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

Roek Cempeteney.- For quartz menzenite and Idaho Springs formatien
see under lonbtezuma, Sed.celumn (exposed) at Breckenridge:

Cretaceous., Pierre Shale
(Upper) Niebrara limey shale and limestone
Benton shale
Dakota quartzite
Hurassie Morrison shale, ss 1l1s,
(Upper)
Permian & Pa Marpon conglom.and shale 2&rit, ss, thin 1s beds.
Precambrian Granite and schist. i

Perre Shale, 3500' in SE part of distriet,but in special area
mapped near Breckenridge Pierre not over 500!, Uniformly thin-bedded
non-limey clay shale,

Niobrara, 350' limy shale and thin-bedded 1s.

Benton Shale, 360', Mostly fissile,

225
Dakota Quartzite.125-165', Tep 100! medium te thin-bedded quartz-
. 1te and shale;miX®iXm rest massive quartzite beds.

Merrisen, Shale, ss, 1ls, Contains 450! porphyry sill,
Mareen. Shale between twe massive conglomerates,

The porhyry and quartzite being britkle fractured well,forming
open fault brececias. Shale bent or formed impervious clay-filled fissures,
Quartzite and perphyry most favorable fer ore. But along W part of
Wellington vein,shales were hardened and strengthefned by presmineralf
silicification. C“ood ore between shale walls;though vein width almost
always decreases on passing from porphyry inte shale,the tenor of the
ore commonly rises, If a vein along a fault fissure of small disp.is
followed into shale,it usually pinches out as the fault fades inte a
sharp flexure in the shale., A fault of large displacement may have ore
in quartzite or porphyry but be barren in shale,although the fault may
persist in the shale, Faults with a %hrew of 50-150' are more likely teo
confiain ore in shale than those with greater or less displacement, Even
in strong rocks as porphyry or quartzite faults with more than 300! disp.
made much nearly impervious gouge. In pre-mineral faults ef this class
the ore made in bunches and chimneys "is commonly brecciated by later
movements,and consequently is eften mistaken for "drag ere'! from some
faulted vein." (p.26).

Structure.- Breckenridge seds, lie in a structural trough 10 mi.
wide ,NNW from S te Middle Park. “elt of seds.about 8 mi.wide,flanked on
each side by pre-Cambrian rocks. Older fermatiens in S Park (Cam, ,0Ord.,
Dev,,Carb.) thin rapidly te N and disappear suecessively,allowing young-
er and younger seds.,to rest on pre-Camwbrian fleer. Of economic imp.,becaus
ore-beds of Leadville,Aspen ete,(Ordovician and “eadville 1s) are miss-
ing from Breeckenridge,

Regional dip E thruout treugh.(Isoclinal folding). Oldest form&tiens

rest on the pre-Cambrian and pass eastward under an increasing t?icknegs
of seds. until feolded and faulted back on themselves at W edge of Fron
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Range. 5 mi.E of Breckenridge seds.limited by overturned fold that
passes, a mile N of Tiger,into the Williams Range thrust. The overturned
fold mav be seen just SW of Georgia Pass:contact of Yakota qtzite and
overlying pre-Cambrian gneiss dips 67°E.

Mosquito fault forms W boundary of tectonie bleek that i1s limited
on the E by the Williams Hange thrust and the evertiurned feld. Mesquite
fault runs from Leadville to the lenmile distriet and beyong. Normal
fault near Leadville,but fault plane steepens going N,and in Tenmile
distriet it everturns, becoming a reverse fault.

Troeugh of ovebturned synelinal fold was a weak zone, a locus for
igneous activity. from S park te N of Tiger where the overturned feld
passes into the Williams Range thrust,the axis of the fold is marked by
an almost continuous series of large porp § masses, This intrusion was
preceded and accompanied by faulting,and most of the faults and nearly
all the porphyrv masses occur in the E half of the tectonlc block defined
above., The faults and porphyr masses form the westenmost part of the
NW zone,Breckenridre te Boulder.

Special area mapped is on west limb of regional syncline,about
2 mi,W of the axis., Details of strueture ommitted,but "There is evide
ence of gentle doming on Gibsen Hill..." (p.18).

In the region surrounding the mapped area,most of the NW faults are
older than those trending N and NE. Commonest faults strike N40-80E;
these are generally older than those strikinkg N 10-20E, Latter system
includes most of the normal faults with large displacementji;much of the
movement along them was pest-mineral,

Mest of monzonite in svecial area is part of one large irregular
laccolithic mass, fed by many conduits,and formed of many distinet sills
that have united. Dase of this large intrusive sheet is irregilar,fiollow-
ing different horizens, but commenly occurs a short distance abo¥e er
belew the Dakota. Bulk of pérphyry intruded after feolding cempleted,
and part of it is later than the initial ENE faults, but many faults in
the distriet are later than the menzenite porphjyry. &

In general the crosscutting bodies of mensmmite and qbtz menz,por.
follewed the earlier lines of weakness indicated by the ENE faults,but
in a few places the perph¥ries broke acress the sediments in a N-B
line, '

Relation teo Front Range NW Belt., Earliest record of the diastreph-
ism that formed the Front Range is contained in the everturned feld that
passes northward into the Williams Range thrust. General trend of the
fault,N30W suggests a compressive force operating S60W or N60E. At Lead-
ville Loughlin(PP 148) concluded a compressive force must have acted
S60W because the folds that trend N30W have steep W 1limbs and several
of those limbs are broken by reverse faults, (Why deesn't Tewvering face
the issue? If the Williams range thrust was an underthrust,then the lower
plate moved 4 miles N60OE, If Loughlin is right,then the greund near
Leadville tended to move very strongly S60W. Where is the enermeus hele
thus ereated? Nuts,)

Ne evidence that regienal compression acted at any later time in
directiens other than west " wouthwest or east-northeast.
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The compressive and shearing forces that caused the unsymmetrieal
infolding,thrusting ete., had little effect on the large bathelithic mas-
ses of granite in the Front Range,"but they greatly affected a northeast-
erly zone of incompeheht schist and gneiss between strong granite butt-
reses, " "Compression was lecally reltééved by interlaminal movement in
the soft schists,but the strenger ribs of granite and granite gneiss
either transmitted the ferce without rupturing or absorbed some of the
foree by fracturing."(p.20). "Southwest of the pre-Cambrian roeks, . in
line with the mineral belt,the stresses that existed were, in effect,

(1) compression from the west-southwest (?), (2) shearing directed te
the east-nertheast, and (3) tension or only slight compression in a
north-northwesterly direction. The fractiiring that would result frem
such a combination of stresses would have the most epen fissures parallel
to the direction of major compression and at right angles te the diree-
tion of tension.y” The fractures caused largely by compressioen would make
angles of less than 45° to the direction of compressionj;steeply dipping
compression fractures in this regioen sheuld therefore trend east or xX
slightly east of north." (1ast statement cuckoe). By compression cracks
Lovering does not mean shear planes,

Mineral Paragenesis.- Pyrite earlgést sulphlde;then marmmtite (dark
ferrughnous zinc blende);galena (marmatibé usually earlier,s.t. contmp.,
ece, later) then most of light-celored blendejthen quartz and ankerite
in most places;but the gangue minerals form only a mmall portien ef the
ore in most veins.

Veins.- Strike N40-80E;most show prenounced irregukarities in
strike and dip.

? Most of the ore came from veins in the monzenite porphyry mx and
Dakota quartzite;but a geed deal of ore has come alseo froem veins in the
quartz menzenite perphyry, Pierre Shale,Niebrara, Benton shale and Mar-
oon.

Ma jor faults seem to have acted as channels,localizing ore shoots
on lesser breaks at nlaces close to the major fmlklt. Ore solutions under
high T amd P followed the major faults,passing into the more open chan-
nels of moderate-sized faults at the first epportunity. Mere open char-
acter of the latter,and the large areas of their walls,which cooled the
selutions,served to make the solutions unload their contained ores.,
Zigzag cohtrel, intra-mineral movement on cress faults.

Ores mainly lead,zinc and iron sulphides,with seme native geld and
some silver;commonest gangue minemals are ankerite,caleite,quartz and
sericite, |

Pyrite mest abundant and widespread: in high-T deposits elose to the
monzonite stoek N of Nigger Hill,in the zinc veins a shert distance E
of it,in the mhxed lead-zinc ores nearby,and to some extent in the high
srade galena shoots scattered bhroughout the distriet.







Notes from: GEOLOGY AND ORE DEPOSITS OF THE MONTEZUNMA
QUADRANGLE, COLO,

T.S.Lovering: U.S.G.S. P.P, 178,1935.

Competency of Rock Formations.
Pre-Cambrian.

Is.Idaho Springs Formation. oOlder than Pikes Peak granite and
the later Silver Plume granite. Largely quartz-bilotite schist
and quartz-biotite gneiss, with all possible gradations between.
Even the schist is so injected by aplite, pegmatite and granite that
it is a fairly competent rock, as is the gneiss. Nevetheless if seems
to have acted as the least competent rock of the region, fracturing
only where nearby buttresses compacted it; elsewhere it dépfaded
by flow, Illetasediments;schistosity parallel to bedding.

Sg. Swandyke Hornblende Gneiss. Overlies Is, Hornblendie gneisses
and schists with 50% injected pegmatite, aplite, granite., Hornblande
gngdss quite massive. A metamorphosed igneous rock intermediate hetween
gabbro and diorite., Essentially conformable with Is;probably thiek
series of lavas. Considerably more competent rock than Is.

Mg. Quartz Monzonite Gneiss, Intrusive inte Is and probably inte
Sg. More massive than the Sg.

Gn. Granite gneiss, Uenerally follews schistosity of enclosing
schists or gneisses,and small masses are lentbecular or sill-like,but
contact of large masses that have broken thru the schists is very ser-
rate;apophyses feather out along the schistosity. More competent than
Is, perhaps on a par with Sg.

Ppgs.Pikes Pesk Granite. Intrusive into schist, but border algmost
everywhere parallel to schistosity of enclosing formations. Buttress,

Ssg., Silver Plume Granife. In contrast te the Ppg,the Ssg has xkux
sharp straight contacts with the older rocks in many places and probab-
1y followed fault lines and fracture zones more commonly than the ol-
der intrusive rocks., Inclusions of schist are common in the mass,and
where they are abundant the schistosity is usually concordant in the
different masses. Frobable that both roof pendants and xenollths are
present. Buttress.

Cretaceous ¢?) and lerttary.

Crawford,R.D.:A contribution to the igneous geology of central
Colorado.Am,Jour.Sci.5th Ser,7,365-388,1924, Lovefing ghivesrazmerés-
debailed-time-bablestPodtsCambrian historysr of porphvries from ereat
denth; (<) lorpe-scale folding and faulting; (3)

1, Early Denver (lowest Eocene).Intrusion of sills and dikes of
silieiec felsites (White porphyry,Leadville;felsites of Ward distriet).

Early,mid}, 2. Gradual vertieal uplift,Front Range region,accompanied by

Denver intrusion and extrusion of caleiec andesites and potassie basalts,
sueh as the interbedded basalts of Table Mt. near Uenver;Valmont ‘dike
E of Boulder;gabbro,diabase and ultrabasic dikes of Boulder,Central
City and Georgetown quads.

3. End of Denver., Strong folding and thrusting,preceded and accom-
panied by ihgrusion of monzonitic magme (locally diordtic or granedio-
ritie) suech as Johnson Guleh porphyry,leadville,diorite of Buckskin
Guleh stock,Alma; diorite and monzonite porphyries of Breckenridge,dac#
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cite of Georgetown quad,.;hbl, and bi diorites of Central City quad.

4, (Age not stated;still Eocene). Minor faulting followed by
intrusion of dikes and sills of porphyritie quartz monzonite such as
Evans Guleh porphyry,leadville;quartz monzonite porphyry (intermediabe
type) of Breclenridge;Elk Mt.porphyry of Tenmile Distriet.

5. (Still Eocene). Faulting preceding and accompanying the wide-
spread invasion of coarse-grained porph¥yritic quartz monzenite,mostly
as stoeks and dikes, rarely as sills:Lincoln porphyry (Mt.Linceln,
Park Co.) ,Princeton quartz monzonite of Crawford, Montezuma quartz
mpnzonite,quartz mpnzonite porphyries of Georgetown quad.

6, Minor faulting; intrusion of dikes of porphyritid sedie quartz
monzonite,such as alaskitie quartz monzonite porphyry of Georgetown
quad, and porphyritie Brainerd quartz monzonite of Ward district.

7. Intrusion of dikes of sodie rhyolite and perphyritie sodie
granite such as the alaskite of the “eorgetwon quad.and the porphy-
ritie Modeoe quartz monzonite of Ward dist.

8. Intrusion of porphyritiec granite and rhyolite such as those of
the Georgetewn and Montezuma quads,

9., Intrusion of alkaline syemiies and trachytes such as the
alkali syenite and the bostonites of Georgetwwn and Central City
quads. and the trachyte of Sunset, Ward districk.

10. Minor faulting and the formation of gold-silver-lead-zine-
copper ores throughout the mineral belt of Colo. (See Burbank,W.S.:
Revision of Geologie Structure and Stratigraphy in the Ouray Distriet
of Colo.and its bearing on Ore Deposition. Celo.Sci.See. Proec.l2,
213-232,1930),

11. Intrusion of felsites and related rocks,as the rhyolite
agglomerate of Leadville,the biotite latite of the Georgetown quad.,
biotite andesite of the Bluebird mine near “ederland.

12, FortiUnion (Upper Eocene)., Cutting of Flattop peneplain,

13, Bandy Wasateh (Upper Eocene). Minor uplift,and widespread
pemeplanation during remainder of Eocene. (Medi&cine Bow peneplain).

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

15, Denudation throughout Oligoecene,

16, Vuleanism throughout Miocene in S.Juan,and periodieally in
the S and N-central parts of Front Range,locally accompanied by forma-
tion of important ore deposits (e.g. Cripple Creek).

17. Pliocene:denudation, minor vulcanism,

18, Faulting and regional uplift,early Pleistocene,followed
by strong erosion.



Regional Steucture,

Front Range an elongated dome. The Laramide events include
strong folding accompanied by thrusting and related tear faulting;
several stages of minor faulting preceding, accompanying and following
the intrusion of quartz monzonite porphyry stocks and dikes;vein for-
mationiminor post-mineral faulting.

NW en echelon folds and their asseociated faults are the earliest
effects of the Laramide revolution. Witn moderate deformation,these
are open, assymetric folds,but where severe,the folds are avertfurned
to the SW and in many places are bprken by reverse faults,downthrown
to the west (hence dipping E'

\ N

In the Montezuma quad. the west edge of the Front Range coincides

with a broken fold of this type. Thrust faults have been found on

both berders of the range but the largest known,the Williams Range
thrust,breaks this W fold. Traced from Breckenridge 50 miles NW to
Muddy Butte, just beyond Kremmling., At its SE end it passes into an
overturned fold that continues BE inte S Park. Underthrust,

Narrow zone of porphyry stocks trends N40E across Front Range from
Breckenridge to J ame stown. Nearly all the dikes,sills and mineral depo-
sits execept Cripple Creek Miocene ores aie in the region just SE of the
zone of stocks in a mineral belt 3-12 mi.,wide, Although persistent NW
faults ceross the mineral belt and extend for long distances NW and SE
of it, E and NE fractures,which include most of the vein flssures,are
abundant only in the mineral belt. The E mineralized faults in the
W half of the range (including the Monteguma distriet) show N walls
to have moved E almost horizontally. The NE faults commonly show less
horizental than vertical movement;both reverse and normal faults are
common S of the Montezuma stock, The NW faults are commonly reverse
faults dipping NE. Since the mineral belt comes to thecWidedge of the
range in the Montezuma quad.where an overturned fold breaks and pas-
ses into the Williams Range thrust,it seems clear that these structural
featiires are related.

,
i

The E faults of the mineral belt show presence of widespread hori-
zontal shearing forees,and the Williams Range thrust, dipping NE at a
low angle,also shows near¥yl horizontal regional stress, Both types
of fracturing are thought due to regional compression,for when the
overturned feld broke inte a thrust near Tiger the movement of the
fracturing rock masses was greater than in the BAjmm adjacent feld-
ing layvers,and strong tearing stresses developed between the areas of
thrusting and felding., 1thus as one part of the overturned fold broke
loose and moved along the thrust fault past the less active part of
the fold a transverse shear zone marked by tear faults was formed.

Where the side of a thrust-fault bloeck ends against a tear fault
it may be possible to tell whether the upper block was more active than
the lower bleoek. If the lower block has been pushed actively under an
inert upper block,movement on the tear fault will net be the same as
it would be if the upper bleck had moved actively over a nearly inert
lower bloek. Points on the active side of a tear fault will be carried



past the inactive,or fold, side parallel to the dip of the thrust

fault. If the upper pé&¥rt moves over an inert lower bleck,points on the
thrust-fault side of the tear fault will move up the dip of hhe thrust
fault relative to the fold side of the tear fault,whereas if the lower
block moves beneath an inert upper bloek,points on the active side of
the tear fault will move down the dip of the thrust fault. Since diree-
tion of movement of tear faults in mineral belt shows N side E while the
fold S of the Williams Range thrust was overturaing to the W,and as this
‘fold is deflected slightly eastward where it adjoins the tear-fault zone,
it is probable that the lower block of the thrust was more active than &
the upper block;the thrust is therefore an underthrust,

Overfelding toward the SW accompanied by either overthrusting or un-
derhrusting has been common in Colo. NW of a line from Gunnison te Boul=-
der,nearly coinciding whth the center of the Cole., mineral belt, In a
wide zone SE of this lige,persistent steep northerly faults,downthrown
on the W,are commen,but ne 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 overfélding and overthrusting toward the NE have been common, Thus in
the Front Range the mineral and porphyry belts mark the NW limit of a
transition zone between opposite types of deformatien.

(Lovering ignores a diffieculty here: if the Williams Range thrust
$s an underthrust,then the active member of his shear couple was a force
from SW te NE., But if there was only overthrusting in the zone well
SE of the Gunnison-Boulder lige, combined with overturfZning of folds
to the NE.the active force there too came from the SW;there was no
shear couple,regionally thnsidered.)

Local Structure.

The fault plane of the Williams Range thrust is domed up at the
W edge of the ma jor quartz monzonite porphyry steock;a windew cut thru
the gneiss of the HW by the Snake River and Jones Creek exposes the
underthrust(?) Cretaceous shales,

A wedge of the Mentezuma quartz menzonite stoek projects west inte
the shale in the onake River valley,cutting off the thrust, (See map).
Ihe shale dips away from the quartz monzonite at 10°-50°,showing that
the wedge is near the axis of a domal uplift. It is known that the de-
ming of the thrust fault was accompanied by faulting along Jones Guleh;
it alse seems prebable that the dome was broken by an E-W system of fault
either befere or during the intrusion of the stock.

On the N and SE sides of the stock straight-line contacts tremnd
N70°E,suggesting a pre-porphyry fracture system of this trend., These
may be fractures related to the tear or transverse shear faults of the
mineral belt, lMostly the contacts of the stock are steep;but the east
contact dips 45° E (SW spur, Gpray's Peak),thru an observed vertical
distance of 1200'. In most places the stock breaks cleanly across the
schistosity;there is no sign that the structure of the schist affeeted
the shape of the stock. The upward bulge of the williams Range thrust
at the W end of the stock suggests the quartz monzonite was intruded
near the center of a local E-trending anticline,and the primary linear
and platy structure of the imtrusive and the position of the aplite seams
indicate that it was moving upward and NB8OE at an angle of abeout 25% to X
the horizental in this locality.

Stock stromgly jointed but has few persistant fractures, Sinee it
was intruded after the period of strong stress whem the thrust was for-
-4~



med,it was probably 'subjected to muech milder fraeturing stresses than
the country reek nearby. (I think it acted as a buttress). Fact that
practically all poerphyry dikes of the entire mineral belt are found
only SE of the belt of stocks suggests stocks stoed form, ground be-
tween them and pranite masses to SE squeezed open).

Regional position of the stock in the NE zone of stocks suggests
that its intrusion was dependent chiefly on regional shearing stresses
between provinces of different types of deformation rather than on the
presence of the thrust fault which it cuts.

Vein and dike belt zigzags. thus,in NE part of quad.,concentrated
in a narrow NE belt from Kelso Mt. to Prown Guleh (length,hot width;
same below). S of “elso Mt., belt widens, 2 mi.,trends almost S to head of
W Geneva Creek,where it swings SW and widens greatly. W and S of the
head of W Geneva Creek many scattered meins,but best veins still confined
to narrow belts, Near Montezuma best veins, usually NE,eccur in a strip
1l mi, wide running nearly W from head of W. Geneva Creek_ te Glacier kt,,
thence SSE thru ‘eller 4t, to Hall Valley. Scarcity of veins W of Gla-
cier Mt, due to fact that pre-cambrian in that area terminates downward
against the underthrust (?) plastic, impervieus Fierre Shale,barrier te
rising ore-forming solutions, The NW-trending belt of NE veins in Hall
Valley area is probably related te the fault at the & side ef Seuth Park,
with whieh it aligns and with which prominent regional NNW faults corre-
pond in movement, ‘

. ¥re-mineral faults in NE part of quad.,near silver Plume,commonly
trend ENE;in Geld Belt tunnel the N wall of the chief vein fissure app-
arently moved dewn and E. A few miles SW of here most veins strike NNE;in
the Stevens mine the W wall of the mein fissure apparently moved down
and N at 60°, 5 miles L of Stevens mine,in the Pennsylvania mine,NW
wall of the N30CE fissure moved up and NE at 30°,(Incoenclusive data).
This shows vertical componenet local af'fair, variauble).

Near Montezuma the Bell-lMeteor Wing vein, Bullion, Chatauque and
Sts. John or Comstock follow reverse faults that dip NW;the 8ilver King
follows a normal fault that dips SE,its SE wall moving down and te the
NE at 7Q°, Thus with these the upthrown wall was consistently on the N
and the angle of movement moderately steep. +This movement was prebably
expressed by step-faulting related to the formavion of the east-west
anticline associated with the Montezuma quartz menzonite. 'The Ida Bell
fissure (E slepe of Jenes Guleh) strikes nearly due & and cuts the
Williams Range thrust. The north wall moved dowm to the east at a small
angle, If the movement on these faults is representative of the regien
near them,it seems prebable that they were formed in response te a re-
gional shearing stress,modified later by local vertical stresses atten-
ding the intrusien of the stoeck.

The veins in the SE branch of the mineral belt in the Hall Valley
area are transverse to a fault zone that parallels schistosity of Swan-
dyke gneiss in this area (NNW). On the fault (2 out of 3 in zone) W
wall moved down and te 3. V¥pansverse veins strike NE,movement unknown;
ore occurrence in flatter parts of Missouri vein suggests a reverse
fault in whiech NW wall moved up.

Ore Deposits,

Mainly lead-zine-silver ores;some gold ore in SW paet of quad, ;some
bismuth in a narrow belt from Hall Valley to head of W,Geneva Creek.
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Most of ore deposits are fissure fillings. Many veins have a shallowed
surficial enriched zone,but most of present ore primary,

Parageneiis.- Ores not injected but deposited from solutiens
over a considerable peried of time.,

1. sericite, quartz, pyrite-largely metasomatic replacement of
walls, Near the major channels seolutions rich in Fe,silica,K and S
attacked the wall roeks and added these elements., In sueh places the
sericite and the quartz are in part earlier tham the pyrite, in part
contemporaneous, Sericite dargely confined te walls,but quartz and Py~
rite occur both as fissure fillings and as wall roek disseminatiens.

2. Interval of movement,brecciating quartz and pyrite. Hiner ecal-
cite and manganesiderite deposited.

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

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

Ihere was little movement during this cepy-PbS-ZnS stage,but leecal-
ly readjustment took place along the veins.

5. Gray-copper minerals, tennantite and tetrahedrite-during and af-
ter galena stage.

6. after deposition of bulk of ZnS,PbS,ccpy and gray cepper,anker-
ite gangue minerals,usually with much iron and some Mn,were deposited.
in may places this ended the perioed of mineralization,but leoeally veins
were reopened and silver-bearing solutiens deposited minor amounts of
PbS,qtz,,argentite,native Ag,and the rubies,as proustite,pyrargyrite,
miargyrite,stepnhanite,freibergite,stromeyerite,polybasite, Bismuth and
silver minerals formed in S half of quad. in a qtz.gansgue formed at this
time,

Stockwprks.- Only in SW part,(See map). IXL a shattered mass of
qtz monzonite crowded with fragments of Dakota quartzite. Cut by som-
plexly interlacing fractures cut porphvry and inclusions. Roeks strong-
ly serictized,contain sporadic seams and masses of sphalerite ore;thin
velnlets of 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 steockworks occur in a narbow zone trending EER ENE thru Tiger toward
the S end of the Williams Range thrust,thus being directly in the line
of shearing that resulted from the underthrusting of the Upper Chebaec-
eous seds.;"but,as the quartz monzonite porphyry that contains them is
younger than the thrust,the coinecidence of alignment and positiom suggest
that they probably formed in response to a fedatively weak remewal of the
shearong stresses that caused the easterly movement of the north walls of
so many veins in the mineral belt farther east, As would be expeected from
the position of the steckworks,the dominant trend of the strengest frae-
ture zones in them is east~-northeast,but,in contrast te the area farther
east,strong, persistent pre-mineral fractures in the quartz monzenite are
comparatively rare." (p.60). :
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Nofe.- This admission throws a lot of doubt en Loverings mechanies
for the short and non-persistent ENE veins farther east, (Tear faults
above an underthrust). The resumption of movement postulated could semmce
ly have been resumption of the underthrusting;certainly any weak re-
sumption in it itself is hard to swallow,and even if admitted,the hori-
zontal movements pestukated will hardly fellow,since they depend en
miner differential movements aceompanying, by their very definitien,
extremely strong major movements, If weak later movements are necessary
te explain the north side east movements of the steckworks,why cannet
they explain those of the veins as well? Certdadnly weak Borizental
shearing movements are more readily explained as partial movements in
weak regional shear than as by-produets of thrusting.

Veins.-Most pwoductive Weins strike N15-35°,dip steep west, In NE
quarter of quad., lead-zine-silver veins greatly predominate over other
types. Mainly PbS,ZnS,Pyrite,with small amounts of eopper and silver
minerals,with a quartz gangue. In S half of quad,especially near E part
of mineral belt,teftrahedrite is mueh more common than farther N,but here
twe above base sulphides are the most abundant. Quartz generally the
most common gangue,but barite abundant in the SE branch of mineral belt
from Hall Valley to Glaeier mt. In SE quarter of quad.,Hall Valley and
mountains at head of W Geneva Creek,veins with bismuth and silver mineral
are common,generally associated with cepy in a quartz gangue. Low grade
pyritie 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 underthr@ist Upper Cretaceous shales,Mostly galena. The
veins in the S part of the stock mostly pyrite and gphalerite,but with
moderate amounts of gelena in a quartz-ankerite gangue. Farther N in the
stodk are sporadiec rich silver veins,.

Rude zonal arrangement of ore types around S boerder ef stock.
(As usual: deep transgressing discentinuity is a trunk channel), Veins
in S part of stoek Bave more pyrite and sphalerite than those eutside
the steek or within it but farther N,and were prebably formed at higher
T and P. (See time table, ﬁ.2. The quartz monzeonite was cold as a coppse
on a marble slab at the time of mineralizatien,but the zeners must have
their way). Most eof the rieh silver ores are scattered irregularly thru
a belt about 1 mi,wide bendering the stoek on the S from Glacier Mt,
te Revenue Mt.,thence swinging N and W inte the steck,passing thru
Coeper kit, and on inte Lenawee Mt, (See map). Barite and gray copper
become common in the lead-zine veins just S of the rich silver ores in
Ulacier Mt.and Revenue MNt.

Possibly the veins oen MeClellan lt, are related to g center of min-
eralization to the W,between Kelse *t.and Torrey's Peak (see map).Rich
silver ores in the Baker mine,on the S part of Kelse ﬁt.;galena—sphal-
qtz-ankerite veins occur on MeClellan “t.,a short distance to the E;
veins of gray copper,fluerite 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 depesits may be
classified by means of the other minerals. Cu minerals most abundant
of the minor constituents;in mest veins,in very small quantity,but local-
ly rather abundant. Further,gold and silver asseciated with eepy,and sil-
ver with tetrahedrite and tennantite., lMest of silver in latter,hewever,
as sulph-antimoWide or -a®senide.

e of Aﬁrz\ngﬁanguG/ : us.,
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Ore Typical Gangue Locus

cepy,little or ne Quartz ef ankerite
gray eopper

Abundant gray ecu liginly quartz,barite,

woderate am't Mn-ank.
Ga1lena-sphal. ,with Barite,fluorite Hall Valley,Teller Mt.,
gray copper Glacier Mt,,E slope

MeClellan “t,

Galena,sphal.,ccpy Quartz, ankerite From S end MeClellan Mt,
SW te Glaecier Mt, These
include most of success-
fully exploited veins,

The miargyrite,pyrargyrite,proustite,stromeyerite are commonly
associated with & Mn-ankerite or rhodechrosite gangue, Some silver veins,
as American Eagle and Winning Card mines in the steck,had little galena
or sphalerite and consisted of stromeyerite and gray cepper in a quartz
gangue, In the lead-zine veins on Glacier lMt.native Ag.,pyrapgyrite,
proustite,miargyrite argentite are main Ag minerals., They are later
than the bulk of the lead-zine-iren minerals and are not disseminated
evenly thru the galena-sphalerite ores with which they are associated.
They are usually concentrated in rieh shoots whose ocecurrence is inde-
pendent of the amount or kind of the earlier base-metal sulphides found
in the vein,

All the bismuth-silver veins on the SE or E side of the mineral belt
contain silver and gold. Silver chemically combined with bismuth as
emplectite or schapbachite., 'he moderately common occurrence of galena-
sphalerite ores in the bismuth-silver veinsy may be fortuitous,as bis-
muth-silver ore shoots eccur alone in many places and were apparently
formed at a different time from the lead-zinc ores, Quartz,pyrite and
cepy are usually found in the bismuth-silver ores, less cormonly tetra-
hedrite and galena, and very rarely barite and ankerite.

Veins of massive pyrite,or pyrite and quartz,eccur on Wise Mt.,in
S part of quad. Frimary gold and silver content less than $3.00 a ten.

In most of the lead-zine veins sphalerite and pyrite inecrease with
depth. CRITERION: Bottom of an ore shoot may be marked by an abrupt
change inte pyrite and quartz or the appearance of barren ankerite that
completely fills the vein. Uglena commonly mueh more abundant in the
upper parts of the veins,but it is persistent and eccurs throughout
many ore shoots. With veins having notable copper content the latter
inereases slightly with depth. Where both cepy and gray cepper occur,
cepy becomes relatively more abundant with depth,gray Cu decreases,
Silver content of the ores dees not seem to be related te depth from
the surface nor to distance from the bettem of the lead-zine ore shoots,
although in Glacier Mt, the eres are commonly richer in silver in the
lower part of the sheets. In the Bell mine,on the E slope of Glacier MNt.
ruby silver occurs at 11,600',about 130' belew 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 and native eccur at 10,900,700' below surface;low-
frade galena and sphalerite with sporadic streaks of gray copper exten-
ded from the surface down te the riech silver ore. However,in the Stevens
mine, BeClellan Mt.,upper part of ore shoots appears te have been richer
in silver than the ore now exposed in the lower levels;Ag content grad-
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ually deereased with depth, In veins nearby,rich silver ore near the
surface changed abruptly into low-grade ore 100-200' beleow outecrop.

Enrichment did not extenf more than 100' below outcrops of veins
in the sehists and gneisses;in a few places silver enrichment to as
mueh as 300', Surface enrichment has been extensive only where the pre-
sent surface coincides closely with the Flattep of Recky Mt. peneplain,

Largest single ore shoots range from 600-1100' strike length,known
vertical extent 400-850', In some mines strike length greater than
vertiecal,in others vice versa, 3

Mine Strike Length Vertical Dimension.
Stevens 6001 850" plus
Santiago 1100 700
Pennsylvania 800 400
Sta.John:Comstock shoot 1300 700 unbettomed

Several ere shoots occur-in some of the largest, most continuous
veins;some of these veinspreoductive for over a mile in length,

Vertiecal Range of Ore Ueposition. At least 2000',may be 3000',
Note: Pilet vein,near mouth of Jones Guleh at steck contact,9500!;
Ida Belle vein,less than a mile te south,11,600. Lovering expected
Yilot vein ore at stock to be higher T and P type than Ida Belle,R000!
from the contact;but the ores are practically identical. Too bade.

Hard,brittke rocks, as pegmatite, granite,porphvry and gneiss are
the common wall rocks of the persistent shoots;soft plastic rocks,as
mica and hbl sehists, seldem ferm the walls, Intersections favorable,
Zigzag control:horizontal at Bell: north side east,vein tightens where
it swings NE ,opens where it swings SE;ore shoots in E or SE segments.
“ancient open space"™, Bell a reverse fault:ore in flatter segments,

Where ¥ein fractures parallel schistosity:sheeted zonej;ore shoots
only where vein breaks acress schistesity.

vlese te the suiriuce open fissures may be common im very seoft
rock;with inereasing depth the fractures in sueh material become tight
although open fissures may be abundant in much strenger roeck much
farther below the surface, Hence Rk open fissures de not persist te
as great depths in the relatively weak schists as in the strenger gnei-
ses and intrusives. '

ouggestions for Prespecting: "If many periods of brecciation are
shown in an apparently barren but streng vein,the chance of finding
an ore shoot somewhere in it is much better than in a barren vein which
apparently was never reopened after the barren filling was deposited;
thus a study of the paragenesis of the gangue and ore may be very sig-
nificant."

Mines,
Nh
Bell.- Flexuous surface,strike N30-70E,ave.40;dip 40-80,90 eor
eveng steep SE. Everywhere cuts schistosity of Swandyke gneiss., See
on maps of mines sheet.

Ore seam commonly 4-12";remarkably free from gangue except where
the vein dips SE,and consists of sphalerite and rfalena. ZnS predéminates
in NE half,galena in SW half, Rich silver ore shoots. Whre silver,pyr-
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ragyrite,miargurite (dark rubies);also some argentite and proustite,

Ruby silver as lentkcular masses in center of vein. Ore mainly in single
seam;but in places where "pre-mineral- movement developed strong branéh-
Ing gougy seams and slips between main vein walls,or branches or parallel
8lips to main fracture,sulphide veins may follow these.,

Bell vein looking SW. Showing intra-min-
eral antithetic faulting connectedy with
reverse movement on the ma jor fault plane.
Directly connects relative movement of
Bell HW NE and up (sece underground sheet)
with the mineralizatien.

X X XX X R XK X

Silver Wing and Spelter Kimg adits

are on the Bell vein half a mile

NE of the Bell mine. See underground

sheet., Vein cuts acress schistesity

on account of its gentler dip.

[ Zigzag control riieh ruby and whre

( silver pocket,marked & on map:bree-

| ciated sphalerite cemented by Mn-ank.

| Cementation not complete,vein open and

vuggy;many vugs contain abundant wire

silver. (Typical of segment of vein

parallel te compression:R.D.M. E-W

‘ veins,wire silver, vugs ete.).

} The map also shows looping at places
of unfavorable or reversed zigzag

\ control;Il have discussed this else-

— , oA N where., Use this in comparisen sketkhes

7
/w
Faverable &
) Unfaverable
Loops.

Chatgauque.~ Nearly east-west reverse fault,dipping 45°N, In places
brecciated galena is cemented by Ma*ankerite and quartz,plus apparently
argentiferous gray cepper sulphides., .p.77:"Intermineralizatien movement
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 1in the open brecciated parts of the vein than in the tight
seams of the sheeted zene.*

Hunkidori.- 3See underground sheet, Little gouge on any fissure;
all show strongly sheeted structures or a zone of slightly crushed and
altered rock. p.82:"At the breast of the adit in 1928 the vein showed
evidence of repeated movements during the peried of mineralfization.
Dark-colored quartz centaining abundant pyrite dbsseminated through 1t
had been brecciated and cemented by pink mangaen&ferous ankerite. Seams
of light-colored quartz apparently contemporaneous with the galena that
is disseminated through it follow the wall of the vein,but the relation
of the quartz to the other minerals was not evident."®
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Ida Belle,- Faults William Range thrtust. Latter has horizental
component of displacement of at least 4 miles, Its fault breecjia is
40-70' thiek in the Ida Belle mine,dipping 5-40 W,averaging 16 . Striae
on Ida Belle dip 10°s. This movement,5-40' merth side E en Ida Belle
formed,in the shale benath the williams Range thrust,2-6" gouge and
sheeted zone; in the Williams Range thrust breceia,a erushed and sheeted
zone 24-60" wide; in the everlying gneiss a fissured zene 12-45" wide.
Interesting ecomparisen of effects by same movement in different reeks,
and brings out the fact that with slight faults, presence of gouge almost
always means seft roeck, wither originally soft er softened by alteratihon.
Shews hew competent and favewable a;ock the gneiss was,

Mineralization on the Ida Belle was strongest in the thrust breccdsa,
weakest in the shale. The ore in the breccia eclese to the shale contact
was much better than that 50' above,and was about 24" thiek., PbS,Zn3,
1ittle waste clese te the contact,

: Missouri.- Country rock owandyke hornblende and injection gneiss,
N25°W, dip 65°-85°E. Several bedding-plane faults later than the veln
fissures,although not certainly later than the vein fillings, The maln
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 inereases in strength
toward the faul%, and the best ore occurs within 100! of the fault.

All the small kidneys of ore found in other veins are clese to the fault.
Probably an ere channel.

Oceurrence of rieh bismuth-silver ore on the Missouri in the pocket
above a rell in the fault surface suggests lecakizatien Dby reverse
faulting.

) Paymaster.,- Ore on dump: 1. Silieificatien, pyritizatien;2.Mn-si-
derite in vein;3. Barite.4. galena, sphmalerite and quartz. Mueh @f the
quartz is later than all the other mineralq.

Penndylvania.- Steped fer 800!, stepes 6-14' wide. Pillar left
shows charscter of ore. 12! sheeted zone &n granite gneissj;numerous
seams of galena, pyrite cepy and qtz.;most paraglel sheeted zene but
several diagenal., Galena most abundant; as seams 1-12%. Abeut 30" of
the sheeted zone is galena, 8% pyrite, 2" cepy. Quartz, py.,eepy are
earlier than the galena;minor dolemite later than galena,

Ore in gash veins suggest localization by reverse faulting; striae
piteh 20° down to SW. Hence W wall probably moved up and te NE relative
to & wall,

Peruvian.- Same vein as renn,(See map). Loep branches: Shaft leep
braneh, 30" west of Tunnel branchjleep 330! long.N junctien digs 40%s,
S junction 60°S. Tunnel veln &XREX strikes N32E,dips 84W te 90°;8haft
vein parallel,dips steeply toward Tunnel vein. Mest ef ore clese to
& junctien. Ore shoots in _haft vein separated by lew-grade er barren
stretehes of qtzj;little gouge ;Tunnel vein has many wide gouge seams
between the ere shoots.(Main locus eof movement ,NW sidelgl. Sgipgénied

v svein (Tunnel I suppeose) ave.6! between walls and wide
§§°129 agiggé 3tneéions. Belowpgth level ,more Zn than abo¥e ,although

galena still the most abuhldant sulphide. 1.ryrite,quartz.2.Barite.
3 sphalerite, galena.
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Sts. John,- CR hornblande gneiss and pegmatite of the owandyke

gneiss, Main vein (NE) is Comsteck or Ne.5. This crosses Neo.7,but a

NE fault in FW of Cemstock faults No.7 NW side NE. No.7 contains much

more barite than Ne.5,hence is probably older (see Paymaster mine, p.ll).

%gvering also says Comstock shown clearly later than Ne.7 at the june-
on,

Localization of ere in flatter segments of Comstoeck suggests rever-
se faulting., Richer silver ore on the lewest than on the hbgher levels,

santiago.- Vein 2-8' wide;in widest parts filling is coarsely breec-
ciated granite,strongly silicecified and pyritized,processes earliesb than
the lead-zine-copper mineralization,and not indicative of ore: the lead-
silver-gold tenor was very low in a place where the pyritie silicified
breccia was 8! wide. Sphalerite increases with depth. Gold in lower
levels varied with abundance of light-colored ZnS.

Sarsefield.- Vein about 6' wide,but oreg streak commonly less than
15" thiek. Dost ore shoot at change in strike more to NE;ore nearly free
from gangue,24-36" wide,mostly galena and light sphalerite,with miner
gray copper,pyrite, barite, qtz.

stevens.- Nearly N-S,in oilver :lume granite. Very narrow but high
in lead: large producer. While the general trend is N-S,the vein obvious-
ly made use of two conjugate fracture sets:

9/ _Whale.- Walls of vein 5-10' apart,but pay
: ore ranged from less than an inch te 36" in
thickness. Apparently white barite eements
// "lumps* of galena and gray copper. vre also
AV contains quartz,dolomite,ccpy. Barite only
e s gangue mineral where bein was wide,but where
narrow quartz and dolomite appeared. where
the vein splits or divides around a horse it
is almost always poorer.

v,

\3 .4 wild Irishmsn.- W continuation of E-W fault
\ - Tn Bell mine.(see underground sheet)., Veiln
”\ material very vueggy,open-textured. ure in

nearly vertical chimneys separated by barren
/ stretches.
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MONTEZUMA, GEOLOGIC HISTORY OF LARAMIDE INTRUSIONS.

The sequence of intrusien is shewn in Table 1 and en the map.
Prier te the Laramide imtrusiens,the area SW frem uemrgetown, te the
Willians Range thrust, was ene largely of incomretent Idahe Springs
' schist enclesed on three sides (NW,NE,SE) by pre-Cambrian granite,and
somewhat elongated NE. The eriginal strike of the schistosity seems te
have ‘been mainly NE, Upen this setting there eperated a regienal
compressive stress in a direetion slightly nerth of E,as shewn by the
strike of the Williams Range thrust, by the axes of anticlines and
synclines in the sehist,apparently formed at this time, and by the frac-
ture patterm for the dikes of various ages, a pattern that remains
consistent throughout the peried of dike intrusion and indicates com-
pression in the direction described. (See map),

It will be noted that NE shear planes greatly predeminate over

NW planes., This is prebably because the NE planes adapted themselves

to the NE strike of the skhhstesity;the latter made exceladent prlanes

of shear, Nevertheless, while simple compression may hafe started te

act on the distriet,the great encouragement for NE shear planes,and the

inhibition te NW planes would turn the simple compression inte a shear

couple, the members of whieh acted SW-NE,and the sense of which was

cleckwise, ;2? -
The test of this idea lies in retatien of the

NW shear set. The NE set should keep a fairly uniform commen course,

while the NW set sheuld shew bending (cleckwise) and due te the hetere-

geneity of the rocks,the NW set should be bent er retated te varieus

degrees,

If we assume that the NW faults near Geergetown have the normal
strike for simple compressien (they are mainly in granite) them the NW
fault at the Santigae mine ‘keeps the normal strike where it is in gran-
ite,but in its SE part,where it partly leaves the shelter of the granite,
it is detéidedly bent clockwise, SW of the Santiago,near the Peru and
Pennsylvania mines, a whole series of dikes,most of them apparently
E-W tenslon joints,are disténetly bemy clockwise,and the part that is
bent is the SE part of each dike. Several other NW planes S of the QM
steck show signs of similar bending. On the ether hand,the NE planes,
with one or two execeptions, are characteristically straight,

It woudd seem then that the general type of deformation in this
mrea was a cleckwise NE shear;this tvpe prevaliled in the enclesed bedy
of schist, The mass of Silver Plume granite on the NW of the schist area
remained fairly rigid and statienary,the schist,as shown by retation
of the NW shear planes and of the tension Joimty was subjeet te simple
shear,moving progressavely further and further SW with increasing dis-
bance SE of the Silver Plume granite mass., The deformation was essent-
lally aswymmetric shear.,

This mevement, hewever, was inhibited en the SE side of the
schist area by the irregular masses of granite there, Along some line
about along the NE axis of the sehist area,the progressive shear reached
a2 maximum;SE of the line it diminished because the J/yinhibitng granite
masses were inereasing in number and size, It was along this central line
of maximum shearing that the porphyry masses were intruded.

The induced direction of maximum elongation was slightly W eof N.
Had the s€hist area had an elongation in that direection,with granite
masses on elther side, a great series of tension Joints would probably
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have formed, As it was,the enclosing granite somewhat inhibited &longalie
in the natural direction,se that from the start shear planes formed,
as well as tension joints., Naturally the NE shear sets would form be-
cause of the preexisting NE sechist planes., Referring te the map, ten-
sion joints predominate where the schist planes strike roughly N-S;
in sueh areas the NE or NW shear planes had ne preexisting pattern te
hekp them form; the preexisting pattern was entirely in faver of the
tension joints, fer elengation could thke place with great ease in the
plane of the schistesity; with NE shear planes,N-S elongatien would be
greatly inhibited, but formation of NE shear planes correspondingly
encouraged, This of course acecords with experimental and field data
shewing that tension joints seldom form in the same places as shear
planes, The lontezuma relatien is shewn in Table II,where 76% «f the
tension jeints ferm with strikes at angles greater than 60° te the
strike of the schistesity.(Prevailing dips of fractures and schist
planes steep).

The conditions described abeove prevailed up to the intrusien ef
the quartz monzenite stecks ete,,No.6. Table I shows that for dikes in-
truded up te and including Stage 6,from a thrid teo a quarter of the dikes
tabulated formed along tensien joints,becuase off bhe comparative ease.
of elongation 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 following the strike of the schistesity were omitted for fear they
are sills,so that in reality the properdtion shown with NE strike is
too low;but since probably the same propertien of dikes of all stages
followed NE schistesity,the relative numbers of dikes in each stage
following tension joints is probably cerrect,ahtthough the % of total dike
of each stage is toe low.

With stage 6 the 7 of dikes following tensien joints starts te
drep. This stage marks the intrusioen of the great quartz menzenite steek
and a number of lesser ones. ‘he belt of schist was materially streng-
themed and narrowed, so that the ability to elongate N-S was greatly
cut down. The # of dikes of Stage 7 following tension joints is only half
that in stage 4,while the % following NE shears is 11,2% greater.

In the granite,fracturing of any kind was slight due to the strength
of the roek;there was ne especial ease of elomgfation N-S so that
tension jeints formed but sparsegy. At the start shear planes predomin~
ated in the granite,but shert tensien joints inerease semewhat in pro-
pertien toward the clese of intrusien.

The same tendencies are shown with the veins:at the start of min-
eralization there was still seme tendeney Sor formation of tmmsion
Joints,so that the early pritie surge largely 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 igneous masses such
as the Idahe Springs granite and the lontezuma quartz monzenite., This
shews the tendeney for openings to form where séft material is squeezed
past a buttress, Where the edge of the buttress faces the direction of
ground movement,as along the NE side of the quartz menz, steck,the soft
schist,shown by the attitude of the schist planes parallel te the edge
of the stock, was squeezed in twe directions,NW and SE,flowihg each
was frem an axis abeut perpendieular to the edge of the stock,and—lee——
Tbed about bisecting the NE edge of the stock. This strens disruptive

movement epened tension joints,filled with dike material,precisely
at the midpoeint of the NE edge of the stock. (Baguioe).
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" Shear planes beecame leci for dikes iin places where free slipping
along them was impeded., The SW-trending irregular mass of Silver Plume
granite near Kelse Mt. was a favored locus for dikes,and the irregular
eflges of many other masses of igneous roek are similar leci, In some
cases straight borders of some of these masses seem to have conditioned
the attitude of shear fractures with strikes somewhat more nearly para-
llel to the compressien than natural;these were squeezed epen, Dikes
in tenddon joints may be localized aling the edges of butbresses aligned
normal te the compression,as e fibedt, or they may be in
the schist,far frombuttress:;%f‘;r,leT‘gﬁa'ﬂc éﬁeqwg 2 ‘of élongatlzn NZS was not
impeded; but dikes along shear planes are not found In\snnh,plagasrbseaﬁES‘
ghearing mo far frem buttresses and where the schist planes strike NE,
because the shearing mevement in such places was unimpeded.
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SUMMARY OF VEIN CHARACTERISTICS, MONTEZUMA DISTRICT.

-0
)=

SuE
Strike E-W to N 70°E.

Vein NatDip oEature of Vein Tectonics.

Baker N72E, 65N Ave,width 16" but lensy,3715'. See map. E edge Sp gr.
NG6OE 85N Poeckets and chimneys galena and butbress,but protected
silver minerals, Quartz,fluorite. te E,and slightly eff
i Capy,stephanite. compressional direet.
Bell N70E 30N Vuggy;galena and sphal.,
{(minor vein)
Bullion N75W 65N vuggy incrusted with py. Quartz-
(Yellow- barite lead copper,km 24" for
jaeket). 240! ,Vertiecal dimensions exceed
hor. Vein reaches 30" width in
main shoot,lLeocal abundant ccpy.
Yglena seam 1-20"

Carrie.k. 90 Largely pyrite.
Chat@auque N8S8OE 45N Strongly sheeted,brecciaed zone 2-10'.Intramineral
to E ligainly gal.,miner gray Cu and sphal, reverse fault.
Yglena as stockwork or as breccia Breaks across
cemented by Mn-ank.amd qtz., Gray schist,

Cu (with whieh Ag ass,.)confined
to breccia ore, Strong vein,

Herman., N8SE 5-6' whde,20" paystreak.Gal., Cressg schistes.
gray Cu,ruby,argent.,quartz,

Ida Belle.NSOE 85N 24" ere in Williams Kange T.
; breccia;j;gal and ZnS;little

gangue,

Jerry,Equity.BE.80N. 6"-2f, Galena,rhedoch,,ZnS, Schist,N15E steep E.

qtz. Local ruby. “aults parallel te

this barren or ve-
: ry weakly min, :

Lancaster .E Fissured zone 4' wide with 5" In NMontezuma QM.
galena vein,
Mohawk, W.Steep N. Fissured zone 1-5!' wide;4-24" Cits aecress Sg.

qtz.,gal. Pb ere in chimneys,sep.
by nearly barren masses of qtz. Little
Ag,,n0 copper.

More Work N60-80E WON. Unstoped parts 5-12", W end:sehist.nearly
Barite most abundant;cons, parallels vein:weak.,
gal.,sphal,qtz. Center,schist.nearly

at 90°,nearest to EPW
strike;strongest;E end
makes off on min,shear
planes,NE paral.schst.

Mergan, N8OE,55N. Minor ere at crossings by NE All in Mont.Q.M.
shears with IM movement.Main OB Vews §0 7o Gevge Seam?
a chimney,ne sueh relation.Main- i depth %

ly qtz.,py,sphal.alse abundant;
lent .,bunches gal.2-28%".Vein to N,
Mn-ank,6%,cont.crustif.thin layers
pY,sphal.Vein N of that mestly qtz-

PY.,but with abund.ZnS at NE shear
vein:8" wide,open and vuggye.
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Strike S75E te N7O0OE.

Vein Dip Nature
Rainbow.,
N8OE 55-60N Upper adit 15' sheeted zone,1-3' Pb ore.
Narrow below,
Sta. John,
No.7 Vein: 12-36",largely barite,with noder%te mounts of qtz.,
NBOE 55N sphalerite,galena. Only 12" widd w- ﬁﬁ"’ﬁttle barite,

and mostly rhedeechrosite,witj mod.gal.,sphal.,qtz,
Pinches te thin barren gouge,west end,main tunnel.
- Ore shoot 650' long
Silver King 65-88SE Appears to be splitting up in depth,and it dees
N70E (ave), this by turning and running parallel te the sehiste-
sity,while it euts the latter everywhere abowe,
Quartz,pyrite, ankerite,with sparse galena and sphal,
distrib. thru these, On upper level,gal.slightly more
abundant than sphal.,and the twe were abeut equal te
the qtz. gangue. Near end of ore sheets Mn-ank. sbund.
and said te have been asseciated with ruby sil,
While ore seems te have preferred NE strike,width ef
total vein ebviously preferred more easterly strike.

Toledo.

N85E 80N . In Mont.QM. Two NNE veins,3-13" wide,econtain py,sal,
sphal,some freibergite. Strong 50" brefdeeiated fault
zone, "Like the other eastward-striking fractures,it
is pyritie,but dees net eontain appredciable amounts
of the lead, zine, or silver sulphides." $p. 111.)

Whale 45-60N Walls 5-10' apart,but pay ore 1"-36"., Ore seams often

N75E separated frem wall roeck by thin gouge seam. Abundant

white barite ecements lumps of galena and gray copper.
Evidently reopened. Parite almost enly gangue mineral
where ore was wide;where it narrowed qtz and delomite
appeared,barite becoming sparse or disappearing if
vein carried no ore, Where the crevice wide gangue
is soft and streongly impreg.with pyrite;the metallif.
minerals seem to be present in mich greater %.

Wild Irishman,

N75E. Steep N Mineralized fault breceia;vein vuggy,open-textured.
Gal.moderately abundant,pyrite and sphal,.rare;much
of galena dissem,thru qtz. I bake it gangue exceeded
sulphs, Small am'ts.ese-grained barite, Ore in vert,
chimneys,




Strike N25°-50° E,

Vein, Dip Nature of Vein CR Tectonics., CR
Kdder N45E 90 4-12" thick., e Sg.N30E
03 g Ga}%na,Ag mins,
Altoona NE 4-8" galena,pgray copper in qtz gangue
Atlantic NE 4-18% qtz.,local salena.
Baltie NE 45-75 8-14", Barite,mod.ccpy and dk.
NW ZnS,miner qtz.,gal.,sray 6u,

Revenue N55E 75NW 6" lMore gray copper (ass,with Ag.) Parallel to schist

cepy (ass.with Au) gal.ZnS.Qtz.,.

Bell N30-70E 40-80NW Usually 4-12";very little Intra-mineral rev-
gangue,.Light ZnS,PbS.Rare erse faulting plus
gray copper,.,Dark ruby silver., NW side NE hor.move

Blanche N57-35E 58NW N57E strike,2'wideéquartz and

3" sulphide seam. Gal.,cecpy,
; ZnS ® uk S
Bullien, N35E 90 Barren 12"sheeted zone,2"go., HMainly parallel
(Bul.vein) Thin seam gal.50' leng. to schistosity.
Cable. NE 5-8" ,Quartz,galena,some gray Parallels schist.
copper.
Cashier NE Steep NW 12",up te 24". Galena,gray Cuts schistesity.

Cu,qitartz,some barite. Barren,

SW part of outerop.small blind

ore shoots, ‘
Fisherman, N45-608,90%.Very little gangue.l.Pyrite (2)2.Sphalerite (1),
3.Galena,(3) and quartz (4). Arsenp. Ore in lenticular swellings, Wifith
not stated. (Map shews maximum between walls 30%",at place of change,
N45E te N63E strike,en latter course;20" ere in the 30".) N45E strike
practically barren,

Hunkideri .N57E,858-90. Barren stretches-2-12" iron-stained sheeted

. . zone,or mone of slightly erushed and

e s s altered roek. tlsewhere qtz.,Mn-ank.,

! pYy,gal,minoer blende,10-30", IM move-

mentss dark pyritized gqtz.brecciated,
cemented by Mn-ank.

Lueky Daldwin. NE Steep. Thin and poorly defined in qtz.sechist,but
widens gradually as it enters Silver Plume gr, One
stepe 30' long,25' high, Vein well-marked, 6-12",
Mest of it is qtz.Chief sulph.py.;some cepy,minor

gal, ,sphal,
Misse?ri—Laelede NE 45-60. Misseuri a6_"' sheeted zone,but center 4,5'
Leftwick., barren, Ave.FW high-grade Bi seam:3";ave ,HW low-

grade seam:15", Thin te thiek gouge seams.Qtz.,py.,
ecepy,dark gray Cu.Ore rich in ecpy has more Au,Ag
than the gray Cu and Pb ores, Loecalizatioen by re-
verse faulting,

Leftwick:mostly barren;near NE fault,6" gal.,gray
Cu,cepy,qtz-barite. Ruby,native Ag/l




Strike N25-55°E.

Vein, Dip Nature Tectonies,
N ew York,
N53-63E 75NW For moest of 900':sphal.,gal.,py., In Ment.QM, NE shear
» in qtz-ank.éangue. Ore seam gen- plane (N.Y.)better
erally 4-10" wide,but in main shoot than feather jts
vein 10-36" wide fer 300'., 35% cem- (Alladins Lamp).
bined Pb-Zn, Ore on NG3E strike;
geom.openings best in
competent QM. ,feather
jts.NG because ne easy
a-a relief,

0ld Settler, Yre streak 2' wide:gal,,sphal.,
N60-65E,steep N. gray cepper,py.,qtz.gangue,
(Intermediate sulphs, much more abundant than

between shear plane qtz. Mere gal-sphal.than py.
and tension Jt)./
0ld Timer 70NW., 6-10" gal.-qtz.vein.Gal,dissem., PFParallels schist.
NNE, : thru qtz.,with some light sphal. MNostly narrew bar-
Py only in WR.Barite and Mn-stids ren sheeted zene.
v earlier than sulphs.and gtz.
Pennsylvania, St.W. sStoeped for 800!';largest,6-14' wide,where
N30OE vein splits. Vein actually a sheeted Loec.by NW side
zone,and where ore, granite gneiss, NE and up 30,
Where the sheeted zone 12' wide,total (rever?e).
E

of 30",gal,;8"py;2" ecepy.,total sulphs. W
3' 4", Early pykiée and jaspery qtz.
brecciated and cemented by white,vuggy,
crystalline qtz,.
Peruvian, _ Sipping ere 20" wide,but vein ave.6' be-
N32K. 84W-90 tween walls,(Hearsay).Some ere en dump
silieified gneiss with disseminated
sulphs, 1.Pyr.,sil.,2 barite,3 sphal. and gal.
Nearly parallels schistosity. App.on same vein

as Penn,
Sta. John.
Comstock: 6ONW Sheéted zone,Gangue seems sparse:mostly barite,
N40E  rhodochrosite,qtx, Sulphs Balena,sphal.,gray Cu. ~uby.

Ore less than 2!' wide in most places.
Sntiago. 70-85W 3-81,3rd lev,,2P5,5th, In widest part of vein,3rd
N15-35E lev.,filling is coarsely brecciated granite,strongly
sil.and pyrit. These places not ore.@al., mod. eepy,
less than 5% ZnS,minor py. Lower levels ZnS most
abundant .Quartz,ankerite. Wall roeck largely Spg.
Sarsefield. 80SE Vein 6' whde,but pay streak less than 15%,0re near-
N32-43E. ly free from gangue;mainly gal.and light sphal.;
minor gray Cu,py.,barite,qtz. Pinching at tep eof
stope,12" down te 1". Ore lecalized where vein
changed its eoarse more te E,
SIIVer Wave. Steep NW Vein very tight where it strikes more N-S,and
N27-50E. varallels schistesity;where it strikes more east
i1t cuts schistesity at large angle;ore in geometrie
opening. Open,vuggy;late barite common in the wvugs.
ZnS,abundant cepy and py,seme galena,arsenp.in
siliceous walls,.(Prebably early). Fine-grained qtz.
In general a mineralized sheeted zone. Ore sheots

all widen abruptly from narrow seams te 12-24" in
5-10',and pinech as abruptly. '

sl b O



Strike N28-550 E

Dip Nature

7ONW 6' wide,but twe narrew pay streaks,6"., “alena,sphal.
in quartz-barite ganpgue.




Strike About N-S

Vein Dip Nature Tectonics

Josephine 67W Well-defined;vein-filling in Very likely conditioned

N12E barren stretehes between ore by steep N-S bdry Spg.
shoots is quartz;ore itself On E side:schist pulled
remarkably free from gangue., away.

Ave,width ore is stopes 1'.Gal,
some sphal, ,py.and e€cpy.
Kelso.N10-40W 80E 1-8",mainly salena,py.,minor Like Josephine:attitude
light ZnS;qtz-ank.gangue. conditioned by granite
and injeection gneiss

N-S bands in schist,
Stevens, :
Just W ef 60-75E, Very narreow,tendeney to branch;little gangue.
N

Galena,some sphal,,eepy;qtz pyrite where narrow,
Iipn-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,No0.7,1930,233-252,

The mineral belt extending from Breckenridge NE to Boulder includes
lMlontezuma,Silver Plume, Georgetown, Idaho Springs, Central City,Caribou,
Gold Hill and Jamestown districts

Regional Structure.-See Plate I. lpst of the range consists of larg
masses of pre-Vambrian schist,gmaiss and granite,and small bodies of
late Cretaceous and Tertiary porphyry. Most of the schist apd gneiss SE
of the mineral belt has a monclinal dip to the N or NE at moderate or
steep angles,but within the mineral belt the schist and gneiss as folded
into sharp synclines and anticlines trending NE. On the NW side of the
mineral belt a well-marked anticline trends N into Estes Park. Several
large masses of Algonkian(?)granite cut the schists and gneisses,Their
disteibution (Plate IP suggests that they acted as strong buttresses mk:
which withstood the stresses of Tertiary mt.building better than the
less competent schists and gneisses,and thus helped to localize the
fracturing of the mineral belt, Pikes Peak batholith extends from Yeorge:
town south to Canyon City. It contains workable ore deposits on¥ in or
near volcanic pipes,notably at Cripple Creek. NW of Georgetown is the
Silver Plume granite mass, Few ore deposits in it except near its SE
border. Coal Creek granite area,Bladk Hawk to Gold Hill has ore deposit:
only in its N half., Gpanite area from Gold Hill and Jamestown to the
Big Thompson river has veins only in its extreme S part.

No extrusives in the mineral belt,but dikes,stocks etc.of Tertiary
porphyry are common, In the S and N such intrusives are rare except m=
near lMiocene volcanic centers like Cripple Creek,

Redation of Intrusives to Schistosity,.

The intrusion of the Algonkian(?) granite was in large part responsi-
ble for development of schistosity in the earlier sediments;much of the
metambérphism preceded the solidification of the granites. (Injection
gneiss). Granite gneiss commonly grades into injection gneiss at its:
borders;this type,early,forms sills. lhe late granitic magmes,shch 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 schistosity is NE and steep,however,tertiary
dikes are commonly found parallel to it.

Emrly Tertiary History.

The earliest lertiary intrausives of the Front Range-felsites,basic
andesites,basalts,peridotites are thought comtemporaneous with the
Denver formation (Eocane,USGS;Lovering thinks late Cretaceous). During
the Yenver epoch the Front Range was rising,and it is likely that the
complex series of NW and N trending folds which finally developed began
at this time,although the Denver formation shows no angular discordance
with the underlying Laramie. Folding continued with increasing intensity
during the Denver epoch,culminating in the Laramide revolution,when
monoclinal folds,overturned folds and thrust faults relieved the oroge-
nic stresses which had accumulated. The monoclinal folds strike from
N to BW;the overturned folds and the theust faults nearly everywhere
strike NNW. The thrust faults dip NE,and the folds are overturned toward
the SW and are commonly broken by reverse faults dipping NE. After the
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formation of these folds and thrust faults,but still in the early Eo-
cene,large bodies of quartz-monzonite porphyry were intruded. This in-
trusive activity was localized along the pome of folded and faulted
schists and gneisses of the mineral belt between the Pikes Feak and
Silver Plume granites and around the W and N border of the Coal Creek
granite.Faulting preceded and followed the intrusions and produced the
vein fissures,decribed below,

The larger stocks in the mineral belt caused feeble contact meta-
morphism of the country rock in places., These stocks were gut by later
dikes of granite 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 Hocene 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 regional 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
Within this belt the general trend of the veins is either parallel to
the edges of the belt or parallel to the schistosity,which coincides wit:
the strike and dip of the schists and gneisses, Thiis where the belt
strikes 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 uncommonj;since their prevailing dip is NE,they are nrobab:
ly related to the early reverse faults associated with the folds of NW
trend along the borders of the range,

lieager data suggest that after the early period of reverse fault-
ing,shearing movements occurred thruout the mineral belt,resulting
in faults with large horizontal componengts for movement. Faults of
this period generally have a more easterly strike than those of ear lier
or later periods. Normal faulting and some reverse faulting accompanied
and followed the development of the shear faults,and continued actively
thru the period of mineralization,but rapidly diminished in importance
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 SW parts of the
belt,however,the movement in the shear faults was more uniform,and in
general the N wall moved E, Verticalcomponambf differssat Yentral City
the N walls are commonly downthrown;at Idaho 8prings, Georgetown,Silver
Plume and Monbezuma the S or SE walls are downthrown.

Local Examples. The Jumbo and Conger veins near Nederland strike
NNE; Jumbo dips steeply E, Conger west.lMovement 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 steeply S and N respec-
tively. The N walls moved west near 1y horizontally. In the Yentral City
district the Dyke or Pozo vein follows a strong S-dipping reverse fault.
With veins that fault other veins,downthrown side is to the N. Consistent
grovves in 3 widely separated places on the Kansas vein pitch 15°W. Much
of the movement on the E-W veins and faults of the Georgetown quad. acc-
ording to Spurr was nearly horizontal.(USGS PP,E823% 63,p.162). The S
side commohly moved west and slightly down, The movement was more nearly
vertical in the veins of the Idaho 8prings district than in the veins
farther west,
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In the Montezuma district the vertical E-W Ida Belle vein is later
than the Williams Range thrust fault, and the south wall of the vein
moved west almost horimontally. TheBekl=lgfeortlidng, Bullion and the
Saints John or Comstock follow reverse faults striking NE,dipping NW,
while the Silver King vein,showing deep grooves pitching VOONE,follows
a normal fault strking NE,dipping SE. Some post-mineral normals faults :
strike NNE and dip E. Thus in the district in general,for the few cases
where direction of movemmnt can be seen,the downthrown wall} was consid-
tently on the S ih the NE fissures,and the direction of movement moderat
ly steep;in the E-W veins movement was hor,and the S wall moved west,
corresponding to the E-W vein near Silver Plume.

Veins and Ore Shoots.-

Distribution of Veins: The porphyry belt and the mineral belt coincide.
In some places the intrusive rocks are much more abundant than in others
indicating local intrusive centers.The porphyries vary greatly in mode
of occurrence,texture and composition,but generally a local center has a
group of porphyries which is characteristic of that locality only. The
local inbrusive centers are commonly also centers of mineralization,and
may have ores which are as characteristic of them as are their 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 districts 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 zZonal 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 9Re€lative distribution of gold and silver values in the
ores of Gilpn Co.:Tp&nE.I0stMine& Met.,v0l.XII,480-499,1903,.,) indicates
a central area of pyritic gold veins,an intermediate 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 intermediate pnes contains abundant lead and zinc,rarely
important constituents in the ores of thé inner pyritic zone. According
to Bastin (ref.) pyrite is early,followed by Au-and Ag-bearing copper
minerals,followed in turn by silver-bearing lead and zinc sulphides. It
seems likely that the early #ron-rich solutions took the most direct
route to the surface (?) and formed pyritic deposits which largely
clogged the more cenbrally 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
outer zones would favor ore deposition at greater depths below the sur-
face than in the central pyritic area. But such an ideal arrangement is
obscured by other factors which control the localization of ore shoots.

Veryical Range of Ore Shoots: The vertical range of ore within indivi-
dual Front Range mining ‘districts is as much 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
vertical dimension 1800!;@alifornda-Hidden Treasure at Central City,

several shoots connected by thin or low grade stretches,mined to depths
of 2200°',



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
W of Montezuma 9350

The lowest level of pay ore was therefore distinctly higher in
the west-central part of the Front Range than on either side,but this ma;
be due to the Pleistocene arching of a near 1y horizontal zone of ore
deposition,.

Localization of Ore: Lovering thinks these veins have no leached,barren
zone at the surfacej;on the contrary,surface enrfichment was importantt
where the present surface coincides closédy with that of the Flattop or
Rocky Mt, pemeplahms., Wise Mt. veins of Montezuma quad.crop out on the
Flattop peneplain;rich gold ore limited to a depth of 25',below which
the ore turned abruptly into very low grade pyeite., Veins near top of
Republic Mbt., at Silver Plume rich secondary silver extends down 300",
passing then into primary lead-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 regional stresses of early Tertiary time. Hard brittle bocks
like pegmatite, granite porphvry and gneiss are the common wall rocks
of the persistent ore shoots,while soft weak plastic rocks like mica and
hornblende sehist seldom form the walls of persistent ore bodies.
Intersections usually open,localized ore;marked changes in dip or strike

In the pre-Cambrian complex many different rock types may be traver
sed by a single fissure;the schistosity of the metamorphic rocks may 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
whereas 1t usually narrows on rassing into a weaker rock.

If the faull trends — - :
parallel to the
schistosity it
may lose its jJ
as a single
fracture and
the movement s
become distri- Lalb.
biited over se-
veral parallei o
or interlacing>,
slips,forming|
a sheeted or |
reticulated |
zone,Unless F
the direction |

of the vein or
the schistosi?y :
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changes,such a zone is unlilely to carry good ore in schist,although
it is commonly productive in gneissic or graniticrvoeks., See sketch
of »ilver Wave,lMontezuma. Ore shoots occur where the vein breaks across
the schistosity.(Cf.Sombrerete).,

CRITERION: If many periods of brecciation are shown in an apparently barren

but strong vein containinggangue minerals commonly 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 deposited;thus the paragehesis may be very significant,

Alteration: l.Pre-ore,little relation to ore channels-widespread
chlorite and epidote in the porphyry belt. 2. marly stage of mineraliz-
ation:garnet, magnetite, hematite,tremolite, epidote,fine-grained quart
near some of the large quartz monzonite stocks closely related to cente
of mineralization., 3, Sericite-preceded and accompanied ore deposition;
strongest in gold district;commonly related to mineralization channels,
though not necessarily to ore shoots. Pyritization and silicification
of the wall rocks also preceded and accompanied ore deposition. 4.The
formation of carbonate gangue accompanied and succeeded the ore stage.
Post ore carbonates are not related to channels of mineralization and
seldom are important constituents of the rocks,5., Alteration to clay
minerals,.Ragks

Strong silver lead veins-repdacement of wall rocks by siderite and
ankerite,rare near gold veins, '

Rocks slightly replaced by any of the above minerals esn be:fonnd
throughout the mineral belt,but strong or complete replacement by seri-
cite, ankerite,pyrite or quartz generally means proximity to a channel
of ore deposition.

The relation of fissuring to kind of wall rock becomes increasingly
important with increasing depth. Close to the surface,open fissures may
occur even in poorly consolidated 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 below the surface.

In the districts discussed,open fissures do not persist as deep in the
weak schists as in the stronger gneisses and porphyry intrusives. Hence .
in any one district profitable veins in schist are more abundant at high
than at low altitudes. Deep exploration should be confined to the stron-
ger rocks,
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Note influence of gneiss on ore localization.Sftrong veins in the schist
like the PFrontenac follow irregular but persistent nregmatite 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 schistj;many vains cut alternare layers of schist and
gneiss but carry ore only where one or hoth 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, Ualifornia,which cuts
across: bottom level in gneiss,same as lowest band in section. The Gun-
nell horsetails in the schist,but it might revive in the underlylng mmzk
gneiss, Results in the Brgo 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 Argo adit,have been followed to the outskirts of the pyrritic zone,
and results have been poor. It is notable that the ore in these deeper
workings 1s more distinctly confined to strong wall rocks than in the
upper levels,

Discussion by G.E.Collins, kEmphasiges habit of veins to carry
zones within which irregular ore shoots,small in relation to whole vein,
lie, 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
quartz, ccpy and free gold intréduced, Thinks zoning described by .him
in 1903 (ref.above) was domical proceeding outward #n all directions
from a more or less definite center. If so the central veins were chan-
nels,but since erosion has removed their 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-sphaleribe type at
the surface,change to the pyritic type at the elv.of the Argo adit).

The ore-bearing zone in the Nevadaville veins pitches west,due to
the W dip of the strata,for ore occurs mainly in the gmeissic bands and
is limited by the schistose bands. But considering the pitch of the
ore zones as a whoéle,apart from individual ore shoots,bhere still seems
to be a W pitchj;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 POINT: Sudden contrast-schist to hard block fav-
orable for important openings (cf. cross joints,Foepl's experimemés,etc..
But in large areas of hard, rigid rocks,competency is extreme,tension
fismures inhibited, The lubrication is lacking. Collins confirms this
specifically:™,...there is some evidence to suggest that uniformity of
enclosing rock was unfavorable to formation of Bonanaaa;and thata
change from schist to gneiss was more favorable for ore 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 important
hints here for development 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 genéticists ,that the interiors of batholiths
are N.G., Reason my be structural, not phvsico-chemicale.

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 channels;they dolutions passing upward thru these narrow
channels deposited ore in the better fractured receptacle rock,

0n¢ The California vein everywhere follows a wide porphyry dike,s.t.
onlwall ,s.t. on the other, s.t. crossing it, Where it crossed was
especlally favorable for ore,

A
Collins (P.268) puts his finger 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 sfluidspand second,confining limits,which prevent or de-
lay passage of the fluids. If this is true,the alternation of schistose
and gneissic rocks may Le 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,enlar
ged by bed-faulting along the contacts(perfect description of the lubri-
cation)seem likely to result in lrregular 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-
eém passes downwards from schist into granite gneiss, at a depth of about
380" 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 orej;especially in
view of the fact that the richer ore occurs in, and as a replacement of,
the fractured schist itself, overlying and at considerable distances
from the comparatively flat Searle vein,which was the main channel con-
necting with the ultimate source of mineralization.

"It seems to me that these ore bodies in the Yruid mine,enclosed
in schist,first described in 1912 (Céllins,G.E.:Proc.Colo.Sci.Soc.,10,
226,1912) have received insufficient attantion, as indicating the signi-
ficance of the confining or damming effect of schist in localization of
ore bodies,"

Flat replacements in schist,on the under side of traps,were only
Just becoming recognized 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 suggests that the telluride ores, later than the sulphide ores,
characteristécally occured in such traps,
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NOTES FROM: GEOLOGY AND ORE DEPOSITS OF THE MAGNOLIA MINING DISTRICT,

AND ADJACENT AREA,BOULDER COUNTY,COLORADO,

Albert S.Wilkerson (Rutgers University, New Brunswigk, N.J.):
Colorado Scientific Society Proceedings,vol.l4,No.5,l959,81-
101, '

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

GENERAL GEOLOGY,

Algonkian granite gneiss and accompanying aplites and pegmatites
cover most of the district.(Plate I). The Fountain formation,Pennsylva-
nian,rests upon the granite gnelss basement in the E end of the district)
In general the Fountain is a réugh arkose,individual feldspar often app-
earing in large crystals. Locally it passes on the one hand into conglo-
merate, on the other into quartzose sandstone. Micas are present,especig-
1lly in the finer portions.Conglomerate may have pebbles of granite and
schist, or of pure quartz only. The conglomerate of fragments of crystal-
line rocks is found only at the base, and there not universally. The
fountain sandstone is characterized by very thick beds;cross bedding oc-
curs at every horizon., (From N.M.Fenneman:Geology of the Boulder District
UsSeGeS. 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
crystals indicating the direction of movement in the magma just preceds-
ing consolidation, There seems no reason for doubting that this gneiss
1s the source of the Fountain sandstone and conglomerate,

Pegmatite and aplite dikes are abundant (Plate I).Fegmatites range
from fine-grained to coarse,and consist of microcline,quartz,biotite. Loc
ally feldspar crystals reach 7" long,books of biotite 5", lMost of these
dikes are less than 15! wide; few exceed a length of 2000°',

The lron Dikeg, a regional feature of late Cretaceous-Eocene (?)
age, is a regional feature known to extend for about 36 miles,passing
NW 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 thin-
ning to anly a few inches at its known SE extremgty. In most places it
is a quartz-diabase,and varies in texture from medium- to fine-ophitic.
Laths of feldspar which parallel the walls lie in a mosaic of pyroxehe
and magnetite. Closely 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 pre-
Cambrian granitic intrusives and metasediments,The crystallines are sur-
rounded by faleozoic and Mesozoic seds,which dip away from the range at
moderately steep angles but are locally vertical and even overturned, :
According to Lovering(Structural Readtions of the Porphyries and Metallif-
erous Deposits of the Northeast Part of the Colorado Mineral Belt:Ore
Deposits of the Western States,301-305,1933) the Front Kange 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 NW become more nu-
merous and more closely folded and faulted,and tF; igneous-sedimentary

contact is deflected westward., In Boulder codhf hese faults are abun-
dant and dip steeply,with the downthréwn side 6n' the west., Such faults
on Plate II are the Maxwell,Hoosier and Livingston faults or "breccia
dikes"., The Maxwell is the NW exténsion of the Green Mt.fault,the Hoos-
ier, the NW extension of the Boulder Peak, W to WNW reverse faulbs of
probably the same age also occur,dipping steeply N.

Shortly after the formation of these faulbs a NE belt of porphyry
stocks was intruded in websern half of Colo,across the Front Range from
near Boulder and Jamestown SW to Breckenridge. These stocks are thought
to be approximately parallel with the deforming force of the Laramide
revolution. (Lovering:Geology and Ore Deposits of the Montezuma Quadrangl
Colo.USGS PP 178,1935),

Local,- &) Pre-@ambrian. The granite gneiss within the Magnolia
is a portion of the Boulder Creek batholith. A detailed structural sur-
vey of the gneiss in the Magnolia areas was made,and a reconnaissance
survey of the batholith as a whole.(Plates I and III respectively).
In the Magnolia 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 complementart to the pitch of these lines.
A great number of the aplite and pegmatite dikes in the foldkated gran-
ite gneiss are unfoliated;a few aplites are foliated parallel with their
own contacts and across the foliation 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 gmmiss,indicates a genetic
relation between the dikes and the flow lines., Under the microscope the
gneiss shows an order of crystallization characteristic of igneous
rocks;the minerals are not granulated nor recrystallized. Throughout the
district numerous small schist inclusions parallel the linear or platy
steuctures. The gneiss thus seems unquestionably primary.

In the Magnolia district the platy structurée trends west to N45W,
in general, Dip is northward,average 60°.Linear structure pitthes just
W of N to just E of N,at angles from 5-75°,but at most places closely
approximates the average,35 .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 largely to the south,(Section). '

b) Post-Cambrian. Foothills monocline., At E end of Nagnolia dis-
trict Fountain formation dips 50°E.This monocline and the en echelon
faults of the foothills region are described by the following:

Marvine,A.H.,:7th AR.HRGX U.S.Ge0.& Geogr.Surv,.Terr,,135,1873,
Eldridge,G.H,:Geology of the Denver Basin in Colo.USGS Mon,.27,115-
118,1896.

Fenneman ,N.M.,0p.cit.46-47.

Zlegler,Victor:Foothills Structure in Northern Colo.J.G«25,715-740,
917,

Lovering,T.S.:Preliminary Map Showing the Relationsof Ore Deposits

k= to Geologic Structure in Boulder Co.,Colo. Colo.Sci.Soc.Proc k
3,80-81,1932, . ’ oc.Proc,13,lo



Granoblastic,grani-

Bredccia Faults.-Kegional 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 sedimentary beds at the foot of the mts. Lovering (op.cit)
was the first to describe the faults in any detail. Deside the Maxwell,
Hoosier and Livingston,the Copeland and Red Sign faults are "breccia
dikes" 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
chlorfitized,slightly silicified and iron-stained granite gneiss. The mor
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 highly polished and locally groeved;evidence indicates mowement
of the HW with reference to the FW down dip about 70° NW,.[Late:see below
Microscopic examination of this part of the fault zone shows it to be
highly brecciated and fractured gneiss;largest unbroken fragments seldom
exceed 1,5 mm.The quartz shows undulatory exténction,so this indicates
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 frac tures.

; Hoosier: Also an iron-stained silicified zone,2Q-50' wide, The zone
changes along its strike,from a slightly fractured to a highly corminu-
ted granite gneiss;all varieties are impregnated with much hematite and
silica, Quaetz was introduced twice:lst accompahiied by hematite,second

snot,and slightly coarser than first. In several places,as N of Kossler

Lake, gone looks like dense scordaceous rhyolite due to weathering of

portions of the granite feagments leaving cavities in an iron-stained

microfelsitic grounmimass., At other places there is much glassy quartz
resembling the "bull™ quartz of pre-Cambrian pegmatite and containing
many criosscross veins of hematite.

Livingston: Very similar to above two, Often shows coarse-grained
glassy quartzseamed with hematite.30-70% wide. Vertical., Rocks of the
zone minutely fractured and brecciated;mortar and flaser structures
under the microscope. Stringers of sutured quartz With strain shaflows
indicate an introduction of gqtz.that subsequently was strongly stressed.
Hematite occurs in the sheared parts of the rock and along feldspar clea
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Sketches from F,F,Grout:Petropraphy and Petrology,McGraw-Hill,
1932, p.354. Grout gives following definitions for textures of meta-
morphic rocks: '

Crystalloblastic structuresAll constituents lack crystal form in
general; if crystal forms occur they are simple.,

Granoblastic~- mosaic,granulitic,hornfels,sugary grained.

Porphyroblastictsame as maculose,i.e. having metacrysts,large
crystals formed by recrystallization in a finer ,atrix of schist or slat

Poikiloblasticshaving large crystals with many large inclusions.
Sutured:Complex interlocking boundaries.

Vortar structure:a little crushing between grains,resulting ih an
aggeeggte like stones in a wall with mortar between.

Augen structure: Lens of some mineral in a crushed matrix,

Flaser structure:lenses of a mineral complex or rock in a crushed
or sheared matrix.

Mylonitic structure: Crushed completely. Folded,faulted, sliced,
sheared, shattered,healed,veined, replaced, pseudomorphous,radiating,
feathered,with secondary growth, granulated.

Red Sign: 10-40' wide, locally dips 66°N. Brecciated and silicified
about the same as those described, Striations on slickensides hard rock
surfaces indicate horizontal movement,north side west(right wall ahead)
Just north of the Graphic mine.

Copeland: Iron-stained,silicified,45—700 wide., Half a mile SW of
the Walker ranch the zone is 70' widej;an exposure of the HW for several
hundred feet horizntally and 50-80fget vertically is highly polished,
plucked,striated. Average dip is 65 here;footwall moved east down the
dip at 25°, (Same relative movement as Red Sign). This movement took
place after the introduction of iron oxide.Flaser and mylonitic struc-
tures common under microscope. Regpeated fracturing eccurred;at least
3 periods of mineralization.l.Hematite with a 1ittle qtz.;2 very fine
cherty quartz;3 slightly coarser qtz,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. Echelonf 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 characteristic 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 orfiginated at same time, These faults have
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 reg%gpal compression NE-SW,Laramide.



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 (2).

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 veir
of similar trend and mineralization,and ther

+ \ scaling off in appropriate directions dis-
\\. tances proportionate to the sum of the
g various aress. The extremities of

| —— = >~—=__ . the llnes were then joined
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. 7= in succession., Major telluride

e G T RN fissures trend W and N50W,ms=-

,L»Wﬁé““*ﬁ** N\ jor ferberite fissures,W and
N75-80E.

Trend of tungsten veins Trend of telluride veins.
Length of line indicates

relative importance of

veins.,

Paragenesis: 1, Persistent silicified and hematite-impregnated
"breccia fault" zones.2. Telluride. 3. lia jor part of ferberite dep.

Gold Telluride.- Main ore mineral sylvanite,acc, by calaverite,
hessite, petzite,coloradoite, altaite. Thesein blades 1,5-2 mm,.long,0.5
mm, wide. Often so abundant that they resemble single large prismatic
crystals, Gxmgmm Also small amountsy native Au,sphalerite, marcasite,di-
segminated pyrite. Gangue chalcedonic quartz, small amounts of fluorite,
calcite, The fissure zones commonly consist of severszl narrow seams of
telluride minerals;the ore seldom occurs in a single seam, Seams gener-
allt 1/16 to 1/2 inch wide;some several inches wide are found. telluride
-native Au sequence:

1 Sylvanite (Au Ag)TeZ2

2. Calaverite (Au Ag)Te2

3., Petzite (Au Ag)2Te

4. Hessite ZAg2Té

5. Coloradoite HgTe
Altaite PbTe

6, Native Au

The tungsten fissures contain ferberite (FeWO4),pyrite,sphalerite,
chalcedonic quartz and a small amount of alunite. Ferberite in very
small blades 0,22 mm,long,0,10 mm., wide. At a few places the fissures
contain a single seam,but commonly they have several,l/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,60-70°, and are mineralized portions of both normal and reverse

faults that have had a strong horizontal component of movement. Aside £x
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from a small amount oftelluride min. within the Copeland fault,all the

gold deposits lie in NW part of district,close to one or another 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 mnes, Most trend E or ENE,dip steeply N
or S,and are mineralized portionsof both normal and reverse faults.
Some 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 follcw pre-miner:
al faults along which displacement was chiefly in a horizontal direction
Throtighout the district the north wall moveéd 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 mineralization entered on-
ly the strong W and NW breccia faults;these served as channelways for
the ascending solutions that silicified the zones. With continued stres-
ses new W and NW systems of fissures formed. The writer thinks that a
change in the direction of stresses then formed narrow fissures within
the KE~-trending silicified fault zones,and also formed short,new E and
ENE-trending fissures. The breciia faults were tightly silicified and
almost closed at the end of the period of barren mineralization,and the
solutions that continued to ride could deposit only where channels had
been¥# reopened within the silicified faults or where fissures had been
formed nearby. In the newly formed openings tellurides,and then the ma-
jor part of the ferberite, were deposited.

Vertical Range of Ore Deposibion.-Greatest vertical extent know gol
ore shoot is 400',but verbical 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 extends 200! down. Secondary enrichment @&f tell-
uride ores by leaching of tellurium and probably some silver was imp-
ortant in the oxidized zone,but no supergene deps ition of gold was re-
cognized. 3

Localization of Ore.- Both gold and tungsten ores are localized in
shoots and pockets and show marked lack of persistence. They have only
assay limits. Structural localization: junctions of fissures and irregul-
arities of the fissures coupled with the pre-mineral movement. No chemi-
cal wallr ock control.

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

strikce

If apprciable horizontal movement along a sinuoUsfifault occureed,
open spaces formed same for sinuous-dip faults with dip-slip movements.,
Ore shoots in the Kekionga and Keystone formed thus, 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 impermeability of barriers exrlains why ore was
most oféen confined between the gouge seams of the HW and FW without en-
tering the adjacent rokk. At many places where the veinwas more open ant
gouge seams were absent ore was deposited as narrow feeder veinlets in
the walls and locally enriched these portions. Evident inability of the
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solutions to penetrate gouge is shown in the Bessie vein of the Acme
mine,where the mineralized portions of the fissure zone end abruptly
against the Red Sign fault gouge.

Largest individual ore shoot (Keystone vein,gold-telluride),150"
long,up to 20' wide,500' pitch length 55°SE. Ure shoots usually not over
100' long,6-10' wide,250' in pitch length.Many small pockets 10-60' in
strike length,10-30' in height,5-6' wide. General ration,pitch length
to strike length varies from 3:2 to 4:1, All have been bottomed less tha
600' from surface., Shape genekally lenticular,and except that in the
Ben C.Lowell vein,pitch to SE at 55°9,A few are flat-lying, and the lar-
gest (Bessie vein in Acme mine) ,was 225' in strike length,5-10' wide,
20-25' high. Mpst of the ore shoots cropped out,while most of the pock=
ets were blind., (All th s apparenkly applies to the telluride veins,)

Tungsten deposits 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' wise,15-20' high.,

Origin of the Ore Deposits.- Belt of stocks in the Front Range from
Jamestown SW to Breckenridge,coinciding with the mineral belts suggests
a genetic. relation. t‘he lack of persistanecy of most of the fissures
indicates rud ure under slight lodd., The fineness of grain of both ore
minerals and gangueis doubtless a direct expression of the rapidity with
which saturationy was attanied and crystallization induced by rapid loss
of T and P close to the surface. Flaser structure and undulose extinctio
of the qtz grains in parts of the breccia faults suggest deformation at
shallow depths. Othe factors suggesting shaliow origin for the deposits
common vugs,drusy structure of parts of the veins,chalcedonic qtz,marca-
site and alunite,total absence of heavy silicate gangue minerals and of
large amounts of sulphides. Lower epit#hermal. Probable that highest
parts of the resent surface are not over 3000' below mineralization sur
face (basal Eocene time).

s
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NOTES FROM"PRELIMINARY MAP SHOWING THE RELATIONS OF ORE DEPOSITS

TO0 GEOLOGIC STRUCTURE IN BOULDER COUNTRY,COLO.

TS Lovering: Colo.Sci SoceProc«,vol.13,No.d. 7788,

General Geology.- The eastern edge of the Front Range at Boulder
trends north-south and the structure has the appearance of a simple,
sharp monoclinal flexure.At the W edge of the city vertical or steeply-
dipping Paleozoic or Mesozoic 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 gradamlly carries the
contact between pre-Cambrian and Paleozate toward the E.(Fig.l). Where
the first of these ecehelon folds occurs,l5 mi.N of Boulder,it is close-
ly compressed and broken by a NW fault that has dropped the W side.Such
faults characterize the other echelon folds,although the deformation
and faulting become less to the north. At Boulder NW-trending thrusts cul
out much of the sedimentary section,but so far as know these faults do
not swing W into the pre-Lambrian terrane. A few mi.S of Boulder,however
on Green Mt.,and S Boulder peak (see regional map)the sediments 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 W and

NW of Boulder,separated by a schist belt trending W and SW. As the write:
was unable to trace the NW faults (entirely) across this schist belt
anywhere,it is believed 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 porphyry stocks extends SW across the Front R
Range from Jamestown to Breckenridge.. Of different sizes and shapes,
and irregularly dpaced,thev nevertheless have a very definite regional
alignment, Mpost of the ore deposits and porphyry dikes of the mineral
or porphyry belt of the Front Range lie on thé SE side of the belt of.
stocks;however,the important Ward deposits,and some N of Jamestown,are
on the NW side. The occurrence of nearly all the porphyry 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
*©0of the porphyry belt suggests 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 regional belt of stocks.

Although regional ore controlg depends offi the regional distribution
of the porphyries,local control depends on faults and fractures that
made openings in the rock., The most persistent faults of the region are
The NW faults that correspond in arrangement and displacement to the
echelon folds and faults farther north, Assocliated 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. NW faults
are nearly vertical,but E-W set cormonly 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 chalcedon-
ic quartz to dense glassy quartz resmbling bull quartz of pre-Cambrian
pegmatites,and in places coarse-grailned vuggy comb quartz is abundant.
The granite,where well brecciated atong these faults,is cemented by fine:
grained hemgbite-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.,resembles the
" pre-Cambrian pegmatiitic quartz and hence its late age is not generally
recognized. This kind of silicificatio] has led to the miners calling
..1...



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;elselhere,as along the Hurricane Hill "dike" near Nederland,base-
metal 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 discontinyous NE faults on the SE side of the belt of stocks.
These NE fault35¥2$€in part contemporaneous with the intrusions,but are
certainly in part later. They commonly have nearly horizontal movement =
of the walls, Few can be traced for more than a few thousand feet,althen
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 claim
A claim map of Boulder Co.brings out the NE and ENE trend of most of the
veinsj;the belt is indicated on Fig.l,but on the geologic map only the
more productive veins are shown.

llany of these fractures bramch or intersect one another;the points
of branching and intersection are commmonly more open than other parts
@f the fracturesj ;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 NW or WNW faults-causal relationship.
The persistance of the NW faults in strike suggests persistence in depth
as well,and the nonpersistente of individual NE fractures suggests
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 solutions had to make their way as best they
could along these tight but ddep 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,
lost 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 the same fissure,but in the few places they do
occur together,as in the Kekeonga and Red Sign mines,the ferberite is the
later. In the W part of the tungsten district,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 félding accom~
panied by faulting. The later fractures suggest that compression either
was focused on the Boulder region or lingered here longer than elsewhere
The discontinuous (NE) shear faults suvgest fracturing under a lighter

load than that connected with the major NW faulting. Picture of develop-
ment of these two kinds of deformation and the resulting fractures:



As the persistent NW faults associated with the folding are found
both north and south of the mineral belt and are plainly related to the
earlier stages of mountain formation,thev may be considered the results
of failure at the edge of the region of folding that was produced by
the uplift of the Front Range during the Laramide revolution:the NE sheal
fractures are localized in the mineral belt and are probably the result
of relatively westward movement of the wedge-shaped mineralized area
during long-continued compression. Fgilure along the northwest side of
the wedge produced the NE shear faults,failure along the southern edge
produced the late eastwrly fractures., (Fig.l).

The sequences of mineralization is in harmony with the ages of the
faults, The early, base-metal deposits 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.,

Details.=

Maxwell,- 8-20' thick;an iron-stained silicified breccia easily mistaken
for granite. The most productive properties along it are the Poorman, &m
Sun, Moon, Tillie Butzel and Nugget.

Hoosier.,~ 15-50',In many places resembles the Maxwell, but it commonly
contains more glassy quartz.In someplaces (e.g. SE pf Gold Hill,near
Summerville) the "dike" is almost wholly vein quartz like the bull quart
of pre-oambrian pegmatities., But close examination shows it is brecciate
with numerous crass-cross veinlets of hematite,and that it lacks the
coarse-grained orthoclase and musvovite intergrown with the quartz
markihg the pre-Cambrian pegmatite. Where the Hoosier splits,near its

SE end,cross veins are present close to the junction;they contain fluo-
rbte and barite. Many productive gold telluride and tungsten vein are
close to the Hoosier, Ohio,White Swan,tungsten, Yellow Pine,silver and
gold, Logan gold vein, Dime, Tambomrine,Great Eastern-Melvina, Victory,
Cash, Slide,Cold Spring and Red Cloud gold telluride veins.

While several NW faults NW of the schist belt have been correlated
with the Hoosier,but the latter is thought to lose its indentity 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 highly 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 wast,on the hillside south of the
road in Sunshine lanyon,it is a coarse breccia cemented by white glassy
quartz. At this last place 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 farbher west than shown.

Blue Vein,- 5-7',chiefly glassy and fine-grained quartz;dips steep
N. Junction of Interocean and American veins south of the Blue Vein,at
Sunshine,localized valuable ore bodies on both veins.

Livingston.-Sil.fault breccia, 2-60', In most places carries coarse
grained glassy quartz seamed with hematite. Locally brecciated masses of
cranite cemented by quartz-hematite aggregates mark its coursej;at a few
places vuggy comb quartz is abundant. (Near the Livingston Mill,in
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Summers Gulch. Black diabase 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 places has enough gold to be worked.

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

Hurricane.- An iron-stained shear zone marked locally by silicific-
ation. Except the tungsten of the Congor-Beddig group pf veins,NW of
Nederland,and those in Beaver Creek,to the SE,nearly all the tungsten
produced has come from veins close to this shear zone, On the NW side
of Hurricane Hill the ores contain minor lead,copper, zinc minerals;
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 gauged-
10'thick dipping 65°NE. In the Clark tunnel a few thousand pounds of
hemetite fo chemical use was mined during the war.

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

Standard.-Dips B at low angle. lron~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.Scie.Soc.Proc.vol.12,No.4,59-112,

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 pre-Cambrian rocks rracyically surrounded by up-
turned Paleozoic and Mesozoic formations. A1l these fBrmations are intru
ded in someplaces by 1eriary igneous rocks,and in others are partily
covered by Tertiary sedimentary or wolcanic rocks which frequently over-
lap the beveled sdges of the earlier sediments.,

Pre-Cembrian History.-Van Hise and Leith:Pre-Yambrian Geology of
North Amefica, USGS Bul.s360,p.824,1909,divide the pre-“ambrian rocks of
Colo.into four main groups:

l. Complex of gneisses and schists,oldest.

2. Complex of basic igneous rocks,now greenstone,schists,gnmisses.
3. Series 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 Quad.,
USGS PP 63,37-66,1908,give following different pre-Cambrian formations,
oldest to youngest:

l.Idaho Springs formation.(schists and crystallines,sedimentary or.

2. Hornblende gneiss (mashed diabase).

S. Quartz monzonite gneiss,

4, Gneissoid granite.

S5ePre-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 speaking,pre-cambrian rocks of the Front Range comprise a
thihck series of schists and injection gneisses intruded by a succession
of batholithic and stock-like masses of geantic rocks, One great period
of batholithic invasion.

Post=CambnianrHistoryianThéspaltegieographict mapsnshow the areas co-
vered by various rock systems just before the succeeding formation was
deposited, These maps emphafize 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 throughout Paleozoic and Mesozoic time, The Front Range
highland,after sinking below the sea in Pierre(below Laramie time,
emerged and in places was wiped clean of post-Algonkian seds, before
Laramie (highest Cretac.) time. The Laramide revolution followed the de-
position of the Denver formation. In Tertiary time partial peneplanes
were developed in Eocene,Olighcene,Miocene,

Upper Cretaceous and the Laramie Froblem.

The Laramide revolution did not occur at the end of the Laramie
epoch, The Denver formation,which followed the Laramie on the E side of

the range,and the Middle Park, equivalent of the Denver on the west side.
enable is’to trace the gradnai development of the orogenic forces tha




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 (Emmons,Cross and Eldr-
idge:Geology of the Demver Basin,USGS Mono.27,209,1896)to be entirely
andesitic except the uppermost beds,where pre-“Yambrian 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 appear 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 that Uenver sediments are allu-
vial,mainly gravel wash deposited where swiftly flowing 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 with a thick series of andesitic lavas.,

Re juvenation of the streams caused by this uplift enabled some of them
to cut trenches thru the lava cap before the end of  Yenver time,but the
greater part of the higland was still lava-covered at the close of Denve:
time, The increasing speed of the uplift culihinated in the sharp mono=-
clinal folding and thrust faulting which outlihed the Front Range area
as we find it today.lore xetensive thrust faulting on the W side than on
the E, The great faulting and sharp folding must have created a mb.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 fsulting mark the close of the Cretaceous,this
stock implies the continuation of igneous activity into the Eoceme,

The ore deposits in the mineral belt of the Front Range,Breckenridge to
Boulder were deposited from solutions emanting from the magma that gave
riserto the late stocks and dikes in this region. General relations of
pre-"ertiary rocks shown diagramatically in Fig.

lertiary.~Erosion of the Front Range produced mature topography in
the higher parts of the uplift before the end of the Eocene-Flattop pene
plain;second peneplane along the mt, edges in Oligocene. Strong uplift,
accompanied by volcanic activity in the Miocene,re juvenated erosion;
Rocky Mt. peneplane developed in late Miocene and Pliocene, Marked uplif
in early Pleistocene;deep gorges cut in the mts, in this and recent,

General Summary.=- Since pre-cambrian time Front Range region has
been a positive topgraphic area,supplying sediments to the surroudding
region thru much of the FPaleozoic,Mesozoic and Cenozoic.

Cambrian,Ordovician,Devonign 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 interstemrified
marine delta deposits were fommed during Penn, and Permian time.

Little Brosioh or diastrophism in the Triassic., In the Jurassic
thin marine beds were laid down,and then largely removed by erosion be-
fore lower Cretaceous (?) continentasl sediments were spread over wide,
featureless Piedmont hills on both sides of the series of low hills that
then constituted the only exposed parts of the Front Range highland.
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 Ygcentral part of the highland 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 PiBrre time and uplift began. This soon pushed the central
part of the Front Range highland above the sea and exposed the recently
deposited 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 source of sediments when the Laramie sands were forming.,
More rapid uplift, accomnanied by marked vulcanism, ushered in VYenver
"~ time. Thock flows of andesitic lava accumulated on the highland 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 extirusive activity continued into the Eocene;the ore 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 deposited,the Flattop peneplain
was formed in the N and S parts of the range,argely by reexposure of
the old kand surface upon which the Cretaceous seds.were deposited. In
the region W of the mt.front between Golden and Boulder,however,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 impose a new peneplabm far bagk
from the mountain front. Volcanic activity and renewed uplift marked the
Miocene,and ore deposition at Cripple Creek. The rejuvenated streams car
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
level of the Flattop peneplain. See fig.

Marked uplift in the early Pleistocene,
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¥ 4% 7i§~\\ Spurr, Ore Magmas p 753 ff. o
N g f ' : ,
Silver Plume, Silver-lead-zine distriet; in dozens of steeply dipping veins strise
horizontal or under 5g. UsGs PP 63,p167. Ore ass'ted with alaskite-monz dikes,
Ideho SpriaggéAdjaeent'district, aurif py veins oceupy Tissures of slight disPIacg-
ment, of strike and dip similar to Silver Plume, but striae steep to vert, ave,60
4o the SW on the NE striking veins (prineipal system). Ore essociated with dikes

of the alkali-syenite groups (Bosdsnite)

Gentral Oity-8 Boulder Oo, Northern part of great continuous mineralized belt from
Silver Plume. Contains both types, aurif pyritie veins and gilver-bearing galéne-
blende weins. lst tyse main sulph py, subordinate eepy, tennagtitgﬁ rgrgly enargite,.
Makn glngus qtz. Value in gold. 2nd iype main sulphs shal BR8°:570 1B Cepy. Riecher
in.gil¥er than tyse 1, poorer in gold and eonper, While gtz is main gangue,siderite,
caleite, rhodoehroaite and barite are abundant, Type 1 is the olders the two types
are of distinet periods; later has filled separate fissures, or has reopened ando
filled older tyre fissures %o form eompund veins, Succession is 1 molybdenite, gold
arsenie eoppers 2 zine lead silvers 3'qtz and mixed carbs, Little orderly sedquenece
in first two stages, teleseoped sequenee and superfieial eonditions of eonsolidation
In the Central City region Tyses | and 2 are more mixed geographieally, but are stil
somewhat sesregated. Conneetion of pyritie ores with alkali-syenite dikes and that
of the lead-zine ores With the monzonite magma dikes is still rough¥¥ indieated in
the Idasho Springs quadrangle, but is lost in the Yentral City map, USGS PP o4,

The qtz-monzonite intrusion, as abundent irregular dikes, as stoeks up to 2
miles in diemeter, ies found in great quantity throubthise whole belt of igneous rks,
Altho these dikes imumediately preeeded the silver-lead-zine veins, these veine are
. mot found where these dikes are most abundantj diikes ete inerease in frequeney and
size to the N of the mapped area, and the veins fall off in this direetion, Means
that at the neriod of ere deposition the vieinity of the.large masses of imtru-
sive monzonite were at a T %too high for ore dep, whieh took place mainly &t a zone
‘above, and repidly. The systematie slight flt fissures whieh became the seat of
this ore deposition were formed soon after the eonsoliflation of the intrusionj the
veins eross the monzonite dikes, although some of the later dikes, as the bi-latite
dike at the Stanley mine are later than the veins, At Stanley mine a Bostonite dike
is earlier than the vein, and all 3, the two dikes and the vein were injeeted along
the same fissure. Blue Bird mine, 15 mi from Stanley, dike of biotite andesite euts
vein of gal-blenda type. Stanley vein, eontaining qtz, pyy sonsiderable galena and
sepy, siderite-, Probably a eompound vein, reopened and eenmenetd, eontaining both
main types. Sequeneet!l Bostonite dike, vein,nénor dike, Pre-ore bostonite, post-

. pre bi-latite both have exeess of K over Na, Same magmatie type. Shows ore dep as
short episode, ; '

‘The oseurrence of a single type of igneous rk in many differehds dikes of the
region points to & eommon body below, as long and wide as the zone of dikes, Dikes
“8gnd veine follow the same fissure system, a predomient NE set, and & subordinate NW
sets But in general the different periods of dike intrusion and the different
' types of veins follow different fissures, and the 4 typee, two of dikes and two
" of veins tend to oeeupy independent ateas, All oeeupy flt fissures of slight displaece
-ment, frequently branehing, of the linked habite The predominant trend-NE- is
parallel to the general trend of the eentral Colo intrusion and ore belt; the sub-
ordinate NW trend is transverse to it. Fissures are contraction-adjustment fissures,
due to the progressive eonsolidation of the magma beneath. The stoeks (all monaz)
trend parellel with the mazsatie belt, while the dikes of both types trend transverse
Yo the belt and to the elongated stoeks; stoeks are protuberant mimpe of the magma,
but dikes are filling of fissures originating from eomtraetion &djustment of magma
' mass while eoolinge Vein fissures have same origin. Domestie veins and dikes,



Monzonite dikes were probably earliest--differ but little from magma of stoeks,
Bostonite dikes more highly differentiated, Then eopper-gold-arsenie veins; pause,
resplitting of some fissures, then zine-lead-silver veins, Teleseopling at eaeh ore.
epasode means shallow underlying magma and & vein horizon near the surfaece with ra-
nid deerease of temp upward; limited ‘total vertisal ore Zone, eharacteristie of
~all Tertiary veins, When gold-py veins were forming, silver-lead veins wege being
forumed above, in a region now ercded; tgeir subsequent superposition on the higher-
T veins, due to migration downward with fallong T due to the downward progress of
eooling of the magma below. Underlying megma reservoir came elosest to surface at
NE end of masped area (Caribou Hill) shown by differentiation (te gabbre ete) of
monzonite stoekk , and by loeal titanium, tingsien and eopper ores,

Horizontsl movement of Silver Plume vein fissures indicates lateral adjgwstment
due to differentiel horizontal shrinkege on eonsolidation of the magma body be-
"neath, This indieates a horizontal bulge in the belt, See figure. The horizontal
differential thrust along line AB was continued into the magma belt and represents
the 8ilver Plume vein-fissure zone ed. Aeeomplished by and during eonsolidetion,
for vein fissures are later than the Silver Plume qtz-monz dike, Horizontal adjust-
ment fault fissuring. Where vertieal component of faulting is larger, as at Ideho
Springs, then vertieal element of eonsplidating magme. ad justment enters, and re—
lative importence of the two faetors determines the astual angle of f1lt movement in
eaeh ease. Faulting down the dip indicates simsly -sagging of the magnma below,{(Verti~
eal adjustment fli-fiseuring)é '

Dip of veins follows the rule for fissure veins (60-70), resardless of echange
in strike. This indieates that origin of fissures is in a vertieally exerted foree,
regardless of the direetionsf in whieh subsequeht adjustments were made along these
planes, as recorded by the striae, Thie vertieal foree may be result of underly-
ing magma surgence, or of its subsequent sagging, or both. -
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Georgetom Distriet, Colo.
Spurr, Ore Magmes, p 129 ff,

General Yeology., OR complex of crystallines: gneisses, schists, granites and peg

mat ites (last two intrusive into others, wigich were partly sedimentary,) Pre-
. Cambrian, Alkaline-silgceous dikes intruded this mass in early Tertiary. lany \
veins, : r

Veins.Two types: (Galena-blende, With some py, ccpy, gray copper and polybasite,
2. Py, ccpy, with suboriinate gal and sphal, Forier silver veins, little gold, ‘
latter gold veins with little or no silver, Forner predominantly sulphide veins, |
subord nate qtz or other gangue; latter much qtz, st predominat, Galena- sphal
veins mostly in Georgetown area, pyritiec veins in region W of Idaho Springs,
In distriet of silver-galena-blende veins occur alaskite and granite porphyry
dikes; in dastrict of auriferous py veinsg, oeccur dikes unusua ly alkal ine-si-

¢ liceouss bostonite, alaskite dtz monzonite, biotite latite and alkali syenite por,
Veins of 1st type always younger than associated dikes; pyritiec type veins also
usually younger than associated dilke's , but older than some, of the dikes,

Veins of both tyses along flt zonés of sl ght displacement, Meny veins due to
replacement of erushed rk or gouget Pelican-Bismark vein system, one of the strong-
ést. and ‘richest of the district. Ores of thi. s sysiem carry blende and gal with
some py with a subordinate qbz gangues

Same type of ores deposited in onen fissuresiTerrible vein group strongest
lodes in @istrict. Fissure veinst eocarse-crgstalline dark blende with little vi-
sible gangue. Some gal, #@py, a little ceny. 25 oz Ag, very little golde Veins
show in olaces only slip walls, barrenj; open up abruptly to streng blenuie veins,
1-4' wide, the blende enclosing anzular fragmenks of the wall rocks, Wide parts
are open fissure fillings, fort 1 Included frags are neither rounded, corroded neor
replaced;2 veins lined with thin basnd ‘comb gz, xx8 perp to walls, not mixzed with
. blendes 5000" eroded from this country since intrusion of dikes accoipAnying veins,
and ve ins develored 2000' below their outcrops.

Blende veins opened and the fissures filled by massive crystalline galena
or massive ay; py seems later than the gal,

gul shide vein; lst conb qtz, then coarsely crystalline: galena, blende, Oy ané Cepy,
with little or no gangue. Then new vein followed roughly 1 ine of old'one), wh}ch

it sslit and shattered, or crossed, or ran parallel to, Wwith horse between, New
vein py and brown carbonates of iron, magnesia and Mn, With some qtz; oceas, pre=
doninant, and a very 1.ttle gel, blends, ¢c y and baritej low-graie gold and sllvers,
Carbs are fine-crystalline, foriing dense granular aggregate in which py has also
crystallized.

Griffith Mines 2 periode of fissur ng and vein format ion. 18t ne&rly pure




v L_, (\\5“0{3,‘%‘»4 ya Forma 385 5.000 10 25

COMPARNIA DE REAL DEL MONTE Y PACHUCA

PACHUCA, HGO., MEXico

FOR

The Montezuma Mining Distriet, Colorado,
Ettiene A’ Ritter, EMJ 2—-‘—19080
= a8

Location. Continuation of Georgetown-Silver Plume belts weetward kawaxd thru
Argentine,{crossing crest of Front Range). Belt passes thru liontezuma and on
toward Breckenridge. Barrounding mts (13000') belong to backbone of Front Range}
composed of Archean crystalline and schists, cut by granite masses{ and by long
dikes of granulite, pegmatite and granite por,

Vein Systems. Veins are fissure veins closely ass, with the dikes. Two systems near-
ly at rt anglest main lodes, longer, better defined and richer, strike NE; ore

found on minor or NW system is often at junction with main system, Bullion mines
OBs on NW veine crossed by NE veins, NW system mostly confined %o a small area in
center of distriet, Strike of NW swstem more nearly N in NW end of distpict, more
nearly W at SW end, Width «f veins varies 1'=15', but variations along same vein
not marked, Good walls, slvage to 3" along FW; narrower or absent along HW.

Ore, Metals in general not scattered, but in one streak; when vein is poor, metals
are not scajtered-—streak gets very narrow, Streak widens out to make oreshoots,
and often is conbinuous for great distances between the shoots, Streak may be in
center or along either wallfs lMinerala: Chief medlver minerals are native, horn

and ruby {veins only developed for a few hundred £1 n depth) Lead often associated
with the silver. Vein o'ten has streak of this in high grede ore with ro milling
grade beside it, Some mines h.wever do have milling ore, but this in at least many
gases not associated with any high grade., (Silver King mine, e.g.) In all mines the
Pb and Zn usually form separete streaksj these streaks st side by side, st on eithe
wall, separated by 4' milling ore with lead and Zinc Well mixed, {Streaks not pure,
but nearly free of the other metal)

Veins are qtz veins, with considerable pink flds, Py content is small, bit iron
hats are striking., Upper part of veins well erustified; vugs, Cubes of gal, often
with half inch faces, intimately mixed with matrix of flds, tale and qtz., Veins
orgina 1y alskaite dikes (qtz and flds).

NE system veins dip NW ,45 to vert, Most of shoots piteh to NE,




Sept. 10th,1940

Dear Wiss:
Had a letter from Johnny and he did not know if he was going
to Mexico or not,it seems that it was a question of the money,

1 spent last week in Montazuma Colo. on a Silver,lead,zinc,
property and made a few dollars. The property was the firs t ?11V€r proper—
ty in Colo. to be worked an& has some nice ore, It has been mined down

to the 600 level,the main adit level, but not below this. The samples

on the floor after being corrected show several hundred feet of $§ 30

ore. All the ore shoots are oontroTler 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 va r10u~ veins. From what i could see it

looks l:ke there will be a change in dip below the 600 level that will
cause the ore to pinch,., They are driving a small dog hole out of a winze
that was a few ft in the foot wall, The veins are very strong and the
country rock in most places is a hornblende gneiss that is cut by a lot
of pegmatites. I thlnk the district will open up if the price of metals
jumps a little. Most of the properties and ore shoots seem small but have
high grade ore,

It is getting cold hear 2nd dont think it will be long before the
snow flies,the mining activity drops off during the ’ﬁdter so think I will
head out Calif. way before long.

This is about all the news I have and hope you are having good
luck in finding some Jobs. Maybe some of thoes birds will cut loose from
their money if we get 2 change in the White House next Nov,?%%,.

Best regards,
_,/
= i
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