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I li T R O D U C T I O N ..._ __ .....,..~....,. ..... .,.,..... ___ ~ 

F I E 1 D A N D O F l I O E ff O R K ......, ........ ..,."""'" ._ ........ ...,..,.._..... ___ ....,. ___ ~ • - ........ --.. 

The :field work for this thesis was c1.one during tho sum.­

rner of 1921. Ruasoll Oil:rson,. w .. o. ThtHnpson j £ . .P. Andre\7B, . 

end the \"iriter spont 10 ,days .r:;1ec:..Buring sections ,. hunting :fos­

lJils~ and securing othor de.ta f::>r tho stratigraphy of· tho 

Radcliff ctietrict. : . • o .. Thoupson and tho n·it~n· s:pcnt 3 

woo ks rm:J!'.ing o.n e¼Cz::tin;s.tion of the Ground Hog mine . '..-he of'­

f:i.oo am! labo:rc.tory work for this theoin i.:ras clone by the 

A plan ('f tho Ground llog r.dno provided by t .ho 1:Jmpire Zi nc 

Coopa:rzy greatly faoilita.tcd the Cl"..:& .... 'ilination oi' that mine . 

Valuable afmistanao was r.eeei vod from I!r . Gus Ohr.:istead . who 

held tb.c Ground Hog cdne under leo.Ge t~t t ho time ... his 11ork 

rn1s going on . 

I am. gren,tly :indcbtc{1 to Pro:foi::mor H. D .. Crar1ford 1 under 

whoso f i re<:,t ion thin thoois nao wri tton; to Pi"ofessors Juni ua 
', 

Henderson and A .. J. Tie jc . i;.ho assi.otod i ri the identification 

of tho fonsils and criticized this -thesis .; end to l?ro:fessor 

R. D. George for rm:ny suggootiono end criticisms. I have en-



doavored to ac1rnotvledg-e sources of i11:forr,aation by :footnote 

rc:fero11cea. 

7 

The llectoli.ff mining district i .s looa.tod tn the southee.nt 

part o:r Hugl0 Connt:i•, Colo;·o.do. The· northern limit of the 

l!ountains lic2 a sho;rt tUotan .. o to the south .rest of tllio dis­

trict ... Thv district is di-a:lnod by :ecgla Ri vce:r and 1 to tri­

butaries.. Tho Denver tmd Rio Gt"C:nde :z. r . rune Cti:rcctly thru 

th(;; mining :region. A good autouobile road conncots Rodcliff 

and Gilrr.:an vri th Olenr;ood Springs to tho west anu .Leadville to 

the southeast .. 

J?r•oviousl., publin1'Wd ruporta i:eve oeen fcr,7 cmd very brief 

on oithor the minos or the otratigi-aph;v Jf tho Roc1eliff dis­

trict. Writings 1:hich have aomc b~a,:;."ing on oithor the ot:ra­

tigro.pl•y o:r .<-!le Podalif':f diut_iot or tho goology of the Ground 

Jog mino e.:t"e listed bolotv. Literature tts.ed in this report is 

suitably .referred to by footnotes . 
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Paleozoic sodimonto entirely covo:.· tLc _ cdcliff dis­

" iot, ,ti •. h e ccpt ion of loo lit ion \:1·cro Zag le :a vor 

an so, o of' i LS t_,ibutarico ha:, e cut throug'11 he sodimon-

t ..... .1,,y roc"irs u.nd for nno •her 100 feot 01, moro into he rrun­

it0s an gneisses . 

.. :ost of the scdi. .. en ar:; rocks 0 011 ain very few fc.Js~ilG. 

due, probabl:-t , to •he •otaoor:phisw of the stre:. • . Ilo\:cver, 

one or t o cd• . especially in tLe C ..... rboniferou3 she.leo _d 

limes ones, produced quite a nur.bcr of :fossils. Paleonto­

logio lly fou1· c1istinct forr:it tions ay e diffcrcn io.ted in 

this region. A lithologice.1 study in connection \,it 1 t :t: c 

above might possibly warrant :i..urth r division. 

CA:.B IAN- ... VJ ·r .. _1:f i.) 
~, 

,.;) ,l'.., I . . ~ liT ~ ______ ...,_ -------- ---------

Ca brian u..,_r zi o roots dirco ly upon ·h granites, 

gneisses, nd schists of tle djo riot. The base of the 

Ca brii::.1~, consisting of ---bout 10 foet f sodimonts , in es-



., 
.L 

sentiallJ a conrlomer ... tio arkoso , Jade up of diointcgrc.ted 

granite ffi!,.tcria.ls . The pebbh.s in tho conglomo1-. .... t0 are roun­

ded f'ragments of quartz , varying 1 size , Li th a ouxi m of 

about thrco- fourtlrn inches in diacetor . Tho finer grains con-­

sist csoontia'ly of quartz und foldopur , largely microolino . 

rom a mi croscopic examinnti◊n oi some of tho cru.,L.ed rtateri ­

a.1 , th oemcntinr- aubstar:.cos a1.poar to be silica c.rd a a.olin­

itie matel'ial , tho lat er probably from he o.lt• rc.tion of the 

:foh1sp, .. r . A little higJ-~e • u:p the conglomc::.·t. e grc des jnto a 

fine - e t.incd quartzite , VO -'Y compuot unc well cer..,entcd it' 

sccondo.r~· qucrtz . ~:ho que~rtzitc. is bluish- t.hite and is co~.­

posod al .ost cntiroJy of 1mrc quc.rtz grains r.vcr .... gin[" 2.5 .:_, .. 

in dio. 1otcr . A fct1 very muall cr.1stals of pyrite i·eplacjng 

a. part of the indi viduul gro.inB o:1.' uartz \:e1·c revealed. by 

tho microscope . 

In a section measured ak Gilman eompcct , pure u~rtz-

ite continues to a thicknoos of about 220 foot. 5!3 fvct 

above t .0 grenit0 , tlwrc is c1ioncoou..., streak 3 or 4 inches 

his, i.:,h n e ino.. u _a.or tl: ... e microscope-, a-ppc~rs 

to lw.ve b0on 1•i.c-ina.lly c. fine - grained micaccous g_m .. rtzitc t 

i; hose bro ;n:ish a ro r nee is uc to r ·t.:.thcring. 0venty- oi.x 

feet t b vc tho granite , occurs c 2-foot bed of sandy limosto­

n . 1-t is par icul rly notj_ceablc, in th~ 1. it in mucL loso 

rosis nt to cronion than th. ovorhangin qu rtzitc .. bovD i,. 

Fro1!1 126 to 157 i'oot tbovo tLo grc.nit ·. , i:.ltorr .. :.:tin bcclc: of 

dvn;:;,e, nhite qur.rtzjtc and of ·po .z:ouo, f} O\,n 1 iron- s in •d 

srtz-



., " 

ito 1Lh a -fou bedn of r ore porous, nom.·osistunt , sm dstvnc 

continues for 65 feet . 

actor of the scdi .. on c· 

l alto n· ti bodn of cc.le" ... c us t~nd 1.· r:~ 11accouo sandntones 

or u· rtzi tcs , arcnacoouo li uo::rtonoa , a.1L • hin , hu.i. tl , pl· ._y , 

gr0.y o grc n oh ..... le . ~!.'h" sodi4lcn s .._.: c VCJ.'Y 1. hinly lo d ~, 

uvcroging los"' than 1 inch i n thickness . 1.1he oandot nos arc 

red ish- bro,n in color , th bl.:.tleo n ligh r y isl~ grc n. 

The .:li·nt 5 f ct of thj' <.Uvision is succeeded b;:, L. 24- foot 

zone oi' Llt oxn~ ting beds of rr::: y , cryst~ l linc , • ror..L.coous 

li, t: tono~ . tl.in slaty , friable sh ... lco , and 6-inch lleds o::f 

grecnL,h- gra.y • sando one . oo. e of the li est on~ hus r, LO't 1: lcd 

appcnranc,e o .use b;v e. conside • .blo nu b r of olonpnted broi,n-

ioh iron- ind vrioto. ,., '-• tlno.tior ... ith the mioroeco e sug-

gc..1t~d tl:a.t , ori ina11s , +110 lon ut1..:d blotches ·:c ·c probnbll 

li .cs one pebbles an lud been rc1l·cod by dolomito. About 

2~6- f ct ".bovo the . rani to t e h ... rd no .:o.1h t .avy quar. :..i te 

io purple in color , and Lo th~ ... ·s ... o dar"" or brm,nioh purple, 

Closely t.osocio.ted ,lith 1.ho bod o'f purple quar· zito and ae ·. -

in -l;y adin"' into it tc.ro bright - 01~0011 to 1:ir y- purp}c , porous 

quartz·too . ~hose ods uio aimil o beds of ~lauconjtia 

)oulc , A. C. Annm:..1 l oport of hu Ha d n du vo;; for 
1374, : p . 112 . 

;t,'l' idgc , G. n . Geologic Atlt.s • .J .. . , :folio~ . An·~--·a­
cito• C~ested Dute, Color~do , p4 . 6 . 

·.., urr , J . •. Geoloc-y of -..ho npGn :.ining iotrj ct, 
Coloret1o L.ono(!'raph Zl . 1 . ,.J . G • ..; . , HY8 ,. pp . 6. 



About 325 :feet above the base o:f t:i.:.e format ion. is a. 

15 to 16 :foot bed oi' hard.,, ,1h:i.to , 1·esistant, :'ine- grt.dnod, 

ti~i ek- bcddcd quartetto , strikingl:1,1 similer to the mcs0ive 

quartzite in the :first ,225 feet of th0 :f'ol'ma: j on .. Tho k.st 

14 to 15 feat o:f the quartzite bed oonsistG of thick• bedded 

sanastono oontaj.ni.r-...g quartz pcbblos up to threo- ejghths of 

a n in.oh in di ameter. .Near the top tho grains of quu.ct z aro 

large l y embedded. in ea.loareous cement , '·:nd tl10 sanest one be ­

oomes losa resistant to Bros i on. tuo to -0. banded deposition 

of the sand fr:ratns it weathers in 1"ough s l ti.bs . !!!he total 

thickness of tho quartzi tc sories is about 355 foot .. 

The oonglomer.ate at tho bane inc!.icutos an ac1 vanc0 of 

the $08 over u woll planed down and eroded franite floo r.,. r,hte 

had apparently suffered snfficient disintegration and docom-

tho oongloc:.orate indi cate continuing subm-ergoncc . ln all pro­

babil i ty the sand was deposited not far from shore ,. nnci the 

l and maso ma9 be- a.ssur::od to hu ve been of lo· relio:f . tho 

quart.z gr. ina seem to hnve boon well v-mJhed and rounded be ­

fore being 00.r ried to the sea r.nd thon to bave been doposit -

ed in cot;pnra.ti v'Oly sh· llow rmte r. The shsly and calcareous 
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beds in the upper part of the :forr.n.ation indicate deposition 

in deeper water. Tho quart:z1te at the top of' the iorn:.o.tion 

is ev1donoe of' a. rotur:n to ah.G.1101,- vmtex- crn:ditions. The 

land mass supplying tho sea.imcnts -was, in all probability. 

the region now ocwupiod Ls the .;;;,a.watch Mountains:;,,. - Thu.s the 

sediments may well have been oarried into the Cambrian se&s 

fr-om the south. 

CA!.iBRIAN 

In the zone of alternc..to sl'lalea . limestones . and 

sandstones between 248 and. 2f3 feet above the granj t •J , a 

fragment o--f a trilobite was :found. It r,e.s identi:f:ied with 

l ittle doubt as Di.rnlloconhalus (Sa.ulria) 12cpine11si3. In the 

same strata -:..i1ere :found a. :-re,.·, small b:rachi.~pods idonti:f'ioo. 

as \jcatonia (ella?).. 2ho :foeail eviclenoe indic~tos upper -
Oambrtan ttge an.d agrees ,ith that of tho Ctimbr:tau in other 

looa.litiee. As tho first 260 foet of the qut::rtz:ito fo:rc::e.tion 

is uppe;r Canbxian from f'osoi 1 evidence , tho overlying bedo to 

within 30 foot of tho top of the que,rts:ito ::rn.ries a:re probab­

ly also upper Ua.~ibrian , in.asnmch as tho~ o.re , litholoej ca.lly ,-



OlUX)V lCIAN Alil DBVOlUAli '? 

Thero is a posoi bili:ty th.at Ordovic1an limestone and 

O-rdovioian or Devonian quart z.ite* { Pa:rting'd arc reJ;;rosented i n 

i n this region . It is c-ertai:1:1, fron fa.unal evidence t that the 

:fi:rnt 260 f .eet of the scdime:rrt,,.,ry roo1rs r,iust be uppc.::· Cambrian 

-ovo that horizon. Ada.itioncl 1..vidcnce strongthcns t he posaibi ­

li ty of t he presence o:f otht-r sodimonta than tht Cambrian 

Serra.toll quartzite ~ In·the 1fen :t:lile distr .~ct , ton miles Cfist 

of thin ncction,. .the ambrian quartzite** i.s ti ven u tldokness 

of 160 to £-00 f'eet , above thc.t is 120 to 160 feet of Ordovi -

eia.n limeotono m:i.d 15 to 60 :f'eot of' O""'dov:icia:n o:r Lievoni.an 

quartzit e . In tho .Loadvillo district . 20 miloa oouth- eo.st 

of this looali ty . the 9at1briano/**is l70pres..ented by 150 to200 

f'ect of quartzj_te , to the Ordovician is n.esip1ed 160 feet of 

limestone . and to the Parting qua;rttito a thieknoso of 60 feet. 

*Girt:y" , G . 1:.. The Carbon:i ferous Forr,-iationa and :Faunas 
of Colo~aao . ~rof. Paper No . 16, u. s . G. J9 , l~OZ. 

1'**:~F.imons , S . F . Geology and :raning Indm:rtrJ;, of :Leadville , 
Colorc,do . Uonograph l2, u. s . G. s .. 1G~H3. pp.cu . 

**.~r::i.r,.tons . ~ . ? . Ton ! .. ilc District Jpocic.1 Folio , Color8cl.O u.s . . ~ .. s . . 1sss. 
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In tho Aspen u:i s-tric , a.bout 40 o:i les south:-10st , th0 Cao-

north i:n the sarae district iP co!',.. •.. noes ·o .... hin out and is 

only 200 foot tLiok. From thB above c1ata it is seen hat 

th 1-. suprioo-od Cnml)ric.n at ... edcli:ff io consid-0rul)ly thickor 

than j n loo litio~ i rnwedj_e,tc:is au1·:founding it. On the other 

r i..'.nil , thoro io not suff icient dii':teronc(: i:a thick.no,.rn to c.a­

ooun:: fo c1c re th< n ono-hs.lf of tlL nJ !illJ,l thic:.:ncno of the 

oraovjcicn or for a lit'.1 more tlo.n the ussiened thicknoso 

oi: t!.o >c.rtin g_1.~art zj to. lrurtho:" ovicwnoe in favor o:f the 

other tb=n c_mbri~n sediments in the 355-foot ooction is the 

i·act tha tl1ere is , oeotJine-1:;.• .. no a.ppe ~en urconfo ~'mity bo­

tnoon tho no- c'"'llcd Cambrian end the Lea ville J;ovonia.n 

li; .. o.., t 0no . ithin a thickneos of about 15 ~cot , there ia 

gradation froG rn:mdstone t 1rough cs.lcare0us m . .11:0.s or:.o uncl 

D.J.·0110.ceous lir.:coto/i io lir.iorJt011.:.. In udditiot to • 1 o 

.:.i" )l onti:::: fo .. oil"" o5milar to those in the Tievon:;.an for­

mat ion ,,c_c i'ou:1·" at looct 2 feet bolOi-7 th.e J;-evouian ljr.;c ­

s·one in t}lc top o:f cho 30- £oot zone of quurt.zito~ This 

fo""sil evidaneo prc.otica.lly 1n·ovoo t _at the upper 30 feat 

of the ouppoBca '-'a.·· brit:tn co.nnot bo e.1rlier in age than Or-

dovici ..: innlly tbo 30 icct ~t tho top of t ho Ge i.;c,.table 

bcdo in lithologioall:v VP.r:1 Gimill..:l.r to the crting qus.1·tzite of 

upurr, J . l~. Coo log·• of th~ } sp01 Lininrr Dia. :riat, 
Co lore.do . :.onoe·.ro.pl 31 ,, u . ... . G. S., 1898 , PP• 10 . 



the l-e-adville and. Ten lif:ile distriots .- Considering tho up_ er 

30 foot as l?a.rtinc quartzite would leave a thickness o:f 3,25 

.f e et for tho Cambrian, provided that tho Ordovician Yihite 

limostone is not represented in th.is locality.., 

Certainly the O:rdovio1an White limestone m:mnot oo 

pre.sent in its greatest thickness" that is 200 feet. It is 

true the;t mottled limootono beds betl'reen 225 and 250 foet 

abovo tho granite resemble o bod of' the sa.mc ohuracter in 

od u horj zcn marker for t he top of tb.t Cambrian. Yet, in 

the Rcdcli:ff dtatrict t Cer:-,brian fossils :i.rnre found 10 feet 

hjgher tho.n tho mottlcc1 li!l'.lc::;.:tonc beds . lt :follows that thG­

Oam'hria:n must be t hJ ckcr at Rtc.olif:f' than it is at Leadville 

o:t in tho !.ro:n Milo diatriot.. It is. then , p1·obable: t hat the 

next 65 f oot of similar sodirnents is also uppor Ca.r/1.brian. 

Sawa.toh quartzite {Pambrinn} or l arting quartzite {Ordovici­

an or Devonian) has beer,1 largcly a. matter of opiniori. How­

ever , it :1.s my belied: that t te ovidonoe strongJ.s f .... vors De 

vonian Pa.rtinfl' ci:ue.rtztte f or the upper 30 f eet. A quostion 

r:.ia.y be aoked here .. \ihat oH .. used tho absenoo of i..hu Ordovioii::.n 
. 

limestone . :if it i n t rite that :Devonian sed:i.me:nt :1 rest direct -

ly on the quu1·tzite of the Cambrian age ? Inamnuch ae Ordo­

vician limi::;st or1e is found in both tho Leadville am1 Ten !.!ile 

districts to t ho east a.na s outh- 00.st of' this oootton and in 

*T:~mr .. ;::im.1~ S. l!"l . Geology and Ein:i.:ng- lndust r;, of '11s;advi 1 lc , 
Coloradot D. S . G • .5. :Wo:nog1•a._ph 12, l b86, '<P-59 



+1.0 Aopo-n divtrict south- est f'ro thin 1·og:lon, i 1 10 per­

cc ... tiblc t_~inning .. o-n1rcls Rodcliff , it 1ou1 not bo lor.;ic· l 

to esnu .. o that :ho Q_•clovici "'n lt cs one wus not <lopooi tccl 

nn.lly l • d <lO'vm in th.., : c<.lclLff dj st ric , i :follO:.JS hat 

"·ho Ordovici.. :n i ue..,tone uot h ... ve been crodod coi:ipletuly 

...,La~,, i ..P it in not rcprcsentc<.1 in thin diat rict . T!:d s hypo­

theois 10uHl nooc.Jsi to· , a.t loo.st • a "isconformi y s- u o-
\ 

1horc botuccn thE top of tl e 1:nor,n C~ bri !: n ·, h JU""e of 

tho DcvoniLn P .... rting qm:,rtzi"'•c , provided that tLo v i'i ·er is 

corrcot in usstuning th•1t he liovonic.n sedioenta lie dircci. ly 

on tho Ca ... b r ian formt.tio~.. . • 1thou~h a "isconfor, ity \'l o not 

loo ted in the ;1e1a. i ts ve,.:y possible ih• t one m y occur 

in tho obscured beds just below the .supr,osed Ordovician or 

Devonian~ rtinc quartzit . 
, 

At he prosont tirco tho o.gc of tl:.o nrting q_uGrtr...i to 

reooins u settle~ . ..:orr...crly it wa13 bolicvec o be . ovonian. 

but l"' tor evi onco suggcota it to 1:.c Orc1ovici "n. Fio l _•o­

!!'.ains foun i tho Asp n dis•.:rict \,ore origjnall • "'l:.:l:Ji ·no 

to L_c Do ·oni n bnt ro now believed to be Oruovicia.n in 

a o. Tc f~ct that the Partin- quu·tzjte ia ordin~rily not 

scparatod f r om thv Orc.:ovicic.n limcotone by en unconfo::mity 

c on tl:ou h tho entire i. lur • c. : ormation i t.osent , is 

ition".. c i ... nee tli...et the urtin quart~H :.is or-ovician 

in a o ~ 
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D ,VO 1IAJ-LI ,:;1ISuIPP1. I. -------- ------------·-

L ; A D V I 1 l ;; :l. I f E S il O :U E 

.D..rnc:.L:?ION ------

~ho lo 'lcr limit of t!::.e Loo.dvi11o limestone in here con­

sidered o be ho lirnostonc bodo im .. odio. o ly overlyinc h o".1-

ouroouo sandstones or ereneoooun limestones, \:1:.ich ucather out 

in brown slabs. As atutod ~c:forc , an unconfo mity 7...,s not por­

oeptiblo, inotead , e grac1u 1 tr nsition from th pure, uartzitc 

bolo to the limestone above ;::,,:3 noted . The upper limit of the 

Leadville is taken as th. bano of tho black Dhales im ec1i ' tely 

ubovo Liaosivo- bcadod 1imestonos. ~his makco a totnl ·hjcknens 

of about 170 foot for the Dovonian- E.ionissippit:.n limoatonos . 

The base of the fo ~ .. tion or .... bout 60 feet consiato of even 

o.nd :fuirly thin- b e ddcd , c1cnoc , l.ard, bluo- frn:· , cry st· l line 

li oat ono or do lot i to . The oodo tiee.ther liq-ht --ro.y . A fc . 

narrow chort bend□ ar~ prcoent , o.s are u1co a. fc:"; thin p r\ -

ires of r y shal1,:; .. .Above ~ hts limoo· ·ono or dolo1 .. i te , occura 

c. 2- :foot bed of ro .. urkabl;y' p rs·ct -int quartzit e . ~hu quartz­

ite conoisto of fine , thitc , 1ura , ~oll- round o qu~rtz grains 

firml y ccmontod '11th bot h oilic ems r•nd cc.lca:i.·oour; .. .st c rials. 

Above he quartz:itc is u 10 - 11 - foot zone of, u3:rtzit·, b ... oc­

eia oo .. poocd of fine quartz grains , angulr.,1· frn.g 1• nts of li. e-



r, 

stone, .... nd both c.ngulo.r nd rounded f r a r.1nt0 of chert , all of 

which ~- o boun 1 ago h~ 1· .Ti th calol..roou., cement . ..iomc of the 

largo_ fregmenta of lim .. s one re G inohoo in c1io.mct .,r. but 

tho c,vc:..·u e die.motor of he fri:.. .00nts i . ., bout hr :ic - quurte r s-, 

of an inc;1. 2he upper part of th.: Leadville liuh,ntonc, 95 -

100 feet in th i ckness , io c1i_forent j n CJ.(',l'ac + cr from the lo-,­

er P" r.:: . The boddiml" is vor;; mc.ssi va . On t'.!:e fcco of some of 

the alL.os vor • ics.1 cliffs of \7oa.thcrod limeotono , ono oun see 

a.l .. ost no boddin ,ha over . ihc limestone is dark- blue and 

.1eathors to a bro\inioh- ·r .y. It is coaroely oryotallil'lo um1 

granul .r., o,,3l)o c ial l y in th u· per par.. . A charaotoristic foa -

ure of th lii..;octono is a ribbod structure or a banded G. pca.r­

anco caused by irrcf.Ulnr lines and SJJOts of \;bite crystalline 

oatcrial . This structure is often rather fine , thoro boing 

4 - 5 white linen per inah , but in other :pl Cl..!S thoy are ::'ar­

thor apur • J:he oinorc -orm suc ... 1 rock nzcbra.n limestone. 

~hi.., so called zebra lir.:iestonc contain□ sovor- 1 a.r...rk or_crty 

beds 1hich uro ospec::c.lly rosiotc.nt to erosion. There o.ro 

o.lso r~""n~ irrc nlo.r vugs jn tho li1 .... estonc. DOu!e of 1.hich "'"re 

at lcaot 4 inchon long , c..r..Q lined \;itL crystal.:., of dolomite . 

About ~5 qualitative tes s \:ere t«:.do upon tho li ostone of bj s 

for,,ation . From thoso tents the followjng gono11 &..lizations orm 

be ,_u.c o: 

l. Tho entire forrw.tion is c1olonjtic. 

L ..;i lieu oocurs in the first 60 feet of tho :foruit..tion 

in aoounto up to 10 percent . 

3. tiilice. is noticeably lo.eking in th "zebra" limos ·one 



above tho quartzite and b:reccia~ 

4. A consic1erable amount of l)hosphate m1s :tound 1.n one 

thin bed of i;s;h:i.te lime.atone 6 - 8 feet ebovo the 

bJ."'Oocia in tho "zebra" linostone. 

5 . The .hito spots o-r linos in the ".zeb:ran fo1•m.t~tion 

are also dolomitic. 

6. T:r-aoes of alu.mjnlli'.1 ru:t{i iron ooon1'· t:h.ronghout the 

fo:rme.tion. 

OrcUnar:ily limeotono iG oonsidored a fairly deop-water 

dcposi t. In tlw case o:f the Lead vi 11e limE.,at 0110 . hoHev;,;.n· , 

.relief and that the st:ros.me v1ere uarryj:ng mutor:ial chiefly 

in □olution into the areas oovored by soas , rn uld lead to the 

conclusion that tr..e limestone was deposited in moderately shal­

low '\:mtcr . Tho Leadvillo formation c :mtaino mo.ny ooi-al0 at the 

be.so and for c. considerablo 6.iB'ta.nco e..t the top . Some of tha 

conditions fo1~ oorci.1 life a.ro: 

l . Shallow uate:r .,.._ 01~d.ina.rily not over 120 :feet deep 

and usually less . 

2. riarm water - - not belov 6B dogre oc Farcnhoit . 

3 . :;ater f1•,~e fro~ lrind waste. 

4. "later oont~tining oa.rbono.to of lirac* oftentimes 



carried in by currents. 

5 . later of norm~l salinity. 

Theso fnotor strengthen the first argument ~or Bh.:...llo,: \,ate r 

deposition. 

'.i.1he sha.ly partings indicate ci ther ct,; clio c11rmgec in 

clim':\te over a. l ou land. or, lose likely, a. g ntlc olovr.~tion 

o:f tho land . Tho quo,rt::..i to bed in the raiddlo of the fo1·mution 

probably in ~ioatos a distinct elevation of tho lo.nc1 in orc1.cr 

thut the fino - .;raincd G .... nd mi"'ht be carried. farther out to ocu. 

The brcocia above tho quartzite sucgests stor my condittons in 

addition to the olo.vation; at nuoh tj,mcs ttc 1.·ough ,uvos and 

tidoa rrill.Y h~vc brol::on up a portion of' tL. oc..rlier dtposited 

limestone into c.ng-ultu· fr.:.err.mnto and co.!" .. ~ cd theL'\ :furtl~er out 

to sea , where thcv rICre doponitod ovor the qu rtzito la.:;1cr. 

It is :pos:.:ii ble tl:v.t the qnartzi te end br oc~:da represont an 

o leva.tion and aloo a oonoic1cruble tiue interval 1: . :£'01·c the next 

3 ,diruontation , 001.eoiully oj11ce i .. nas n0co3on.r,i for d.io prc­

o:;!.iot:lnft lim00 0110 to · ;ocomo thoroughly oolidified bofore it 

could be broken up into o.ngul r fragD.!snto. 

A ;fo Devonian fossilo uoro found at the baso of this 

formation. Tho identifiable Devonic.n brc.chiopods found \1ere 



",.. 
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Spirifor whitneyi . 1£hey occur in o. 5- :foot zone at the base 

of tho fo:rr:ro.tion-. A numhor of corals ( ZaJ?hi~ontis sp.) were 

found both at the base and at the top of tho f-ormation . No 

other idontifiablo fossils were f'ound hi tho :Leadvi lle lime­

stone :formation. However. it is roa.sonnblo that tho U}/per 

part of tho f'ormntion is llississi:ppian, ina-smua.h as Mr . S. F. 

Br:lC:lons has deterrntnod tho saroo bod* to be Louer Cn.rboni:ferous 

in the Leadville district . The dividing line botwocn the 

Devonian and tho llicrs:issiprjian ooult1 not be placed by :fossil 

evidenec .; but a likely plo.ee for it lithologically would be 

at the quartzito and b2.·occia bed 60 :tact above th\.> base of 

the format ion. 

P 3 N N S I L V A f I A ti 3 ~ D I li ~ D T S ~,___..w;,._ ....., _..,...., ........... ..... '!"""--- ___ _ ..,....,.._ __ _ 

WE BE fl PORUATIOU 

*Girty; F.n. Tho Ce,rboni:ferous Formctions and Faunas 
of Colorado~ .ero:r. Paper No .. 16 U. J . O .. .:i . , lv03* pJ) . 222- 223. 

*EmLiono , s .. :F. Ten ?.!ilo Dictrict Special Folio,, Oolort\dO 
U. J . Q. S. 18'.;8 . 

*:m ... ons , s . F _,. Geology o.nd 1:ining Inaustry of L.Hldvillc,, 
Co lorudo. L:onogra.ph 12 U _..J . C. S. 1886. p1, .. 66. 



The Weber sedi0ents ( in the ~en Mile* and Lead.villa** 

distr'.i ots) ha.vo been di vidoil, by Mr. s . F .. Rowons . :into :two 

:foroationa , the Webe l' shales and tho t'leber g .tit 0' . In order 

to keep tho same torrninolo~ . e similar division :,ill be used 

in this psa,er .. The term tfebor formation in thio paper ,, will 

inoludo both divisio11.a. Oorrelated sedioonts in other dis-

of t he varying clm.racter o:f t ho formation. 

The lower lim..:i..t o:t this forruat ion is the base of the ca.r..­

bonacoous ohalco i rm.::1edi2.toly overlying the !i:aasive Lead.ville 

limestone .. The two f'orrm:i.tio:ns a:re s -epe ruted b.y a. dictinot pla.Ae 

.39:e ,1hich i n oan~• places is ma.rked by an intrusive sheet of 

pocyhyry . Tho u1n1e.r lirnit of the formation js not eo nell de -­

:fi?led. About 310 feet above the base o! the ohalea . the sedi­

ments become etrcnaoec.-n.1a i:n eha..roete:r, qu.v.rt$:i.tes and conglom­

erates pr•edotdnutil'l8'• Thia horizon ia va.1:~ ablo • but \7as con­

nidered the top of tho rsobor shsloo. ll:he first 100 foot of 

the a.hale s oo:nsista n a.inly of dark blue-blaok 01.1.rbonaoeous 

material ~ which is :f'riablo,.' thin, plat;y and \7hioh weathers 

rendily . .Thin boos o:f very impure coal , o.veraging .2 - 3 incl:tes 

in thicknosa" occur at nevc1.1el horizons near the baoa of the 

shales . Bven lJede of' bluo-blnck impura lima:stone: averaging 

*Boir.\ono, s . :s- . :lion Milo DirJtriet dpeoial F'olio , Colorado . 
u.s .. c . J .. 1aDe. 

**~rrLons , t.L, Jl .. Geology t:."1.nd Mining !nduotry of Leadville, 
Colorado. U. ;;;i.G • .s .. 1898"'- lionogra11h 12, pp.c/·1. 
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dthin tho shclon. A 2-foot bod o:f da.rk-colorod. modium­

,_:re.ined ,. oooowhat oaloo.rco:us qun1·tzitc occuro 16 f.'00t above 

tho be.no of the fo~co.tion. Ono-11und ed feet up in tho shales, 

the "'cdimcnts 1)econo rioi·o .;.;.rorJD.cooun. Thin bcdo of green to 

rod mi ca.coouo ov.ndstono o.ltornc~te rdth th shaloo o.nd with 

the ,., ,, it 1mro bods o:r limes one. Appro;x:im' e ly 170 feet 

nbovo the Leadville limeotono iu a 1:-:root bod of quo.rtzito 

sandstone \,hioh contains ttm 1-:foot luyero of conglomerate. 

Tho 100 :rect !:.t Ji:hc top . the rie1)c r hales io <.1istinctly 

arenaceous, • .. ith bo.dn of . uartzitic sandotone .... nd conglor:1er­

ate proclorrunating und a f'cw minor beds of r:e.ndy shc.los • 

.t IlIR GRITS 

Above the W-eber ohalos e.ro tho ffobo r grits. They havo 

an appro .. i te thioknons of 2800 - 3000 foet. Though a ::::oct­

ion was not measured. a fairl~ 1"0li£:.hlc ostiuuto of tho •hiok­

noae wen uadc, using a f;00lor,io map in oonneo ion r:ith a numb­

er of dipn. T1l<1 Jobe~ Gl.1 its oonsiot essentially of que.rtzitio, 

o.rkoeic sandstones 1jth a fow pP.rtings of urenaoeouo shales 

ar.d several ma.ssi vo bedn of dolOL. itio limestone. Tho sanc1ato­

ncs or grits c.re oocposod chiefly of unguL. ... r gra:i no of quartz, 

pinl: fcldcpa.r, c.nc E:t co1 oic1crable quantit'· of musoovito, at 

least e. purt of ,.h:i oh munt bo second· ry. To\.ard the top of 

tho form.ation tho santtstoneo l)c co .. ;o :,ore con('l"lo e:tutic in 



oharactor , oontai:rd:ne i.l:c;,r,mcntn of schist , gneios , gra:ni to. 

c.nd even of limestone . Tho r.10soive beds of dolo .. aitio lim,~.­

otonc r,'hich ere f .rom 20 - 50 feet thick shoh markod la.t0r al 

v-ariation . .r1nd .although t:hoy <lo not outc1~op oontlnuou:Jly. . . 

it iu belioved tht1.t some o:f them thin out entirely. Tho:w 

lit1ostonc be<.'ls oeour nce:r th(' tor, of th-e formation .. 

I.!is-sioaip" ie.n and: 1->e-nnsylvnnnit1n nedimontc.tion in thiB reg­

ion , t~10 seas. again covored. tho land. The shaleo und lime­

stones indicate a compare.ti ve shallow -r:atol"' dopo□ i tion ,. in­

n.ar:m.ch cm the ruat0ri.ul ~or t::no:i.r formation \7as be5ng c1e r i v­

ed from a l01.1land of oa:rlior limestones cmd sLaloo . v:hile 

the sund.y l'..'11:Jr.:iberc in tho upper part of th,: f'o1'"t1ation su.g­

rcst tl.at the lir.~esto:ne nnd. s11alc mu.tor:i.alo had boen .:remov­

ed .and that grani to r;d.s furnishing the sodimonk1 . .A mor o 

relati vel;y deep ··m.ter and thnt the sandy mambera are ac­

oountod for b~ clova:tion of tho land . Tho thin p~:ttinga of 

iopur e coal indicate an o.ocumu.lation of vegetablo • m.ate1•ial 

under owa.m11y or lcgooru!.l conditions nhiab: necessarily adds 

oon0idor1..ble t:ei.ght to- the fi r st interpretation of depos i t ­

ional conditions. Thus the Wober ehalos indioate a tran-



tho shall0:1.i non-marine condi tians of the !lonns~1lvania.n period. 

The upr e::i..· pc.rt of tho Vlob0r foroo.t ion or,; i11 t ho r.1aiu1 tlle 

Uobe-r grits , represent s sofaot1ho.t d.5.:ffol'ou t cm:~ditions of de• 

posit ion.. .E::{tromo 12..tcral vario.tion: - an onorm,oua thich."llcns 

and ouoh orossbedding suggest oontino~tal and ovon d<:lta. do­

:position*. In all pl"'Obnbiltt_y, the ltm{~ ffil1fJS OUli:Plying .the 

sediments for tho l:!cbor 'formation lay to tho sooth in the area 

now oecupied by tl10 Sawateh mou::- ta.inn, The -fl.-agruents yf rra­

ni to , gneiss . and schist :foun(1 in the conglmi:ierato i 11clicate ' 

t hat t llo sed:lmonta aum0 :from a. land nia-as of the same kind of 

The .Jobor formation is oonsi11ored lo'flor Pennsylv~.11i2-n 
* b;1 Ur . G. II . G.:.rt;;* . A number of :fossils i~-ere found il'1 tho · 

first 7-5 foot of ohc,ly bodo and axe idonti:fied as follows·: 

1. Chonates e:✓ • 
2. Derbyo. erassa. 
3. l:.vioulo :. eoten ( oeoidonta lia?} 
4. Aviculopocten sp. 
5. Rotiaularia perple~a 
6. nr_yozoa. { l'rohably Rhombopora lepido(1e:mdroides ) 

*Barrell , J. Cr-iteria for tho recognition of ancient 
delta deposita. Geol . &oo. An., Bull. , niii , pp . 377- 4.;.-6 , 1~12. 

**Girtjl . G. ·1. '.l.1he Carboni ferous ~'ormati,ons and. Fauno.s 
of Oolorodo .. Prof . Paper 16 u.s .. c .. s . pp .. 264 . 1903 . 
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11.s :far as those :fossils cnn be identified.,, they coincid0 r.ith 

otho:r li.sts of foss ls f"rorn tho -:'cbcr shales.. :::1.:.e fo:Je:i.l ovi­

do11co in thi!:l section itself in not suf'fioiont to determine the 

exact n.gc 01 the Weber shales in t_ o Redoli:ff' district.. How­

ever,_ tho fact that the Hober sho.lo :fosoils o-f Redeli:f:f aro 

fou· c1 :Ln tho same forrnc~tion in su1"rOtll1dine <1ist1 .. icto and the 

fact that t1lo vtobor slw..loo of theoe vt>~riou.s diotrj cts* a.re 

similar in other oha.raeteristios is oonclusivo ovidonoe that 

the l ;...er part o:.f -the *"!Ober formation at Redoliff' is o.f the 

ae.r:1e age as tho \/ebo.r shales o:f the Ten Hile and Loudvillo 

districts. Girt;y bolicvcn the same ;f'orn1ation in tho ?en 

Uile and Leerlvillo dietrio:tc to be lower l?onnsylvania.11. It 

is obviouo that if it 1 s ?onnsyl ve.nit-m in those distri-otu 

tho '!'iobcr shales oust be of tho same age ut. Rodclif:f. 

In tho rn.a:1si ve dolm .. i tic hcds .- bclioved to be n.t or 

near tho top of the I'Jeb01.' grito , were found : 

1. ~roduotus core. 
2. Rot5 cumria. r,eri,loxa. 

Those types ha.vo also been :found i:n the so.me limos-tone beds 

of tho 1oudville anC. Ten Lile rogi.orm. 

A 20 - 30 - foot bed of a more pure variety of lit;}estone 

(not dolo..::1itic} ,rhioh is in the noi[:hborhood of ~;ooo feet abo­

ve .tho b(;.oe of th1.; 'l0bor ohales yielded the f"ollo1.1ing: 

1. Rcticulurio. :perple:xa. 
2 .. ::ookolla striuticostata. 
3. Crinoid ap . 

*Girty., 
of Colorado. 

G. H. Tho Carboniferous Form.ationo ana Faunas 
Prof. Pa.par 16 u.s.o ... L pr .. 264, 1so::::. 



Although these :fossils arc n.ot strictly lower Penns;yltn:miun 

types , they arc found j n the u.prer- portion of the ·1:eber r-rits 

elsewhere and tho_y do not, nooessarily, cast any doubt on 

Girty I a doteroinc.tion of the :.'orrJe;t ion ac lonor Pemm;, l vanie.n 

Although no field work W£s done in tho Maroon forrJD.tion 

or in the VJyoming :fcrtmo.tion,, wbioh is .&..ho nc:rt succeeding for­

mat:i.on, a short desorix,tion of them io gi vo:n in ordor t? .cor~1-

plete th0 Paloozoic section. Several ,.-:iloo to tho north- oast 

-of this c1istriot , tho !Jaroon :foi:·mation outorops. It io aornpos -­

od ohiofly of red or me-2•oon- color-ed sundst-onc, hs.o a thickness 

of about 1500 f'o-at . nnd is believed 'to b0J.011g to the U:P!?OI' 

L! 0 11 3 Y 1 V A n I -
G YOl.YI:tiG FOR!:.A'l1 lOli 

Above the 11 aroon and outcrop~',ing suocessi ve l;i ft..1.i."thor 

·north•eaot t1-o e.bout 1500 i'oct of briak~.rod beds of se . .ndstone, 

eelled tho Wy ouinr.: forrc.ation. No fossils h2..vc boen d:i.scover.od 



il'l L l 0 1 :s 

tou in olor .... t , it ,ould be included in thooo budG, tho lcve , 

ho :ever , boon co:::1ai ··c1"'c :::ric.scic boc£,lliJO o:: tl oir litboloeionl 

Git:il rity ... o kn ·,,n m1·ic.nsic be :.:: . D.r:u.J(nlD , p roour bly , cor-ol­

a.tos hie :rorr.:iad.on .,i h ·10 Fountu.in, Lyon~ , ... nc. ~1kinn form-

rc0, but is of th opinion tho.t tl o . yo!'.iin~ mny bo cqui valont 

o th L;ykins* forr.::a • • 11 of t..10 Pront .... ngc :hio;1 io consic1erod, 

, • t .. e ro ,.ote pos3i btli t;y•, the.t the upper one- t~ .. irc1 in Triaoni c . 

pur~~ • doscrib0s,boSJ of 

p.rovisior· 11,: , .·o tho T_ iafJsic pc1•iod. Drn·ton ho.s prod ,ccd 

oo ... o evido co t ~,2.t tho ~·1yoming f'or·1ation io equivo.lent to the 

T• _er .iit..11 1 of tl.o . ·isoioc:ippi vo.llo., end Girty ··..:: fmggents that 

t 1 o ovj. ~ -.nee should not be dinroeo.:.•dcd. Booa·rnr.: of' ho lac1:r: 

of fo..,zilo, howev ,i· . the !"l!,;;C of t~1c r:·yo .. ing fore.nation io still 

ur:nortain . :i.: cvcrtheles.;; , tho ,. ri:or tn of '·110 Ol;inion thut 

Hendc_ JO . , Jur i _ ". ... :r c C~ctu.ccouo Fo_mut i :,no of .i,iort t .... 
Central Colorado . Bull. l ' , Colo . G. S., pp. 7t , 1~20. 

·•,*spurr , J . i:. . Goolor•j; o:r ~ho .li.spon ... !ining .Dioti· ·ct, 
Color•' do. lJ . s .. G • .3 • . :onocro.ph ;}l , p:p . ~7 , 10c 8. 

***Girt;y ., G. H. l'no Ca.rbouifo.rouc rorruu.tiion:::i ,.>nd Faunas 
of Oolorc....i.10. • . J . G.S . Prof . Pupor 16 , :pp . 190 ., 1905. 



GENERALI ZB D SEC ~T Jl, 01' 'fHE STR. T lGRAPHY, RE.DCLIFF t COLO. 

Tria ? 

ppcv­
Pent\. 

Lowu• 
Penn. 

Mar~o n f, rm~ti on . 

Weber t'or,nati on. 

" grift 

.. • ... · ...... 

_o -• 

..... . _ .. _ .. 

. - .. ... --.. . ·,: - : •-----·-· . 
·~ .:.=:~:~ .:~ -=;;_· 

1~00± In t en&e br1ck-r ed Sdnd­
stones a.nd ~h a l. t:S • 

1500± Red. .::.and::.ton ~ ii.Yid ~ha.I ~s 

2800± 

with d~ab l1me~~ones 

Coarsc,light-col0rc~ 
sandstones,pas ~ing 
lnto congLo~erat e , 
wl t h w.icaceous 
shales,and dolomitic 
limestone, 

----- --- - - --
// Ca rbon1fc~o~~ 1fos~i\Lf-

ev-ou.s sha\e s. ---,...-~---+ 
Po r phy r-,1 'Ille o. s u v-e d. <lt 

E~ I• B in>. Gvkn. • 
Comp~et,henvy-be~ue~? 
b \ue 1<:lo\omL t1 c lh11e~toM. 
Co'l'\t~\Y\S chert co·M.Y"et10 

Ma~.::.ive comple• of ~re­
Cambll'1.,n grani t.e, 61'\el s.), 

all.cl. sch~ $t. 

l 





II . GROUJD 11 G . • '71) LI.b1Ii1 DIS~l IC5! , C0LOMD0 

H I u T O ~ Y - - - - - ~ .... 

The Ground Uog mine is loonted in the quartzite lodge 

,... .., 

011 the north-eust oido of Eagle r i vor ab,:iut halfway bet :con 

t.2.e to,·ma of Rea.cli ff e.nd Gilr.-:c:.~n in Bo.glo County , Colorado. 

Tho Ground Hog mine ic one of the early propertios of 

the Rcdcli:ff dist r ict and ;as first worked :i.n 1885. The 

uo.rkingo of the :iino aro oeic to be ioro axtonsi vo thun 

thono of any other ninc;lo 1...ino in the tUot.cict. Tho mine 

!:as bo ·n O}.)OI'u.tjn!l' si1 co it~ 01H..:ning on a mor or less in-­

tonsi vo ocnlo . A nuube1· oi loosoos , ..,cveral of ,·:horn hn.ve 

□udo s. r.11 fortunes out o:f.' rioh ore shoots or pockets , have 

10:rl:cd e,t uiff~.ront par ·s of 1;he mine a,: tho so.1110 tL.e. 

At the present time the Llino is O\,;llCd by 7illia.r: G. 

Ev .... ns o:r Denver , Colorado , end at the timo the work for thjs 

roport .v.s done , us hold under loase by Gus Ohmstond , \;ho 

ua.s Y1orking scverv.1 of the oro f .... oes single handed . 

Until re cently , tho oro uas t.rar.:ir:.1cc1 by bucket do Jll to 

the Denver and Rio Grande . .. • tro.oks from the Dodd:ridt;e in­

cline head house , but at the prcsont tioo , the ore is froight ­

od by ,ag n from tlo head house to Redclifi , 1ho1~e it is loud-

od on cars . 



D D S C R I P T I O B ..,.. __ ..,... .,.... ___ _ _ _ _ 

The workings of the Ground Hog mine extend doun the dip 
• o:f the quartzj to 1:n &. genore.1 direction of n. 46 ;~. fol' a. 

distance of 1500 foot . The Gip of the quartzit e is from 12° -

u( n. 40 ° - 45 °1; . , and Uµ the incline goos :int•J the side o:f 

Bat t le 11ountnin , the doepest wor kings are about 800 :feet be­

low t ho surfa.eo . -Tho rrork1ng.s extend about 1400 feet in 

wiclth or in a northwest direction. 

The mine has been ,:ror-ked from twelve r:1ai:n inclines:- a.nd 

sevo:ral I!linor on0s . At the present tioo not all of tho in­

ol:inoa open a.t the surface . Uowevu.r , they arc oonnec ted un­

der ground . Once inside the ojne , it io possible to r o thru 

the entire i;orkinga. , with tho except i on of a fovl drifts fil ­

led -:; ith wa.tor or waste • and s fow of tho minor <-1rifto :ri~om 

tho surface not joined \'Ji th tho oein working-J. The mi ne 

was also fornerly aonneeted W:?_th tho ourfneo by severl':.l ohafts. 

all of v1hioh have fo.110 11 into c~isuse and have become partial-

ly filled ox destroyed . 

In many ple.oes tho -side tlrifts booome ve :7y nmull , us­

ually about '.\70 a..nd a half to th:i.",.,e fc,et high _. w:ith s aaroc­

l y enough room :for a ne.n to cro.wl through, thot1['!'h thosY e:;,:­

tcncl oevore.l hundred feet in longt h . The i:noin inolinea or 

crosscuts aro usual l y of sufficient height to allow o.n or­

dinoey man to 10.l k erect ., except a :feu places 1hare tho 

quartzite wao particularly hard ana where tracks had taken 



up some of tho space . 

,.,,... .. 

At the prcoont timo five of the inolinec and the lTot ­

tj_ngham or ma:in c.rooacut aro trac::cod a.nu mo:re are part ia1ly 

tro.ckea. . although only two jnc}ineo , tho :Doddridge c.nd Bot ­

tinghu.ri1 , and the main c:rossout a.re used for haulage purposes. 

il1here arc two head houses in rc:pa.i r at the opening of tho 

Uottingha.m and Doddridge inclinoa and boar their respective 

names . The mine 01~ bUildings are not wired for electricity , 

hence steam and gasoline is used for hoi sting purposes . At 

one time a considorable port:ion of the .mine was :pi :p-od s o that 

air could be used :for drilline , biit tho eir syotem uas also 

out of repair at tho tino of our examination. 

P R O D U C T I O N - ...,._ - ·- - .... ·- ..... ..... . -

-~ 
Although a gr -!l,t pert o:f the :production of the Ground 

Hog mine rn.1.n from rich shoot □ or 11ockets , .for which reeords 

of e.pprox1.mato production have been kept ., it i n next to im­

possible to mnkc nn ostirJO.to on the toto.l :production of the 

mine . 

:i.!hc 'b,orgy Bullion hole , \.hich is located in the Notting­

he.1. (right) inc lino a.bout 225 foct above the main orooscut, 

p.roducou about C,'37 , 000 r;orth of ore .. 

The Doddridge winze located in the Nott 1ngl1.am inaline 

100 feet below the nain c:.:o □acut produced. a.bout i5o ,.ooo 



worth of ore ... 

A si:Jall st oi,e on !Co .. 4 South drift produced about ~:4,000 

worth oi' ore earrying $15.-00 in golc1 And 16 onnoos ot silver. 

l!o. 3 South produced. a. total of about j47,000 \-,;01·th oi' o.ro. 

The Bsldvli.n ruitl Oneal :Bullj.on pltioo ~. Whi-eh is looat-cd 

300 feet B.oun tlle !io(ldridge i11cl:ino, produoe-d $12·,,ooo worth 

of oxide ore. 

The :·foods and 1Ie:mdc11oon Dullio:n shoot 200 fe.ot doon the 

so.□e :-lnolin-0 produeod (110 , 000 in o~ide 01•0,. 

The total production ir1 4:hc Dodd:ridgo :tr.t0line ~ree below 

the tmi:n eroascnt is -said to ha~o t.oen about $600 , GOO. OO. 

!Pho abotro .fignron wore suppl:i.0d b:;y Disment :Broo. of Ee&­

oliff and represent tho prodtwtio:n of onl;9 a 'Ie'1i'J of tho ric.h-

thase few figuroa ( $660,..000) 1 t can be seen tti..s.t the mine 

must have p,roduocd a. •conniderabl,e amount of ore .. 

FAUtTlNO 

The fisanroo and faults 0.v1:,;ai·ontly trend i11 two general 

direotions i n tho mine . 

a:pproxiffill.tely that. and omapose tho :ninor system. Those­

cond group strike u. 40° - 45° 1L and eompose t he major sya­

teo . 



IIIITOH 3YSTE1I __..... ~ ...... - .,.... -

'.!!ho fnulto o:f the minor gror:p arc nea:-1:; verticz;;.l and 

f'orm , r..ot a zon-o of fracttu•c , but one sir.glu , ohuxp,. and o.1-

oost strai["ht fisouro. ]one o2 tho northwont f:;ssu::."'o..s car ry 

uny cv:donco o:f movement or f'aulti:ri[ but all oo,m to have 

beon c.e,vs-ed in tho t) "itt lo Quartz:! tc r;J::0n tho Dewatc11 upl:ii"t 

o-0onr:ted,. • :fo.rcing tb: otrnttt to cl:i.p 12° - H3°" northoust in thin 

region. The.ec :firn.:rnres oocur vor-y i-ognlc.rly and 0£tcntir:1ca 

n.ot over lO foot a.part ·,. Rcnao. a con:2idornblo amount o.:f dia-

distributed among so r11 ... t?.r..y breoJ:i:; the ohunc-oe nre that ther e 

l?'Otila. be no precc:=;tj_ble evidonoe o:f uovement ir aey oj_11gle 

jointinf i:n ip.-nooua rook., 

I.:AJ<JR }JY:J'l.\.;I.7 
.... - - - - -

~he ft'rnlta of th:.: major ~yatom -strike northeast , be-

twoon Ii~ 

However . thecre northcust :f.'n.ulto e.ro n:it oi11rlo i'rcGtures ,. but 

aro oooposcd 0£ sovcrcl fra.cturoo , eonsti tutirig a Bone of 

faulting . ..w,r..y of the dif'fo:rent faults in the z.ono come in 



and leave the zono at or.1'.111 o.n01co. Thio type o:f :fracturing 

is known es sheeted fault zone. In pl"a.Oticall.y all o:!. the 

stx·ong northeast fauJJ:s, avic1enco of movement o-an b-0 , o'bta.in.­

ed, sor:1c of 'tihich o.re slie1tonci~f11g 1 grooving ona ovon aotual 
. 

d:lsplaoernont. .Probe.hiy the two mo~t importa11t fa.ulta of this 

group in the mine aro thooo beering tho names Cleveland and 

Doddridge . 

The Clevale..n.d fault strikes from :ti,. 
0 

... 55 E. 

vertj_oa.1. It -can beat be seen about :fortJ; L :: et east of the 

Doddridge inoli:ne opposite the main oroasout... 'The faulted 

z.0110 1ia from 12 to 15 :feot wide and c-ont.ai11e imi:rense quanti ­

tios of r:wuge m1d breceiu. O:nc rninor fr£t.oturo rrh.i-ch loa.ves 

the zone J.nd crooaeo the main :lnoline shows a d:tsplaccment 

of th_oe :f'eot , and the 1:arrlt .sur:rae-o v1as 11ioely g1'"'oovod ancl 

slickenoidod. Tho grooves ara ~Jortioal sho:v;ing that the 

blocks must have ti:ove-d up or down with relation to oaeh other. 

An v.ttee1pt was mu.de to t1 .. aoo this fa.ult to the surfa-ce i.n or­

der to det01·nine the actual diaplaeo.mont. Thin wa.o almost 

impossible beaa.t1.sc it ·7as not oponod. up in a sufficient numb-­

er of places and beoausc too zone of faults widened , many of 

them leaving the ooin .zone . On tho surface small scpa:rat.ed 

faultu probably belonging to tl1e Clevola:na zone indicated 



very little e.otual tlisplaccment ana. r.avo no evidenco of s.-1131 

-0oru3id-era1)1c ba.ok and i"orth fflOvemo:nt t.•ithout a great deal of 

the avrft1..co... At the present tiuo thi·; f:;,nlt oont ai11ci red :i r on 

bont ton foot tido CJ:1t1- it Plso well 'breecintoc"'. u:nc1 filled 

ror-like slickeneidj_ng wan :r.0.tico<l.. 1211.e grooves v:ore hori-

au1ftli.e ore o.nd d1?nsy quartz gtinguo. In all proba'bility 

t'h-e do_p.osit:ion of r:10st of tl1 ore in tho mine ,:;o.o co:ntroll-

cd by tho northen,st n;;nto!:! of' :fm11ting. 



In a itio, to t}.o sysJ..oL'l□ of :frn.ctnroo t1c-.ny bedding 

f ~nlta of. vcr~;:ing aizo \IOrc cnco1,.1nto1·cd in the oino. ~'hey 

r-:ore o::'.:ton cut i11 tuo or disp~ t coc!_ by tho other n:;ctcmo. 

As a !'Ul they oro fror; 2 to 4 inchos "lido end tightl;-

f llcd ;;rl tL ,.,.ou o, .... nt: t oro not found to be mineralized. 

Ao tho ,rcator )Urt of tho Ground Hog mjno in an in­

cline 1hich foliowo tho fip oft :e qtartzito or in other 

10 d follm.10 o. o horizon in tho qu ... rtzitc, there is little 

to be said a.bout the oharaoter· of the wall roe:.::.,. Tho bed 

hie ao,1rna to have bel..!n follov10& o pors.intentl , is a 

.. ociu - grained .. orouo oandotono or cuertzite, which dips 

lo• 12° ~ 4r-::o ~ - ll. .J .! , • It ic nol as .ell silioifiod ao the cost 

of the quartzit e for.a•ion nd -.,hen not ontirelJ rcplc.ccd 

vith ore, tho bed j da k colo cd us if it lad been ntainod 

•,ith iron bearing solutiono. ~hin porous non-reoistnnt 

qua tzi.ao bod "'"vern oo about 2 feet in thieh:nosa. .Belot it 

is tle uoual vrhite, pure, compo.ct, fine-, rained quartzite. 

Above thi orous bed i.., quartzite ver· little different 

fror.' tJ.c quo. tzjto boloi:- t 1 e bec1, o ccpting t ,.at it appot rs 



t 0 bo cvc:;.1 mor e doncc rmc aomi:act ... whit or and purer thrm the 

ucual quart-zit<: . In :fi;ct tho upp..:i • qt·crtzit0 bol1 1.s '1·J dense 

tbru the qut':.rt.zi te 1. d:i.ntanc.~ of lfiO foct :;1.nd i..:l'to tho grani t . 

t ho ,:1a.in lovcl J 110 woz-1: ooulc1 be dono in the grr..1.rr:te . Sto.pes 

No . ~ :.:~:nd 4 South lmvc boen drjven up into tho ,g,c.rtzito u 

dirtanoo o:f 35 to 40 foot . About 30 feet above the rm.lir, le-

vc l the um1:;,l cro::npv,ot ,. :f:ir.o ... r;.r:.1i1Dt1 g_uort zj to, soe .. :i ngly 

T:t.c o:::c dcpot:dts of tho Grourir.1 !log mfno r:i.cy l.lD di. v1dod 



Practi.c:a.lly every fj ssure. fault , or fracture in the 

quartzite in the Gronr.d Rog mine j_s pnrtin.lly, if not aom­

pletely. filled with ninero.l. IIowover. tho minor system of 

:fissures io vc:."Y na.rroVI, nJ lowing littlo room f'or dor,osition 

:rron solution. Thus the voins atri1:ing N, 30° ;~· . nre of' very 

little eoonom:lc :i.mporta 1cc,, exco1)t ,1here they intorse-ct a v-e i n 

from tho othor system. And although the minor :fissures may 

posoibly he o beon filled ,;; :tth ore boa.1·ing nolutions, the 

rmll rook suffered very litt lo replacement. On the eontra:ry t 

the mn.jor :faults strik jng northeu$t soem to have controlled 

to b-eing wider than the_ fiosurcs striking northwest, they 

ere more closely packed tvi th rJinere.l .. Moreover the solutior.s 

repl~.cod a va.r-:table ae1ount usually Bovoral inehes_, o:f the 

quartzite on both s-ic1os- of' tht- fuults of tho major grou:p . 

:l'be fissure dopozi to are cheractcrized bl1 e very pronounoed 

erusti:fication .. Crystals of sp'l:1alerito hcv1.ng boen donosit ... . -• 
ed ClVor t no pyri tohodro~1.u of pyrite~ The last tlc:posi tion 

v.-0:.s t Jmt of quartz or of barito. In both -cases oovoro.l la.y­

ors of the crystallized material aro encrusted on tho s:pha.le ... 

rite . Som:e of tho hie;heot grade ore in the mine oocnrs a.s 

f'ia nro deposits in tho :fault · m1d fl"O.C-tnrcs striking north­

cs.ot. Invariably, however. t ho f:i.esure-fi llod deposits pinc1_ 

out a 1"ou f eet, both o. bo_vo c.nd bo lm1, the main lovo 1 in the 

Ground Hos:,- mino. 

At the present tit10 no f i ssu o depooito o::' uny impo:rtanoe 

are pr,ened up in tho r,r'ne, Lith the possible 9xc:H1ption of 



lc.te . 

""j ~ ' ~ ~ ,.., •.,_ , r. , -,. l ('\ • .,. !"!"? 'I 

_ :;i ..... . ~v. J . • • .1--, ...... , ..... v ... .,.&. t,.,J - - - - - - - - .... -

t : o ore bee. ·ing solu ionB l'{:J,lacca. sovern.1 inches o:f -~.o.11 

rock on ea.eh 3j de o:f the fisauro . In mony places tho nu.n-

eral 1S.!1 fou11 ell ssemjnatod thru tho <11r :. .. tzi to bc;yond the 

zone O!' 11 itn of complete rc•)le.aem. .nt .. II0\1ovc i·, t he most 

im"'iorte.nt rcplac or.1ont dopO..:,i t in tho mine ;a ;;;, the u.lmost 

aom:ple t o rv1:>lacoment • 00..,_.)eo:ially ,;1ho11 noar one of tho najor 

f\. ul ts 01~ fj □svro, , of t·1e oroun non- re , J : ant, 2- :foot bed 

,L1cL wc.3 fo l lowed b; tho main incline of t ile G-rourid ·roe 

mine . TLiu pn..r"'icuJ •• bed oust .have _g i von to tho ore no­

lutions u channel oi ot..oy ciroulat ion. ·.once , it ,n :J lu1·gc ­

l , ro .... luccd hrou ,hout tho !~dno . It 1';'0.S undouutodly thin 

eo.ni l~i re lacc-o.hl e bed , \7hio1 C..P mudo the . ino a commcrcia.l 

poesibility : fi r st , because the tod vca .uch oasicr to "ine 

thnn the ordinary hard q_uartzitc , thus rcdtcinr: the cost of 

rainin.g; and so con ~, bccaunc the be .. i tsc lf co:tltc.i:ned 0 1 or..or-

1'"lous U!'l:Ot nt of ore, oopccia.l l;y ·. ;l~c n or:.tiroly rc·_)l..1cod . C:::.ar-

a ctoriotics of t his deponi-r .hich c 0inci ·o , ith replucorn.ent 

c1•i terio. o.re : 



l. .Prosonoe of cor::ipleto e:r~'stals of uyri-to in tho quartz-

~.,, .. 2:'resorvation of the orir-irial structure of tl replac-

3. Absonco of cruetifioation. 

,1 .. Presence of ·n::•;suupo-rted i;:;anscs of quui·tz:ite in the 

5 .. Form of tho dt:.j)oeit. 

The.r-e can bo li tt lo O.l' no c1on'bt <.:'.8 to the cha.rector of 

tho dor,osttion. espeoiall~· 0incc • c.11 of tho <-;;•j teria coi11-

oido with 1 hat :,~cons to ho the only log:lc~il ?O~,cJ.u□ .ion. 

It ia uo:rha.1.'"ls neJ.1 to mention hc:i."c tht,t tho ore i:3 of ""' .. 

Lntl hara.. In other <re.Dec it was m~r : fragraental a.nu granular 

and although :it retatnoa tho structv.re of the o:rigi:nel qnartz­

i to, it dtfi not seem to be CH)monto<.1 ( if' I may uoo that terG:i) 

a0 wo 11 ao tho More oocipv.ot ctatcria.J.. o-ro.nul-t. 

The a.loost cornplote re:pla.C{:_mo:i:::rt of the 2-foot bod ia. 

at prcecnt , indicatcd by the vncged or dug out co:nditton of 

that bed. Tho chnraotcr of' th~ !'C!11uo::rrKin.t oa.r:. bf: Sf)en v-0ry 

t!oll at tho OhmsttJad ore :fnco .,hi~h in about 150 foot from 

t he lower ond of t,10 :D-0ddridge inolino. At thin f'noo the 

11la-cod l)Ortion va-rieo :fror:1 6 tnchoa to 2 foet thick. Tho 

rcplaeing matorial (pyrite} oarrios ~ om.all amount of gold 

and about -50 ounoes o:f :Ji 1 var por ton .. 



45 

!J!1:o ni:::10::..'"!llizod zone 

c otlHl not 

be o:-r..ur:iinod booauoo of ':Juct t i,.,bc:;:n. Tho Doc1dr.idgo rd.nzc , 

uhioh vinlm 160 :t'oc t to the ,;ru:nj_ta , tRlL) oxeu1nc-a. £1.n fur an 

low tlw nai.:n lcvo-1 , t:ne rook of ti1e f'uult .:::o:ne rms replaced 

BUl:fj do. .. 

:'ho oxide zone 0:zten<ls down th0 di];) of tho qu ... ;.rt.zito 

:for a tUsto.nco of 500 to 700 foct. Tl'.J.o sono fo1·mcrly in­

olud-ed sor..10 of tho riahoot bulli-on poo}-z:cts , ln1t c:t the pre­

sent tin:.o no valna1Jle o::.·c bodies a.re known in the oxidtzed 



zone . Tho oxides \7orc o.hie:flJ/ those of' iron. o.nd a omall 

amount of msmganeae.. The r.1ang&noee oxide was . ooem.in01y. 
0 

limited to a fow o:f the largest faulta striking !I~ 40 -

• 45 n .. , auoh e.a tho Clovelana fatllt. 

SUL.PllIDIJ ORES --~ ~ - · '"""""· 

Tho sulphit1e ore-n are f'oul'ld below the oxidized oroa and 

eopper- beurJng nyr1te,, and pyrite . Of these tho last is b:J 

fa-L' the moat j m;iortn:rit, while the others ocour opar:ingly in 

the m:J.Ull o.roo. ncn:n .. No .. 3 and 4 South drifts 0.11d otopoo·. 

In tho sul:fido zone of the r.:dne pyrito crystals ( p~•ri toliedrons ) 

a::,e vary comm.on. Cubes and octa.hedrons of p_yr:1.te i:;ere found 

jn the luv-:or levels of tho Doddridge v:1:lnze diatrict. '11he 

:pyritolledrone were uot cl:istorted.. They oeourred in e:mnide.r-

able number and we:r.~e exoecdingly l nrge . Somo of tho crystc.ls 

were about 2 inches in diameter. Eo o-ther crystal form.a Vier e 

oor.1bined \':ith or impoaod on the pyri.tohodrons. The cruboa 

and oate.Jiodrons whioh ·were ofton corillined. nero sinall, averag­

ing o. 25 inches in odar.1otor,. 

There were soverul :faceo of sulfide ore in the m:ine at 

the time the work for this report was done . A co:pper- bea.r­

ing pyrite in a stope oi?f No . Z South d.r:lft oontairs oonsid-



11.-. 
';r 

py;;:itu rc.n O~OC of c,n 

jn tb.o level 3 

o:f the 

:lt C::l?:.t2..incc1 1 .. 2 ounoen of golc:.: and. ,t to 6 oun'3os of !)ilvcr 

uinzo sho1!l.c" uc c.ffcrnt cd. to do'7clo:p th0 ore bod;:; . This would 

Tho s ...all fnce ut t:·.e lower end of t :10 Dotldr:i dgo incline 

itc o.nCt as f:i,...~::urc fill.int: a1ov_·, ,. ::md v:a~ bc::.11£, \:o.r1:cc1 b;i,1 

rr . Ohmstea.d c1nring th', sur.:u:ier a.nu fall o:f 1021. A truce of 

golc1 and nbout 50 ounceo of }jJ.1v·a.r p,n• ton is u.i ev,)~J.go 0£ 

throe as~nyo for thiG f ace of ore. Although vory littlo ore 

cr:.a11 frwo ou ore running {'>50 to f60 a ton. 

:'.{ega.rdless 1:!: tLci r oconoLic vi~ luc , ell tho minor& ls 

found :i. r the m~ ne will be c -,nsi.aorod in this aection. The;y 



are a:n·angod alphabetically under the name of the oh.a.ract ­

eristie metal of ea.oh group. :Primary mine~·nls are djff'er­

ontiatcd from soconc1ury r.ri ne rals,, 1mt for a more complete 

discussion, tho paragraphs on gc-nos:is and scoondary sul­

phide oi'...richncnts should bo considered. 

Copper 

Cha.loocite . cuprous sulphide. Ou!Ls . Secondary oha.l­

ooci to ooou.rs in r.m:ie.11 quanti y in st opes off Ito. 2. 3 ,, 

and 4, South drifts . It is bltlO- blaek and granular . 

Chaleanthite or Blue Vitriol, hydrated sulpr..ate o:f cop­

per, CuSO •P 51! 2 0. Secondary ohaleanthi te fi llo narror., fis­

sures a.long tllo r:1ain crosscut . It is a sky-blue mineral 

with a na.uncous taste .. 

Chalcor)yri to , eoppc r - iron sulphid.e. CuFeS .2.. l?rimary 

ohalco1'iyrito ocours in oonsidera.ble guo.ntit;;:,1 in etopeo of:f 

No . 3 and 4 South drifts cmd at U-1.0 face i11 No. 3 !!orth 

drift . -It is massi vo o.nd bro.os-yollor: . 

Co:ppor-bo.o.rins J)~ri c, sulphide of iron with o. variable 

a:-.:ount of copper, Fcs~. Althougll all o:f the p;,:rite jn the 

mino probv..bly carries sooc copper , the p~:rit9 in the a.roe. 

betweon tho llottingham incline and the Doddr'idge incline a­

long the Hein crosscut carries tho .most copper. It is mas­

sive and brass- ;ve1101. 

9 
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Covelli to . copper cul1)hide, CuS . It occurs in sr:11111 

er. ounts in tho st ope o:ff rio. 2 South a□ o. tJ1in coating on 

copper- bearing pyrite . It hen a11 indigo- blue color. 

Gold 

Nuggets of gold have been found in tho oxidized zone in 

the Forgy Bullion holo , \ hloh is located in tl~e llottingham 

(right) incline about 225 f0ct above tho mr:d n orosscut , in 

tho Bald,in and Oneal Bullion plo.oo, which ic loco.tod 300 

f cot do\.n tho .Doddridge ::i nclinc , and in tho Woods and llon­

derson Bullion -shoot 200 foot down tho so.mo incline . Go~ a. 

in quentitics from a tract to 1. 6 ounces por ton nas found 

in the oxidized iron ores i1 variouo pa:rto of the rnjno . 

Traces of gold wore found jn filost of tho sulnhido oren of 

. the mine . 2csts of soc.10 of the hif-hcnt grade eold oi.·ec gfl:ve 

no j_ndicntion of tellurium, lthourh it qight ca.oily uo mis ­

sed bccuu~c 01 the sn~ 11 quantity of gold in tho oro (2.25 

ouncon per ton). 

Iron 

Lii1oni o ~ ferric oxJdo wit h uater, 2Fe~0 3 . 31I~0 . 



r 

Brown and yellm1 limoni te occ1u~s :in almost every ore body 

in the oxidizoa zone. 

Pyrite,. iron c1isulphic1c,. FoS :;i • Pyrite occurs both granul 

ar ana. massive as: a replacement deposit and an opon fissure 

deposition. 

Ture!ite, hydrous :ferric oXide, 2Fe.,_O., • .H :i_O. A rea.. ee.rthy 

tugite oecura with. the limonite in the Forgy incline. 

Galen@., lead .. eul:phide. P'iJS. .Fine to medium grained. 

galena ooours in No .. -5 and. 4 South drifts about 100 feet 

above or southwest of tho ntopea in small gurm.titics in 

open :fissure filled voius. 

Silver 

Uo$t of tho pyrite in tho mine earriea silver. Somo of 

it runs 60 ounees' oi silver to the ton. Galena also carr1os 

a oonsiderable amount o:f silver ( 50 om ces to the ton}.. Oxi­

dized ores- on tho oontrary o.e.rry vor-:; littlo silver ( 2 ..,. 5 

ounoes). Silver., probably. oeours 1.11 the :form of si 1 ver su.1-

phi de , argO'nt it e , Ag.2.. s .. 



l3,1?halorit,e or .!!.B£. bl.ende, zino sulphide ZnS . Crystals 

o:f s_phalerite are found a .;soeiatea with galena and copper 

bearing pyrite in the open :fissure veins ir: the small area 

0-n the ~.ain crossout bet,,reen the Doddridge and Nottingham 

inelines .. 

N-on-JEetal'.Lic Gengue 1Iinerals 

Bari te,. barium sulphate, Ba.Soi . Bari te or t•hee.v1 spar" 

is found encrusting tho si:ihalerite ena oopper- bea.rir g )?yrite 

in the oontor of' the un.fillod portion of t : o 011en :fi.sauro 

veins in the me.in crosscut district,. 

Quartzi silioa. SiO:).. Quartz in the form of quert.zite, 

form.a the walls of the replaocmont and open fis·surE rler,osi ta. 

Quart& encrustations a.re also :round coating the pyrite in the 

.open fiaauri3 ore bodies . 

Oxidation and Secondary Enrichment 

Oxidation o:f the sulphid-0 ore's has taken pl.ace in the 



1.1pper third of the mine, or a.s stated before, the O"""idc zone 

extends from the surfeoe down tho dip of the quertzit o for 

.a. distanee o.f 500 to '700 feet. The sulphide oreo , chiefly 

pyi·ite , have been or..a.nged to lic.1oni te and in a :few plaoos to 

turgito. The chemistry of the oxidation is rclo.tivoly simple 

encl is best shown by the reaotions vthieh toJw place: 

Fe-S .2..-t- '/0 ~ fL, __ 0 --=Fe-SO,r+- upo .,. 
6FeSQ4 + 30 + 3B.2.0 =2Fe .:i.._(S0 -1- } 3 --r 2F&(OH) ;s 

4Fe {OE) "~ 2Fe ;, _ _o a • 31! )._ 0 + 3R2. 0 
limonite 

2Fe ;,...O., . 3R .,_O = 2Fe~o3. Bt...O -I- 2Il .2.0 
_ targite 

F1:"om a number- of aeso.;ys on the oxide m1d sulph ide ores . 

the following data woro obtained: 

1 . O.xide carries little .silver - 4 to 8 oun-oes per ton. 
4 

2. Oxide o.ro averages from 0.6 ta 1.2 OUD.cos of gold 

per ton. 

3-. Sulphide ore oarrios oonaia.crable silver - average is 

50 ounces of silver to tho ton. 

4 . Sulphide ore oontains -very little gold - avernge ia 

a traco t o 6.4 ounee per ton. 

5. Sulphide ore varies widely in tenor . 

Conclusions drawn froB tho data are : 

1 . Oxidizing proeessos lea.abed out the silver content . 

2 . Oxidizing prooessos did not leach t,he gold but tended 

to concentrate it by leaching the other min­

erals in the ore bodies . 

3 . Rioh sulphide· ore bodies suggest se-conda..ry sulphide 



en1•ichoent, especial1j7 sinoe tho sulphides 

carry high ailver and low gold. 

:Anot hc.r evidence of' the secondary sulphide onriehme,nt 

5 

is- tho fact tbat t he loose, granular, m:.mdlik.e replaooment 

deposit of' the oro ... boaring bed is low in · silvar and gold, 

while the sa:me oro deposit,. w11en compact and. firml3 oeroented , 

runs high i n silver and about the same in gold. This y; ould 

suggoet that the cementing together of the cranulur ore was 

a:ffeotcd by downrmrd soc011dary sn11-,hide enr·iohmont .. 

Still another evidence o:f th-©: secondary sulphide enrich­

ment is tho fact t hat small bodies of m,eonda.ry ehalooaite, 
aovo11ito and probably borni te «Jcour in tho stopod area of 

No. 2. 5 and 4 South drifts.. ~hin film.s o:r coatings of 

oovellite wero found covering <Jrystals of pyrite i n addition 

to granular to m~iat:dve oh~loo-eite e.ssociated with pyrite , 

Although those s-ooJr,dary ninerals r1ay not have 'boon trans­

ported :far. 1nesmuoh as the- area in \;rhich they ere f'onnd is 

11ot far f:rom th$ oxidized zone,, nevertlleleos the secondary 

mineral a indicate sulphide or....l"'iohment . 

Bvide:n.oe for t1'10 ooneent1~ating of the gold into bullion 

pockets o.nd shoots" such as t h~ p r osenee of ma.ngam,se, i.7as 

not :found. It is p1"obablo, therefore,, tr...a.t t ho pockets of 

gold wore forned by a leaching ~way of all other materials 

in the ore aoposita oxeopt t he gold~ rather than by enrich­

ment. T.his the.ory is supported b;y the aosays. shoning that 

tho gold wen 11ot subject to 1e cchi11g n h ilfJ t he silvei" was 

leached out and deposited lor,er down as sec.o.nda.ry -sulphide 



enriohment. 

In ordor to discuss the genesis of the ores . it is necea 

sa.ry to consider tho structur-o of tho rogio11. This r1i 11 oo 
done in a very limited and general way. 

In the !edolifi district Paleozoic sedimentn , overlying 

granite~ gneiss ,. anc1 schist, dip 15 ° northeast., '.I,1he sedi­

ments are broken bj' a nur.1bor of faults which ny be olassi:fi 

ed roughl;9 ,, into at leant two syatoms .. The faults of one 

system strilrn northeast• thoso of tho othor system strike 

northwest . l!an;y o:f thcso fault t:1 cont:i.nue into the e ranite -f 

c.specially tho lartar no1·theast faults . An intruai.on 01: 

que1.rt;z.. _ orphyry occurs in th-e form of a sheet betvreen t he 

Lcadvillo limestone and the \70"1., .. n~ shales., Thia intrusive 

sheet varies Ja terally in thickness , being from 50 to 200 

feet thick in the Red.cliff ;:istrict. The Ground Hog mine 

is looutcd in tho earliest of Palcozic sedimonlB and is a­

bout 200 foot above the grn,nitc .. A generalized section of 

this district is : 

lfOO' \7yomin? f'orrnatior: Triassic? 

1500 ' Hcroon formtion Upper Pennsylvanian 

3000 1 Webur forrmtion Lower PennsylvD..nia.n 

80 1 Porphyry 



,..t:: 
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170 t Leadville 1.ir:tcntone Devonian- hlinsisoi1?Pian 

30 ' Part t 11g ~• Quo.rt zit e De vo n:i an·? 

ililmbrian 

Granite and gneiss 

A :few gonoro.l i'e.ot n a.1Jont the ore deposits are : 

1 .. The ore occurs i11 t hroe horizons , tho granites and 

gneiss.es , the -Cambrian gusxtzito . and t he:; LeadvilL 

limestonos. 

2..- The ores in the throe di:f:f-crent horizons a.1."'e clooely 

related . as to minerr.c.l composition. 

:3 . Whore the ore occurs 111 0112 horizon , it seems also to 

occur in the other ho-rizons . 

4, Tho porphyry seems to bo present wherever valnablo 

ore deposits ooo~r. 

5. llo oro is knmn1 above the 1-:i r, rplzyry sheet . 

6 .. There is '.'!'' O appreciable amount of metaln o.r inetallj.c 

mineruls in the porphyry. 

7. The porphyry. rd.'feotod vory 11.ttlo metamor phism in the 

In order to :f'ormult..to a theory :for tlrn tlepooi tion oi' the 

o:rd, it ts noc-o r:rnary to fit it to all of these genoral :fuo·ts. 

I:n tho writo:r' : opinion only one theory vill aoincicle 

with all of the faote in the case . :Chat ts . the minerals 

were depoai ted fror.a u.n aa,rniAiing hot solution. The ascendir;. • 

solution wa.s hot imd possibly a.lkalino because of tho kind of 

material replaced by it, particularly quartzite and granite . 

The solution stopped its upward journey 1t1i tt the porphyry 



which actoc1 as a barrier . i?issure :filling o:oeurrod in the 

gra.nito and fissure :filling and replMement ooonrred in the 

quartzite, because a partic.ula.:r bod offered easy im.pregnatiio.c. 

and because a. _particular hard e.nd donso bed overlay the oasi l y 

replao-ed bed.. Beplaeement , in the raein, -occurred in the lim -

stone bods. beoauao of the oo.se of replaceruent and beceuse 

o:f the intrusive barrier above the limestone formation . Cer­

tainly this hypothesia will :fit all tho conditions listed. 

A qnestion might be anltod ho:ra: Why ve-re tho fJolutions hot 

and r;b.y did they carry minerals¥:' Inas~u-eh as some of' the ig · 

neous. activity of the region v-1as mt~nif'csted by an intrunive 

sheet, it is logical to believe it connocted ;,,ith a larger 

mass of igneous rock bolo;, the surface an unknown distance. 

In this case it would be neoeesar;y :ror th0 ma.gma. t::; ha.:vc b.ee 1-

alose enough to tho surfaoe so that it could. be reached by 

meteoric waters which took up heat and a portion of the met­

als and thon beoausc of tho ternporatuzo found its way upwa~d 

in the faults and :fissures. lt ia proba'blo that mag-.. ;a.t:io 

waters and vapors assisted in the carrying of the metals 

upward e.na it is po.ssiblo thn.t. tho oro deposition had a r1ag­

matic origin.. In case the oro wa.a duo entirely to magmatio 

dopoaition, the magma r1ot1.ld not have to approach so near to 

tho sur:fa.ee a.a. would bo necof!aary in considering meteoric 

waters tho carrying agont . The mi:nero.ls wore deposited a­

long the fissuros and in bods which m.n·c more porous and 

roadily replaced . Finally the ore- bearing solutions were 

otoppod b;; tho ohcet of porpr...yry intruded between t he Lead­

ville limestone and tho Vebcr formr:.tion. 



Other hy11othosia have been e.dvo.neod for the deposition 

of the ore . One of thom is that tho ore- bearing solution.a 

not found in the bodo of limoatow.: in .. cd:iate ly ubove tJ:o 

porph,yry? Another hypothoGis might bo that the ores 1nere 

lcuchod out froi:1 tho ovorl;ying sodinients by meteoric us.tors. 

In this c-s.se it \;ould be logi-oal to 0onaidor tho igneous 

sheot ao a ba.rtior but v1ith tho ur,per sido of tLe porphyry 

as ho most likely plucr: 1·or depoeition. 

If then. tho hypoti-oais that the oros ,oro depooited 

froo asoonding oolu.ttons O)ming from o, deep- seated so·tu•ee Li 

a.oce:pted , it is a rclntively e.u.sy task to differentiate be­

tween the periods of deposition. From fissure filling . it 

is readily seen. that the _pyri to v1as dop-osi ted first . thon 

aph.alerite , then a gnngue o:f o:ltilor gu.artz or barito. Rand 

apeoir.1ens takon from thG c..inc vo1"y conolusi ve ly :prove this 

point . In a fer :fissures ► it seems that there was a seoonc1 

doposi tion of pyrite after the sphalorite uas deposit ed. 

TEilOR OP :~1rG ORB . --- .......... ,.,..._..,.... .............. 

Tho tenor of: the Ground I!Of( o:ro dc1,◊sits is oxtrern.cly 

irregular . For tri...ut po.rticular reason averages a1·e of' 11 tt J. u 

value. From assays o:f samples, t1hich ·wero oolle-cted in the 

oine, the following date WBre com:;;iled. 
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n .• pl ,. flu. O"'. Ao-. .., . 
TO• : oca ion . Cho..i.c.ctor Liner 1 por ·' per r . . . ... . ... . ; . . . 

: .. . . 
'32 . 250 1 do in: Brown oxid Limonite: 0.38 : 5.44 . Forgy and vein (,uart ... : . . 

inolino . . qu!:lr z. . : . . . . . . . . . 
~3- 200• own: Yollo i- iionitc: 0 .11 . 0 .05 .. 

Pool in- bro,n. ; . 
: . 

elino nu. dy . 
: . . face. . ox:ido. . 
♦ . . 

: . . . . 
23~ : _00' 0 .n: Bro 1n Lioonito: 0.115 37.10 

aymona oa thy pyrite . . . incline . oxi C : silio ..... . : . ._ . . . . . 
: . : : . 

240 . 400' down: Limoni e: 0.12 37 .05 . . ") JT on . p;s,r-i e ; . ... . 
: i.t.Oline oilio . 

• . 
" 

: . . . : . . 
170 On Cleve-.: Rod oxide : Turgito • 21 26 .56 

land _ o.ul"b Pyrite 
opposi•c . 
Gain C 03-:-
dCU ... : 

; • : . • 
6 300' dm~n : 0 jdo imonito: 0.06 . ;J . oc . 

Doddridge: "'ilic . . 
: incline . . . . . . : . . . . 

2...,c In iH- . i uro of: Limonito : 0 .22 2.15 . 
::i.ant cros - brm·;n and 1.rurgi 0 .. . . . out o ... f ♦ ro oxiae : Silico. . . 
the Forgy: . . . incline . :. : . . . . . .. - .. 

. : . . 
:...imonito ; 0 .04 11. '7 5 171 011 Cleve-; Brown to 

. . land faul'C lack ..;~r-i-40 

opposite . oxide . . 
nnin eras$ . : . 
cut : . 

~ 
. . . : . ; . . . . . 
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a.L.'Iple : • Oz. u. . oz. Ari:. . . 
lo. . Locati-on . Character . I:inc ral : por i' . :por r;, . . . . ... . . : . . 

: . : . 
l.62 : 300' do m: Red oxido : Turgitc . 2.12 . 2.00 . . 

: Doddridge : . Limonitc : . 
: incline : 

: : . . . . 
: ~ . . . 

22r/ . 450' down: oulphido . Pyrito trace . 15.64 . . . . Raymond . . Spl:alcrit:o . . . . . 
incline • . 

: . : l . 
; . . . . . . 

203 . 200' o.b0"'1$ ' ~ lphide . Galena : 0.72 34.30 . . 
r.1ain cross .. . . . . 
out in No.; : . . . 3-4 South; . 

: d:.•iftn . . . : . . " : .. . . . . . . 
201 At junat•: Sulphide Galena • 0.16 l 'l . 92 

ion o:f 3-: . . 
4 South .• : 
arifis . . . . . . . : . . ., 

d Doddridp.:o : Sulphide . yl"it~ . 1.48 . 5.63 . . . 
dump : . . . . 

: : : . • . . 
164 . 600 1 belou Sulphide . Pyri to . 0.65 : 4.26 . . •· . po tal & . • . . . 

: 150 ' ra . : . . Loddridgo: . : . • . incline . . : . . . . . . : . . • 
: . . i ♦ . 

1:e utopo in . I:iss01:1inat: ... 'yrite . O.""l 2.80 . . . drift :Uo . : ed sulphidG . . . • . . 2 South i:~ breccia ~ •· . 
: . . . . . . . . 

174 : At ona of: "ul hide .yrite . 0.35 . 5.00 . • 
sh.or . . . . . • . drift on . • . . . . . 
Cleve L.c.nd: : .. .. 

: fault bo-: . . . . 
. lo :i ma.in . . . 

crosscut : . . . . . . . . . ; . 
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Sampl.e . . . :. oz. .. Au. : oz .. Ag. ,. 
' • 

Cheraeter Eineral per T . per r· no. . Location ._ .. . . ... • • ,,, . 
• .. ., . 

ttn6v~ • 
. ·• . ze~ ~3• Siilphide : 15yr!-Ee : 0.16 . 17 .. 25 ., .. . . main l e vp1 Jlo:nn5.te: . . . 

: in stor e: : (lhalooe:i to . of£ No.5: . . • South . . . • • . . . . . 
drift ~ ... . .. ; .. . . . 

: : . . -. " . • .. 
.201'/ . 35~ ~bo-Vf) Sulphide :Pyrite: 0 . lJ(; 23 . 23 . 

ma.in lOVt)l r copper; . : • 
in stope:. . bca:ri.n{d . : ... .. 
o:f:f l1a. 3: • . .. . 

~ . .. . 
• South . : :. . . 

drift . : • . . • . . . . . : . .. . . . . . . • .. . • 167 No. 3 . Sulphide . Pyrite . 0.4.5 ·• 7.,50 . .. • . " . 
• north . :, ,. : . . • . dri £t . . . . . . •. . 

·• : . • ♦ 

154 . :.Zein . Sulphide Pyrite ; 0 .20 4 0.40 • . erossout: z . (copper: : ... 
; 100' f'.ror:1 . bc·aringi : . 

D.Oddridg(: .. .. ... .... . : . . . 
incline . ; . .. . . . . . : •· ,. . . .-• . : ·• . • 184 Faco at . Sulphide . Fyrite 0.64 . 6.17 .,. .. . . ,. . 
lower en& f 

, 
~ ... . . : . . . Doddrid~ i . . . incline . • . . . . .. • , . . . . . ~ 

4f ' belou 
. • 193 : Sulphide : eyrito ; 1 .. 21 . .. 3.95 

main lOV'E~l 
.. 

• " . . • . 
Dodd..: 

. . of:r : ·• • . ridge . . • . . . winze . .. . 
. . 

35t bclo-ri 5.00 l.00 Sulphide 1';:;• rite . 1.14 . . 
: main lcvo.1 . • l'i-Odd-; 

. . of f' . ; . . . ridge . . . . . wirme . . ; . . . . . ., : 



01 

Sample : . . . oz. Au. . Oz. Ag. . . . • . Looetion . Charo.crter . 1.:incral . per ~..1 .. per T - . . .. . 
: . . . . . . 

1~7 . 20' 1B of: 3ulph1dc . P.JTi 0 : 0.40 : 5.32 . . 
: Doddridge: . . . , . . . ,inzc . . : . . • . . . : . . . . . . . 

·; . Ohmotoa.d . Sulphi 0 .eyr1te . tro.co . 23.25 . . • . £coo . . . . 
• . . • .. . . . . . . . . . 

182 . Con.pact Sulphide J.yrito 0.14 ; 6£.85 ♦ 

♦ ore f'rom. . : . : " . • . Ohtm eed . . : . • .. . fa.co ( 10\7: . • . . . . er part) : : . 
• . 
: . . . . . . . : ; . 

179 . Ohmut cad n1pl:.ido . ri'to . 0.17 t,5 .. 12 . . . 
.. rtock : : 
pile : . . . . 

: .. : . . . . . . 
: . . 

159 . 200• doYm: Sulphide . rite 0.38 5.lC . . . . uain croa..,. . . . 
: cut frori . • . :Oodd1.·idgc: ·• : . . . i~elinc . : . . . • . . . . . . . - : . ♦ 

16Z : orth of ~nlphidc .. .Pyrite . 0 05 45.17 • ♦ . . Dodd.ridge: ; . ; . . . incline . . . . . . region . :. . . 
bolo. . . 

: LlE.in . . . . 
: cross.out . . . . . . . . . : . . . 
: : . . 

168 . no. 3 " 4: jul11nidc . Sphalori: truce !37.08 .. e,;; . . South : te : ; 
♦ 

drij?ta . . : . . . . . . . . . ., 

221 . :'ace of ·o ore ; ,.,ilioa nono none . . Bc.d~or . n~mple of' . . : ♦ . • incline . i all rock . . . . .. . . . 900' bolo· : : . . ontranco . . . . . . . . . . . . 
♦ . . 



It .. ,us· bo rei~ombcrcd that theso oampJ.cs arc largely 

\' astc ..'la rial loft uy tho mirJ._crs ----nd that hic:h v.:~luee Dhould 

not bo ei:pccted fro thoo. In -<moral the m::iots oxides car.:: y 

vary li tlc si vcr. Thia h~s boen explained by leaching in 

connection lith tho oxid tion. The sulphide ores ro.ngo in 

v .... luo :frot a.lr: ont vo.lucloss to .,,.,60 . 00 a ·on. In this oa.Je 

h.., higl~ v .... lue t- c partly explained ~Y scoo~·,a.ary sulphide 

enx:i c}.1.1en end t.1·0 otho tiso explained by the fcic • that • he 

p r i :..ary cposition f the ore i;;) extre□olJ i1' rcgular in con­

tont of vold • nd silve . 

Bocu-uso of 'thu o:.."J)ensivo ini11511g co .. uitionn , the pyri te 

must carry bout . .,540 . 00 - 50 .. 00 a on in old und oilver to 

o conai ored ore . 

C i L L U S I u ll __ __ .,_ _ _ _ _ ...,... 

The Ground Ho mine io fairly -mll ,:or ~od out , very 

li•tlc Jn.yinft 0ro h<-,.vin been lo:ft in acccsRible pluct...s . 

As mcu · ioned before tho xic o .zone c:ztcndn Dorm the dip o:f 

the quartzite 500 to 700 :foot. It is in th oxide ~ono 

thu.t tho bullion shoo s .... nd pocko s of gold nuge;ots v1er,c 

found . These shoot ore origina.11~ ho lY:J ·it :.. - rcpla.cud 

po ous bed :hich fl..1.ld beon O' idized , c,nd hen os of tho 

n' torial e:: ccpt the gol had been lcache. axio.y . I is 

certain th.at al1oot every oquuro foot of thD o~ido zone 



£3 

has be en examine cl. 

The .zono of' s-eoondary sulphide cnrichwont bora.cu·s the 

oxide z.one o.nr1 ortende down the dip a variable dista1,ae. 

selven,, the oecondary altlphi<le -zone i.7ou1d ace.m to -0:xte11d 

a.bout 100 :feet below the rri.e.1n crosscrnt . !t seems that this 

zono has also received earcful exaoinntion ana prospocting, 

with one or to.;, :ponsible ex-0ceptions. ~he .Doddridge \,inze 

area might bear '.further developrnont ., il"l..nsmueh as it is on .. 
tho border of the seoouda.cy to· e ani.i us 1t so.ems to contain 

eonaiderablo pyrlto, whic:h oarries about ~r2B.OO in gold and 

silver. I was told that in the granite at tho bottom of tho 

winze • a solid vein o:f iow grade pyrite 3 feet ir. t:idth ex­

tends :further into the granite .. 

The prima.ry z,one which .r.1a.y be c.or:sid.ered to e::, tond :fro;., 

the soaondaxy zone to a.r.,,-1 past the en<1 o:f thu ::ork:111.cs -con­

taino cons1dorab1e pyrite 1mt is not of a. quality that nill 

sta.nc1 r;orktng~ 

I!owov-oT , there ia the possibility a.sin all mining pro­

perties that an ore shoot hnu boon overlooked~ smi: b;y cn:·c­

ful development could age.in booomc a produaor for a.t lea.et 
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