these zones of ore shoots to pitch rather flatly. 
Doubts Lovering's 7300' elev.for bottom of ore zone. 

Some pyritic veins in the central part of the (Idaho Springs-Cen­
tral City district) contain very rich ore streaks;often clear evidence 
that the original pyritic veins had been reopened and shattered,and 
q~artz, ccpy' and free gold intrmduced. Thinks zoning de scri bed by .him 
in 1903 (ref.above) Was domical proceeding outward fun all directions 
from a more or less definite center. If so the central veins were chan­
nels ,but since erosion has removed t lleir original upper part,the segment~ 
remaining do not show the composite lead-zinc mineralization. (Bastin and 
Hill note that many veins of the composite galena-sphaleriDe type at 
the surface,change to the pyritic type at the elv.of the Argo adit). 

The ore-bearing zone in the Nevadaville veins pit ches west,due to 
the W dip of the strata,~or ore occurs mainly in the gneissi c bands and 
is limited by the schistose bands . But considering the pitch of the 
ore zones as a whlhle,apart from individual ore shoots,Dhere still seems 
to be a W pit ch;this may be influenced by domical zoning. 

Collins notes also tendency· of veins narrow or disappear when 
vein attitude nearly coincides with that of schist laminations;he adds 
that veinsoften become narrow and tight in extensive areas of hard,ri­
gid rocks. IMPORTANT ~OINT: Sudden contrast-schist to hard block fav­
orable for important openings (c~. cross joints,Foepl's experimmnet,etc.: 
But in large areas of hard, rigid rocks,competency is extreme,tension 
fissures inhibited. The lubrication is laCking. Collins confirms this 
specifically:tt ••• there is some evidence to suggest that uniformity of 
enclosing rock was unfavorable to formation of BOBlln21aS;and that lJa 
Change from schist to gneiss was more favorable for Ol~e than a long 
stretch of gneiSS or granite without any intermission of .barren stretche~ 
The total load of mineral ,capable of depOSition under given conditions 
of temperature and pressure,may have been limited.' There are i mportant 
hints here for deve lopment of the general theory of fracturing and ore 
localization. For instance,the common unfavorability of granite as a 
container of ore deposits. No lubrication. This may have a bearing on 
the generalization of the geneticists ,that the interiors of batholiths 
are N.G. Reason my be structural, not ph"\) sico-chemical. 

Collins makes a point concerning probably tenuity of ore solutions: 
while the schist is an unfavrable wall rock for ore deposition, still 
the trunk fractures where they passed thru schist were still able to 
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serve as channe1s;thei ao1utions passing upward thru the se narrow 
channels de nosited ore in the bet~e~ f r actured receptacle rock. 

Dnt The California vein everywhere follows a wide porphyry dike,s.t. 
onlwa11 ,s.t. on the other, s.t. crossing it. Where it crossed was 
especially favorable for ore. 

-t 
Collins (~.26.J) puts his finf er on essentials very well:" I be-

lieve that studies of the influence of structure on localization of 
ore bodies are centering on a dual conception;first,open spaces, created 
by fracturing, by solution, or by movement contemporaneous with passage 
of mineralizing sf,l~~ms~and second, confining limits,which prevent or de­
lay passage of the fluids. If this is true, the alternation of schistose 
and gneisSiC rocks may be more favorable than long uninterrupted stret­
ches of either rock. The fractures, made by a Zone of fissuring in the 
schist, intercalated with successive resistant beds of hard gneiss ,en1ar 
ged by bed-faulting along the contacts(per f ect description of the l ubri­
cation) seem likely to result in irregular open spaces between the lam­
inated and massive rocks,of just such forms as I have observed in some o. 
of the old bonanza stopes of the Gunnell mine. 

"Conversely- in a case like that of the Druid ••• where a vein syst­
em passes d ownwards from schist into granite gneiSS, at a dep th of about 
350 ' from surface, and becomes poorer-the question suggests itself whe­
ther the blanketing effect of the relatively impervious schist may not 
have been a principal factor in the localization of ore;especia11y in 
view of the fact that the richer ore occurs in, and as a re p lacement of, 
the fractu~ed schist itself, overlying and at consi derable distances 
from the comparatively flat Searle vein,which was the main channel con­
necting with the ultimate , source of mineralization . 

nIt seems to me that these ore bodies in the Uruld ,mine,enc10sed 
in schist,first described in 1912 (Cml1ins,G. E .:Proc.Colo.Sci.Soc.,10, 
2 26,1912) have received insufficient attention, as indicating the signi­
ficance of the confining or da rnming effect of schist in localization of 
ore bodies." 

Flat replacements in schist , on the u nder side of traps , were only 
just becoming reco gnized late in the life of many of the mines;may be 
a lot more. They were the highest grade ore bodies of the district. 
Collins sue;g ests tha t the telluride ores , later than the sulphide ores, 
char acterist~cal1y occured in such traps. 

-7-



o 
\ 

I ~ ~O iii, 
I 



NOTES FR OM: GEOLOGY AND ORE DEPOSITS OF THE MAGNOLIA MINING DISTRICT, AND ADJ"A"CENT AREA, BOULDER COUNTY, C OLORADG: -

Albert S.Wilkerson (Rutgers University, New Bruns'Vliillk, N.J.): Colorado Scientific Society Proceedings,vol.14,No.3,1939,8l-101. 

District lies ilmnediately SW of Boulder. Lies near NE end of Colo. mineral belt. Most of the production has been gold , but a little tungs­ten was mined during the World War t1imgs ten boomJ No individual mine has produced as much as $500,000,and none has been a steady producer. 

GENERAL GEOLOGY. 

Algonkian granite gneiss and accompanying aplites and pegmatite s cover most of the district.(Plate I). The Fountain formation ,Pennsylva­nian,rests upon the granite gneiss basement in the E end of the district In general the Fountain is "a r6ugh arkose,individual feldspar often app­earing in large crystals. Locally" it passes on the one hand into comglo­merate , on the other into quartzose sandstone. Mi cas are present,es pecia lly in the finer portions .Conglomerate may have pebbles of granite and schist, or of pure quartz only. The conglomerate of fragments of crystal line rock~ is fOlmd only at the base, and there not universally. The fOlm tain sands tone is charac terized by very thick be ds; cross beuding oc­curs at every horizon. (From N.M.Fenneman:Geology of the Boulder Districti U.S.G.S. Bul.265,1905). " 
The gneiss is medium grained ,composed of quartz, feldspar, biotite. It is believed to be a primary gneiss with tabular feldspar and biotite crys tals indicating the direction of movement in the magma just precedi-­ing consolida tion. There seems no reason for uoubt"ing that this gneiss is the source of the Fountain sandstone and conglomerate. 
Pegmatite and aplite dikes are abundant (Plate I) . Pegmatites range from fine-grained to coarse,and consist of mi crocline, quartz ,biotite. Loc ally feldspar crystals reach 7" long,books of biotite 5". Most of these dikes are less than 15' wide ; few exceed a length of 2000'. 
The Iron Dikel, a regional feature of late Cr~taceous-Eocene (?) age, is a regional feature known to extend for about 36 miles,passing NY off Plate II to a point beyond Estes Park,30 miles to the northwest. It has a maximum width of 50' over most of its length,gradually thin­ning to anly a few inches at its known SE extremmty. In most places it is a quartz-diabase,and varies in texture from me<iium- to fine-ophitic. Laths of feldspar which parallel the walls lie in a mosaic of pyroxehe and magnetite. Closel~ jointed. 

An intrusive sheet of rhyolite porphyry about 100' above the base of the Fountain formation,varying in width from 10-60',is of Eocene age. 

STRUCTURE. " 

Regional.- Front Range a long narrow dome composed maknly of pre­Cambrian granitic intrusives and metasediments.The crystallines ~re sur­rounded by Paleozoic and Mes ozoic seds,which dip away from the range at moderately steep angles but are locally vertical and even overturned. According to Lovering(Structural Re ihations of the Porphyries and Metallif­erous Deposits of the Northeast Part of the Colorado Mineral Belt:Ore Deposits of the Western States,30l-305,1933) the Front Range gained its 
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present outline as a result of the Laramide revolution. Regional compres 
sion NE-SW at this time folded and faulted parts of the range,especially 
in the foothills region;folds and faults trending NW are common on both 
borders of the range. On the E side,especially from the Wyoming line 
south to Boulder Creek,en echelone flexurs trending mv become more nu­
merous and more closely folded and faulte~,and te~ igneous-sedimentary 
contact is deflected westward. In Boulder co~~~hese faults are abun­
dant and dip steeply,with the downthr~wn side &n the west. Such faults 
on Plate II are the Maxwell,Hoosier and Living ston faults or "breccia 
dikes". The Maxwell is the NW extension of the Green Mt.fault,the Hoos­
ier, the NW extension of the Boulder Peak. W to v~ reverse faults of 
probably the same age also occur,dipping steeply N. 

Shortly after the formation of these faul:bs a NE belt of porphyry 
stocks was intruded in wetE~rn half o~ Colo,across the Front Range f r om 
near Boulder aI:1d Jamestown SW to Breckenridge • These stocks are thought 
to be approximately par a llel with the deforming force of the Laramide 
revolution. (Lovering : Geology and Ore Deposits of the Montezuma Quadrangl, 
Colo.USGS PP 178,1935). 

Loca1.....- a) Pre-Cambrian. The granite gneiss vvithin the Ma gnolia 
is a portion of the Boulder Cre~k batholith. A detailed structural sur­
vey of the gneiss in the Magnolia area was made,and a reconnaissance 
survey of the batholith as a whole. (Plates I and III respectively). 
In the Ma gnolia district many aplite and pegmatite dikes parallel the 
linear structure (cf.some at Paracale) ,but all the longest,and the great 
est number of the dikes are ' normal to the pitch of the linear structure. 
Remarkably often the dip is comp lementart to the pitch of these lines. 
A great number of the aplite and pe gmatite dikes in the folmated gran­
ite gneiss are unfoliated;a few aplites are foliate d parallel with their 
own contact s and acr oss t he fol i ation of the gneiss. The Change in strik 
and dip of many of the dikes, corresponding strictly with the changing 
direction of pitch of the flow lines in the gaaiss,indicates a genetic 
relation between the dikes and the flow lines. Under the microscope the 
gneiss shows an order of crystallization Characteristic of i gneous 
rocks ;the minerals are not gr anulated nor recrystallized. Throughout the 
district numerou s small schist inclusions parallel the linear or p laty 
st~uctures. The gneiss thus seems unquestionably primary. 

In the Magnolia district the platy structure trends west to N45W, 
in general. Dip is northward,average 600 .Linear structure pitthes just 
W of N to just E of N,at angles from 5-75°,but at most p laces closely 
approximates the averag e, 05 .Field study indicates the magma ascended 
at a steep angle in the vicinity of Bighorn Mt. and Butzel Hill,N of the 
district ,and spread laterally l argely to the south. ('Section) • 

b) Post-Cambrian. Foothills monocline. At E end of I'i~agnolia dis­
trict Fountain formation dip s 500 E.This monocline and the en echelon 
faults of the foothills region are described by the following: 

Marvine', A. H. : 7th A.R .R5161S U. S . Geo.& Geogr. Surv. Te,rr. ,135,1873. 
Eldridge,G. H.: Geology of the Denver Basin in Colo.USGS Mon.27,115-
118,1896. 
Fenneman, N. M.,op.cit.46-47. 
Ziegler,Victor:Foothills Stru cture in Northern Colo.J.G.25,715-740, 
1917. 
Lovering ,T.S.:Preliminary Map Showing the Relationsof Ore De posits 
to Ge ologic StBucture in Boulder Co.,Colo. Colo .Sci.Soc.Proc 13 No : 
3, 80-81,1~ 32. ' , • 
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Bre,iccia Faults .-Regional nature of the major NW faults shown 
on Lovering's Prelim. Map .(last reference,p.2). At least two are trace­
able SE to echelon faults in the foothills.One dies out in an echelon 
fold in the se dimentary beds at the foot of the mts. Lovering (op.cit) 
was the first to describe the faults in any detail. Beside the Maxwell, 
Hoosie r and Livingston,the Copeland and Red Sign faults are "breccia 
dikes lf as well. 

Maxwell: Iron-stained silicified fault zone,10-30' wide. In Boulder 
Canyon the fault is a shear zone 90' wide , marked by sheared,partly 
chlorliltized,slightly silicified and iron-staine d granite gneiss . The mol' 
highly silicified portion is 25' wide ,stands at surface as resistant 
wall 15' high . (Cf.Lordsburg: Lee Peak and other east-west faults). Foot­
wall is highl y polished and locally groQved;ev l dence indicates movvment 
of the mv with reference to the FW down dip a bout 700 NW . I La te: see below 
Microscopic examination of thi s part of the fault zone shows it to be 
high ly brecciated and fracture d gneiss;large st unbroken fr ap;ments seldo 
exceed 1.5 mm. . The quartz shows undulatory extflmction,so this j_ndicates 
shearing stress in this case, as I have suspected elsewhere. (Pachuca, 
Hog Mt.) The breccia os silicified with cherty quartz;iron oxide fills 
many of the fractures. 

Hoo sier: Also an iron-stained ~ilicified zone,2~-50' -wide. The zone 
change s along its strike, from a slightl y fractured to a highly cormninu­
t ed granite gneiss;all uarieties are impregnated with much hematite and 
silica . Quaetz was introduced twice:lst accompanliled by hematite ,second 

, not, and slightly coarser than first. In several p'laces, as N of Kossler 
Lake, zone looks like dense scoraaceous rhyolite due to weathering of 
portions of the granit e feagments leaving cavities in an iron-stained 
microfelsitic g rounimass. At other places there is much glassy quartz 
resembling the "bull" quartz of pre-Cambrian pegmatite and containing 
many crfusscross veins of hematite. 

Livingston: Very similar to above two, Often shows coarse- ~rained 
glassy quartzseamed with hematite . 30-70! wiNe . Vertical. Rocks of the 
zone minutely fractured and brecciated;mortar and flaser structures 
under the microscope . Stringe rs of zutured quartz with strain shadlow:a 
indicate an introduction of qtz • that subsequently was strongl~T stressed. 
Berna ti te occurs in the Bheared parts of the rock and along feldspar cleE>.· 

" I ~\\ \ 

/',' ~ \, J!\'\ \ 
Granoblastic , grani- ~ 

toid (mosaic) - Morfar structure 

Flaser structure. 

Agf~~fll~ce in tdhin sections of textures resulting from progressive a lon an recrystallization. 



Sketches from F.F.Grout:Petrography and Petrology , McGraw-Hill , 
1932, p.354. Grout g ives following definitions for textures of met~ ­

morphic rocks: 

Crystalloblastic structure:All constituents lack crystal form in 
general; if crystal forms occur they are simple. 

Granoblastic~ mosaic, granulitic,hornfels,sugary grained. 

Porphyroblastic:s ame as maculose ,i.e. having metacrvsts ,large 
crystals formed by recrystallization in a finer , atrix of schist or slat 

Poik iloblastic:having larg e crystals with many large inclusions. 

Sutured:Comp lex interlocking boundaries. 

Mortar structllre:a little crushing between grains ,resulting in an 
aggEcggt e like stones in a wall with mortar between . 

Augen structure: Lens of some mineral in a crushed r~trix. 

Flaser structure:lenses of a mineral comp l ex or rock in 8 crushed 
or sheared matrix. 

Myloniti c structure: Crushecl complete ly. Folded,faultec1, sliced, 
sheared, sha t tered,hea led, veined, replaced, pseudomorphous , radiating, 
feathered,with secondary growth , granulated . 

Reel Sign: 10-40' wide, locally dips 660 N. Brecciated and silicified 
about ' the same as those described. Striations on slickensides hard rock 
surfaces indicate horizonta l movement,north side ~est(right wall ahead) 
just north of the Graphi c mine. 

Copeland: Iron-stained,silicified,45-700 wide. Half a mile SW of 
the Walker ranch the zone is 70' wide;an expo~ure of the ID1 for several 
hundred feet horizntally and 50-BOfget vertically is highly polished, 
plucked,striated. Average di p is 65 here;footwall moved east down the 
dip at 250 • (Same relative movement as Red Sign). This movement took 
place after the introduction of iron oxide .Flaser and myloni tic. struc­
tures comrnon under microscope . Re~peated fracturing accurred;at least 
3 r eriods of mineralization.l.Hematite with a little qtzo;2 very fine 
cherty quartz;3 slightly coars er q~ z, with some ferberite and alunite. 

The Green Mountain is the SE extension,in the foothills,of the Max­
well,the Boulder Peaks, that of the Hoosier. Echelon¢ folds (trending 
NNW,apparently)mark the Front Range north of Boulder. One about 15 mi.N 
is closely compressed and broken by a NW fault that has dropped its west 
side. This is charac teristic of the other echelon faolds,and the amount 
of deformation increases as Boulder is approached from the north. These 
folds and faults N of Boulder originated as a result of the compression 
that created the master monocline during the Laramide revolution. Green 
Mt . and Boulder Peaks faults ornginated at same time. These faults l~ve 
variable dips,east and west ,but tending toward the vertical:they are 
undulating surfaces slightly concave toward the east. 

The zone of weakness trendinf N40E across the Front Range,and into 
which the Tertiary stocks were intruded is the effect of tensional 
stresses resulting from strong re~\~nal compression NE-SW,Laramid~. 



At about the Same time the rocks failed along planes of maximum shear 
that trend N30-35W. Since slickensides on some indicate oblique slip 
movement, the same compressive forcesthat first found release in hori­
zontal movement along steeply inclined shear planes ,later found release 
partially in vertical movement (?). 

MINERALIZATION. 

The trends of the ferherite and gold telluride fissure zones are 
shown in the diagrams: 

Diagrams made by calculating the approximate 
area (ave.width x estim.length) of each vei 
of similar trend and mineralization,and the 

scaling off in appropriate directions dis­
tances proportionate to the surn of the 

various areas. The extremities of 
-=:!O~=;:: .... =-:. the lines were then joined 

~ 
in succession. Maj or telluride 
fissures trend Wand N50W,ma­

jor ferberite fissures,W and 
N75-80E. 

Trend of tungsten vein~ 
Length of line indicates 
relative importance of 
veins. 

Trend of telluride veins. 

Paragenesis: 1. Persistent silicified and hematite-impregnated 
"breccia fault" zones.2. telluride. 3. Major part of ferberite dep. 

Gold Telluride.- Main ore mineral sylvanite,acc. by calave~ite, 
hessite, petzite,coloradoite, altaite. Thesein blades 1.5-2 ~a.10ng'0.5J 
mm. wide. Often so abundant that they resemble single large prismatic 
crystals. ~aNgN~ Also small amounts~ native Au,sphalerite, marcasite,di 
se,minated pyrite . Gangue chalce doni c quartz, small amounts of fluorite, 
calcite. The fissure zones co~aonly consist of several narrow seams of 
telluride minerals; tIte ore seldom occurs in a single seam. ~eams gener­
all t 1/16 to 1/2 inch wide; some several inches wide are found. l 'elluride 
-native Au sequence: 

1 Sylvanite (Au Ag)Te2 
2. Calaverite (Au Ag)Te2 
3. Petzite (Au Ag)2Te 
4. Hessit e iAg2Te 
5. Coloradoite RgTe 

Altaite PbTe 
6. Native Au 

The tungsten fissures contain ferberite (FeW04),pyrite,sphalerite , 
chalcedonic quartz and a small amount of alunite . ~erberite in very 
small blades 0.22 mm.long,O.lO mm. wide. At a few places the fissures 
contain a single seam,but commonly they have several,1/4"-3" wide. 

All the Magnolia ore deposits are fissure fillings.Many of the 
veins do not exceed several hundred feet in length;few attain 1000' ,but 
the longest ,the Kekionga,is at least 6000' long. They range in width 
from a mere slip to several feet. They dip steeply both north and south, 
ave,60-700 , and are mineralized portions of both normal and rever~~ 
faults that have had a strong horizontal component of movement. Aside :f~, 
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from a small amount of telluride min. within the Copeland fault,all the 
gold deposits lie in NVI part of district,close to one or ano ther of the 
breccia fault zones. 

All the tungsten veins occur within, or very close to,one or ano­
ther of the E-W breccia fault 2D nes. Most trend E or ENE, dip steeply N 
or S,and are mineralized portionsof both normal and revorse faults. 
~ome of the veins not much longer than several hundred feet and are only 
1 or 2" wide. Longer ones are a foot or more wide."They foll ~w pre-miner­
al faults along whi ch displacement was chiefly in a horizontal direction. 
Thromghout the district the north wall move¢d W with reference to the 
S wall. Except the ferberite mineralization along the Copeland fault, 
all the tungsten veins lie in the NW part of the district. 

Early barren (silica-hematite) stage of miner~lization entered on­
ly the strong Wand NW breccia faults;these served as channelways for 
the ascending solutions that silicified the zones. With continued stres­
ses new Vi and N~ systems of fissures formed. The writer thinks that a 
Change in the direction of stresses then formed narrow fissures within 
the ~-trending silicified fault zones,and also formed short,new E and 
ENE-trending fissures. The breciia faul ts were tightly silicified and _ 
almost closed at the end of the period of barren mineralization,and the 
solutions that continue d to ride could deposi t only where channels had 
beenr¢' reopened within the silicified faults or where fissures had been 
formed nearby. In the newly formed openings tellurides,and then the r~­
jor part of the ferberite, were denosited. 

Vertical Range of Ore DeposiDion.-Greatest vertical extent know gole 
ore shoot is 400' ,but vertical range of ore deposition(from elevations 
of various shoots) is 1600' (known). Greatest proved vertical extent 
of tungsten ore shoot is 100' ,but in the district,minimum range ' of tung­
sten deposition - is 1250'. 

Partial oxidation ex '- ends 200' down . Secondary enrichment (hf tell­
uride ores by leaching of tellurium and probably some silv:er was irIJp­
ortant in the oxidized zone, but no slJ'pere;ene depcs ition of gold was re­
cognized . 

Localization of Ore.- Both e;old and tungsten ores are localizel! in 
shoots and pockets and show marked lack of persistence. They lmve only 
assay limits. Structural localization:junctions of fissures and irregul­
arities of the fissures coupled with the pre-mineral movement. No chemi­
cal wall l' ock control. 

Ore common at fissure intersections ,but this is by no means the rule, 
At some junctions much gonge formed,but at many places the intersections 
were much more open than any of the individual fissures. ~hoots at fis­
sure junctions in Acme,Audophone , Ben C.Lowell and Poorman mines. 

strl -J(~ 

If a pprciable horizontal movement along a sinuo~s~fault occureed, 
open spaces formed same for sinuous-dip faults with dip-slip movements. 
Ore shoots in the Kekionga and Keystone formed thn s. Deposition of ore 
in the Ben C.Lowell shoot was facilitated by the Iron Dike,impeding cir­
culabion of rising solutions:more complete pption of the ore below the 
dike . Same prinCiple of imp ermeability of barriers e xnlains why ore was 
most of5en confined between the gouge seams of the HW and FW without en­
tering the adjacent rokk. At many places where the vein w as more open 
f ouge seams were absent ore was deposite tl as narrow feeder veinlets in 
the walls and locally enriched these portions . Evident inability of the 
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solutions to )")enetrate gOUfT8 is shown in the Bessie vein of the Acme 
mine , where the mineralized portions of the fissure zone end abruptly 
a g ainst the Red Sign fault gouge . 

Larg est individual ore shoot (Keystone vein,gold-te11uride) ,150' 
long,up to 20 ' wide ,500' pi tcl1 leng th 550 SE. Ore shoots u sually not over 
100' long,6-l0' wide,250' in p itch 1ength. Many small pockets 10-60' in 
strike 1ength,10-30' in heigllt ,5-6' wide . General ration , pitch length 
to s t rike length varies from 3:2 to 4:1 . All have been bottomed less thm 
600' from surface. Shape g enenally 1enticu1ar,and exce p t that in the 
Ben C.Lowel1 vein,pitch to SE at 55° .A few are flat-lying, and the lar­
gest (Be ssie vein in Acme mine ) , was 225 ' in strike 1ength,5-10' wide , 
20- 25' high. Most of the ore shoots croppe d out,while most of the pock ­
ets were b1in~. (All th s apparently a pplies to the telluride veins.) 

Tungsten de posits very erratic and occur as pocketsin the veins.The 
largest individual pocket seen was on the Ellis vein.Strike length '75' , 
width 15-20' , height 40 '. Most are 40 'long,6-10' willie , 15-20'· high. 

Origin of the Ore Deposits .- Belt of stocks in the Front Range from 
Jamestown SVi to Breckenridge , coinciding wi. th the mineral belts sugge sts 
a genetic . relation. fh e laCk of p ersistanecy of most of the fissures 
indi c a tes ru~ ure under sligh t loma. The fineness of grain of both ore 
minerals and gangueis doubtless a direct expression of the rapidity with 
which saturation~ was attanied and crystallizatIil on induced by rapid l.oss 
of T and P close to the surface. Flaser structure and undulose extinctio: 
of the qtz grains in part s of the breccia faults sue;gest def ormation at 
shallow depths . Othe factors sugg esting shallow ori gin for the de posits 
common vug s, drusy structu re of parts of the veins,chalcedonic qtz,marca­
site and a1unite,tota1 absence of heavy sil i Cate gangue minerals and of 
larg e amounts of s u lphides. Lower e pi tXherma1. Probable that highest 
parts of the resent surface are not over 3000' below mineralization sur 
face (basal Eocene time). 
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NOTES FROM" PRELIMI NARY :MAP SHOW ING THE RELATIONS OF ORE DEPOS ITS 
TO"l.IEOLOGIC STRVCTURE I N BOULDEFrCOUNTRY,COLO: -

T.S.Lovering: Colo.Sci.Soc.Proc.,vol.13,No.3. 77-88. 

General Geology.- The eas t ern edge of the Front Range at Boulder 
trends north-south and the structure has the a ppearance of a simple, 
sharp monoclinal flexure.At the W edge of the city vertical or steeply­
dipping Paleozoic or Mesoz~ic sediments border pre-Cambrian rocks,which 
extend more than 30 miles to the west. Following Front Range N from 
Boulder,a :-' series of NW trending en echelon folds gradaally carries the 
contact between pre-Cambrian and Paleoz<h:tc toward the E. (Fig .l). Where 
t he first of these ec ehelon folds occurs,15 mi.N of Boulder,it is close­
l y compressed and broken by a NW fault that has dropped the Vi side.Such 
faults characterize the other echelon folds,although the deformation 
and f aulting become less to the north. At Boulder NW-trending thrusts cui 
out much of the sedimentary section,but so far as know .these faults do 
not swing Vi into the pre-Cambrian terrane. A few mi.S of Boulder ,however! 
on Green Mt . and S Boulder peak (see regi onal map)the seQi ments are re­
peated along NW-trending faults whose arrangement and displacement are 
the same as those of the faults breaking the echelon folds far ther N. 

Two large masses of (pee-Cambrian) grahite occur in the region Wand 
NW of Boulder,separated by a schist be l t tr ending Wand SW. As the write] 
was unable to trace the NW faults (entirely) across this schist belt 
anyWhere,it is be lieved that the two granite masses acted as separate 
units during the early Eocene mt . -building when the faults were formed. 
A belt of cross-breaking porphyr y stocks extends SW across the Front R 
Range from Jamestown to Breckenridge •. Of different sizes and shapes, 
and irregularly apaced,they nevertheless have a very definite re gional 
alignment . Most of the ore deposits and porphyry dikes of the mineral 
or porphyry belt of the Front Range lie on the SE side of the belt of . 
st ocks; however ,the important Ward deposits,and some N of Jamestown,are 
on the NW side. The occurrence of nearly all the porphyr y dikes on the 
SE side suggests subjacent magmatic chambers in this region and their 
absence NW of the belt of stocks. Localization of most of the ore SE 
~f the porphyry belt sUfg ests derivation from the emanations of the sub­

jacent magma chambers. The deposits at Ward and Jamestown are close to 
·exposed porphyry stocks or within the narrow r egional belt of stocks. 

Although regional ore controlft depends o~ the regional distribution 
of the porphyries ,local control depends on f Cl.ults and fractures that 
made openings in the rock. The most persistent faults of the region are 
'fhe NW faults that corres pond in arrangement and dis placement to the 
echelon folds and faults farther north~ Associated with these NW faults 
are W to WNW faults;age of this set seems same as that of NW faults. 
The two sets are probably the earliest Tertiary fractures in the region 
and are clearly older than the cross-breaking porphyry stocks. NV1 faults 
are nearly vertical, but E-W set commonly dip N at steep or commonly low 
angles. Faults of both systems marked in most places by silicified rock 
and minor hemetaite. Silicified rock ranges from fine-grained chalce don­
ic quartz to dense glassy quartz resmbling bull quartz of pre -Cambrian 
pegmatites;and in places coarse-grained vuggy comb quartz is abundant. 
The granite,where well brecc i ated among these faults,is cemented by fine· 
grained hem~tQte-stained quartz . The fault material looks like ,and resis' 
erosion like,the adjacent granite,and the two are difficult to disting­
uish. At other places the glassy quartz,typical high temp.,resemules the 

. pre-Cambrian pegmatlhtic quartz and hence its late age is not e:enerally 
recognized. This kind of silicificatioj has led to the miners calling 
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these silivified faults dikes. 

The silicification of the NW faults resembles an early barren stage 
of vein formation. In someplax '-' s, as at Glendale,the quartz is' low in 
gold;elseWhere,as along the Hurri cane Hill "dike" near Nederland,base­
rnetal sulphides are found,and it is likely that the strong veins near 
Ward carrying base metal supphides also represent slightly later miner­
alization along the WNW fault system. 

After the early barren period of mineralization a disturbance close 
ly associated with the intrusion of the porphyry stocks produced a wide 
zone of dis conti~~us NE faults on the SE side of the belt of stocks. 
These NE faults m ~~in part- contemporaneous with the intrusions,but are 
certainly in part later. They commonly have nearly horizontal movement E l 

of the walls . Few can be traced for more than a few thousand feet,althe~ 
ough the fault or shear zone as a whole is persistent . Many NE faults 
were mineralized to some extent,and many are now covered by mining clai 
A clailn map of Boulder Co. brings out the NE and ENE trend of most of the 
veins;the belt is indicated on Fig.l,but on the geologic map only the 
more productive veins are shown. 

r'any of these frac t ures bramch or intersect one another;the points 
of branc'hing and intersection are commmonly more open than other parts 
&f the fractures;nearly all the gold and tungsten ore bodies of Boulder 
Co. have been found in such places.(?) The regional map shows all veins 
which have produced over $50 ,000. Nearly all occur within less than half 
a mile from one or another of the NVI or WNW faults -causal r ela tionship. 
The persistance of the mv faults in strike suggests persistence in depth 
as well, and the nonpersistance of individual NE fractures sUfgetts 
lack of persistence of individual fissures in depth. NW faults tapped 
sources of supply and guided rising ore solutions toward the surface. 
As these trunk faults were largely clogged during the early barren stage 
of mineralization,the later solutfuons had to make their way as best they 
could along thes~ tight but daep fissures until they reached some of the 
less persistent but more recent and therefore more open NE faults,thru 
which they found an easier way toward the surface. In a few places,as 
at the Livingston mine on the Livingston "dike",the NW fractures were 
themselves reopened and gold telluride ores deposited in them. 

A series of ENE fractures are of later age than the NE gold tellur­
ide veins,and are most prominent south of the NE shear faults in a belt 
trending ENE from Nederland to Boulder. The walls and vein material in 
these fractures are marked by horizontal or gently dipping grooves. 
Most of the tungsten ores occur in veins of this group ,but tungsten ores 
also occur in veinsof the earlier fracture systems that were reopened 
at the time the easterly fractures were formed. Gold telluride and fer­
berite seldom occur in t he same fissure, but in the few places they do 
occur together,as 1n the Kekeonga and Red Sign mines,the ferberite is thE 
later. In the W part of the tungsten ~istrict,the only one studied in 
detail, there is a notable concentration of ore deposits close to the 
Hurricane Hill "dike". 

The history of faulting in the district suggests a somewhat varied 
response to nearly horizontal compression applied from the WSW. The ear­
ly NW faults,by virtue of their relations to the echelone folds farther 
north,suggest compression under sufficient load to cause fmlding accom­
panied by faulting. The later fractures suggest that compression either 
was focused on the Boulder region or lingered here longer than elsewhere. 
'rhe discontinuous (NE) ~hear faults sUl!'gest fracturing under a lighter 
load than that connected with the major NW faulting. Pi·cture of develop­
ment of these two kinds of deformation and the resulting fractures: 
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As the persistent NW faults associated with the folding are found 
both north and south of the minera l belt and are plainly related to the 
earlier stages of mount ain for rnation,thev may be considered the results 
of f a ilure at the edge of the region of folding that Was ~oduced by 
the uplift of the Front Range during the Laramide revo1ution:the NE sheal 
fractures are localized in the mineral belt and a~probab1y the result 
of relatively westward movement of the wedge-shaped mineralized area 
during long-continued compression. Failure along the northwest side of 
the wedge produced the NE shear fau1ts,failure along the southern edge 
produced the late eastwr1y fractures. (Fig.1). 

The sequences of mineralization is in harmony with the ages of the 
faults. The early, base-metal de posits are found in the early NE faults, 
the intermediate gold-telluride deposits occur along the NE faults,and 
the late tungsten deposits are chiefly along the late E-W fractures. 

DE')tai1s.-

Maxwell.- 8-20' tllick;an iron-stained silicified breccia easily mistaken 
f or granite. The ltlost productive properties along it are the Poorman, jXl 

Sun, Moon, Tillie Butzel and Nugget. 

Hoosier.- 15-50' .In many places ' resembles the Maxwell, but i t commonly 
con j~ ains more g lassy quartz.ln someplaces (e.g. SE pf Gold Hil1,near 
Summerville) the "dike ll is almost wholly vein quartz like the bull quart! 
of pre,-Cambr i an pe gma ti tjes. But close examination shows it is brecciatel 
with numerous crlbss-cross ve l nlets of hematite,and that it 'lacks the 
coarse-grained orthoclase and musvovite intergrown with the quartz 
markihe; the pre-Cambrian pegma ti te. Where the Hoosier' splits, near its 
SE end,cross veins are present close to the junction;they contain fluo­
rJbte and barite. Many pr<bductive gold telluride and tungsten vein are 
close to the Hoosier. Ohio,White Swan, tungsten, Yellow Pine,si1ver and 
gold, Logan gold vein, Dime, Tambonrine,Great Eastern-Melvina, Victory, 
Cash, Slide,Cold Sprin~ and Red Cloud gol d telluride veins. 

While s evera l NW faults NW of the schist belt }mve been correlated 
with the Hoosier,but the latter is thought to lose its indent :t ty in the 
relatively incompetent schist, and the NW fault breccia in the granite 
mass NW of the schist belt are thought to correspond only in a general 
way to the faults in the granite E and S of the schist. 

Poorman.- Varies greatly in thickness and nature. At Logan Hill 
it is a hi ghly silicified fault breccia,reported to carry traces of Au. 
Near the Poorman mine it is an iron-stained fault breccia cemented by 
fine-grained quartz, but toward the liJast,on the hillside south of the 
road in Sunshine Ganyon,it is a coarse breccia cemented by white glassy 
quartz. At this last pl ace Tertiary porphyries have been intruded along­
side the fault breccia,and it is ,notable that early Tertiary igneous 
rocks also cut the sediments directly in line with the fault. The 
Poorman continues farhher west than shown. 

Blue Vein.- 5-7' ,chief l y glassy and fine-grained quartz;dips steep 
N. Junction of Interocean and American veins south of the Blue Vein,at 
Sunshin~,loca1ized valuable ore bodies on b oth veins. 

Livingston.-Sil.fault breccia. 2-60'. In most places carries coarse 
grained glassy quartz seamed with hema t ite. Locally brecciated masses o~ 
granite cemented by quartz-hematite aggre gates mark its course;at a few 
places vuggy comb quartz is abu~dant. (Near the Livingston Mill,in 
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Summers Gulcll. Black diaba se dike along the Livingston as shown. 
Veins of the Magnolia district;Black Prince and Red Sign tungsten mines; 
Nyanza-Livingston gold- telluride veins. The Livingston vein is itself 
part of the Livingston "dike". 

As with the other "dikes", the Livingston butts on the porphyry,but 
as with the others an apparent continuation NW of the porphyry belt ex­
ists. This extension(?) has ·been locally reopened (it is a breccia like 
the Livingston) and in a few p laces has enough gold to be worked. 

The NW fault near the Rogers No.1 vein is an iron-stained,sil. 
breccia like the others. Its NV continuation seems to be the NW break 
associated wi th the Oregon vein (tungsten);here though the NVI fracture 
is a wide pre-ferberite quartz vein. 

Hurricane.- An iron-stained shear zone marked locally by silicific­
ation. Except the tungsten of the Congor-~eddig group pf veins,NW of 
Nederland,and those in Beaver Creek,to the SE,nearlyall the tungsten 
produced has come from veins close to this shear zone. On the NW side 
of Hurricane Hill t h e ores contain minor lead,copper, zinc mine rals; 
these· minerals are somewhat more abundant farther NW. This shear zone is 
little silicified on the SE side of Hurricane Hill;where cut in the Vasc 
No.5 mine,and in the Clark tunnel at Tungsten,it is a mass of g cn.uge4-
10'thick dipping 650 NE. In the Clark tunnel a few thousand pounds of 
hematite fo chemical use was mined during the war. 

Copeland.- Low grade tungsten vein along the E-W vertical fissure. 
Strongly silo fault breccia 5-20' thick, showing evidences of repeated 
brecciation. North wall moved dfuwn and to the west. 

Standard.-Dips R at low angle. Iron-stained silicified fault brecci: 
gold telluride ore occurs in some places where the sil.fault breccia 
has been reopened by later movement. 
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NOTES FROM: GEOLOGIC HISTORY OF THE FRONT RANGE, COLORADO. 

T.S~Lovering:Colo.Sci.Soc.Proc.vol.12,No.4,59-l12. 

Front Range: An elongated dome extending from Canyon City N into 
Wyoming, where ~ disappears shortly NE of Laramie. It consists of a 
long narrow mass of pr.e-Cambrian rocks nracyically surrounded by up­
turned Paleozoic and Mesozoic formations. All these B~rmationR are intru' 
ded in someplaces by 'l'eriary igneous rocks, and in others are partly 
covered by Tertiary sedimentary or volcanic rocks which frequently over­
lap the beveled edges of the earlier sediments. 

Pre-C ambrian History.-Van Hise and Leith:Pre-~ambrian Geology of 
North America, USGS Bul.360,p.824,1909,divide the pre-"'ambrian rocks of 
Colo.into four main group~: 

. 
1. Complex of gneisses and schists,oldest. 
2. Complex of basic igneous rocks,now greenstone,schists,gBaisses. 
3. Ser ies of qUartzites,slates,schists,conglomerates. 
4. Massive graniticrocks,in large or small bodies, cutting the 
gaeisses and sediments in places;comparatively unmetamorphised. 
Youngest. 

Spurr, Garrey and Ball:Economic Geology of the Georgetown ~uad., 
USGS PP 63,37-66,1908, give following different pre-Cambrian formations, 
oldest to you~gest: 

1.Itlaho Springs formation.(schists and crystal lines,sedimentary or. 
~. Hornblende gneiss (mashed diabase). 
3. Quartz monzonite gneiss. 
4. Gneissoid granite. 
5.Pre-Cambrian quartz monzonite. 
6. Quartz-bearing diorite and hornblendites. 
7. Rosalie granite. 
8. Silver Plume granite. 
9. Pegmatite and associated granite and granitic porphyry. 

Broadly s peaking, pre-cambrian rocks of the Front Range comprise a 
thmck ffBries of schists and injection gneisses intruded by a succession 
of batholitfuic and stock-like masses of gp,antic rocks. One great periooc 
of batholithic invasion. 

BQB't~0am~nganrHistnvllanThe s pai~9gBeg~apfulli ct mapsnBhow the areas co­
v p,red by various rock s y stems just before the succeeding formation was 
de posited. These maps empha~~ze old areas of erosion much more than the 
usual paleogeographic maps which commonly show the maximum extent of a 
given sea. Figs . 1-5 show that the area of the present Front Range WaS 
relatively high t hroughout Paleozoic and Me sozoic time. Th~ front Range 
highland,af t er sinking below the sea in· Pierre(below Laramle) time, 
emerged and in places was wiped clean of po st-Algonkian seds. before 
Laramie (highe st CretaC.) time. The Laramide revolution followed the de­
position of the Denver formation. In Tertiary time partial peneplanes 
were developed in Eocene,Olig~cene, Miocene. 

Upper Cretaceous and the Laramie Problem. 

The Laramide revolll tion did not occur at the end of the T,aramie 
epoch. The Denver formation,which followed the Laramie on the E side ?f 
the range,and the Middle Park, equivalent of the Denver Qn }he wes~hstde. 
enable us to trace the gradual development of the orogenlC orces a 
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culimnated in the Laramide revolution. Basal seds.of Denver have pre­
Cambrian debris mixed with andesitic material. Latter is the first indi­
cation of volcanic activity in the Front Range since the pre-Cambrian, 
and is a fitting accompaniment to the increasing intensity of diastro­
phism. Pre-Cambrian material decreases in amount going upward;material 
more than 900' above the base is said by Cross (Ermnons ,Cross and Eldr­
idge:Geology of the Demver Basin,USGS Mono.27,209,1896)to be entirely 
andesitic except the uppermost beds,where pre-uambrian pebbles again 
appear. Cross,p.202,concludes that"the Archean and sedimentary rocks in 
the mountaneous area drained by the tributaries of the Denver sea must 
have been covered by andesitic lava flows,so that no material other than 
the eruptive debris could a ppear in the Denver seds, from this the pro­
minent source until erosion had laid bare , here and there, small areas of 
granite , gneiss or ss." Present idea is t hat Denver se diments are allu­
vial,mainly £T ravel wash deposited where swiftly ~lowing mountain streams 
were checked by the lower gradient of the plains . 

Laramide Revolution. 

The Denver and Middle Park formations record the rapid arching of 
the ancient Front Range highland and an intense volcanic activity which 
covered the pre-cambrian core witll a thick series of andesitic lavas. 
Rejuvenation of the streams caused by this uplift enabled some of them 
to cut trenches thru the lava cap before the end of, Denver time,but the 
greater part of the higland was still lava-covered at the close of Denve] 
time. The increasing speed of the uplift culminated in the sharp mono­
clinal folding and thrust faulting whi ch outlihed the Front Range area 
as we find it today. More xetensive thrust faulting on the W side than on 
the E. The great faulting and sharp folding must have created a mt.range 
higher than the present one. The folding and faulting is post -Denver and 
in the Montezuma quadrangle was followed by the intrusion of a large 
quartz monzonite stock which cuts the Williams range thrust fault. If 
the folding and thrust faulting mark the c " ose of the Cretaceous,this 
stock implies the continuation of igneous activity into the Eocerme , 
The ore deposits in the mineral belt of the Front Range,Breckenridge to 
Boulder were de posited from solutions emanting from the magma that p:,ave 
rise~to the late stocks and dikes in this region. General relations of 
pre- ertiary rocks shown diagramitically in Fig. 

Tertiary .-Erosion of the Front Range produced mature topopraphy in 
the higher parts of the uplift before the end of the Eocene-Flattop pene 
plain; second peneplane alonf the mt. edges in Oligocene. Strong uplift, 
accompanied by volcanic activity in the Miocene ,r ejuvenated erOSion; 
Ro cky Mt . peneplane developed in late Miocene and Pliocene, kar~ed uplif" 
in early Pleistocene jdeep gorges cut in the mts. in this and recent. 

General Sumrnary.- Since pre-cambrian time Front Range region has 
been a pos i ti ve topgraphic area, supply i ng se dir1ents to the surrourlding 
region thru much of the Paleozoic, Mesozoic and Cenozoic. 

Cambrian,Ordovician,Devonian and Miss .seds, deposited on the W side 
of the range,and exce t the Devonian,on the E side near its S end. Im­
probable that any of the Palezoic seas covered the Front Range highland 
but if they did the erosion interval between succeeding periods was mar­
ked by the uplift of the same region,and in each of these intervals ero­
sion uniformly removed the formation just deposited to a line within a 
short distance of the edge of the underlying formation. 
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Minor warping of the Front Range highland occurred between success­
ive periods ,but a parently none of magnitude until late Miss . or early 
Penn. At this time the Front Range highland was elevated while the ad­
joining areas were depressed and thick continental and interstnnified 
marine delta deposits were fommed during ' Penn, and Permian time. 

Little B~osioh or diastrophism in the Triassic. In the Jurassic 
thin marine beds were laid down, and then larpely removed by erosion be­
fore lower Cretaceous (?) continental sediments were spread over wide, 
featureless Piedmont hills on both sides of the series of low hills tllat 
then constituted the only exposed parts of the Front Range higSland. 
Late in lower Cretaceous time the sea advanced from Texas across Okla­
homa;E New Mexico,and SE Colorado to the SE border of the Front Range 
upland. 

THe upper Cretaceous sea advanced over a slowly sinking region,but 
the Ilcentral part of the higfuland subsided less rapidly than the margin; 
and, as in Penn, time, a much thicker series of seds.formed along the 
edge of the ancient land mass than over its center. Subsidence ended 
in middle PiErre time and uplift began. This s oon pushed the c entral 
part of the Front Range higfuland above the sea and exposed thH recently 
de posited shales to erosion. These were reworked into the upper part of 
the marine Cretaceous, and the pre-Cambrian core of the highland was 
rexposed as a sourc e of sediments when the Laramie sands were forming. 
More rapid uplift, accomnanied by marked vulcanism, ushered in Denver 
time. Thock flows of andesi ti.c lava accurnula ted on the higfuland and 
covered the older rocks. Thrust faulting and strong monclinal folding 
marked the end of Denver time and the close of the Cretaceous. Intrusive 
and ext r lls :tve activity continued into the Eocene;the are deposits of the 
Front Range were formed at this time. Late in the Eocene,after most of 
the ores of the mineral belt had been deposi1ed ,the Flattop peneplain 
was formed in the Nand S parts of the range,argely by reexnosure of 
the old ~nd surface upon which the Cretaceous seds.were deposited. In 
the region W of the mt.front between Golden and Boulder,llowever,the 
topography was probably that of a mountainous upland. 

Uplift and renewed erosion occurred at the end of the Eocene,but 
the period of erosion was too brief to imnose a new peneplann far ba~k 
f l'om the mountain front. Volcanic activity and renewed uplift marked the 
Miocene,and are deposition at Cripple Creek. The rejuvenated streams ca 
ved a new erosion surface (RoCky Mt . peneplain) on the flanks of the mts. 
During lower and middle Pkiocene wide Piedmont plain formed below the 
l evel of the Flattop peneplain . See fig. 

Marked uplift in the early Pleistocene. 
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•• 
Sil ver Plume. 3il ver-lead-zin~ distri et~ in dozen~ of ateeplY di. pin~ 'eins str:.ae 
horizontal or under 5~. usrro pp 6',p167. Ore aas'ted with alaskite-monz dikes • 

Idaho S~ring ;Adjaeent district, aurif py veins o~cu~y f i ssuree of sli ght displace­
ment, of trike and di~ si~lar to Silver PIUtle, but striae steep to vert, ave.60

o 

to the SW on the NE atrikin~ veins (prineipal systan). Ore associated with dikes 
of the alkali-syenite group. (Bos~nite) 

Central City-S Boulder Co •• :Northern part of great continuou mineralized belt fro 
Silv r PIU!lle. Contains both types, aurif pyritic veins and silver-bearing galena-
bl e veins. 1st ty )e ain sulph py, subordinate cc y, tennantitel1 r~ftly enarEP-te. 

angue qtz. :Value in 8;old. 'and ty;)e !!lain sul t?hs ahal HRl!eel(l~ W~s ~cpy. Ri~her 
in °1 er than ty~e 1, poorer in gold and c00, er. While qtz is main ganzue, iderite, 
calCite, rhodochro aite and barite are abundant. Type 1 is the olderJ the t v-o types 
are of distin t periods; later has filled separate fissures, or ha s reo4 ened ando 
filled older ty;:,e fissUres t.o form. compund veins. Sue 'es~ion is 1 olybdenite, old 
arsenic opper; 2 zine lead iIverJ' qtz and mixed carbs. Little orderly sequen e 
in first two stages, teles o')ed sequence and su?erfici al condvtion of onsolidation 
In the Central City region Ty :.>es 1 and 2 are more mixed eoe;l"aphically, but are stil 
s~ewhat segregated. Oonnection of pyritic orea with alkali-syeni~e dikes and that 
of the lead-zine ores with the ~onzonite ma~a dikes is still rou~ indicated in 
the Idaho Sprin~s quadrangle, but i s lost in the Ventral City map. USGS PP 94. 

The qt~~onzonite intruSion, as abundant irregular dikes, as stocks up to 2 
miles in diameter, is found in great quantity thrgutthie whole belt of i gneous rv~. 
Al tho these dLke s im.~ediately preceded the eil ver-lead-zin veins, these veine are 
not found ;mere these dikes are most abundant; di!:es et in rease in frequency and 
size to the N of the ma pad area, and the veins falloff in this direetion. Means 
that at the Jeriod of are depos i tion the vi inity of the lar~ masses of intru­
sive onzonite were at a T too high for ore de , which took Dlace ai nlyat a zone 
above, and ra idly. The systemati Bli&ht fIt fissures whi h beGame the seat of 
this ore deposition were for:lled soon after the oonsol:Uiation of the intru8ionJ the 
veins cross the monzonite dikes, althou&h so e of the later dikes, as the bi-latite 
dike at the Stanley mine are later than the veins. At Stanley mine a a~Jtonite dike 
ia earlier than the vein, and all " the two dike-a and the vein were injeeted. alon~ 
the s~e fis urea Blue Bird mine, 15 mi from Stanley, dike or biotite ande ite aute 
vein of .al-blends type. Stanley vein, containing qtz, PY7 con iderable galena and 

py, siderite-. Probably a compound vein, reopened and ecmenetd, containin~ both 
main types. Sequenoet1 Bostonite dike, vein, ~or dike. Pre-ore boatonite, post­
ore bi-latite both have ex ess of ~ over Na. Brune a~ati. ty e. Shows ore dep as 
short episode. 

The ouurrenoe of a sin~le tyJe of igneous rk in 11.any differaidl dike-a of the 
region points to a common body below, as long and wide as the zone of. dikes. Dikea 
and veins follow the same fissure syste , a predo iant NE sot, and a subord!.nate NW 
sat. But in general the different periods of dike intrusion and the different 
types of veins follow different fisBure&, and the 4 type , two of dike and two 
of veins tend to o •• upy independent ateaa. All o-eupy fIt fissure of sliiPt di.pla~ 
ment , frequently branohi~J of the linked habit. The prGdo!!l.~nant trend,-NE- is 
parallel to the ~eneral trend of the entral Colo intrusion and ore belt; the BUb­
ordinate NW trend is tranaverse to it. Fi ur~s are contrnction-adjuataent fissurea, 
due to the pro~ressive consolidatipn of the ma~a beneath. The sto8ka (all mona) 
tr~d pr~lrel ith the ma~ati. belt, While the dikea of both types trend transverse 
to the belt and to the elon~ated stocks, tocks are Jrotuberant hW1.2 of t e a~a, 

but dikes are fillin& of fissures ori~inatin, from .o~traotion adjustment of a a 
aea while .oolin~. Vein fissures have same ori~in. Dome ti veins and dikes. 



Ionzonite dikes were ?robably' earlieat--liffer but little from magma of stocks. 
Bostonite dikes more hi~ly differentiated. Then eopper-,old-nrsenic veins; pau e, 
resplittin~ of some fi sures, then zine-lend-silver veins. Tales op~ at each ore 
epmsode aans ahallow underlyin magma and a vein horizon near the surfa e With ra­
Jid decrease of tem~ uryward; limited total vertical ore zone, hara teriatic of 
all Tertiary veins: When ~old-py veins were formini, silver-lead veins Itlte bein:. 
fo~ed above, in a re ... ion now eroded; taeir subsequent super.)oeition on the higher­
T veins, due to migration downward With fallon"" T due to the down lard rog;rea8 of 
oolin~ of the ma~a below. Underlyin& a a reservoir came lose t to sur£ace at 
~ end of ma ped area (OaribOu Hill) shown by differentiation (to gabbro eta) of 
onzonite ato ~ , and by local ti taniUlll, tlimgsten and 80) er ores. 

Hor\zontal ove ent of Silver Plume vein fissures indicate lateral adjystment 
due to differential horizontal shrinkaue on consolidation of the IDa&IDa bOdy be­
neath. This indicates a horizontal bul~e in the belt. See fi~ure. The Oorizontal 
differential thrust along line AB was continued into the a a belt and represent. 
the ilver PI e vei -fissure zone ed. A eo plished by and during onsolidation, 
for vein fi Bures are later than the Silver PI~e qtz- onz dike. Horizontal ruijust­
ment fault fissuring. Where vertical omponent of faulti~ is larger, a6 at Idaho 
Springe, then vertical element of eonBolidating ma a adjulilt~ent enters, an re­
lative i portance of the two fa tore deter ~nes the aetual ans1e of fIt ove~ent in 
ea,h case. Faulti~ down the dip ind~cates a~)ly :ne of the a Q a belo .(Verti-
cal adjust~ent flt-fis8uri )& 

Dip of veine follows the rule for fissure veins (60-7 ), re 'ardle~6 of hanee 
in strike. This indicates that ori in of fissures is in a vertically exerted for e, 
re~ardle6s of the dtre~tionst in whi h subsequent adjustments were ade along theee 
planea, as recorded by the striae . This vertical force may be reeult of unuerly­
i~ ma~a 6ur~enee, or of its subsequent eaggin&, or bo~. 
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Georgetown istrict, Colo. 

Spurr, Ore agmas, p 125 ff. 

General ueology• CR complex of crystallines: gneisses, schists, granites and peg 
matites (last two intrusive into others, wgich were partly aeJ~entary.) Pre­
Cambrian. Alkaline-silmceous dikes intruded this mass in early Tertiary. Many 
veins. 

Veins.Two types: Galena-blende, with SO;!l.e py, ccpy, gray co~ peJr and polybasite • 
• Fy, ccpy, with suborJ. ~nate gal and sphal. For ler silver veins, little gold, 

latter gold veins w:..th I ittle or no silver. Forner predo"li nantly sulph de veins, 
subord_nate qtz or other gangue; latter much qtz, st predO$inat. Galena- sphal 
veins mostly in Georgetown area, pyritic veins in region W of Idaho Springs. 
In district of silver-galena-blende veins occur alaakite and granite porphyry 
di~es; in d~strict of auriferous )y veins, occur dikes unUSUR ly alkaline-si­
l~ceousl bostonLte, alaskite qt~ monzonite, biotite latite and alkali syenite pore 
Veins of 1 st type always younger than assoc iateJ. dikes; pyritic type veins also 
usually younger than associateu. dile s , but older than SO.le of the dikes. 

Veins of both tYJes along flt zones of sl ght dis llacement. any veins due to 
replacement of crushed rk or gougel Pelican-B~emark vein system, one of the strung­
est anj l':chest of the ':'strict. rea of th 6 system carry blenl.l.e and ""al with 
so~e py ~_th a subordinate qtz gangue. 

Sarne tY2e of orea de~osited _n o)en fissures:Terrible vein group strongest 
lodes in district. F ~ssure veinsl coarae-crp:stalline dark blencte wJ.th l.Lttle vi­
sible gangue. 30me gal, tf,f.?y, a little cc;;>y. 25 oz Ag, very littlo gold. Veins 
show in ~::>laces only Slip walls, barren; ot:J6n u,J abruptly to stl'.Ilng blenu.e veins, 
1-4' w!tde~ the blende enclosing angular fragpents of the wall rocks. Wide parts 
are open fissure fillings, forI 1 InCluded frags are neither rounued, corroded nur ' 
re)lacedi2 veins lined w~th thin band comb qtz, xxs erp to walls, not mixeJ lith 
blende. 5000' eroded from this country since intrusion of dikes acco ~~nying veins, 
and ve~ns uevelo~ed 2000' below their outcrops • . 

Blende veins opened and the fissures f.:.lled by massive crystalline galena 
or massive'JYi ")1. seems later than the gal. . 

Griffith tines 2 periods of fi.ssur.:.ng and vO.ln for lation. 1st nearly ?\lre 
sul)hiJe vein; 1st cO.lb qtz, then coarsely crystalline galena, blende, )y an~ ccpy, 
with little or no gangue. Then new vein fo;'loweJ r ughly 11116 of old one, ':lh~ch 
it split and shattered, or crossed, or ran parallel to, With horse between. New 
vein py and brown carbonates of lron, nagnesia and :m, Iflth nome qtz, occas. re­
do~inant, and a very l_ttle gal~ blende, cc ~ and barite; low-graue gold and Sliver. 
Garbs are fine-crystalline, for'nng Jense granular aggregate ._n whIch ?y has al so 
crystallized. 
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COMPAFlIA OE RI!:AL OI!:L MONTE Y PACHUCA 

PACHUCA. H&o. . MEXICO 

FOR __ . __ .. _____ . --------_._------_ .......... _ .. _ ........ _ .... _._.-
The Montezwua Mining District, Oolorado. 

Ettiene A, Ritter, EMJ 2-'-1908. 
~S 

Location. Continuation of Georgetown-Silver Plume belts restward uxod. thru 
Argentine,(crossing crest of Front Range). l!elt passes thru Hontezuma and on 
toward Breckenridge. Surrounding mta (1'°001

) belong to backbone of Front Range, 
compose ..... of Archean crystalline and schists, cut by granite masa6sr' and by long 
dikes of granulite, pegmatite and granite pore 

Vein Systems. Veins are fissure ve ~ns closely ass. with the dikes. Two systems near­
ly at rt angles: main lodes, longer, better defineu an~ richer, strike HE; ore 
found on minor or WN system I S often at junction with main system. Bullion mine: 
OBs on NW veins crosse by NE veins. NW system mostly confine~ to a small area in 
center of district. Str ike o~ NW s~stem more nearly N in ~ff end of dist~ict, more 
nearly W at SW end. ~idth ..:if veins varies 11-15', but variations along same vein 
not arked. Good walls, slvage to '" along FW; narrower or absent along HW. 

Ore, Metals in general not scattered, but in one streak; when vein is poor, metals 
are not scaytered--streak gets very narrow. streak widens out to make oreshoots, 
and often :s continuous for great distances between the shoots. streak may be in 
center or along either ·wall.,!. Minerals : Chief mSDlver minerals ure native, hrn 
and ruby (veins only develo)ed for a few hundred ft .n depth) Lead often assoc~ated 
with the silver. Vein 0 ten has streak of this in h i gh grade are with no mi lling 
grade beside it. Some >nines h Jwever uo huve milling ore, but thi s . n at least many 
~ases not BSSOC iated 'rLth any high C;rade. (Silver King mine, e.g.) In all mine s the 
Pb and Zn usually form separate streaks; these streaks at s.ide by side, at on eithEr 
wall, separated by 4' milling ore with lead and zinc well mixed . (Streaks not pure, 
but nearly free of the other metal) 

Velns are qtz veins, with considerab le pi nk fids. Py content is small, bit iron 
hats are striking. Upper part of veins well crustifiedi vugs. Cubes of gal, often 
wi~h half inch faces, int~ately mixed with matriX of flds, talc and qtz. Veins 
orgina ly alska ite dikes (qtz and flds). 

NE system veins dip NH ,45 to vert. Most of shoots pitch to NE. 



Sept . 10th,1940 

Dear 1, iss: 
Had a letter from J ohnny and he did not knO'l if he was g oing 

to l! exico or not,it seems th t it VIas a Question of the money. 

I spent last vleek in lIontazuma Col . on A Silver ,lead,zinc , 
property and made a fe 1 dollars . The property ras the first silver proper­
ty in Colo . to be 'lorked ana; has some nice ore. It has been mined do m 
to the 600 level , t ,he main adit level, but not belo' this . The sAmnles 
on the floor after being correcter'i sho'l several hundred feet of :jj) 30 
ore. All the ore shoots are controlled by the change in dip , bn some 
of the veins the movement is reverse and some normal so get ore on both 
flat and steep parts of the verious veins . From '"Tha t i could see it 
looks like there will be a change in dip belo'7 the 600 level that 'rill 
cause the ore to pinch . They are driving a small dog hole out of a rin7.e 
that was a few ft in the foot .raIl. T e veins are very strong and the 
country rock in most places is a hornblende gneiss that is cut by a lot 
of pegmatites . I think the district ~ill open un if the price of metals 
jumps a little. ~ost of the properties and are shoots seem small but have 
high grade ore. 

It is gett ing cold hear And dont think it will be long before the 
snow flies , the mining a ctivity drops off during the inter so think I will 
head out Calif . way' before long . 

':Phis is about all the news I have and hope you Are having good 
luck in finding some jobs . 1.1 ybe some of thoes birds "1ill cut loose from 
their money if re get a chan~e in the Ihite House next Nov.??? 

Best regards, 

;;:J: 

I 

I 
I 
L 
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