


, 



llRTH SCIENCB 
, LIBRARi 

r EARTH SCIENCES LIBRARY 

111111111111 lllll lllll lllll lllll lllll lllll lllll lllll 11111111111111111111111 

U18300 3577569 
u.., □ .:JUU .:::1~77 569 



GEOLOGY AND ORE DEPOSITS OF THE ADIT TUNN'k1L 

AND COLUlfBI A MilB, WARD, COLORADO. 

By 

c. Richard ~urray, B. A., 

University of Colorado, 1932. 

A Thesis submitted to the Faculty of the Graduate 

School of the University of Colorado ln partial fulfill• 

ment of the requirements :for the Degree Uaater of Science 

Department of Geology. 

1934. 



Thie Thesis tor the M. s. degree, by 

c. Richard Murray 

not Pl'OOf" read ., ha s been approved for the 

Department of 

Geology 

By 



Hi -

., .,. 

:w 3 :2--3 ~ :l--

'::'.)., ~-
., ~ <Z (3 

/'r1 q u I I a_; • 

Page 

rp a ot· Thte Report ---•-•••· ---·-·••-•-••••·••-• 5 

5 

bo nd Ott1ce ork: _ ............................ _..,._ ...... .. 

Ackno l dginent ,, 

Gl 

8 

ll 

al O ol e::, ................................ # ................. .,. ............... --- 14 

lne .a.in Gran 

ellen1t orpl:iyry .................. _ .. ...................... ..,. .. ... 

orp.nyr1t1 

Po :P iy-r1 tio Q.uartt Syani t 

Rhyolit 

14 

14 

18 

20 

23 

2 



Structural Geology ........................................... - ....... - .......... _""'"'""• 

Ore Deposits •----.-----·-------------•••-••~,.,. ..... .... -- . .......... ., 

General Discussion ............................. - .... - ...... ---- ... ... 

Adit Tu.nnal ........................................... ,.,., ...... ,..,, ...... .. 

General Character of the Deposit-•-••-•••-... -

Chara.cter of the Ore ........... _ ......... - ........ - ... -- .. ---- ... ... 

Age o:f the Deposit .......... ........ _ ............. - ... -----

Ore Depoai tion -••--•- ... ••-............ .,. ......... --.................. .. 

Columb la ll! ine ...................... - ................................... - . ............. ... 

General Character of' the Deposit ---•·••• .. •• ... 

Vein Relationships ----•••··•-..................................... ... 

Cha,raoter of the Ore ,....,_ .................... - .. --.......... .. 

History a.nd Age of Ore Deposition ....................... ... 

Mine Workings•••--·-•--~•--.. •----•---~----•-

Fifty ::loot Level.., ............ _.,. ............... -_ ............. ... 

One Hundred Foot Level-----•- ... ----... -••• 

One Hundred and Fifty foot Level-------

ho Hundred Foot Lovel •---~-~----•·•--­

Two Hundred. and Fifty Foot -Level .............. _ .. 

1:.inins Opere,tions __ .,. ........ _ • .,.. .. ., ..... _ ......... _ ............................. . 

_illing Qperations ----•-·---•-•·•-••••• ............. _ ....... . 

2 

Page 

27 

29 

29 

29 

29 

30 

so 
30 

31 

31 

31 

32 

32 

32 

33 

34 

34 

34 

34 

36 

36 

&8 

39 

Present outlook for the lard Area ........ -........................................ 41 



ILLUSTRATIONS. 

Fig. 1. View taken from the Boston dump looking 

west showing the alignment of dumps 

Page 

along the Columbia vein.---·------------•-- 9 

Fig. 2. View ho ing California Creek in the center 

cutting a steep e1ded ravine through the 

lateral moraines on either side._ ...... _______ 13 

typical outcrop of a fels1te dike.---·•--•- 13 

Fig. 4. Big Five dump at the Adit tunnel portal.•-•-• 37 

Fig. 5. Shaft house and gallows frame at the 

Fig . 6. Big Five mill at Ca.mp Frances .~-------------• 40 

Fig. 7. Big Five laboratory and o'fice at 

Plate l. Arel geologic map along the Adit and 

Columbia vein systems, ard . Colo-

Pl te 2. Detailed geologic ap of the Ldit 

3 

tunnel.--~~-~----------~-------•----~----• In back. 



4 

Page 

Plate 3. Detailed geologic map of the 



IH'l'RODUCTION. 

PurEOSe of This seport. 

The primary purpoee 1n undertaking this report 

was to make a detailed study of the ore deposits occurring 

in the Adit tunnel and Oolumbia mine, which properties are 

operated by the ward•:Big Five Gold Mining Company. 

The portal of the Adit tunnel is about a half 

mile south of the om of Wa~d h1ch itself is about 15 

miles northwest of Boulder •. Colo:tado. The tunnel continues 

for 4,000 feet in a uoa-thwesterly direction. !'he Columbia 

mine is cons1dern.bly closer to a.rd, being situated on 

Niwot Hill a. re 'I hundred yc,rds west 0£ the town. The Adi t 

tunnel and Columbia. mine are connected underground by the 

Niwot crosscut which be ; ina 2800 feet from the portal of 

the Ad1t and runs slightly east of north for 3000 feet and 

intersects the Columbia tt1r.nel and N'iwot w1nzEh 

The area was fQrmerly served by the Denver, .Boul­

der, and ,estern Railroad, now .d.1sma.ntled, and may be reach• 

ed either by the Nederland•Vfard highway or by Lefthand Can ... 

yon highway ,hich intersects the Boulder•:tyona highway 8 

miles north of Boulder , 

A,;-ea. Mapped ,. 

The geology of the Adit tunnel was mapped in de­

tail for a distance of 1800 feet from the portal, the re• 
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mainder of the tunnel being inaccessible at the time of 

mapping as a result of cavings of the tunnel roof. The 

Columbia mine was also mapped in detail as far down as and 

including the two hundr and fifty foot level wherever 

access to th orkings was possible . 

Thiem pp1ng neceoaitated a preliminary study 

of the geology surrounding these deposits, and although 

the area had been well described and mapped by P. G. or­

ester in his report, "The Geology of the Ward Region, 

Boulder County, Colorado , " it as thought advisable to re­

map the more limited area covered by this report using a 

larger mapping scale and a smaller contour interval. An 

area of about one mile no.rth and south by oue and a half 

miles east and eat waa mapped (Plate I). Besides the town 

of ard, the area also includes the town of Frances, ihieh 

a.t present consists of only a few houses and very few in• 

ha.bi tents . 

Field ?lethoda . 

In constructing the topographic and geologic map 

included in this report, a triangulation net was established 

using plane table and telescopic alidade . Both topographic 

and g olog1c features were then detailed by plane table and 

eta.di rod. ThE, sea.le used for this work was 300 :feot to 

the inoh and the contour interval is 50 :feet. 

The underground geology of the Adit tunnel and 

the Columbia. shaft was mapped by means of a Brunton compass 
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and a 100 foot steel tape a.long with pacing for minor dis• 

tancea, the plotting being done on copies of maps owned by 

the Big Five c.ompany. Field t:10,rk: was begun in this area 

in November 19331 and continued until the latter part of 

MEW 1934, a rather la,rge p~oportion of this time being 

apent on the report. 

Laboratory and or~ic~ Work. 

In addition to the field work considerable time 

was spent in preparing and studying thin and poli$hed eee-­

tions of the rocks and ore1;5 of the area~ Fire assays were 

made on a. large number of ore ea.mplea from the two mines . 

The offioe work consisted largely of preparlng the aeoom .. 

panying ma.pa and the v1riting of the final repol"t11 
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HISTORY OF MINING. 

The Adit and Columbia Mines with other Big Five 

:properties including the Ni,vot, JJ:adeline, Dev, Drop, High 

Line, etc. have been the largest gold producers in the 

ward district. The Columbia. vein was discovered in the 

very early da.ya of Colorado mining (1862),. Included along 

this vein from west to east are the Niwot, Madeline, Col­

umbia, Sullivan, Baxter, Boston, and Utica mines, all of 

which have been large producereh (Fig. 1). 

The Dew Drop vein was discovered in the early 

?O's, and this finally led in 1896 to the driving of the 

Adit tunnel for the advantageous exploitation of the Dew 

Drop and Columbia veins, ore being trammed through it to 

the main mill and power plant of the Big Five Company at 

Frances. 

Beside a these properties, tl1e area mapped in• 

eludes the Stoughton, Baltimore, Gold Chief, Cornucopia, 

Nimbus, and others. at which considerable work has been 

done. The Stoughton vein whioh p0,rallels the Columbia. 

has been a large producer. 

Complete records of production of the area are 

not available since many have been destroyed by fires and 

other means. Th~ records are very incomplete, but it is 

believed that the combined p:roduction of the Big .Five 

8 

properties has been in the neighborhood of $6,000,000. ---

Of this the Niwot and Columbia produced the most, but in 



Fig, l. View taken from the Boston dump looking i-veat show• 

ing the alignment of dumps a long tl1e Columbia vein. 

The view shows the Baxter, Sullivan, Coluribia and 

adeline dump.a, with the lUwot dump indiscernible 

due to distance. 

9 



more reoent times; considerable ore baa been t a.ken from the 

Adit tunnel level of the Dew Drop Claim. 
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lllpTORY OF MILLINQ:• 

)i!illing was begun in the area in 1865, when the 

lHwot mill consisting of 50 stamps wa.a constructed. Opera­

tions continued rathe:r stendily until the early 70'a, dur• 

lng "Vihich time o. smelter was plu.oed in opera.ti.on at t.he Mad­

eline. Activity later became more intermittent and finally 

ceased. 

In 1896 a la.rge number or independent propertiea 

were consolidated into the Big Five Company, and a lai.rge 

power plant and mill were established at the portal of the 

Adi t tunnel nea..r li'ranoes, i.vhioh mill a tarted operations in 

,September 1898. The equipment eonsist.ed of orushers, rolls, 

and jigs, and a. recovery ot 35•40% was ma.de. At first only 

the low grade 01·e wa.a milled, but later all grades were mill• 

ed. 

Becoming discouraged, in 1902 the company ceased 

mining operations; and, except for a short per1od in 1921 

when there waa a. poorly managed attempt at rehabilitating 

the mill by installing a ball mill• eleotric pov,er~ and 

Wilfley tables, the only work done on the property waa by 

leasers until 1932, when the present Ward•:Big Five Company 

we.s organized. 

ll 



PHYSIOGRAPHY .. 

Pronounced variations in elevation are oharacter• 

istic of the area. mapped; the altitude ranges from slightly 

below 9,000 feet in the sougheast to 10t3l9 feet. near the 

western boundary-. Very :few Jagged rocky preo1:pioea occur, 

as gla.ciation has rounded off the hill tops a.nd spurs 1 many 

of whioh a~e fairly well timbered-. Glaciation has left 

larg lateral moraines and ground moraines of unasaorted 

debris in the uppe:r part of California Gulch* 

Stream erosion has cat"ed the eurf'aoe into steep­

sided canyons or gulches especially where tho atreams flow 

through the glacial debris. (Fig. 2). 

Vulonniem has also played an important part in 

giving the land surface its present configuration. lUwot 

Hill is formed by a resistant, white, telsite porphyry . 

12 

Other dikes of which there are a very large number form less 

conspicuous fea.tures, and just south of the :main mining 

buildings of the '.Big Five at Frc;.nces B.nd just outside of 

the area mapped a large circular boss of quartz monzonite 

porph:trY ia c:,. a triking topographic :fe~.ture • 

A fault of large displaoement hns cut off the Col• 

um.bia. vein at the top of !Hwot Hill from which there is an 

abrupt slope to California Gulch. 
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Fig. 2. View aho1ing California Creek in the center cutting 

a steep sided ravine through the lateral moraines 

on either side. 

Fig. 3. A typical outcrop of a felsite dike showing the 

effect of rapid cooling in producing jointing whieh 

reaul ts · in the f'ormo.tion on ,veathering of B ... 1all 

angulnr rook fragments as shown. 
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~EN.ERAL GEOLOGY. 

Area,l Geolos;y. 

The area mapped ia largely underlain by granite and 

gneiaeoid granite. Sohiats and highly matamorphoaed gneisses 

of the Idaho Springs formation although closely adjoining the 

., ree 1n large masaea are of minor occurrence in the a.z·ea :n1apped. 

In addition to the granite, believed to be of pre- Cambrian age, 

a small :fraction of the surface is underlain by ao-¢alled Ter• 

tiary ,dike rooks, mootly :felei tes ano. delleni tes . (Fig . 3). 

These rocko are de~icribed in detail in this report. J~q,u iva­

lents of the rocka described a.a granite, dellenite porphyry, 

porphyritic dellenite, and rhyolite have been pre,tiously de ­

scribed by Dr, P. G . .. roroeater in his report "The Geology of . . 

the Wo.rd D.iotriot , Boulder County, Colorado" • 

Finally , a. rather ,large part of the area is covered 

by glacial debris. 

Glacial Debris. -------
Tbeee deposits are eomposed of angular boulders in 

a matrix of finer material . The material is oha.racteristi• 

cel l y unassorted.~ (Fig. 2). The rook fragments are l a rgely 

gneiss , schist, and eranite . 

Pre- Cambrian Rooka 

Granite 

Megaeoopio Deacrintion • . 
Thia rock whiol1 underlies practically the whole 
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area mapped is often highly jointed. It is a pinkish grey, 

even- grainod to porphyritic rock, the even- grained var5.ety 

being the more common. Where oven-grained the crystal grains 

average 1/e of an i nch in diameter, but phenocrysts in the 

porphyritic vAr1ety attain 1/2 1noh in greatest diameter . 

The minernls commonly distinguishable are feldspar, 

quartz, biot!te, muscovite, and pyrite . The feldapar ia pi nk, 

i=md Carlabnd t:rtns are indicated by ind1viduul reflection of 

light b, each hnl:f of' these tins. 

i:rhe rock is typically massive, but 1n the Ad1t 

tunnel. it has a d!ntinot gneiaaoid structure a.a it has in­

vaded older schists, of which there are remnants, forming an 

in .. feot1on eneisa . In the ColWlbia mine the rock is also 

gneissic ln places, but this aJJpoara to be a property of the 

grunite itself. 

The rock, -where found on the ourfaoo, is alw<"i.ys 

considerably ~eathered, and has a deeper brown color result­

ing from the formation o:r iron oxidon. 

uioroscop1c D~pcr1pt)o9. 

Under the microaco:pe the essential minerals ob• 

serv.e,ble .re :pl&gioclaae, orthocL.ise, miorocli.n.Es:, and quartz . 

The pln.gioola.se is in auch small amounts o..nd so badly altered 

that an absolut(;j deterr'lh1~-tion oouJ.d riot be made, but c rnax...­

imu:m extinction e.ngle of 17° measured from the trace of' the 

albite twinning planes indicated sodic a.ndesine. Often times 

the rock hae m.a.:rkod poikili tic texture, minute grains of 
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quartz being enolosed by :pl agioclaae , orthoclase, microoline, 

or larger quartz grains. Some of the plagtoolase which en­

closes the quartz is itself enclosed by o:vthoclase, and this 

may in turn be completely surrou11ded by larger quartz grains . 

Thia ia not in accordance v,l th the usual order of crystalli­

zation and suggests replacement of the ;priruar-.r miners..ls by 

quartz. Serons of quartz t¾.lso occur between the grains of 

the v<1rious minerals in .vhat appear to be fractures . However , 

this replacement may not accou.nt wholly for the poikilitio 

texture since channels .rhich the enclosed quartz coulu have 

:followed were not alvrays observed. 

Accessory mi.neral.s are rare in this rock. Bioti te 

from which the iron hae been lea.ehed and segregated leaving 

secondary muscovite occurs. Finally , pyrite anu black iron 

ore are sometimes pres£nt. 

The rock apt.>ears to be highly altered wherever 

found. Kaolin is the chief al te1~ation :product e.nd sericite 

is less import;.:int. Calcite grains s.ppe-ar to be f;Jecondar-.1 

after the plagioclase. Limonite stains have reaulted from 

the oxidation of the iron-bearing minerals. Chlorite and 

sillimanite (?) are found in the gneiseold varieties, but 

ire probably remnnnts of the injected sohiet. 

Appro:::im.ate Conipotli tion by Volume 

Q.ua.rtz 

Microcline 

Average of several elides. 

36% 

36}; 
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Approximate Composition by Volume {continued) 

Orthoclase 

Biotite 

Average of several slides . 

25;-~ 

1% 
Pyrite and Black iron ore 1$! 

Andeeino (?) 1% 

Uegaeoopic Descri11tio;n. 

This is a nearly black, medium grained roek . It 

1as found only in the Columbi mine where it formo a dike 

tV1enty feet wide . The rook·ia compact and not extensively 

jointed. It has the appearance of many pre- Crunbria~ rocks 

in neighboring areas, and is provisionally assigned to that 

period. 

In the hand specimen short broad prisms of a near­

ly blaok mineral are diocernable . These are seen in certain 

case to have been altered to epidote. 

~icroscopic Desc:r: ipt_iop. 

A study of a thin section of the rock showed that 

i com.ilsts lmost entirely of augite. The augite is color­

less and is biaxially positive. It has excellent intersect­

ing prismatic cleavages at neci.rly 90°, a maximum extinction 

angle of 45°, measured from the prismatic claava e, a bire­

fringence of . 022, and a rather high index of refraction. 

The only other primary mineral io quartz, which ocours 1n 
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very small anhedrons between the augite grains. 

Chlo-rite a.nd iron ox'ide have been derived from the 

augite, but the a.mounts of these a:ppearing 1.tt the section are 

not large. 

Approzimate Gompos1tion by Volum$. 

Augite 85;t 

{;'Ua.t'tz ?r.'1 
/() 

Biotite 3% 

Chlorite 3% 

Blt'tck 1.ron ore 1~; 

Te:rtia£Y nooks 
' 

e~0.scopic l]e.§_cr.~lt~.ion . 

This rock ooours in narrov,· dikes avere,ging about 

four feet in width in the Columbia mine. These dikes occur 

along the veins and a.:re parallel to tl.1.em. They a.re nearly 

always closely j o1ntod nnd form platy frugments. 'l'hi s rock 

is provieions,lly ass tgned a '!orti!"ry age einoe .i, t mo:ro close ... 

ly rcsembleo 'i1nrtir1,ry rocks than the pre•Combriar1 roeke, but 

its ttge coulc. not be accurately determined, It ia intrusive, 

as dtkes, into 'the pre .. Ca.mb!·ian gr,mi te and is olde:c- them the 

veina. 

The l·ock is grey in color and :ta rather fine grain ... 

ed. 'i,Uartz and. feldepRr Bre (l.i.stine;uishable wi tri the unc.ided 



eye . Pyrite from nearby veins occu~s within it in varying 

amounts . 

]!ioroacopic Descr1j2tj.on. 
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1:icroscopic e:r .. a.mination $hows the rock to consist 

largely of a highly altered feldspar and q,ue.rtz . The feld• 

spar is t;i..ought to be orthoclasc as the grating structure of 

~icrocline is absent , and the elongate outline of pln,gloclase 

ie not apparent . 'l'his feldspar encloaea anhedl:'ons of quartz. 

in the sa.m.e manner as the coarse grained gra.nite does. It 

appea1•s that (!Uartz ... bearing oolutions invaded the rock at the 

time ,hen the veins were formed, nnd quartz partly re.pla.ced 

some of the original minerals. This :process also aceounto 

for the high percentage of quartz found in oections of the 

gr~nite occurring nea.r ve!na. 

As acoesaorlea ;pyrite, needles of apatite, and bio• 

tite occur sparingly. 

Tl1e :moat important alteration product 1s kaolin 

~.ri th v,hich oome aerici te ia found. 

Approxim·).te Compos5.t1on by Volune 

tiuartz 55% 

Orthoclase 46i~ 

Apatite JJ" •' 

Pyrite 1% 
Biotitc 1% 



Tho term delleni te porphyry is synonomous v,i th 

quartz latite porphyry. A dellenite porphyry is cha:ri,.oter­

izod by alkali feldspar and sod.a-lirue f'eldspar in nearly 

equal amounts, a.nd an apprecitible amount of <;us.rtz, The 

plagioclase feldop~r ia uoually ndes1ne, but it may be 

la.bradori te. The phenocryots form leas tl::.an half of the 

rock, smd the groundmRss is very fine and roay be partly· 

, glaas. 

?egasconic DeRcrint1on. 

• A large dike of this rock occurs on the eastern 

side of California gulch aorosa from the portal of the Adit 

tunnel and extends southeast outside of the area mapped to• 

ward the V:11li te Rrtven litne. The dike has an e.verage \Yid th 

of about fifty feet. '.l'his :rocJr 'forms large rectnngular 

blocks dUt, to jointing., It ia a distinct porphyry and con• 

s iats of lr.,.rge white phenoorysts of plagioclase feldspar, 

averag ing .::.bout three aixt ,entha of an inch in diameter, in 

a :fine. gra.1ned, gree.nlsh groundm~.ss .- Its appearance has 

20 

led to i ta being ca.lled ,..Bird t a ... eye porphyry~ by the local 

miners. Phenooryats of quartz and biotite are present in 

amall amounts. These combined with the feld.apar pheno..:rysts 

constitute nearly 30% of the volume of the rock as eatirnated 

from numerous hand specimenn fro.ti various parts of the dike. 

Microscol?io.,J?.esortptio~. 

Under the microscope only one thin section of this 
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rook wa.o examined. The teldapar was determined to be a basic 

andesine as the maximum extinction angle measured from the 

trace of the albite twinning was 26°. These phenocrysta ehow 

little weathering, but considerable fracturing. Zonal banding 

ie a prominent feature in the feldspar phenocryats. Ortho• 

olase and quartz form. a few small pllenocrysta. Pale green 

phenocrysta of a ma.fie mineral are also rarely present, and 

they are, with a few exceptions, nearly completely altered 

to ehlorite and calcite. As a result ot this a.iteration ab• 

solute identifioa.tion w.aa impossible, but from their elongate 

crystal outline and rather low extinction angle, (2(,}• their 

pale green color, and their alteration products, the mineral 

wae thought to be hornblende. It is not appreciably pleo• 

ohroic. 

Small anhedrone of black iron ore and la.the of apa• 

tite of high refractive index but low birefringence occur as 

accessories. The black iron ore is the more abundant. 

The groundm~os is in general m1c:roccysta.ll1ne, 

very little glaea being observed, Quartz forms about half 

tho groundmasai the r.zi~ainderbetng a 'badly altered feldspar, 

probably originally orthoolaae. 

Pale green chlor!te, with ultra.-blue interference 

color, and oa.loite are the most abundant alteration products . 

In the ground.mass the most abundant secondary mineral is 

kaolin. 



Approximate Composition by Volume. 

Ande ine 27% 

Quartz 30% 

Orthoolase 3(}fe 

Black iron ore 5" 

Chlor1te 6% 

Biotite 

Porpwrit~o Dellen1te 

egascopic pe cr1P,tion. 

Thie rock forms a dike averaging about seventy­

five feet ride directly est of the town of Frances. It ie 

resistant to weathering and formo the crest of a low ridge. 

The rook 1 greyish bro n in color and porplzy-ri tic in tex• 

ture. The bro color ppeara to be la.rgely the reeul t of 

eathering. Phenocrysta oft o kinds of feldspar, one of 

which is striated ae a result of albite t11nn1ng, and small 

though abundant biotite grains form at lea.st one-fifth of 

the volume of the :rock. 

icroscopic Deapri~tion. 

22 

Under the icroscope cryat .... ls of plagiocl'lse d 

orthocla.se a.re equally abundant. The abundance of the plagio• 

olaae ntforded excellent opportunity for its determination 

by the statistical ethod of Michel•Levy. It was found to be 

a.ndesine, as them imum angle measured between the extinction 

position and the traoe of-tho albite twinning planes raa 25°. 
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Strongly pleoohro1c biotite phenocryste are numerous; they 

h ave a greenish bla.ck color for light vibrating pi:1.ra.llel to 

the cleav-age and a light yellow oolor for light vibrating at 

right angles to the cleavage. Quartz cryata.la of very small 

diameter are scattered sparsely throughout the slide. Grains 

of blaok iron ore and apatite are the only other phenooryats. 

The minerals distinguishable in the ground.mass are 

quartz and orthoolase. 

Alteration products are kaolin, iron oxide, and 

seria1te, 

Approximate Composition by Volume. 

quartz 30% 

Orthoclase 40% 

Andesine 

l31ot1te , 

Ble.ok Iron Ore 

.~sascop1o Deecr1ptio~• 

26'"' 

'!I" 

2% 

Thia rock forms two dikes in the area; they are 

a.bout fifteen feet wide. They both strike sl1gl1tly north 

of weat. One of these outcrops eaet of the Cornucopia mine 

and the other west of the Dev1 Drop tunnel. Tl1e rook -.veathers 

as rapidly as the surrounding granite,, and outorope of this 

rock are not prominent surface :f'eaturee . The .._ ... dit tunnel tn .. 

teraeots the dike of this rock occurring ·,eat of the Dew 



Drop mine. It ha.a a brown color a.nd a porphyritic texture. 

The phenocryste are large rectangles of reddish brown feld• 

spar; these att a in a max.imwn length ot nearly one-hQlf an 

inch. Black iron ore. and ruusoovite are H.lso ciiaeernible. 

~Ucx-oacoplc P,_eaoriJation. 

In thin seation the large phenoc:eyets are found 

to be somelhat kaolinized orthoolase. Tlle ground.mass is 

seen to consist of approximately 70'% orthocla.ae, quartz 

occupies the remaining volume, although prominent primary 

musoovi te is frequently present, Black 1.ron ore anhed:rons 

are evenly d1atributed throughout the :rock, Oalcite gra ins 

are common and rnt:,,y indica te that pa.rt of the original feld• 

epar was plagioclaae~ 

Approximate Composition by Volume 

Orthoelase 85% 

Q,uartz l~ 

Ble.ok :tron Ore 

Uuseovite 

Mesascopio Description. 

Thia rock, whioh fonru~ an important dike in the 

southwest pa.rt o:r the area, is a. typica.l. porphyry . It ha.a 

a width of seventy•f'ive feet. The phenocryets are large 
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and prominent; they are quartz, feldspax-, and biotite, They 

weather less easily than the very fine grained ground.mass. 
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Weathering emphasizes the porphy'ritic texture, pyramidal eu• 

hedrons of quartz being moat apparent. 

lriaroacopic Deaor1P,,t,1on. 

lUcroecopio examination showa quartz, plagioolase, 

and orthoelase euhedrono 1n nearly equal amounts. The plag• 

ioclase exhibito a maximum extinction engle of 27° and ia 

therefore basic andesine. Small phenoc:rysts of muaoovite 

and biotite are present. A few needleo or apatite appear, 

and. finally, several gro.ine or garnet (?) a.re observable. 

This mineral has a nearly circular outline, a high index or 

refraction, no cleavage, and a pale reddish color. 

Approximate Compo$1tion by Volume 

Quartz 40% 

Orthoclase 35% 

Andesine 15;; 

tfuscovite ,~i 
/:,; 

:Siotite 2;C 

Garnet (?) less than 1% 

Apatite leas than )$~ 

filllolite 

Megaacopic Deeor1pt1on. 

Fourteen dikes of this rook were mapped 1n the area 

covered. The 1idth of these va.ried from twenty feet to over 

one hundred feet. It is the r ost comm.on Tertiary dike rock . 

In appearance the rhyol1 te is chalky v,hi te to grey in color, 



and fine grained. 'l.'he,<i,oolc 1a1 in general, even textured .. 

131otite phenooryets are very common, howe.;er, in the dike 

outcropJ)ing a.long the crest of Niwot Hill . Occasionally e. . 
few aca.ttered oryetala of quartz can be distinguished. The 

dike rooks can be divided roughly into two variet:tes1 one 

an extremely fine grained, white variety and the. other one 

a coarser, darker grey rock • . 

~icroaoopi~ Descript ion. 

Under the miorosco:pe the whiter, fine grained 

variety is found to coneist largely of quartz, orthQQla.ae, 

and seconde.ry kaolin and mica, thue roaking it a rhyoli te. 

Approximate Compos! tion by Volume 

Quartz 45% 

Orthoolase 40'J 

Alteration P~oducts 15% 
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The darker, coarser grained variety shows more 

va.riation in mineral compoai tion. Mieroli tea of plagioclase 

~ire abund~.nt. The plagioclaae vras determined to be a.ndeslne 

a.l:l 1 t exhibited a maximum extinction angle of 26° measured 

from the e..lbite twinning lt>.Jrelae. lHotite is also a common 

constituent of these rocks. 

Needles of apatite and subhedrons of black iron 

ore are numerous. Chlorite is not uncommon, and the shape 

of its grrins suegeats that the mineral from whioh it was 

derived was hornblende. An average of the mineral composi-



tion of' several sections of this rook gives, 

Appro::dnate Oomposi tion by Volime. 

quartz 25% 

Orthoclaoe 43% 
Andeaine 21% 

.Bla ok Iron Ore 4, . 
/ ~ 

Apatite ~ 

Chlorlte 3% 

This makes the rock a basic r}\yol1te approaohing 

an acidic dellenite in composition. 

STRUCTURAL GEOLOGY. 

The area embraced by this report includes tv,o 

27 

well defined structural entities as noted by Dr. P. G. Wor• 

ceater, op~ c i t. In Ca11forn1a. Gulch where the Adit struc ... 

tura.l features mF,y be considered a n typicrn.1, the veins and 

t he f aults have a. northweot trend . Foliati.on planes in the 

gneiaeoid granite in the s1.1rl"oundtng a,rea. have the sanie 

strike. The Columbia. and Stoughton veins aro characteris­

tic of t he i mm.edi ?..te vicinity of '1/ard and have a nearly ea.st 

and west strike. Here aga in the strike or the faults and 

foli ation planes parallels the veir1s. 

Dikes 1n the area show greater variation. The 

majority atrike northwest, but others have east and west, 

northeast, and north-south strikes. Dips are generally to 

the north and r ange from 46° to 90°, 



A large amount of faulting haa taken place in t he 

area. Layers of fault gouee on one or both vein walls are 

commonly present. Sltokensid.es are al.so observable on the 

vein w~l~s. Fract~res orossing the veins are fl-equently 

ob.oervable, but displa.oement in th.eee is rarely seen. The 

mEjor f ault of' the area, the Ntwot, has a strike slightly 

east of north. 

28 
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ORE D POSITS. 

General Discussion. 

The ore deposits of the area are principally gold. 

Silver 1s nlmost invariably present, but in too small 1ounta 

to be or importance. Lead, co1>per, nd zinc sulphides nd 

tung ten minerals are also found, but not in economic amounts. 

The primary gold ore, w: ere the topographic condi­

tions were au1table 1 has been oxidized and enrlohed leaving 

free gold in "rotten quartz"• These secondary ore ere 

commonly very rich, _Lnd they have been largely worked out. 

ADIT TUN:N L. 

General pha,. ter of the Deposit. (Plate 2), 

Tl e Adi t tunnel h~.n a. northwest trend and follows 

along a. vein coTI!red by the California., Dew Drop, Helen c., 

Hi h Line, Gold Bug, Golden Standard, and other claims. The 

idth of the vein ranees in genere.l from one to ten :f'oet. 

Tle tunnel follo1a one remark~bly str~1ght and continuous 

vein. Cro veins and splits though present, are uni portunt 

economically. They show no uniformity of strike and dip. A 

horse of c n iderable size is to be seen in the vein. The 

wall rock ie l· ost universally gneisaoid granite, mao ive 

gr n'te bein found only t the portal and at one place 1n 

the tunnel. The tunnel cuts through a porphyritic quartz 

eyenite dike. The vein ia you11ge.r t _n,n tho di1 ... e, since the 

dike i out by the vein. 
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Character of the Ore. 

The ore 1n the portion of the Adit studied is re• 

mr.rka.bly homogeneous . It consists of large masses of greasy 

appearing , grey pyrite in a gangue of milky white, massive 

quartz. The ora is in general massive, and crystals a.re 

rare, only being found in vu.gs on cryatallieed quartz. Ty­

pical vein banding is rarely present. Chalcopyrite seldom 

occurs in the mapped portion of the Adit . Calcite and aeri­

cite are present but are unimportant. 

Age of ~he Deppsi~. 

The age -of this vein system is thought to be Ter• 

tiary. The vein cuts u porphyritic quartz syenite dike aim• 

tlar to those commonly assigned to the Tertiary period of 

vulcr-mtam. llollowing thi s Tertiary period of dike formation, 

ore•bear1ng solutions are thou.gl1t to have been abundr .. nt, and 

these are believed to have been instrumental in fol'ming the 

ore deposits of the Adit tunnel. 

Ore D_eposi tion. 

It appears thllt the period of mineralization along 

this vein was rela.tively of brief dul:ation .. At the end. of 

Cretac~oua time or early in the Tertiary period, a displace­

ment of large magnitude probably took place in a northwest 

direction. This movement was, no doubt, instrumental in 

leaving a weakened zone along the line of the Adit tunnel. 

'l'he next event of importance was the intrusion of the various 

surrounding porphyry dikes. Then, after a lapse of time, and 
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perhaps as a. closing fea.ture of the same period of vulcanism, 

a large amount of quLrtz filled the maj❖r crevice form.ed dur• 

ing the period of movement, and finally the pyrite with ita 

· ccompanying gold was deposited v:i thin the quartz and on . 

quartz crystals lining vuge in the vein. Still latei·, :move­

ments Rgain ocourred :i.n the region, and their position was 

determined by the strong resista.nt qunrtz veins along the 

borders of which the movement developed gouge serune. 

Outlook. 

It appea.rs that the ore deposits ln the portion 

of the Adlt tunnel mapped 8re destined to remain unexploit­

ed for some time as they are ot too low grade to be mined 

and milled profitably. However, it is reported that rich 

ore shoots occur a short distance farther :t'rom the portal 

in the Dew Drop and High Line claims, and these will, no 

doubt, be shortly opened by the Big Five Company and may 

yield excellent profits. 

COLUM:BIA MINE. 

General Char,1oter of the Deposit. (Plate 3). 

/ 

The ore depoai ts in the Columbia mine form a ~"trk• 

ed contra.st to those in the Adit. Instead of' one long, con­

tinuous, rarely branohing vein; there is a wide zone of min~ 

e:ralh,ution ocoupied by four more or less parallel veins 

br~nching from or closely related to a central or middle vein. 



Faul ts a.dj a cent to and parallel with the ve 1ns and marked 

by wide gouge seam:::; on one or both vein walls a,re quite 

cor.nnon. 

V~in Rel;:.tlonahi]2;3 . 
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The veins occur 1n a.n area of massive pink grenite 

1hich ~np9.rent1y gra.dea into a gneissoid granite in all di ­

rections from the C'>lu.tnb1a shaft . The veins frequently p.t.:...·a• 

llel dikes of pegmatite a.nd fine g1'"ained granite. ~i'he peg­

matite is similttr to the granite in co.mposi tion, but the 

amount of quartz is variable and may be practically zero. 

The areas· occupi.ed by the pegma.t:tte, fine grained granite, 

and coarse, m~.ostve granite o.pp 0 .rently were conducive to 

ore deposition, and where the roek becornE,a more gneissoid 

the veins are narrow ~nd deorease in value, 

Character of the Ore . 

The ore, unlike that in the Adit, consists largely 

of chaloopyri te. Crystals and masses of py:t·lte are also fre• 

quently presen·t in a matrix of massive chaloopyrite, Quartz 

ia the onl;;r important gangue mineral, but subordina.te amounts 

of calcite arid :feldapa.r also occur. In addition to the min• 

erals e. lready mentioned, '1lmost negligible amounts of galena, 

tetrahedrite, chalcocita and bornite occur . 

History and Age o-f Qre De;positiol'!,• 

The events lea.ding up to the ore formation a.re 

apparently as follows= tn pre-Cambrian time the region was 



1 nvaded by ~ very la.rge grani. te ma.es. As A. final ata.e;e of 

this intruaion, peg.mRtit!o materia l wn u inJectod apparently 
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.long a weakened zone. Later sti:t.l, . the fine gra.ined granite 

was i truderl into the cold rooks a,nd wa.o closely jo5.nted due 

to rapid cooling. At aome aubaequent time Which may have 

been during the Tertiary period and contemporaneous with the 

Adit mineralization and the eruption of the nearby, cloeely 

para.11 1 felsite pon,hyry dike forming Uiwot Hill, quartz 

TIB.s inj ectod t:.nd ribbed the broken zone. soon afte1~ the 

chalcopyrite formed, and then pyrite was deposited. Follow• 

ing this, the very subordinate galena and tetrahedritc Y1ere 

deposited. One rather brief period of mineralization is in­

dicated, and subsequent vein opening and :refilling are not 

found. The chnlcocite and bornite appear to be altera tion 

products f'orrning COfttir1gs on the primary minerala as a re• 

sult of secondary enrichment and weathering processes. The 

ore ia generally con:fined to the outer portions of the veins, 

occurring either in the hanging-wall or foot-w<lll or both. 

In many places the granite walls a.re heavily iJ11pregnated with 

the auriferous sulphides. Occasionally the ore streak leaves 

the quartz entirely and is bounded on botl.:. aides by eranite 

walls. 

The various levels of the Columbia ,dll be describ• 

ed only briefly sinoe they a.re shown in detail on the aooom* 

pany1ng map. (Plate 3). 
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~iftl Foot Ley~f• 

The middle ~ein is the only vein worked on this 

level. It consiats in general of from 2 to 3 :f'eet of white 

quartz with a.ccomp3:,nying pyrite and Chc'.lCopyri te. The strike 

is s. 72<t :m. which a'ly be oonaidered as e.bout the usual 

otrike of veins in the Columbia. The dip is 65° to the north 

s,nd also quite typical. The walls a.re of pink, massive gran­

ite- Workings are less extensive on this level than on any 

other m--•pped. 

One Hundred Foot !evel. 

Workings on the hundred foot level are confined to 

the middle and. north veins~ Peg:matite and fine grained gran­

ite ocour nlong and between these two eina. Gneiss occurs 

et both the eastern e,nd western ends of the middle drift. 

r'here the gneiss oooure the veins are poorly developed, and 

they were abundoned. 

One Hundred and Vi~~y_Fppt,L~v~~• 

Conditions a.long the one hundred and fifty foot 

level ere very oimilar to those found on th.e hundred foot 

level. Pegm..."'ttite and fine grained gra.n1te dikes occur along 

::: mi between the north and middle veins together with massive 

gr~;.ni te. Gno:i.as ocaurs in the west onrl of' the middle d:r1ft. 

The strikes r.,nd dips are typical. 

Two Hundred Foot L~vel. 

The two hundred foot level is more extensively 
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orked than n.ny o:f' the others mapped. Drifts follow four 

veine on this level the mid.dle, south, north, and north 

nuJnber 2 veins. 

'he w~ll rock of tho south vein is mn.inly gneissold 

granite .1ith aubordinste amounts of massive gr,-:.n:i te. The 

vein averages between six inches and a toot 1n width and 

ap1ea.r0 to be poorly developed, though a◊me assays ran as 

high as three ounceu of gold to the ton. The strike is a, ... 

bout the ucual 8. 70° r:., but the dip is exceptional at times 

being to t.lt, .... south. Thooe dips re,nge from 60° s. at the west 

end of tho south drift to vertical near the ea,at end. 

The middle vein is largely in granite w.tth gneissoid 

granite a.t eaoh end. Pegua.tite occurs sparingly, but no fine 

grained grar.ti te was observed. 

The north vein is in a granite area. with only a 

very small showing of pegmi=£tite. The north number 2 vein has 

pegmatite and fine &rained granite paralleling it in ita eastern 

extent. The hi,..ng!.ng wall is gra.ni te and the foot ,·,all gneissoid 

granite. '.i;his vein pas:arno through a dike of qmi.rtz pyroxenite, 

a nd ft~rthe. .rest the ·11~11 rook is granite.. The dip Vtiriea, 

bcint: in some plaoes to the nouth ancl in others to the north. 

The vein splits e.t the east breast into two diatin0t veins. 

In addition to the tibove veina some minor orosa 

veins occur, the moet importc,nt is in the cross cut bet;veen 

tl!.e mlddle and t.rnuth vein , E:.nd. strikes N• 72° :m. and dips 

82° N. 



!,!ro nund:red rind Piftz_ -.. C?!?t l:~Y~-

The h"To hundred and i.fty foot workit1gs are less 

extensive th:'n those on the two hundred foot level. Gneiss 
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ir~ more ah1rnd.c.nt. 2;0 pegmat i te or fine grn.ined gra.ni te lilce 

that found on the uppe1· levels ·w::1s seen. A more t~rpic::tl peg­

ma t i te, ho veve:r, consisting of large masses of inter,ni:nt✓,ling 

quartz and feldspar occurs in the croas cut from the middle 

to the north vein, Very little ·work has baen done on the 

fJQUth vein where the ore is a.p:parently tnterapereed through 

a feldspar m?trix. At the west breast of the north drift 

the vein sr>lits, and one bra.nch of about an inch of cLalco• 

IJYr i to panses j.nto the grz.ni. te walls without :i.coomprmying 

quartz. Tho veina ht.'ve roughly as.st - weet trends with rairly 

high dips to the north.. 

Outlook. 

The outlook for tho Columbia mine is bright. There 

is a l arge amount of ore 1n the stopes which, under present 

condi tiot1s, can be milled profitably at the Camp Frances mill 

of the :Big Five Company. In addition to this 1 there yet re• 

mains a large block of ore on the two hundred foot level, 

north number 2 vein, which will run close to half an ounoe 

of gold per ton over a mineable tlidth . No doubt,, considerable 

ore wil.l be found below the t-r10 hundred and fifty foot level 

as old workin__:,s continue to be re-opened. The N'iwot winze 

sunk on tho Columbia vein has proved ore to a depth of approx­

imately 900 feet from the ourfa.ce. In addition to this the 

Columbia dump ia being milled with success . 



Fi. 4. Bi Five dW!lp at the Adit tunn l portal. 

Yig. 5. haft hou e and gallo a frame at the Columbia shaft 
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In the area mapped the wa.rd.•:Big Five Gold Mining 

Company ls pra.etioally the only producer. A tev,1 other small 

operations a.re being carried on intermittently. The present 

Big Fbte Company was organized in 1932 and operations began 

in the early part of' 1933. At the present time from two to 

three shifts a~e kept busy cleaning out the Adit tunnel tor 

use in tramming ore from both the Adit and Columbia. vein 

ayetema (Fig• 4) • 

In the Columbia mine a like number of shifts are 

engaged in drilline;, rock b:reaki.ng, hoisting, and clean-up 

work. Gasoline engines a.re employed at the Columbia shaft 

for driving the compressor, fans, hoist, and generator. 

(Fig. 5). 
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The only mill operating in thia area is the Carap 

Frances mill of the Big Five Company. (J?ig. 6),, A 110 horse 

power diesel engine supplies power for the mill and drives an 

electric generator to supply current to the other mine build• 

ings . The ore is first crushed in a Blake Jaw crusher and 

then paaaed through a ball mill. Classifiers are in oloaed 

circuit wi th this m1ll, and the material is reground until 

it passes a. 16 mesh screen. The ore pulp then passes over 

an amalgamation plate; after which it runs over a Vli lfley 

table ♦- and a first oonoentrate is obtained. The t a ilings 

from the first table paae·to a lower table, and a. second con ... 

centra.te is obtained• after whioh the tailings are discharged 

from the mill to settling ponds. This mill, which began 

operating only a short t1me ego (April, 1934), is handling 

from tv1enty five to fifty tons of ore daily, This oa.paoi ty 

can be increased materially, however• by using more \/ ilfley 

tables .. 

In addition to the mill a oomplete.ly equipped l ab­

. oratory 1s maintained by the Big Five Company 1n which ores 

and mill products a.re assayed, and chemical determinations 

are carried on. (Fig . 1). 
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Fith 6 .. Big Five ! ill a.t Camp Frances. 

Fig. 7, Big Five l aboratory and office at Frances . 



f,RE§ENT OUTLOOK . FOR THE VfARD AR?!A• 

It ia probable that the Ward area will again be­

come a. large gold producer. The veins are wJ.de, and though 

of 10,1 gra.de, they ea.n in general be depended on to retain 

their values for considerable distances. Unless auffioient 

capital enters the area, however, progress will undoubtedly 

be slow as large scale operations are necessary . 
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