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ABSTR..4.CT 

A study has been made of the principal manto type lime

stone replacement deposits of northern Mexico. Three of the 

districts, Los La.mentos and Santa Eulalia i:n Chihuahua, and 

Mapimi in D!1rango, are described in detall. '11.he sedimentary 

rocks are correlated with the Texas Comanchean formation.s. 

The ore deposits are confined to certain beds of Upper Trin

ity and Lower Fredericksburg age. Data show that it is the 

physical and :not the chemical properties of the limestone 

which make some beds more su.sceptible to replacement than 

others. 

Folding and fissuring have been essenti.al in localiz

i ng the ore deposits. !~antos have been found to occur, in 

general, in favorable beds at the crests of' folds . The fis

sure zones are most p-£>onou.nced i n depth . The cross section 

of a deposit dec1.,eases upward f'rom the apparent source altho 

the di.111inution is not constant. Mantos have yielded most of 

the ore in the upper deposits; ch imneys become more impor5ant 

in depth. The analyses of sections of an ore body are uni

fonn but the deposits shmv a gradual change in composition in 

a district. The ores are zoned vertically and laterally from 

the apparent source and are believed to have been deposited 

by magmatic waters.. The principal deposits of a district 

were formed at one time. The metallic content of the bedded 

oxidized deposits is almost identical to that of the primary 

deposits from wh ich t h ey Y..re:re derived. Dolomi tization has 

occurred locally during oxidation. 
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J.,OS h4J:i1E~fl10S DISTRic:i.~,, CIIIFitJAHt.TA, rmx:rco 

In trodtiction 

A study of' the I;Tm:.to ':Pype :L:bnestone Replacement Depos:tts 

of Horthern. Hexico will be presEm:ced :i.n t he f ollmvin.g series 

o:~ papers. I~ach district cl:l.ose:n for study sh<)'..'JS mantos de-

veloped 'IJ.nder definitely difi'er<')nt co11.dit1ons or igneous ac-

tivity and str•11cture. 11'.rhe fina.J. paper will sun:1:r:e.arize the 

criteria for recogni t:ton or manto depos :i.t1:1, wi tb. conclusions 

of ore deposition. It is 

hoped these re1:n1lts will p:rove o:f valu.e in the deve1cpment 

of the kncrnrn ore bocl:i.es and be or aid ln the d.iscovery of 

nm:r deposits .. 

The Los I,a:me:ntos Hange is compt)sed o:r t:tlted Co:m.a:nchean 

sediments that are little defor·med. b .. ny rocks, e:.'Ltb.er in-

trus:lve or extrusive, ;;.vhlch might have a genetic co:n:nect:i.on 

l7ith the o:r'e deposits are 1•e:mote t·r•om t;he district. Al'tr10 

the ma.in Ol"'e body f'or.me:r.ly v.ras cons:.tdered as an ldea.1 manto., 

t he pr-esexi.t investigation shovrn that only a m.inor pi?;.rt of 

the d.eposi't is of this type,, 



2. 
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S I'fl'U .AT I 01\ 

~t'he Los I.iam.011 tos 11.mestone roplaccn10n t d0r,osi ts occ:u.r in 

the Sierra de T.sos I~uue:ntos, a short isolated d<rnert; ranf;e :tn 

the Bravos Dls t:rlct, State of' Chihu.ahue., I.Iexico. T'he :ranr;e lies 

in latitude 30 dcc;rocs 3Qf north and longitude 105 degrees west.i 

and ap:proxirn.a.tel-;:;r 90 miles south-southeast of' El Paso, Texas. 

The d.epos:tts of t:::d.s distr:lc:.t arc the 1ct test of the noted 0 manto" 

erly of the ) r oducinr:; areas studied in com::..ection with this in-

vest l3t1 ·~: i ()11. 

PEtso tb.e dj.str·ict is roached the Na t:1.on.al 

>;;mys of l':Ie~d.co v:tu Iuce:ro f;:.nd the Ferroc;:irr·il Chihu.ah:uo. ;7 Oriente 

a t;)tal distance of 182 k11om.eters (112 miles) 

the In:ce:rno. tiona 1 Boundary,, the Rto G1•tu1de.. only 48 ldlorn.ete;;;s 

(30 nilcs) to the ~1orth:::n.st. 

Villa Felix U. Gomez,, formel"'ly Los Ia:r.1entos, the ter:minal 

of th0 Perrocar:c-11 Ch:i.huahu.a y 0r:l0ntc, is s:'l.tm;,tod at the 

sou-tl:e:r!1 b&:30 of tJJ.e Sierr a de Los :Lame:ntos jnst; sou.th of tb<? 

outcrops of t h e I!~rupcio11-lU:rumada rune. Tho J')OS:i.tion of tb.e Los 

rrho City of Chihuahua lies 220 ldlow.eters ( 13? miles) south 

of Ii!eJ.ix U. Gomez ru1d the Sa.nta h'ulc.l:ia district ls 15 miles 

cast of that city. '2ho mantes of Santa Eu.lo.lia ure corn.par-able --
t;o the type cf cLe~::iosl ts f ou.nd .:.n the Los I..a.:mentoo d.5..st:r':lct. 
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(4) Upper Bufa beds. 

Up to 1000 feet {305 meters) of solid clean 

l:'Lnesi;one.. Resembles the Los L..'1.mon.tos l:trnostone, bu..t 

:'i.s :more i'ossilife:t"'O"u.s and not so distinctly bedded . 

Rough cl:tf.f'y topography. 

(3) Fetid fossil beds . 

T\"rn h1i.ndred feet ( 61 met ers ) or· more of shaly 

lirn.estone and. lnt:erbedded black linw:::itono. Numerous 

very minute black fossils ... 1 Gives a fetid odor wh.en 

struck. The middle part)' near Los L'"l.....':lentos, contains 

2 or 3 beds like the Los IB.m.entos limestone . Over t he 

Er-u.pcion. m:i:.ne a single bed, not over 3 .feet thiek (0.9 

meter ), lies above the middle beds just mentioned and 

i s :readily recognizable by its chars.cteristic red and 

dark gray mottling ., 

(2) Los Lrunentos l :i.mestone. 

Brownish limestone from 100 to 500 feet (30 to 

152 meter-s) thick. Fassili:rerous except in loweJ:> 30 

t;o 40 feet , ( 9 to 12 meters ), with large character-· 

2 ' :lst:tc f oss:lls near top . The Los Lamentos limestone is 

thick-bedd0d at base and in upper fou:Pth but in the 

mi ddle shows no bedding . Thickness at wes t end of range 

about 75 feet , (23 mete1,.s); at east end about 300 feet 

{91 meters .) 

(1) Blue li.-rnestone and shale . 

1. Orbitolina texana. 
2. Chiefly Caprina. 

F. L., R,. 
F. L._ R. 



Consists of 3000 feet; ( 914 meters) or E1or0 of 

shaly limestone i:nt.e::::obodded v-li th blue limestone in 

bods up to 12 feet (3 .. 6 r1cte:rs) th.ick. At top., 100 

-·r>0 .. ""t (?,,Q ""'e·1-,.;r-s ·) ' >"I"" ··"'Ylo·"'e 01"' P'°U~""' h ·1 u--" 1:1-r:1e·~·i· ·"l1(' _ V 't,...1' !..J. LI~..... !..,_.,...... J..i,J ..... .,i. ·.A ..,... , .,,..t...\',.I ?J...t... \: .,.. ·_..I.- ~ . .:3 . ..1 ~~ ... ~· 

ovor 300 foet ( 91 meters) expos eel n.0ar Los J..iamentos; 

rest.1 if present, 1J.nder the vaJ.lcy i'i111.ng. Few fos-

sils .. 

BOT12vhi ... ~-
As :tde from minor differences., the:re is an :tmpor~ 

tant discrepancy between the section as c;:t von by Pres-

co"tt and that presented in the p1"esent paper. This 

is duo to hi s vlew that the Sonora, '.PJ.a.xcala., Bu.0na 

Su.e:rte and 'l1:riste limestones of the pr0sc.nt paper 

(see the aecompany:i.ug geologic map) 1 are a 1..,epetitio:n 

by faulting of the beds enu . .mera ted in his stratig1"a-

phie coluxn..r1, whereas , e.s will be shown later, they 

aro clearly younger and stratig1"aphically 11.igLe:t" bods. 

1.rhe fault assv.med by Presco·tt, :tn explant? .. t;:lon of this 

supposed :r-epet:'Ltion, _does not exist. tt 

In. probably the most impor'l.;ant and enlightening paper l"e ... 

la ting to the liro.es tone replacement deposits of nortb.ern Mexico, 

l?rescott3 does not note any Comanche beds above his Upper Bufa 

limestone. 

3. P;rescott,, Basll.i :t,...a.q underlying principles of the limestone 
replacement deposits of' the Mezicun province; E. & I\!I. Jou.r. 
Pres s Vol. 122j! pp. 122 , pp. 247, '26 



late Ml". D .. B. Sn1ith is responsible., as follows: 

nT.l.1.e L-os L9.zrl.en·co~J is a Cr0taceous li::Jios·t on0 in beds 
dipping 14 degrees to the north. At the base is a blue 
non.·~i'ossiliferous lirr.1.est;o:ne.. Above th1 s lies a bod of 
:x·eeryatall:tzed lim.estone, which in t~J?l".l. is ove1"1a.1.n by 
th.o 01.,.e'fJodios, {largely lead and silver bear'ing li1h1crals.) 
A1::>ove the o:i:?ebodies are about 50 :t'ee·t of dolomite with 
smnLl. f'os::-·dls .. Ne:: 'i.:; in the series come 100 .feet; of.' l:true ... 
stone oont;aining larger fossils; then 100 feet of' ufetid 
"''"'d"tt C' >T'!.·'·'('.)1-.... 1 ;"l _!1' o· --~1--. r ->11 '/rr;'- o f'""'o<:t·71s· ........... ..,o·v-,, f:r11··,,,, T'\!)">~n.·1• r,.;v ;;>. y;.s,l,,<,;.<...1o.1.;.~·-· "'o ;,_,__<] '-'·-- -·<A <..v - '-'""'°·'" • ..., .. »i .. .. 0 .!:' .b" ... ~-i.. 

to t;he crest or the m01..u1.-bai:n about 1900 feet above the 
entrance of ·the workings_, the lim:er:.rto:ne :ls desc}.'."ibed as 
merely fossilife:t"ou.s. n 



A!)pare:nt1;r the f:lrst recc3nition of r<1:'!.nero.l:tza t:1on in t b.e 

dis tri e t 1xas by s. Mexican, Jose Ma:r•ia de l a PeTI.:l . 8r . Pofia. to ld 

Mr . D. B . Smtth of, the occu:r~rence rand. S:n:tt:;r1 v :Ls:ttin::; i:;ho d:t str:tct 

4 years J.ater was favorably ].m.p:ressod by its economic poss:i-

present Eruryc:ton c1ai:i-n . A fair sholdng o:f :h.lg.h grade lead car-

bona te 01"0 'f!e.$ e::r.:p OSGd • 

proximately 60 car• loacl.s c)f zinc ore had b een shipped from a 

prospect i n the Bu.i'a limestone a.bout 2 miles east of Villa Gomez. 

A I:1i rj.Jdcan loca t<">d the .Erupcion clai1:1 in 1907 and the cle-

11ot1x1cem.e11 t \Vas la t~ er raff l ed. and v1011 by David J:i,e11chler . Jiff11) . 

Sm.i th purch.ased tbe option :from Pench l er in 19JJ3 for ~~50 , 000 . 00 . 

Tb.e same yea1" he opt ioned the adjacent Labrado1" denov.nceme:nt 

for $ 1001 000 . Explo:pation WOl"k was hind i:;,red by 1aelt of' wate r , 

and revolutionary· periods . In October, 1918 S1nit h and E. Y.1 
.. 

If.not ts , president of t he compH:n.y, 'J:rere captured by Pancho Villa . 

'I:.hey we:ee :released after pa:yment; of' a ~1;20, 000 ransom. During 

th"' -..r:;i..,, ·l~ of' v·t 11 fl t Q q c·t ·1v.; ~-~r .. ~ v .z. ·- ;,;..' V ,. -l- ... - -- - ~; C~ · · ... ..t. Lr ~i J the m:ln.e was u:n..'11'lolested and re-

eeived his protection • . 

Smit h ar.i.d his associates a:r·0 entitled to th.0 crodit of 1""ea11y 

r ecognizing the possib:U ity 01· the dist rict . During 1917 about 

17500 tons of or e , e.verag1ng 40% lead, were transported by wag m.1 

to Vi i la Ab:tl..mada , 45 m:l1es v.rost and shipped via the National 

Railway to Ch:lhuabu.a City . In HH8, exploitation decreased, 
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by bancU. ts • 



10. 

maP-y geo1.03ist s have !'ecognized t hat lrnrthern Mexico th:ru 

ter.s } falls into a numbe:t"' of natura l div:i.sions. Fror_ f ou:P to 

seven divislons h ave b een postulated by these workers. 'llJ:::.e ph;1-

siog1"aphy of Me.x.:tco in. a 1n~oad r:tt:.mner,, has be.en tree.ted by 

Freuden.berg,, Blackwelder, Ransome,. H:.tll, Thayer·, Su.ess~ e.nd 

others~ 'fh.ere is appa~ently mo:r·e e.cco1•d of opinion ree;arding 

northern Mexico provinces than ex~ 1~essed in the J.i tera tui•e con-

cerning the pb:ysiograp11ic di visions of sonthe!'n Mexico. 

A brief s ummary of the physiog:ra.ph:!.c units wi11 ~ive a clear 

setting for -i';he stage of this study which lies within the !!fesa 

central and stdjaeent Sono:Pan province wher(~ -Che manto deposits 

(1) Gulf Coastal Plain Province. 

The most easterly i.mit of northern Mexico is known as the 

n tierra calient;e11 or Gulf Coastal Pla:t.n Provi:nee. It lies ad-

jacent to the H:lo (}1..,~:mde and is a continuation of the Gulf Coastal 

Plain of' 1l 1exas. South of the :i.nte1"l.'lB. tional bounda:r>y the province 

narrows to a ve.r y thin strip between r:rampico, Tern . and Vera Crttz; 

(5) 
, !11reudenberg, r .--Geologie von Mexico-Verlag Gebrlider Borntraeger, 

Berlin., 1921.. · 
Blacmvelde:t• , Elio-t;•-Uni ted States of N o:rth America 

Handbuch del" reg. Geologie, 8, 1912 .. 
Ranso:ne 11 1'". L.--Prdbler.11s of P...i"'.l'.l.er:lcan Geology 

Yale University Press-·1915. 
Hill, R. 11.--E . & M •. J. 72 1 PP• 563; 84 , pp .. 631; 85 , PP• 681; 

Tran. A.I.M. E . Vol. 32, pp. 163-178, 1902. 
'11hayer, Wa z'ren--The Phys iography of Mexico . 'l'fue Journal of Geology 

Vol. 24 1 1916. Pages 61-94. 
Su.e$s~-Face of the Ea:t>th. 



aJ,'ld :ts composed of s0di.r1entary !'ocks o:f Gretaceou.s and Tertiary 

age t lLJ."lt have a broador d.istr1hut~.on :ln Texas. The rocks1 1::.'1-

tria:n ge:nt;le :E'old:ln3 " 

_ Petrolem1 nn.d 'cl:e !m.j or coal deposits of Ifo::d.eo occu.1"' in i:;his 

pr ovince. 

(2} 

17.he eastern ±~ront of the physiographic unit known as the 

Sierra Madre Oriental 1.s a vcr;l pJ:>eci~):i.tous scarp that m.ar•lrn the 

we s t;01"'n li:mi t of' the Gulf Coan tal plain . 1:1.:b.e Si0J:>re. Me.dro 

Orient;al mountain szrs te:.1 is cons1.dored b y mt:.'ny f pe.rt of the Mesa-

Central, viz 1 Mexican Co:rd:t11ere.n p1"'ovince; other• lnvestigato:rs 

consider t hem a south.erly extensi on of the Rocky Motmtain s:rs-tem1 

liinit of ·che prov:lnce ls dist:'.i.Y:.~~-uished by a stF~ep overthrus t fault 

which i n pla cos is a dou)J.0 overth..rust . '.1:.h.e latter phenomena is 

a prominent feature near C:<•u.z, Tam. 1lhe mountains form. a drainage 

divide except in the felii plae-ss vrhere th.e stre&ilS have penetrated 

the 1fo sa Central Province . T.he oe. r:-t:;ern Sie1"'1"'tl Madre is c1J.r'lu.le:t;i ve 

in :le".ration from north to south. It rises to 5,000 feet at the 

u. s. Border nnd attains an elevation of' 10.,000 feet or more south 

of' tho Tropic of Cancer. 

Stra t:tg1•aph:tcally the Si01 ... ra Madre Oriental pl"ovince :ts Ui."1.-

like the Rocky :momycain syste1n in r:rh.lch :'i.nt::r11s:lve rocks pre-

d • . 
oni::i.na\ie, as it is co:<'Jlposetl (~hief'iy of fau.ltsd tJretaceou.s sedimen• 

·tar:les in th0 northGrn part; of Mexico . 1''arthe1 .... sou.th ext:.t'1!lnive 



rooks become __ 

m.onz O:.<'li t;ic l'ooks, 

adjacent Plateau p~t?ovince,. 

{3) Mesa C0nt1...,al l'rovince ~ 
~~ ~ .. "' ......... ' ... ~---

major physlog:r:aphie urli t of :Mexico. It :ls a ·wedge shaped u:eea, 

of south{;)rn Tuiexico,. It merges .:lndef'in:tt;ely with the intermon.tane 

plateau reg1.on of the United States that lies between the Hooky 

Tuloun ta.ins and the Sierra It~ v ~cla..~ . " 

mesa Centra l is a b:road expanse of undrained ter:Pito:i·y broken by 

basins occasionall:r have shallow 01• dry lakes. "'i 'l.:he eleva t;ion of 

the plateau increases frOY.n 4000 f e0t near the bo:rd.e:r t;o over 8000 

atta:U1. an a.lt:.U;-ade of eevi:;ra.1 thou.sand feet.. Geologically the 

Mesa is dividEK1 i:.n t'lno sect;ions. 12.10 ~astern pa.1..,t of the wedged 

sliapod plat;eau consist;s mainly of sedimenta:ries of Mesozoic age, 



., '7 
. ·• · . .J. 

Frequently Ld JJ.eral c:i.epo:.d t s urc found in ouch exposures. .....,. 

.is Crotaceous llmestor10 

Calera mi:;:1e vms c1evolop0d :ln the cl:ls tr:!.ct of Guerro. 

ar3soc l&.ted td.th t;h e Tertia.I-y voJ.eanlcs of the Cordi lle.r·an p.1:>0-

10ad-s:llver depos!'l;s with one ln.101,;rn :..10table except:lon. :ls 

"' 1 .. , ' } .J .. o ·1 .., e t vei•y prooa r;)..1..e ·c. 1a. c s:1.n.1 ... ar d0pos:.t "G 

tho 

ta.ries of t;hc plateHu are very of'ten cut b:v int;;pusives, especially 

mon.zonitic r·ocks~ and these g<:;;ner ally have mine::.~a11z.a.tion as ... 

soc:i..a.ted with them. Jloweve:P, lt; is notm70l'thy that; seve1"'al of' 

t he :m.aj o:r ua:nt~o deposits a ··o no t closely or obviously ai:::sociated 

vii th 5.gneous rocl~s. 

11J:1e sh.ort isolated ranges tlJ.D.'t stud ·!;he surface of the lVIesa 

Cen.t1"al .e .. re the result of' vigoi-•ou.s Po~d.; Comanche deformation . 

Gentle to sharp fold.ing ,, in which overturned f o1ds a:nd ovorthrust 

faults are com:m.o:n,, is a ·..:.p.~- · .:.~ of these short ra.11.Ges. 

~Phe Siex•ra de Los Lli.me:atos is a~1 exainple of' the type oi.' rs.nge 

:'..'1:10 Co:::·d:i.J.Joran Province is the ilnportant lead-silver ... zinc 

producer of' Tuiexico . 



(4) Sl.err:a J\.1atd:ro Occidental Provi11c.o,. 
-....;.\d~.•t#llOCl<:V"' ~-.-!W~ ~ .... ~ .. ~ """'~·~;,q.,,.<Qdo~,l,it 

1n1e i:f(Dsa_ r.entra.1 l'ises 
c>.. rwP'-"I/' w<tl 

west~;}w eEinte;("'.r1 slope ot: tl·1e 

(5) 



Nevade.-Sonoran Province. T.he large c.op:)el" d:i.stricts of aouth-

\",res t ern U.. S. and Sono;:a: ciccur v; i thin th:ts '7rovince. T.ho pro-

rm occa"'ional block of Cre·t;s.ceou.s l:i.r:est'.)ne exposed as a rcsv.lt 

of block f&.uJ. tin~-;.. '11he l:bnes tone is usually i n to:rboddod \"c':l. t;}::·. 

smt etimos P i n0:ralized.. Such an occurrence ;,vil1 be described ln 

e. la te:t .. paper on the Oposura :Manto. IJ:'he Gul.f of Cal:lf orn.ia is 

probably a submerged pc.1"t of tb.0 lfovad.'.:t .. Sono:r:'an Province .. 

(6) Lower Culif ornia 
_.......,.__~-~ 

:c,ower Cal:tforr.da is e. continuation of the Coast Ho.:naes 

of Califo1.,...a.ia. 



th~1 e}1a~:'tl.otoi~i!~r;;ie of: tl1A' n{~1£J;l:~b~;1~!n:J :riu:1:3es.,, Tho l.o~;ttJ. sott:h~ 

is (8]~.()\;JD, 011 'hEJ.t!I' ?~iOO'.m1t\.1$~1ru"'.tCit\ ri"JL!.p, P~l1il,Q NQ* l '» 

' even ovt;:;r~'l(&d• :~.he limlZ*e.torM:.) !t51 ffll'!f! t1'1~ Zl"{'.il'~te1'.\ 11'' !i:''t•i Gqul• 

\talent f;o th.~ 0 &.terdn l1meatone. ~f ·the :t;0s u;unii,;n:t;i;ia l~:1n~~- Me~r~ 

tJ:1e t:H)lttit1t11,~ ~ld ·i:lf ·the F:l.en'or~, -~'lt;Olt\ (bltto) lir.1e~iton() :to >ax• 



., ~ ...... -
J. ·fl 

t;he Siol"ra c. eJ. B.or:racho . 

posed of qu.artzitcs , nandstones I-and shale capped by a thick se:r:1.es 

of l:i.mostones. 

'l~:.e section e:ii:poscd in. 

trending 1:ang e , :i.s a repet:ltion 

of the lm.:rnr 1:1.:mestone fOI>xnations of the I,os La~'.1entos Ranze ,, 

Twenty-two miles t ') the west , D.c1•oss a b!'O[:l d desert plc :tn. ,, 

a re the Alcaparra arid El GorPl<m r•ang;es. T'ne .Sierra . de 1.a Al-

caparra me.y be consldered as t 1<r'ce tm:!.t;2. Sler:ni. Holen.a is an 

in1posh1g limestone peak .fort:~.1n~ t LG sou.thorn. unit f)f the ch ain. 

a s a m.u iest:tc stock like ., . landmarl:: . r.I'he range has 1.>cen subjected 

to nmch defo:r-mat;ion and a great tb.ick:.1ess of Angela {Blue) lLno-

s t;o:no :ts found exposed near tho southern end of tho range . crhe 

third un:l t , Los Ce1"':;.""os de las Min.as :ls separated from the Sie!'ra. 

de la Alcaparr'e. b;l a narrow vaJ.J.oy . The tiosqu.eteros ::.iane s.nd the 

!iiexicana prospect occur ln this ra1180 • Andes:i t; ic f1(JVJS q1 barik 

again.st tho northern slope and contirxte to the north 3.cross the 

1:1 
J.' it C. C11ilIL1alm .. rt ;]" O.I')io11 t{~- 1~:lgt1 t oi~ \Yay . 

1J:!': e :::iierra del Cforr:ton :ts 30 m:tlos J:i 45 dogf'ees W fro1';1 the 
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Los Lamentos range and five miles due.north of Los Cerros de las 

Minas .. The southeast fac e oi' this range is composed of limestones 

ths.t are flanked on the north and. west by intrusives and andesitic 

l"ock s. T.he limes tones have been g:re;;i. tly deformed anc1 metamor

phosed near the monzonite porphyry. Garnet is abv.nd.ant in ·the 

metamo1..,phosed zone. 

'Iho monzoni i:J0 porph.ycy is the nearest exposed intru.si ve to 

the J.,os Lamcntos district;. T.!.J.e m::i.ne:ral:i.za tion on the several 

prospects located in this range (iM\. probably,.1ascrib0d to the ef

fect of the po:rphyr:ltic intrusion. 
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STRATIGRAPII'I AND STRUCTURE OF 1~1E 
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by 
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STRATIGRAPHY AND STR"uCTURE OF TBE 

LOS LlUdENTOS RANGE 

BY 

GENERAL FOR!<K OF TBE LOS IJHliENTOS RANGE 

· Broadly viewed, the Los Lamentos Range is a homocline of 

li:mestone , crescentic in plan, t hat trends north. 65 degrees west 

and presents its steeper and concave front to the south-wouth

west . The average d.ip of the beds is a.pproxirnately 20 degrees 

to the north-northeast . The total length of' the mountain mass , 

so far as it projects above the valley fill , is a.bout 6 miles 

(9 . 6 kilometers) . Its $reatest width is about 3 miles (4 . 8 

kilometers) . The highest peak,, La Bu.fa, rises to an elevation 

of 2 ,, 005 meters, or 6, 578 feet , above sea-level. 

In addition to the generally simple , crescentie, homoclinal 

ridge \'Vhich f'or.m.s the main body of the. range, the1~e are , to the 

north,. a few· smaller elevations that are structurally a part of 

the Los La...mentos Range but which are superficially separated 

from the principe.l mass by areas of alluvium . The l a rgest of 

these is Buen.a Suerte Mountain (also knovm by its older name of 

~riste Mountain) . This mountain also is conspicuously and 

regularly homoolinal in structure , the component beds dipping 

from 10 degrees to 25 degrees to the north•northwest. The su:u-i

mi t of Buena Suerte is 1776 meters above sea ., 

~·Section from nReport On The CJeology Of T'ne Los La:mentos Range" 
By F. L. Ransome for the Ahumada Lead Co. 1926 
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Other, much smaller, hills rise from the alluvlm11 north 

and east of Buena Suerte Mountain . They are com.posed of massive 

limes-tone, in which the bedding planes as a rule are too obscure 

to present clear indications of strncture~ 

STR..4.!fIGRAPHY 

General features... The roeks of the Los Lamentos district, 

exclusive of the unconsolidated Quaternary wash, are exclusively 

limestones with a very minor proportion of calcareous shales. 

No igneous rocks are present. All of the beds belong to the 

Comanchean or Lo·1;11er Creta.eeous series. The lim.estones in general 

contain very little magnesia and are dolomitic only where t he;r 

have been modified by magnesium-bearing so:\,utions in c.on:neotion 

with ore deposition.. Practically all of the formations are fos

siliferous but in many of the beds the fossils are scanty, 

fragmentary, or do not weather out or break out so that satis

factory collections can be made by ordinary methods. The beds 

range in thickness from those so thin that; the rock :ts shaly to 

those so massive that no traces of bedding can be detected through 

thicknesses of 50 feet (15 meters) or more . 

There is not much general color-distinction between the 

weathered limestones of t he Los Lamentos Range. The prevailing 

·tint is ligl1t brown but th.is varies locally from dark brovm to 

light gray. ConspicuousJ:y light hued limestones; such as are 

seen at Bi sbee~ are wholly absent. On closer view, the weatlte;red 

surfaces of the Angela ("blue" ) limestone. are generally blue-gray 
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s.nd similarly colored beds may be seen in the San Vicente ( "i'etid.0
) 

Sonora, Buena St:terte, and Triste formations. 

A generalized colv.ranar sectio11 of' the liinestones is shown 

in figure 2. 

An_gela limestone.... Th.e Angela limestone, locally knov;rn as 

n the blue limestone, u is exposed at the stl.rfaee only along t;he 

southwest base -of the Los Lamentos Range for a distance of about 

4ra kilometers, between Fragua Canyon on the northwest and I.a 

Illtexico mine on the southeast. L'rl most places it fOJ.Yas a steep 

slope below the base of the overlying cliff ... mak:tng Los Lamen:tos 

limestone but locally the slope on the upper beds of the .ltr:tgela 

limestone merges with no topographic break into the generally 

mo1"'e prec:tpi tous front presented by the Los Lamentos lir..1estone. 

Towards the south and southwest, the A.l1gela limestone is over

lapped by the det.rital Quaternary deposits that floor the valleys 

of the l"egion. The lower part of the limeston.e is therefore no

where exposed within the area studied. 

Thoroughly typical exposures of the Angela limestone may 

be seen directly behind the co.a1panyts guest; house a.t Los Lamentos 

and in the lower part of the slope that rises to the northeast 

from the end of the Chihuahua y Orienta Railway, east of the town. 

'I'he na:me used in this report is ta.ken from the Angela mining 

claim of which the southvrest corner is on t;his limes-tone.. The 

char .•. ge from the local usage of 0 blu.e lim.estoue0 was made to con

form to the practice of the U. s. Geological Survey, f'ollowed 

gene:r•ally by geologists in the United States, of giving to each 



geologic for.r.aa.tiqn a g~ographic name, derived from a locality 

at or near which the formation is typically exposed. 

T.he Angela. limestone is characteristically of a dark blue

gray color and very compact in texture. Th.e beds are of moderate 

thickness and raP...ge from a.bout one inch (2 .5 centimeters) to 9 

feet (2.7 meters). Few beds in the Angela lim.est;one, however, 

are over 6 f'eet ( 1 .• 8 meters) thick and the average thieli:ness 

is probably about 2 feet; (0.6 nuste:rs). A rather cha.1 ... acte:ristic 

feature wh01"e t;he beds are e.r;:posed in bluffs:J as beb.ind the 

company's guest house is a rough vertical flu.ting due to the 

more rapid solution of the exposed edges cf the beds along 

cracks or joints perpendicular to the bedding. Prescott in 

one of his l"eports ~efers to this feature as a u chiselled 

effect .. n 

Ch.emically the Angela limestone is a. sliglttly siliceous 

but otherwise very pure limestone .. A composite se..mp le., taken 
\ 

across the section of thls formation exposed just east of Los 

Le.inentos, was deter miuod by Critchett and Ferg'trnon, chemis·ts 

and assayers of El Paso, to contain 

SiO 
ca.o2 
MgO ... .... -

Per cent 

2.95 
51.7 
0.14 

11lthough not .entirel:r unfossilif'erous, the Imgela lime-

stone contains so few fossils and those so poorly preserved, 

that no eollect:ton was made. The fossils seen appeared to be 

chiefly small indistinct corals. 
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Although the distinction bet·ween the Angela limestone and 

the Los Lamentos limestone is, in a. general we.;r, obvious enoush,, 

the exact plane of demarcation between the t wo formations is 

not eve:r""'j11Vhere apparent. A$ a rule the t'NO l:bnestones differ 

in the color of thei1~ su1.,face exposuz>es , the a.nt;ela being blue

g!'ay and the Los Lamentos bi"own or bu.ff. The bedding of the 

Angela limestone is distinct, wh ile in most of the Los Lrunentos , 

planes of stratification a:Pe obscure or lack:tng . This is on 

t h e whole the most useful distinction underground, 1/here the 

absence of bedding surfaces in the Los Lamentos contrnsts with 

the smooth, regu.lar planes observable in the A:n.gela. , There is 

a difference in. texture , the .t-i.ngela. limestone being dense and 

breaking with a co:n.clloidal or splinter;r fracture , t :t1e Los 

LarPEn1tos bel:ng slight ly r:lore open textured . Locally the Los 

I.a:me:n.tos limestone has boe:n dol.om.itized and has a distinctly 

grs.nu.ls.r text;u::ce, \l!hereas the A11gcla limestone has been only 

sli~3htly affected, if' a.t all , by this ki:ild of alteration . Be

cause of i"ts more massive character, the Los Lamentos limestone , 

in sections acros s the bedd.i!1g , conn~·only fo1"'m.s a clif .f or pre

cipi taus scarp wh:i.J.e t he .i\..."lgela limes t;one forms a smoo·cll or 

stepped slope.. As a rule 1 in surface :mappin.~5, the most; useful 

criterion, and the one generally used in drm·ll'in:; the b om1dary 

betvJe(:n1. the .Angela and I.i0s Larn.entos limestones ~ is the tran-

s:ttion from the compa rat:i.vely unfossiliferous A:r.i.gela l:ln1eBtone 

to a bed,, about 6 feet ( 1 .. 8 meters ) thiclt, t;hat is crowti~li 

with corals ancl sor10 shells. So;no of the corals a:r•e 4 or 5 



FIG URE 2. GENERALIZED COWMNAR SECTION 
OF THE ROCKS OF THE LOS LA.MENTOS RANGE. 

MAX. 
NAME THICK~ DESCRIPTION AGE 

BESS -
.....___ Coarse, stony detritus; sand Quat • 

I 
O.,!I 2ravel and soil. •Waah• 

I ~!.clt-~Fm~~~~~J.1rr-mak1ng, pa.J.e I I Triste l.s. 500 •• ,...... _mAs 1A. 

~ Thin-bedded l.a. Fossil sea 
Buena Suerte 600 urchins near base. Forms generally~ 

1.s. .- - • ~h s1nnA. "= 
I I Massive,cllff-forming,pale brown 

I I Tlaxcala l.s. 500 limestone. Fossiliferous at top. I I 

Generally thin-bedded,gray lime~ . 
Sonora l.s. 500 stone with some bluff-making 

members. Fossils scanty. 

I I 

I I 
I I 

Massive bu.ff limestone. The most 
-· 

Buf a l.s. 1500 prominent cliff-maker in t he z 

I I region. Fairly fossiliferous. <4 
' r4 

I I ::Il 

San Vicente 500 Stialy gray limestone crowded with u 

(Fetid Beds) 800 small fossils(Orbitolina te.xana). z 
<4 

I I Los Lamentos Massive butf limestone.Abundant :s 
I 1-

l.s. 650 fossils in upper pa.rt. The 0 

I I princioal ore-beariDjl formation . u 
~ 

~ Angela l.s. 700 Generally rather thin-bedded, 
(Bl ue Limestone) blue-gray limestone. Fossils 

g;:i--- scarce. 
Ba se 

not 
exposed 
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inches (10 or 13 centimeters} long. Tb.is is taken as the 

basal bed. of the Los J,_;c'1.mentos lin1estone a.:n.d generally marks the 

base of the Los Lamentos cliff .. 

Only the upper par•t of the Angela limestone is exposed in 

the Los Lar.11entos Range, the lower beds being concealed by (°lua-

ternary alluviu.m. Tl1e thio1mess o:f the forrnat;ion is the:refore 

u.nkn.own. A we11 c1rl1lod by the company iu Los Lamentos, about 

40 meters northeast of the ra:llwa.y station, penet rated 233 feet; 

(
170 meters) o:r. a.llt.:t.vis.1 v1ash and then went into 1unat is ;:ip ... 

parontly the Angela limestone and continued to a depth of 1400 

:t'eet ( 427 meters). here an ample sup9ly oi' vmter was tapped 

which rose to ab(m;t 600 feet ( 1831110t0:rs) frau1 t h0 su:Pfa.ce. 

Examination of the ehurnd:rill mrt;tings from this well show tb.at 

the :material passed. through is p:red.om.inantl-y compact blu.e ... gray 

limestone although. from 11 392 to 463 feet" tl~e m.;i;tting.s are f'rom 

a somew:r.i.a.t li5 hter-eoloi"ed gr:ay li.rnest;one. F1"om 11 628 to 653 

i'eetn and from 11 741 to 784 feet;", the chips a1"e not so clean 

and may have eome from more shaly beds. None of the mater:l.a l 

from the well affords any definite indication that the bottom 

of the Angela liri.iestone has been :r>eached . 

1.7.he very dense texture of ·th e Angela limestone is not 

favorable to mineralization and no important o:re bodies have 

been :found in thi.s rock. 

T ..... os Lamentos limestone .... T".a.e Los Lamontos 1L7l'!estone con-
<r.<--... --------

fox•mably overlies the Angela lhnestone and, like tha. t f orma t i on, 

is exposed alo:n.g the steep soi.:rthwest front of the Los Lar:i.entos 



Range,. As the geologlc m::>.p shov.rs, hov.re1re:1: , it extends consi

derably farther ea.st th.an the An.gela limestone s.nd makes up 

t;he sout1.1eI'n pa.rt of J·uarez R:ldge, in t he sou. theaster:n cor-.aor 

of the area mapped .. 

In i tf:l topographic: expression the Los I..'8.Inentos l~unestone 

appears as a :t•ot gh precipitous slope wh:i.ch in many plfaces may 

fairly be tor.med a cliff 

1I1he p:r'evalent coJ.or of wea i;he:r'ed surfa ces ls bi-'ownish 

gray or bu.ff.. \rJ1'1ore unaffected by ore-bearing solut:;ions, the 

J.::U11est;on0 effervesces freely with dilute acid, is compact :i.n 

texture, and in places :ts spotted with w:ti.lte calcite tJ'.1.at has 

filled the cavities of fossil shells. 

rl'he I.,os L.qme_j,tos 11.mesto:ne :1.s gon.erally thick-bedded with 

rat;he:i."' lndistlnct pa.x•tings bet~veen the beds. '11b.0 upper middle 

portion is pa.r·tic:u.l arly mas~ .. 1v0. Towards the top, ratb.er 1n

d.ist:1.:nct: bedding Ii lB.11.0S, f'ro:m 3 to 10 f .eet (Q,.9 to 3 meters) 

apa2"t ca11 be recog..'Uized in weathered e.x.posur·es. 1.P.bese planes, 

however, are not; nearly so distinct and pe1"sistent as th.ose 

in the Angela li1nestone.. A feature th.at appears as a bedding 

plane 1n one part of a cliff may be found disappearing in massive 

limestone a fmv feet; away. Such bedding plan.es would probably 

not be recog-11izabl0 in fresh lirnes tone U-'tldergrotmd. 

Al thou.gh the Los L.'lrt1entos is f ossi.l:lf eroo.s t hroughout , the 

f ossils in. the lower part a.re chiefly corals which do not se

pa.ra te from their matrix in collecti')le form, al-though they are 

con.spicu.ou.s on weathered surfaces of the rock ~ 1'.he l;J.Ost abu..r1-



dant and conspicuous :fossil in t h.e upper pHrt of the formation 

is a. lar·ge irregularly coilod lamellj_brancn shell ( Capr:!.na sp. 

ex. .. ai'f. ,g,~£ts:sifibra Hoemer }. On ma:ny W€H3.thered surff'.ces tb.ese 

shells appear e.s circula.::..", elliptical or- oval seC'!;ions, ma11y 

of these shov{ing portlons of' a cu .. rved black shell with a fil-

ling of whit;e calc.it,e. :t.ne visible fossils are o;ener~~lly t he 

le.ft val v·~ of the sh.ell, the rig1 t being compa.:ra ti vely small 

and :t'lat. '.I'f1e ·topmost bed of the Los Iamentos is thickly 

crowded with -the :t'emains of Caprina and as the overlying shaly 

San Vicente limestone has in :most places been eroded a.way from 

the top of this bed i'or a width of some .f c?et from its outcrop-

ping edge; the bared surface of the bed appears closely studded 

with the shells of Caprina. 

Non.ually the Los Lamontos is a nearly pure limestone" 

Partial chemical anal;rses by Critchett a~-id li1e1"guson sh.ow the 

'!Jpner Los Lam011tos l:lm0stone 
L(r;:ver n n 11 

Si02 
0.68 
o.4o 

cao 
53.6 
53.0 

IlgO 
0.13 
0.20 

In the general vicinity of the 01"0 deposits, however" the 

limestone ha2 bee:n extensl vely dolor.ii tized and shovn:5 a c1' .. .ange 

of texture to a distinctly granular rock--tho so-called re-

crystallized l:b.ne. 1n.c10 chanz;e in ch.emical cor11posi ti on is 

generally aceo1npanied bJ<· a ch ange :in color fron gray to red,. 

'f'ne red appears first as small indistinct streaks of iron oxiete 

in the p:r•edom.i:nantly gray :rock but some of ·the more completely 
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dolorr..itizod parts of the fom.at:to:-..1. ar-e dar·k reddish g:r·uy vdth 

films of red iron o.:::dd.e along joint su:-efaces. 

bedding y.:1a11es. Where dolor:li tizat;:lon b.:i.s :not taken place, the 

fossiliferous character of · the fon.a.ation ie easily appEu•ent, 

1J;he ob:3ervec1 thickness of the Los :::ianentos lirt:.EH:tone :ranges 

from about 200 fe0t (61 meters) north of Los Lfune:n:tos t o about 

050 f'cet; ( 198 r;,v;;te:rs) nor t h of La lfo.:::dco mine . This is a :rather 

ror;1arknble ch.ange to ·cake place w:i. thi:n a distance of less than 

·~ • ~ I "4 "Z 1 • 1 • \ ~ mi.Les \v .. ... ) ~1 omi;;rcers / but it; app0UI'S to be duo to an Ol"iginal 

dlf.fercnce :ln deposit i on and not to an;/ faultL13 o:i:• f o ldiur; . 

San. V'icente l:J.r:1.es·1~~)n0. - 'I1he Sa.:1 Vicente J. irnestono, vtrhieh 

has boon locally knor.rn ,,.s 1t the fetid llmestc.m.e" o::.? n tl'J.(:') f'et1d 

beds , ti de:Pi ves t;he nar.1e used in the presrrnt :Pepo~t frorn San 

Vicente 'I~ash, .near the head oi' v,;l.dcb. th.c bedz of t;h:ls :.l' onnat; ion 

are 1.1011 exposed.. The local n.am.e is expressive of ·tho fact tha t 

most; of 1·h e San Vicente limestone C/Lves a pe·crolotun-1:1.ke odor 

\:dth the beds of this particular fo1"':mat:lon.* 

1rherc is a cu.X>rent belief that the odor given o:ff by this l:i.nie
stone, when the rock :1.s drilled v..nde:t•g1>)ou:nd, !W3.kes the minex•s 
ills and the :reported absence of this 0)?fect; upon the men who 
sank the main shaft below the !1.Lar.iorie tunnel o:f the Erupcion 
mine v1a.s cited to sh.or: that the shaft; did not pass ·chm this 
limestone"' Exe.m:tnation of the shaft:, however,, sh owed t b.e.t the 
fu11 thickw.:iss of 'the San Vicente limc.1.s ·to:.:10 ·w·as penetrated~ 

The San Vicente lim.estone li.es coY!.forrnably v.pon the top-

most high.ly fossilif erou.s bed of the Los I.amentos limestone a nd 



is exposed all along the southerly face of the Los lamentos 

Range from San Vicente Wash to Fragua. Canyon., a distance of 

about 3.5 miles (5.6 kilometers}. 'l'.b.e position of it;s ou.tcrop 

is easily recognized topog:raphically; for, on accou:n.t of its 

prevailix1gly thin-bedded character, it forms a relatively smooth 

slope that intervenes bet;ween the bold bluff of the underlying 

Los Laraentos limestone and the s till more 1m.pos:1ng cl.:.ffs of 

the Bu.fa limestone which forms the crest of the range. Moreover, 

because of its less resistant cha.:racter, the San Vicente has in 

m.ost places been eroded back from the brink of th.e Los La.mentos 

bluff~ lec.ving a dip .. slope bench in placc:Hi up to 500 feet ( 152 

meters) 'l."Jid0 1' wh:tch affords a route of compax"atively oasy travel 

alon~g tho ols.erthoro ext:r.'emely steep and rugt;ed front; oi' the 

:range. 

'11he Sa.11 Vicente limestoue is for the most part thin bedded, 

with aL"!lost; a sha.ly laTii:na t:ton that beco:cJ.es nore noticeable 011 

weathering. Th0 prevailing color :ts da.1"k gray . 

T.he mos t characteristic feature of these thin beds is the 

oxtraor•dim.:.ry a'bw1dance of small, dark discoidal f ossiJ.s, which 

in ma..11y places appeal' to make up at least 1;.1 third of the rock .. 

'I"'.o.ese fossils a.re little disks , up to about 20 raillin1etors in 

diameter. One side is a low cone \Vith fi210 concentric st:riat:ions

lilrn contour lines around a pointed hill; the other side :ls 

sha110Y1ly concave,...-like e. tiny batea. 'l'hese little s11<:~ll s are 

t;he re1-1ains of one of the larger species of f orruninifera-

Orbitolina texana R.oen1er j and ar-0 part:tcularly ch1.:r·a.cteristic 
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of' the beds of the lowest; or 11rini ty division of the Comanche 

period. A few irupe:ri'ect shells of lamellibranchs, especially 

Q.t.9en:i.B, sp.,, we:r•e also :eoun.d in the thin beds of the San VJ.cente 

lir:11estone"' 

Abou.t he.l:f' way bet;vJeen th.e top .e..:ad bottom of the Ss..n Vicente 

limestone, throughou.t t;he wes tern two thirds of its exposed 

length, is a more massive :men1be1" th.at forms a persistent bluff 

111 the gox:i.erally ra thEl!' soooth slope. 'Eb.ls mem.ber.t which is 

shown on. the geological map and sections, is :i.n places practically 

one bed from 25 to 50 feet (?~6 to 15,.2 meters) thick. At its 

ea.stern end, however,,. the :member splits into 3 or more thinner 

beds wh:i.ch, towetrc1s the east.ii lose their ident:lty as a dist:tnc

t;:i.ve m.E».nber of th~ forraation. 

This massi ve me:mbe1" is abu:a.dant1y f'ossil:i.ferou.s, the ob

sc7rved forms being chiefly corals" 

1Ybout 30 feet (9.1 meters) st:r.atigra1:ihically above the 

massive coral-bearing mamber or about 60 feet (18.3 meters) be

low the base of the Bufe. 11meHtone is a bed of ha.rd com.pact 

l:L"!lestone, in most places frcrm. 2 to 3 feet (0.6 to 0.9 meters) 

thick, charac·terized b:v· a peculiar irregular mottling :tn dark 

gray and dull red.., with loc.aJ.ly abundant branching cylindrical 

corals and a few small poorly p1"eserved shells. This b ed is 

readily traceable a.long the slope of the m.ou.ntain and has heen 

:i.dentified in th.a Iviarjorie tunnel. As :Prescott has pointed out; 

in his report, it forms a useful st1"ai:;igraphic marker and it is 

locally known as che 0 marker bed. u 
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Above the mark01" bod, lie more t hin sha.ly limestone s with 

abundant 01""bitrnli:na ~ The dist inc t;ion. be tt1J<:)€n1 the San Vicente 

limestone and the overly:tng Bu.fa lilnestono is not ever-,rmhore 

sharp.. r.r.he line as drawn on. the ms.p represents in general the 

c.han(~e from. the slope on the tb.in-bedded San Vicente to the cliff 

formed by the more massive B'ai'a., Orbitoline.# althou..gh particu-

larly abtu::i.dant in the San Vicente li:t:ue stcme p:r•obubly occurs also 

in a few t hln ... beddod layers t;hat are lnt:erstrat;if ied vlith the 

thicker beds i n the lo··:Jer· pal"t of the Bttf'a lin1estone. 

'11.b.0 San Vicente lir.a.es tone, as m:i.gh-t be ex.pected from :tts 

appearance, is not so pure a limestone as the J.:ios I.1am0ntos. 

Comp0si te se.:11ples were taken f:ro:.m t he beds above and ·below 

the massive middle meBber, v/h:lch was not itself' sa:m.p led . G1"i t-

chett and :Perguson' s cletc7:tY1ina ti~ns on these t;r o sam:;les wore 

as f o11ows ~ 

Upper San Vicente l~nestone 
LOY!e!' u 11 n 

Si02 
3.90 
4.20 

?.e:r cent 

Cao 
50.6 
49 .. 9 

MgO 
0.14 
0.12 

A11nnlna was not deter111i110d but is probably higher :i.n the 

San V:tce:nte limestone than in the I.ios Lamentos lin1esto11e . 

The San Vicente, however, is only sligb:tly mag..."lesian, practi-

cally no more so than the Los I.arr.t(ll'J.tos limestone. 

1The tJ:dcln:1ess of' the San Vicente li1nestone gener«~lly varies 

f'rom. about 315 feet ( 95 to 152 :meters ) to 500 feet ,; 111rJ.e steeply 

upturLed beds of tb.is fo:rmat;:ton exposed at the head of San 

Vicente Wash have an apparent thicxness of about 800 f'eet (244 



meters) . T".nere is possibly some repet;:i. t:lon t1 e beds in this 

locality due t o :faulting. 

Bu.fa l:lmestone.... The ne.me Buf'a l:i.mest;one has been applied .. ~_. .. , .. ,. 

11~t;her loosely in Mexico to any lir.11estono that; out;cr·ops pro-

minont;1y as a. cliff along the crest of' a mou...."t"J.tatn or rid.go . It 

probably orig;_:tnated as s·tratigr•aphic nru:n.e at Los I;amentos L.vi 

th:ls vmy., 'l'.t1e highest peak in the range, situated about o.s 
m:tle ( 1.,.3 kilometers) not,thee.st; of Los La.mentos is de)slgnated 

011 so:me :maps v.s La Bufa and as La Bt1fa is composed of the lime-

stone in question, t;h:i.s affords an opport;lmit;y to retai n a 

stra:ti3raphic nmne th.at is locally i.11 use and at the same tir;1e 

t;o oonforrr;. to the app:r·oved p1"actice in nt.-t:min.g geo l ogic f'or-

ma tions., 

The :Bu.fa lim.estcme, vFhi ch co:n..formab1y ove1•lies the San 

"i/icente li~1wst·:ine , :ls b.:,r fa:r the most c Dnspicu.ous and ext; en-

si vely expos-ad. st:ra t:tgre.phic v..nit; in t·i-, district. It occupies 

the entire crest of t he Los I.amef.rtos Han3e and is the prevail-

lng rock o;".2 t he northerly slope vrh:tch co~1cides in a :r•ough and 

general wa:r V"d tb. th.El beddinG plt'u10s; that is 1 bi•oadly con-

The Bufa is generally thick-bedded, fairly f oss:llife1"'ous 

and weat hers buff or brown. In the lowe:.r 75 t'eet (22 . 8 :meters) 

the beds 2"ange from 10 to 30 feet (3 to 9 meters) thick.. Above 

thGse t he beds are "thlcker and i t is the edges of th.G·se :massive 

beds th.at a pp,.:;a ., in t:L·;.e ilTi.pos:t:ng cliffs on the south side of El 

Labi>ador and La Bufa peaks . Still l1:lgh0r in the fon:nation the 
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beds are again thinner·; as may be seen in the vicin.i t:r of the 

pass between F:t'&.fbllS. Canyon t-.1.nd Sonora Y:ash .. 

The origina.1 top of' t;he :Ju.fa li:t:1es-ton0 ls net, so far as 

lmmvn, exposed in the dist:r·ict. Un the no:ctheast verse.11t; of 

the range and on the north side of Eloisa IUclge the Bu.fa. beds 

are terminated upward by a. surface of eros:lon "that passes under 

the Quate:t"'nary wash. B0tween El Labrador Peak a.nd Buena Suerte 

Mountain, the . Bu.fa 1:1.:mestone i .s overr:tdden, along the .Sonora 

thrust fault,. by ·the you112;er Sonora lilr;.estone.. IJ.'.he relations 

here are :not ent;:trely clear b1.tt the thrust surface appes.rs to 

cut obliquely across the boddi:ng of the Bufa. Tb.e B1..1.fa also 

near El Iabrador Peak appears to lla.ve a part of its upper beds 

missing and to be thinner than to t he nortl:~east of La Bufa Pealr. 

It appears probable, thr.n·efor0 ,, that "the Bu.fa wns orls:tnalJ.y 

thicker than is ino.icated by the ·cods no',? o:::posed :I.n the Los 

La:mentos Ran3e. 

Co~eala consti'i.;ute a la.:rgo proportior.i. o:t ·(;he; fo~::sil remains 

in the Bufa lirn.estone and in ce1"'tain ·beds ar'e vor-J ab·-ndant. 

Neither ·they nor the associD.ted mollusca.:::1 she.lls, nov.ever, can 

be road.:1.ly co11ected and no attempt vnrn made t;o obtain a re-

pl"'esentative collectlo11 of t;he fossil fauna . T-70 s;;x~c:i.cs or 

Volaj) however,, were t>rou.ght: in, ~ '11:-1~~1.q.~EH!Ostata (Sowerby) 

and Vola i1"'regulari~ Boso, o.f which 'the forlner ls c;enerally 

.fou.nd :ln the VJashi ta group 1;;1..r1d the latter in the Px'eder:tcksbu1"g 

group, of the Comanche. r11h0re were also collected a fevJ speci• 

mens of a large Iu.nutia ~Luna.t;ia ,Eed0r11alis RoeE1e r ('? TI wh:tch 



· occu:rs in the ~Crini ty and Frede1"icksb11rg group and has been 

fou.nd at Bisbee, Arizona., and at many places :tn Texas. A 

IJ.:ma, L:hna mexics.:aa Bose , 
... _ -- ---- -··· known from tho rlashit;a grou.p in other 

localities, was also collected from the Bu.fa l:L71estone. 

Ho che~nica1 analys:ls vms made of the Bu.fa limestone but 

:tts generally c lose resemblance t;o tho Los J.ia.r:i.entos limestone 

indicates tlw.t it is a pu.re 1ir:i.estone wlth ve1·•y 1it;tle magnesia. 

As the orir;1nn1 top of the Bufa 11:r.rnstone :ls not known 

t;b.e full t h iclmoss of the forrnat:l-:.m can not be det;er.clined.. It 

:ls estir11uted t1-1at the total t h :tckness of. th0 lmm:rn beds :i.s at 

least 1500 fee t (457 meters ). 

to be the ne~:t f'ormat:ton s·trat;igraphical1y above the Bufa , de-

rives its name 

typic.alJ:J !3Xposed. 

Tb.e pr:tnc:lpnl area of Sonora limcs to:n.G lies lJetvvee:n El 

Labrado:i." Peak v.nd Bm:n:w. Snertc L~ou..1."'1.t~1in . :;_ sr1aller area oc-

cu.pies the nor th end of Aztoca Ridge <I 

The Son ora limestone is goneral_y th:!J1·~bedd.ed., com.pact in 

t;extu.re, b'.'!x!.e r;ray 11'1 colo:r, and con ta:lns only scant;1 and poorly 

preserved fossils. It thus had sorn.0 r0senblanee to the Anc;ela 

or 11b1ue'r limestone and wa s believed ·by Prone )tt to be identical 

V,;i-1-1,.,., t,1 .. ·.·.fl','·, f'O_'i"J.~,r .. . f.'.lf: .. J,,.0°.J... r..lilh·"'Y'A r-lY'e h0"''A"\r0'l" dist·inc~· 1jthOl00'1.C'~l .... w . . ,__ ... -- ~ - "-···'·'-"' "'-- , , . •··· ,,,., '- ... , - . ..... .., ..... . -·· 6 c;, 

differences, and. such fossils as have been found in the Sonora 

:tndicate tb.nt it belo:n;:;s above the Bilfa 11.1:J.cstone rathe::r. than 

0olow th0 Los Lr.'tmentos limestone .. 



AlthougJ:i the Sonora limestone :ts ge:ne:.ra11y thin-bedded 

and in places sb.aly, certain groups o:f beds a:r·e fairl~v re sis-

t;ent to erosion and form bluffs or cliffs~· 'l'.he topography of 

the :t'o1"!::1ation is on tb.e v:rhole relat:'Lvoly smooth in co1:iparison 

with that of the Bufa and Los Lamentos limestones. 

A fevJ fo.ss:lls wex·e collected fr·o-m. ·the Sonora lilneston.e 

in the sma.11 ell iptical a:r'eq exposed by the road, .near the r:;out;h 

base oi' Buena · Suer-te Iilount;ain,, and su.pposedly near tl!.e top of 

the fo1"'rnation.. .&.raong these Dr .. Stoyanow· identifled Te1'"e1n •a.·tu.l:t:na 

~d~:J:.u:p.@:..~ Ho0m0r ( '?} which h.e states is usually f ou.nd in the 

Austi~1 chalk {Upper Cretaceous) or ~rexas, alt;hough at s~os r.a

mentos it appears to be in the 001.:J.a.nche,. O:u the noJ.•t;h side of' 

Sonora Wash, near its head, ru.1d Ju.st above t;h.e contact of the 

Soti.ora lim.estone tJith the allu·viu.m, a f'ew 11nsatisi'ac.tory :fos

sils were found which Dr~ Stoyanovv identified as I:L~ctiC?..1~ sp. 

He remarlcs that; nothing definite can be stated about the species 

:i:•epresented in t;his lot except t;hat some of the specimens re

semble eertain. groups of :Modiola ( Vorsella) desc::eibed by Meek 

from the Cretaceous of the Great: :Plains., 1l'he evidence, such 

as it is, supports the conc1u.sion. the.t the Sonora. li1110stone is 

a yom:ig0r i'onna t;ion than the Angela or nblu.e" limestone. 

As the original base of the Sonora limestone is not de ... 

finitely 1mow:r1, the total tl.dclmess of' the formation is not 

determin.v.b le.. It is estima. ted. that 'the lmown beds mu.st; have 

a thickness of at least 500 .feet ( 152 meters). 

J~~·~l~. limestone .. - 'fb.e '£1axca.1a limes tone, na.:med from 

the 'l1laxcala mining elaim,,. 011 wh.i.ch it; outcrops ;ii is ex.posed 



One of' th0se occurs a t the 

.no:r•tb.wcst end o1' the r:!..dge tLat; f;1xt011ds alori..[,; the northeast side 

·t;J:10 northsrn end o:f Az t:ec13. Ridge .. 

d:lrec tly overlie the Sono:rB. lir:10ston.e. 

Sono:ca but the contact :ts concealed by alluvial deposits ~ 

In color ar1d general appea:t'11nco the 11'laxcala lim.estone 

It als o 

:!."Cser .. 1b 1_. os t;l:o 'TOtll1:_ .. ,:cr 'Pri ~+·e l:t·;11•" ':'!.;....,,,""' YJY'':;,c:· en ~-·1"':- to ·oe d"'~-... 'Cl ~..- - tJv .;.,._ vlo.i \J-"..t•V , i-..-vc..;t ..... u .. .-el - , '\..r_. 

cri'bed . '11.ti.e practical lith.::,logical identity of these fou:r l:i.me-

stonee an.d the di:f.f'icul t~;r of making sa tisf'actol"'Y fossil col-

cation of the l:i.r.:lestone in the u1ar1y ffillUll areas that are wholly 

mapped a:r·oa . !.i'or exsnple th.c 1·irn0stone of the l ittle h ill that 

cala lirn0stone bec; aU~ie it ov0rli0s the Sonora limestone . It is 

Bu.fa 1-imsstone onJ.y about 1700 :feet (213 meters } Rway ~ on the 

south•aest sid·:'J fault, as will be 

sho':irn lfa teT, is believed to sepa. r a t e these t wo bodi es of s:tmila:.r 

limosto::1e . Li tholot;;ically the l:i1:n.estone of tl'1e chaln. of isJ.a.nd• 

like oxposures east of Bue!1a St.:terte Mountain a.nil inclu .. ding the 
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one in which is the Triste shaft, might be Los La.mentos, Bv..fa , 

Tlaxcala or Triste 15..:mestone. 11hey are mapped, howeve1",, as 

posit'.!.0::.1 1~;j_th refe1'Emce to the general s-Cr·"" .. rntu.ro of the district 
-. 

e.r.i.d to the ty:pe expozu1:e· of' tl-;.0 1.Priste on Buena 2uei-•t•s Mountain. 

the beds being for 

t;be :c1ost part from. 10 to 12 feet (3 to 3 .7 meters) tb.ick, Ii'os-

to 10 l• nc·>·r .. Q (2r.: A. 
-- - +J:~ LVi.;.J- ;.) . :...., 

she11s , espE;clnJ.J..,;;- H f or:m. thi:.4 t t-Jas su.ppcsed in t: .. J~ ;:f i0 ld to b e 

stone ai1d no collection '{it:.s made . 

~:'.c..o thlcJ:::~1oss of the 1l11axca1a l:tnestonc fl.as beon extimated ,, 

tc be at l east 500 feet (152 ~o ters) . 

~!~~.rte Y.F1e~to1~ ,- The Bt?.0ru1 Suerte limestone, named 

eon5'o:r-Y'.iab1y ovE.11~1:!.es t he Tlaxcals. ltc.esto:no and underJ .. ies t h e 

L:i.ko the San Vicente 

:ts for tk1e r::ost IJ2 l"t tl.ti11ly bed.ded 

()f t he T'laxcr~la limestone belou and the 1r..posinc; cli.:?f' o:f Triste 

1irne::;to:ne above . .'.'.Jupcrf iciaJ.ly t:i.:.o :relati•)ns oi' the three lime-

stones :ln Buena :Su.m:>to are su .. ~:; .3 f. st:i.ve of a :r'cpotition of t;he Los 
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Vicente o.nd Buena 8uo1~te l:lmestoncs, especi.a13:y :i.n tho::t:r fossil 

i;ict3~ 1 • 

The 

'l1ho fossil (h:'o:tt;olinn to.z;;:~na,,. 1.Yhlch is 30 extrao:r•dine.r:5.ly 
u·)lr=st· - --.,~;..of- .-F~-~•- ,.. .,"""' ·· oa 

o:n the car:vles -~ ~ .J..l.i. :lts lower 

the Sa.."'1. 

;.:sen.er,:;. of sea u.:reb.ins, a brael:.yopoc1, a:n o:rstc:r, f:1.nd a coral., 

Cida.r:ts texanus Clark. 
~,,_.., ~--:-..... 

c ot1:-t1ty ~ 'J.!e1~&s •-
Washita. g:rou.p ... Found ~'l.lso in Bexar 

~·\~ r.:.\sl1:t ·t tt [~rou .. p. I~out1C1 als.o 
near E.ent, El Paso County, 
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~ .Par:i;:yl liall. P:rcd6riclrnbn.rg and '~:as~li ta. i;rou.ps. 
. ·· 06c1irsat Leon Springs near San Ant;onio, Pilot Knob 

( •11ravis County)$ Kent , Sier:.i:•a Blanca Peaks, and :r:mny 
otl~r localities in Texas. 

z.:i:1.lr~enr;. waooe11sls ( noe1::Gr). 1.i1'i1ls braclr.vopod has a de-
-· .. ..-;· u1••=-•-·~ f:lnite zone o:r occurrence and is of great value i'or 

stratig:rai:>b.ic co1~xJeJ4"o~t;ior1. Ii~ ~:(3.:{as it;s 1;.osit:i.cJn is 
e.t the base of the Del Hio cle.ys cf the \,a shita group. 
It :bas b0en found :t:o. o·t:.he:.r 1oca.J :lties in 11exs.s , in 
northeirnte:rn ISexico and on V&nco·t-wer Islan.d .. 

.iaectryonia ca.rinata (L8.111s.1'"'ck}. In Texas this sp0ci0s is 
-· --,;-;-... y:-:;::-:rn-;;~r Z.o ··i~n 0·_f' t'_<'.·.'' ·.1.·• .. •• os~ +: ·•)<"-.,.,« .. i s+.r.,,~·'- ·1~ ... ,;; con.-Sf)J0

.". -"'"' '"'~'~ ..- v\..· .. .,., , ~..:.-..,,. i....J _ ..._ - ...... .t~ \-, .. _ -U -.r.. l..Pv..t. .-:.U c._.~,,.t....i. -- v 

uous hor:tzons of the Den:i.so.n beds,. Via.sh .. i ta g:r·oup. It 
l:az (1 \7:1.d.e [:;803!~a.pl1.:l·CR2. <1J .. r3tr~tb~.1tiOl1. & 

~rL.c t:::tekncsn o:f? t he Buena 3uerte 1:1.mestone is est:tma ted 

at abou.t 600 f ect ( 183 n eter-s) .. 

:t1r:1.ste lirnest;or10 .~ __ ... - .... 

an oldo!i:J dosJ;~no.tion fo:r DuenH s·uo::>te r::o1mta:ln, v1hic1::. appears 

Tho i:iou:n.ta:in 

'.Cristo 

r,·------·-----------.... ~ . 

·---·--------·--·---------···--------------
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tb.e al~ 

lu.viu."11 in ~tj}}.() northern })U:Pt "' .. ~ the hi8~P~!c~d a:.1ea At tl1.(? north v·,.!., " 

0]1.d of a~?; tee.a ?·~ c1 Ci'<~ 
·""""'· '·o ~" ~ 

".l 
-~ ne .. ss ~;j:~ tb.6 r ~ .. 1r:tste ]. ,ir~!e :;·tor1e 1~.D.S been 

t:ho Sono:C"a lir;ies tone . 

surfe.ce 

(152 cs t :tr1r~ tea. 

Stt:n1 .. ·~. t12~·;1 of;, ·t~:le c.1:::#er:1ict1J. c1.'.c .. r·acte1~ of t110 l:i..r:1.0S°t \):t1es • .,. i'lor 
........... ~ -- P" ~· 

lh~astonez of the Los 

:ln.iJ: a f cv; frac:ment s frcm as nearly as possibl e every bed .. The 

airrr y:;as to obtld.n g f'o.:i.r f.\c:t111pl0 of tho forn:;i. t:ton as a whole ,, 

1J:1e s t s on l i mestones --

1. Uppol"' S::u::i. Vicente limestone 
2 ., Lor1er San Vicente lira.es tone 
3 . Upper Los IJa.1n0ntos limestone 
4 . Lot1er Los Lamentos limestone 
5 . -~-nsela l:LTI1eston0 

SiO 3.9§ 
4 . 20 
o .68 
o.4o 
(°'!' 1"'1.-
.:::; . ;;~ 

Pe:r cent 

Ce.O IvigO 
50.,6 0 . 14 
49 . 9 0 .12 
53._6 0 . 13 
53 . 0 0 . 20 
!5l . 1't o . 14; 
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'fhe above deto17m:tna tio:ns were made to as cert;a:Ln vJhoth.or 

tJ.10 Los IJa.mentos limestone was generally clolo:m:t tic or d:Lf:fered. 

chem:i.caJ.ly to any r1a1•k0d deg:Pee fror.r1 the 1:11::1es·tones above an.d 

below. The d1.ff er-ences found, however, were too small to en-

courage fv.:rther work a1o:ng tb.is 11:ne .. 'I:he quant:J. t:.:l of T'1ag:10sia 

present in Hn.y oi' the tu"'laltered li:n1esto:nos exELmined is ve:t."'"J sraall 

and it is :fairly safe to co:<w1ud.e that t;i1e Bu.fa and. you..;nge1" lime• 

the case , ·tho Los Lamentos llmt:;stone hi dolorn:U~ic, t h.is result; 

11.:mostoI:te .. 

a1"id soutJ.rvrnst , the Jfaou11tains r:1se abrupt;ly iJ.bove unconsolidated 

f1•0.m the:tr f'lanks and inerge impercept.ibly ·hrto the broad d.ese:r··f; 

plains . Hea:i:i t;he mou.:o.talns tl:ds ma t erial is more Ol" less coD.:.Pse 

and angu.J.ar and is :not; distin.guisb.=tble sharply f~rorri th(-,; stony 

debris that rests upon the moun:tain slopes--a fact that is in-

dies. ted on the map by tl10 use of a dotted line i;o sepa1"a. te tJ:1e 

alluvh'.1 deposits .from. the older l.'ocks .. 

deposits has been '<rnshed from tb.e adj a cent mountain. ranges, and.,, 

howevo:r•, ·to;;mrds tho rn:i.dc11e or center' of ·L;hi::l valley, tb.e ma te:rial 

becomes finer, the particles n10r e :rounded, and the sou.:r•ce l e ss 
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evident. 

tio pa1··t;lcula:r· s t;udy was made of 't11e alluvial deposits that 

surrou.nd the Los U-1.mentos ;ian.00 .. 'I:J:1ey ar00 not deeply dissected 

a.:n.d consequ0ntly a:re not 1:Jell exposed. 111hi11 where tl~ey lap up 

on the mountain slopes, they dou.iJtloss a:i."e wany hv .. :.ndr-eds of feet; 

thick a :few miles out in the valley .. ;,,here penetx'a-ced by the 

company's ~:rell 111 Los I..am.ent;os ·i;hey appeal"', from the records, to 

be about 230 feet ( fO ,; l meter's) thick.. As water• was :not reached 

unt.:11 the 1-::tell was about 1400 feet ( .!J:2G . 'I meters) deep, the al-

luvial del:iosits have no direct 'bee.ring on t;he wat;er suppJ.y at; 

Los Iamentos, although they wot1ltl have to be consideYoed in any 

search f'or Ul1.de1"g:eotmd water far out in the valley plains . 

1:.JH:m the Marjorie tunnel broke into some ct:nJes at a point 

abon.t 1130 r~:ict (;)l14 r;1eters) frorn. the portal or 50 feet ( J.5 . 2 

meters) be:y-ond the f':i.rst turn a:::'.ld '750 feet (228 .. 6 meters ) 

vertically ocl01;1 the surface, a. number of bonos were i'ound ·wb.ich 

have been described. bJ G. F. 1rt:.0y include vertebrae of' 

a wolf~ of ·which tho speeies wns not definitely idcntii'ied1 leg 

bo110s of a ·.:roung Pleistocene: horse, and parts of the skeleton of 

a ;:rot1:ng deer.. rl111ese a:nlmo.J..s a~opf-.rently fell or v;andored into 

opcnfr~G existed to th.e surface.. iifo trace of such an opening '.Va .s 

":.'-.;.o(#o.,;l~·-'·~ ... - .... - .. -.-...... __.,.,._.,..,....-.,.,.,........ ...... _____ :_._.._.._ .... ""' __ ,,.; ____ ,~.,---- .. U<>·-=·-""""'-~'.- _ _,,.,.._ .. -. __ ---...... -- ..... - .......... _~_ 
..L 

Vert0br.2te fosslJ..s from tho 1-Una J~ru..peiont Am.er •. Jou.:rn .. of 
Science , G ser. , vol . 6, pp . 229-2~8, 1923. 
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found du1'Ltlg the dErv<:;lopme:nt of the mine, and it apparently had 

been filled by :nt:d~u:i:al pJ:>oc0sses long before m:ln.i~ bcgan .11 pos

sibly at the time wJ:1en t;b.e outcrop of' the ore b~9car:ie sealed over 

td th ca 1 c i ura ca:r'b m1a t; e • 
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3THUCTUI\E 

Sn.ch a }10-:nocJJ.ne Trla..y conceivubl·y 1"'0p1~0sent e1ther one limb 

may be a tiJ.ted :ean1t-block. On. the su.ppoait:i.on of a:~t:i. clinal 

S.~1u.t:h of Lns I,a:1J0ntos stretches a broad valle:r, ~rnme 7 or 8 

miles ( 11 to 13 k:!.101:rte-C0rs) r1lde, be:'lond 17]:-' lch ls tlw Fierro 

does not apyear t;o co:rre spo:nd to tb.e south0:r'l1 l:l:mb of such an 
.. ~· 

c..nt:tcl:tne a8 wou.1d n.ccom:rt :tor the stru.c·l;uz•o of the Los L.-:irr11311tos 

Hango . 

About~ 1,.5 ;:1.:1.le of .Los ~: .. a:.:10:ni:;os and 

BOt.1t:;h of the xnapped a.3:->ca, a fev; low h:i.J.ls rise a~Jovo the al ... 

lu.v:tnr:1. '1'lJ:1.orrn 1.1rc c01H:;,;osod of f oss:i.llf erou.s l:t:i.e s l;o:n.e the. t a.p-

parently :ts not the Angels. J.:lmestone, hnt \'Jb.:lch can not be 

C '::.r·'· n1·n1 · y -ic:i "-'n·!.- { ·"' J.. e>(:}· • •• ·i ... , , 0 "'1···, op. ·1-l)"' o·F11""J'> liw•A r-.J.. 07'1 '""" OJ;> t,...,e '"°' . V\..:L -J: .,3.- l.~;,. .... t.r..i..J. v \;; ~ ... t.1.t ... Cf:.J, :J ~ l.IJ. ..• \./ v.l. '(.1 • • 1i!.1.;; ~ t.J ..,. ... ~t..":· .... t · J. .t.. 

:m.eJ.n range. Tb.o fossils appeaJ:> ·to bo fragmen.ts of 01?.prina. but 

no collect;:i.on wa8 made.. The beds d:tp from 20 to 30 degrees to 

south 75 degr'8es V7est and d o not t;horefore co1"respond in at-

t:i:tude to the beds of.' the 1;w.in range . '11h0i.:r· ocm1:r"r011ce suggests 

the existence of an ira.porta:nt fault under the allu.v:i.um, between 

these hills a.nd the Los Lam.en-Gos Range. 
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On thb whole , t".b.0 oviclence , although by no rneans satis-

is a. tilted :rav.1 t block, l:l.mi tod on tb.0 sout11 or sou:t;hwest 'bJi· 

a g1"oa t fault or fault zone that is now bu1•ied u.nder t;"·ie al-

luvial deposits of the valley. 

CJ.ose1 .. inspr;;ction of this su.pposed i'auJ.t block brings ont 

co.r·tain depa.:r.'tures :f:'rom un id.oo.1, simple ho:m.oc1ino . 

In consoquonco of t.Jd. s flex-are the var•iou.s belt;s of' 1.itn.0stone ,, 

fro-.ff1 tho .tu13ela t;o the Bufa 1 ou.tcrop at successively 1oli10r 

1.:1ragua Janyon .. 

A mo:::e stril::i:ng departure from sirn.p1ici~:;;y ·c:t.t1n1 ·chat ju.st 

d.escr·:tbed :i.s pr'esc:nted 'by the st1"ue ·turo in t;he southeas'te:r.n 

po.rt; of ·cho area , in the vie :L:i.i ty of L::i faexi co mine and San 

Vicente 'Nash . ~~1rom F'ragua Canyon eas torly past :Los Lamentos 

to La UG:xico rJinc , tlle various 1im0stones i'i•or.a the Angela 

to the Bu.fa ., 011t.;c1'op as reg1..ilar continl.wu.z bi::;lts i n which the 

bc~ds d:i.p regularli</ to tl~0 north s.t f'ron.1 20 i;o 25 degr ees , Nort;h 

At Le. f.J.cxico rune the Los Llmcntos 

li;nestone strikos nor'th G~nd st.ands vertically .. At the head of 

San Vicente t, usb. th<:; bods cf tho San Vicente 1 :1.J.nestone als o 
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strike abou.t nortl'l un.d dip nest f'1"'or;i. 65 to 75 degrees . 1~e.s t 

of the m.:tne ., in Jm1roz Ridge, bode s11~/r)Os0d to be part; of the 

In San V:lcente Gulch, trw:eef or·e, t'.he Los 

Lamon.tos, San Vicente and Bu..f'a limcs ·;:;o1~es nre :t1ot only steep1~;t 

upturned but are actually overturned, so tl1at the olc.i.er for-

t.hin San. Vi cente beds ai•e well exposed and slwv: the actual change 

front of tho rm'l.g0 to a steep ·;.:estorly dip , v1ith a eo1.,:r:ospond-

:l.ngly abrupt cha.11(50 in s 1.1riko . AJ.on.; tho lino on the S1..D?face 

v:h.c:r. 0 the dip and ctr:i.kc change ~:-:> s!.1arp1y there is con siderable 

more than 00 degrees. '.Ci:.e ovcrlyinc, massive Bu.fa JJ.mestone , 

and tho -only 

vi~init;y appoo.rs to be the 1'.'; . .y~; other-lif: that ti10 abrupt change 

f'uu1t--th0 Juarez fa- 1t (Seo Plate I). At the head of 3an 

'iicont;e Gulcl1 ~md on the west slope of Juarez Hid;se t.he out-

crop of the th:r·ust plane is .:f'ai:rly dis·tinet . Eorth of. La 

rnoxico ml110 ,, hoYrevor, it is obsc;.:i.rc , as indicated by .5.ts 

b:::•oken t:r'a.cc on ... he 1:1ap, and :1.n -;;he massive Bu.ta 1im.estonc on 

In certain lisht conditions, such as Boni.etimes occu.r in the 
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late ai'ternoo:u, the course of the Juarez fault over t;he slopes 

c~:u1 be recognized fron1 a distance~ as from. th.e road lN~'1.ieh leads 

f:ro.m ~Los Larnen'tos arour1d the end of Juarez Ridge to the old Los 

lie.mentos mine. The best po.si t:ton for such an obse:r•vation is a 

point on th(_, road app:ro:id.11atel·y south of Ia Mexico mine, a shcn."t 

distance outs1de of the mapped area. 

On the east s.ide of Juarez Ridge and in the v·icini ty of 

the old J~os Ie.mentos mine, the re.assi ve character of the Bu.fa 

limestone makes it practically i.111possible to work out details 

of' s tru.ctu1"0 without tb.e expenditure of' m.ore tim.e than eou.ld 

be s pared for t his area. It: is fairly certain, however, that 

the stnwtu.re in gene1'"'a l is that of a syncline overturned to-

This st!"'l1cture 

also, when once suspected, can :readily be recognized from a. 

di~:d;ance when the m..i.n :ts in the :ric;ht posl tlon.. It is not so 

plain to one who is actually traversing this steep a..."1.d :ru.gged 

slope . 
1Eb.e faulting and fold:tn.g of this eastern part of the Los 

Ia:mentos Range,. as ju.st 012 tlined,, e.re consistent wi th what :ts 

believed to be the mechanics of' ·che process of deformation. 

t;hrust along appro.x.imately east-·west J.:tnes.. This thrust was 

relieved first 'by the i'oldlng of the l1.J:1eston0~. the fold or 

folds being o·"erturned towards the east. Later,, a thru.st-plane 

developed ana. the whole bloc1t of limesto!les t~~at are cha:racte1""-
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ta.nee ovor the bloc};: 1..:'1 which tho l:i.:m.i:-:ston ;.; s are foJ.d()d ,, ovor -

'.Ehe Sonora 

ta.ti on of tho sru::10 f orces .. 

. . 
SI.QC '"' i..JOS 

:ts :l:.1 so~Jlt-;1 :~~(;S])ects G .. :r•atl-::~c r :rctz--

1, s ··L ..... ·i ··1,.1 -; , ... "' -;- o-··1 o:' -i" · "' ' "" o "i o ·· -,.i c ·r· 1. :· •. p \f :."' .·1. ri ~-, e ·r ) & . 0 -- --v~w ~ ~ ~~w ~v - Q- - • - l- k 

On tb.e c1~est , 

/:~ co11tll1-

the. t part of t..1-:te 
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ridge was recognized and, in fact~ the existence of a fault 

along this ravine is apparent from the road that crosses 

Sonora Wash from Fragua. Canyon. The exact; position of the 

fault , however, was in doubts and still greater uncertainty 

attached to the c..haracter of its throw and its continuation 

beyond the crest of the ridge. It was supposed to h.ave a 

steep dip and to be identical with a feature lnJ.ovm as the 

Sonora fault 011 the lower levels of the A.bu111e..da. mine. All 

attempts t o trace the fault east of the crest of the ridge in 

a. generally southeasterly direction had failed . The suppo

sition had been advanced tha t the Sonora fault; on the surface 

met a 1101.,th-northeast fa.ult, known as the San il1.is fault , on 

the crest of the r:ldge , that both faults ended practically a.t 

the point of meeting and that the triangular block between 

them, occupied ma.inly by the Sonora limestone, had dropped 90 

feet (27.4 meters} or so, like a wedge-shaped slice cut from 

a circular e?.,ke, the Sonora l:lrn.estone be:l.ng thus 5.nlaid into 

·the Bu.fa limestone at tho point of the wedge. 
\ 

\ 

In the cou.:rse of the wor;i,t, dorupt as to this then current 

explanation began to accumulate. The pos s iblity of the meeting 

of tv:.ro faults without either extending beyond the junction was 

a.dmi tted, but that ne:i. the:r strong fault should be tracea.b le 

beyond t he inter-section was regarded as im.probab1e.. Failure 

to find in the mine any structure th.at could satisfactorily 

be identif'ied with the Sonora fa.ult increased t;he doubt. Gare ... 

ftil examination of the surface along the supposed courses of 
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the Sonora and San Lu.is faults failed to bring ou.t any sat-

isf'actory evidence of their existence as steep norm~il faults. 

Y'u'here the San Luis fault was supposed to cut certain beds of' 

limestone these showed no displacement. 

The Sonora li..mest;one along :l ts contact with the Bu.fa is 

generally exposed in a line of bltlff s or cliffs with falJ.en 

blocks and talus a.long their bases. This feature alone sug

gests a sappirig action along the base of the cliffs and a 

plane of structural wea.lmess; such as a thru.st; fault: would 

cause. Such rock exposures e.s are available along the east 

side of the Sonora wedge show much fracturing and disturbance 

such as might be expected in the vicinity of an. .:tmpo:rta.nt 

thrust fault. On the south side of the wedge the contact 

itself is concealed by talus but here also is more or· J.ess 

evidence of disturbance., Tb.e Sonora limestone itself, near 

the point of the wedge,, is strongly shattered and shows r.1uch 

veining with calcite. Th.is is a cond:ltion to be expected i:n 

the lower part of an overthr1.1.s t block. 

On the whole, :although the structure is not absolutely 

demonstrable, I believe that the evidence points definitely 

to the conclu_sion that the Sonora limestone has been thru.st 

froi.:n. the north or north-no1"thwest over the Bu.fa limestone. 

This relation is indicated in section A A• ,, Plate I.. T'.ae 

representation, however, is rather diagrammatic.. T.he dip of 

the th:rttst plane can be only roughly estimated,, and its re ... 

lation to t..."11.e bedding planes of the Bufa and Sonora limestones 
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is conjectural. 

Tl1e important practical consideration is that the Sonora 

fault, by ·chis interpretat:ton~ is a low-a.n3el ·chrv~st which 

1..1.es well above the pl"esent mine workings and is not likely to 

have ru:iy structural effect on the known ore mantas. If a shaf't 

is ever sunk near the south base of the Buena 8uerte Moun tei n 

it will probably go through the Sonora thrust fault bef'ore 

reaching the Iios La.111.entos limestone and the knovm o:re zones. 

Towards the west;. ·che Sonora fault would probably out;crop 

along Sonora Wash were it not covered by alluvial deposits . 

To the nort h its course over Azteca Ridge is very obscure ,, and 

its position on the map is there more or less eonjectural. 

Although the district a s a whole is not greatly faulted, 

there are a few stee''p norm.al .fe.ults of some ilnportance. Ona 

of these , named the Dos Amigos fault,, crosses the main Los 

Lamen-tos l"idge a.l;out a mile northwest o.f the toi.v-Ll.. This fau1t 

effects an apparent throw· of about ltiQ feet ( 45 . 7 meters), 

the east wall having gone dmvn. This displacement is plainly 

visible from. ·the roads that lead westward from Los Iamentos. 

l!lie dip of the fault is not knov...-n and the amount of throw men

tioned is consequently only a l"'Ough estimate. 

About one fourth mile east of the Dos Amigos fault is a 

similar fault , the Congreso, which splits lnto t wo branches to 

the south . 111he throw on tbis fault is in the sar11e direction 

a.nd apparently of about the same magnitude as on the Dos Amigos 

fault. 
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The Azteca fault, exposed at the northern end oi' Azteca. 

Ridge is a strong dislocation that h1:1s dropped the Trista 

li.mestone on the northeast aga.:i.nst the Sonm."a lirrH:rntone on the 

southwest. Its throw must at least equal the combined thick

nesses of the Tlaxcala. and Buena Su.erte limestones, or over 

1100 feet (335 meters). 

The Chihuahua. faultl! so far as exposed1 is wholly within 

t~he principal ·area of the Sonora li1nestone. 'l'h.e east side h.as 

presumably gone down relat:tvely to the in.rest s:lcle but t:he am.01.u1t 

of throw is not lr.nown. 

~ne Buena Suerte fault, on Buena. Suerte :ri'fotmta.in, apparent

ly has a tb...r-ow of from 150 to $00 feet (45.7 to 60.9 meters), 

the ea.st side having gone down relatively to the west side. 

The San Vicent;e fault,,. at the b.ea.d of San Vicente Gulch, 

follows the bedding of the San Vicente linwstone under the 

Juarez fault but cuts across the beds a1."Jove that thrust pla.:ne., 

It apparently has a throv.r of over 200 feet, the west bei:ng the 

down-dropped side. 

L'll addition to the faults of st:ru.etu:ral :i.mportance, the 

11.xnest;ones are traversed by a rn.:nn.ber of fissures along which 

there .appears to have been li.·ttle or no displacem~·mt;. Some of 

these fissures a1"e single, but many or them are grouped as two 

or more closely spaced and nearly parallel fractures, const:t

ttlting a sheeted zone. 

St:i.ch fissures are rather abundant along the face of the 

Los La.mentos Range in the vicinity of the Erupcion mine, and 
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some of the more conspicuous on.cs are ind.:i.ca ted 011 t;he [;eolog j_ ... 

cal m.ap . Some of them. displace ~;he limestone beds for distances 

up t o abou·G 10 feet (3 meters) .. 

l~lthou.gh n ot strlrntu:i:"'ally import;a.nt, some of these frac- · 

"tu.res and f1"'a.c··~ux·e zones* as vri ll be seen later, have been in

f'lttcmt:i.al i:::1 directing or co:r1trollin.; tho r eplacement of ce:r.., 

tain 11.r.n.estone beds by ore • A't tho surface, they themselves , 

like the larger faults, are not s tror.i.gly mJ..l'lEl:r'nli;~ed.. 11.'hey may 

show considerable calcite., as the cement; of' shattered limestone 

or a.s vein materiul , and may be slightly stained with. i ron oxide. 

This zone of fracturing was p:Poba'bly a det;ennininr~ factor :tn the 

erosional development; of this cliff and is known in the :ill:rupcion 

mine as the 11 sideline fractux•e ,, u 
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OF.EBODI:E!S 

Introduction.•- The main ore channel of the Los La:mentos. 
_......__ ............ " $ ·--

dist:t"ict is called the Er--u.pcion-Ahit.mada 3:Ianto. 'I'he ore bodies 

fro-111 the ·bottom of the mine to the su.:d'a.ce follow the general 

beritding of the Los 1.amentos limestone along or near the crest 

of a fract:ttred,, b1~oad anticl:tnal fold. Tb.e general trend of tfil.e 

ox•e bocl=tas is .N 15 deg:r•ees w with a pitch to the nor"ch of 15•19 

degrees.., 

i:Po a.void a.m.bigni ty a definition of terms hereafter used are 

listed. 

X~..!E2. is a. Spanish term for horizontal veins or or~bodies 

the.. ·t; follow the bedding of the enclosing :rocks. A 

manto may then vary to follow any attitude the strata may 

assume. In I\!exico,, the u se of the term. has been gen-

erally restricted t;o an important; group of limestone 

replacement deposits within the Mexican Co:rdilleran 

pJ'ovince . '111:1ey are cha:ra.ctarized by long, narrow ore 

bodies a:n.d differ from tho r-®, - flat or bla.nl<.:et d. eposit ____ , -·~----- ~.,._....~-

in the rather constant ratio of length to width . 'l'ne 

mantos of the Los 1.8.h~entos district have been compli-

cated by another set of ore bodies that extend down-

vm::rd f'ror .. 1 the man to . 

S°l.lb•mauto £~·· .. - locally eel led dee)2-0_?..f.l,, refers to the 

r-oots, or inverted mushroom shaped bodles benea th and 

connected to a ma.nto. (See li'igure No . 3 )., These -
bodies have yielded ·the bu.J.k of the dist1.,ict production. 
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1. Sulphide manto, hilos 
and sub-manto ore. 

2. Unreplaced lense of limestone. 

1. 

2. 
3. 
4. 
5. 

FIGURE NO. 3A 

Ore-bearing cave, calcite 
sealed. 

~ r_' _ \ 

Broken limestone blocks. 
Bedded oxidized manto ore. 
Bedded oxidized sub-manto ore. 
Sulphide and semi-oxi"dize·d 
hilos. 

FIGURE NO. 3B 

(FIGURES NO. 3A & B) IDEALIZED TRANSVERSE SECTION 
GF A MANTO AND SUB-MANTO ORE BODI ES 

BEFORE AND AFTER OXIDATION. 
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Cl:}:tmne:v-- A:n ore body l"oug...11.ly elli ptica.1 in cross-section 

which traverses t..'.:le bedding of the enclosing rocks . 

FU.lo.-- the Spani.sh word. f'6:r th1"0ad; when applied to ore -
deposits ref'ers to thin ri:dneralized seams or ve.inlet s . 

ln manto deposits , hilos are trlie man:tos which are too 

thin for co.mmercial extraction. 11he use of the tenn 

has beeo.me in general resti"'icted to the thin blankets 

or beds ,, flanl·c:i.ng a th:tck man:t;o section. The differ-

ent:lat:lon of an hilo and manto in primary ore bodies 

is arbitrary and depends largely on the g1"ade of the 

ore . (See Figure No . 3.A) . Thin hilos were less sus--
cept~i'ble to oxidation t han thick mantos. Remova l of 

limestone beneath a manto by acid solutions genera ted. 

during ox.idatio.n lowers the oxidized ore rela·tive to 

t.he site of the p:rima:ry ore bad~r . This leaves the 

partially oxidized hilos stranded above a ma.nt o . ( See 

Figure J:fo . 3B} . -
~re-bearing Cave . --locally called shriJlka§.~ ~· An n O.l""e

bear:i.ng cave" is the open space exist:Uig above ox:t-

dized manto and suh-111an:i;o 01"e . It is formed by the 

lowering of the oxidized ore du.ring oxidation thru 

removal of l i mestone beneath the manto section by acid 

solutions , and expedited by collapse which continued 

v..ntil the roof became a stable a:Pch . 1:l1'.b.e site of the 

p:t"'imary o:re is marked by the hilos which ex'!;end out-

ward from the walls of an ore-bearing cave. Ore-



1 . Ore bearing cave , calcite lined . 
2 . Broken limestone blocks • 
3 . B~dded oxidized 'manto ' ore . 
4 . Bedded oxidized •sub-manto ' ore • 

FIGURE NO . 4 

IDEALIZED LONGITUDINAL SECTION OF A ' IIIANTO ' AND 
' SUB- MANTO ' ORE BODIES . 



caves have a greater br•eadth tha.11 height. 

Ba:rren ... cave.-- commonly called Dry-cave,, is e. product of ----
ox.ida ti on. It marks a circulatio·'.1 channel du:ring 

oxidation. 1111.e form varies from. a cavernous flssu1"e 

to large connected cave systems. ri.11'.l.e caves have greater 

casionally conta:i.n some secondary iron and zinc. 

cavernous fissure or barren-cave system at some point 

is in contact; with the or•e body. 

A gene:r>a.lized longitudinal section of a manto and the con-

necrted sub-raanto ore is shown :tn f.ig.ure Ho. 4, .. A generalized 

transverse sectio:a of ~" man-to and sub-manto ore and their 

rela.t:l.011 before oxidation is seen in f :lgure No. 3A. 1l1b.e dif ... -
i'erentiation of' hilo a:nd man.to by o:ir.:tdat;ion is shown in :figi.u•e 

~ ~-

No. 3B. -
St:t."'"u.etural features divide the ma:i.n o:re body into a ntun.be.r 

of sections that warrant description. 

The Erttpcdo:n. ... AJ:n.tr.1ada ore body outcrops about 150 feet above 

the be.se of the I ,os Lamentos (Lower Fossil) limestone.. The. 

horlzon has proved to be V0l"'Y favorable for silver-lead-z:i.nc i~e

placement deposits thruout northern Mexico. Originally the out-

orop was concea.1ed by a caleareous c:r'Ust or ealiche. IJ.'b.e only 
-----~ 

suggestion of intense mineralization occurs in hard. dense limon ... 

i tic seru:ns coni.~aining fine stringers or dissemina tad galena Urk~ 

heals a N w ... s E .shear zone. 



of the ma11to followed a small,, open WW fissure~ lined with 

ca lei te and a fo·w r;alona crystals. 1'11.is fissure or water trhan ... 

nol intersected a large cave of the main manto system about 

sJ.x.ty feet; from the surface. S11bseqtHmtly 01"e found under the 

l.~1.mestone bou.lders ' on the fJ.001" of tt.e cave was in two places 

mined to the £§1.i~ covering at the surface . 

Limes-tone from a fresh sur:race near the outerop contai ns 

ca\dties vdth box~vrn:r.k and out lines psn.udomox•phic afte r pyrite .1 

The ore body from the :pol:nt of penetration to the surface was a 

10 to 50 r:ieters in width. 

Near the tor; of the low c.'re-t.ea.rlne caves, thin h:t los of galena 

11.'1'•e N 20 doe;reos H 11 and the N 50 deg:rees E fissures cut; ... 

ting this section. are occasionally heavily mineralized. The 

oxide. Commercial ore was extracted by sorting or bu.sconing. 

Lenses of good grade urunined ore probably :t:>f~main in the sides 

of' the caves; especially in the isolated sections .outside 'cha 

principal channels of oxidat:ton. Surface leaching has appar .... 

ently bE>en an important fe.ctor governing the lo ca ti on of com-

mereial bodies in this section. 

Es condido Cave Sec,cion.--The succeec1:L.J.g seventy-five 

m.eters north was s.n ideal man to. Tf..ie . ore :followed the bedding 

of the limestone \?ith an aln10st equal pitch, altho the gene:ra.1 

1. Blanchard, Rowland, & Boswell, P. F.-Econ. Geol. Vol. 20 
1925 



trend of tbe ore bodies is across t he strike of the limestone. 

The l:lmoztonc has a dip J:.T ·25 

Ore was stoped around and !:)Glow the ori.:;:t:nal cave c.nd f'rom 

the Escondido,, Candalaria ~ und San Felipe caves, (See Plate No .. ~). 

fissures with the 1'18 3roup apparen.tl:r gover11:tng the tren.d. of th:ls 

soct:ton. The ore vua.s soft an.d inc:::'es.sed :economic value propor-

tional to the a.epth from the ou.tc:rop. 

The manto reached a maxirm.un '::ddth of 50 meters and a th:1.ck-

ness of 25 :m•Gte:rs . T..iEmses of san.dy ca.rbnna te (lead carbonate or 

cen1ssi tc) occu:r-:rcd in the f :1 fj su:ro s 

bordering this section were v<ell :minerullzed .. Very t hin 1::'.ilos 

occur h:t<jh :ln the sides of the caves , altLo the caves have steep, 

high side walls f'ormed by collct~?se alone~ H-S fi.ssures .. 

sub-m.a...'i'ltO ore is found associated w:1t:':1 the w ... s fissures \7hicl1, 

form the side i,ialls of the o:re-bea:rin.g cave.. Tb.e carbo:ne.te :man.to ... 

ore was underlain by a bed of very pu1"e gyps1ll.n ,. Su .. rfa.ce sub-

, sidence and caviw3 have :made the g1"eater part of' this section :'l.11-

accessible . 

called the G".jps 1m-Pilla1" section and yielded the f'irst notable 

production of the Erupeion Mine., :rhe Ol"e v.ras a hard, :t-d.gh. g1 ... e.de, 

lead ore :reachi:n.e; a thickness o1: 10 meters , underlain by a lean 

gypsum layer. The gypsv..m occasi.orw.lly enclosed :1rreg11la1"' bodies 

of high grade ore . The Gypsura-Pillar a1"'ea averages 40 neters in 

width, a decided :tne:r•ease over the seet:i.ons previously descrlbed. 



Sev01"'al lenses of ri.ch plux1bojaro::d to have x•ec0ntly boen e:i::tr•aeted 

from. th ls arc'a. 'i1l10 hilos of plv.J::1bo jn.z"os:t te a:nd g·;.lonu rouch a 

max:l.nittn tl:.:1c1;::-r.i.css of one :::netcr . 

Sub-ma.nto ore occurred associated Ydth a. 8tr0:'1.G 1'1-S f:en.ctv..re 

zon.c in. the -..:Hrnt'')Y'n part of the sect:ton. A north ... oast fs.u.lt zone 

ma:r•ks th.e no1"the:r•:n l:'l.:n:ti t of' the 8ectio:n., D:i.ssominat;ed sphaleri to 

and galena occur ln the limestcm.c beneath t.."'20 gypsum layer i.n the 

sou the.rn pe.rt .~ . enormous masses of gypsum and .. st1lpb:ur are 

fOUlld 5.11 the soutLer:n 

0 A" Fissu.re ~3one Section. -- The no~rth-east f'e .. u.1 t zone li1ni t• 

ing thq G-ypstu:a. Pillar :Section j. t:! tho southern component of a 

wedge sbJ.tpcd. f 1"actu1"e zone, the 11 A11 Fissure Zono sect::i.on. The 

N 60 deg1"ees l'.: f»issu:r·e mentioned above dips 60 c 6\~1 .. ~cs ~o.o:rth-

west. A vort:tcal 1'1 i75 degrees r; f:tssu.re fon:1s tb.e 11orthen1 

limit. zones appa.rc:ntly acted as lateral 

feeders v:rittd11 du:ring th.e minera 1 ... 

The oro ... bearl.ng solutions respons:U)le for the deposits south 

of' the t1 A" Fissure section undoubtedly tra,,rersed the zone. How-

ever,, th0 oxidized ore and cross-section are radically different 

.from the normal. 'J!:he leached ore w:l.t;h:tn ·the section. vms very low 

grade, the manto thin and the cross-section small compared to the 

adjacent sections. Sub-manto ore :ts m:tssing, tho, the enlarged 

fissures below the section contain secondary 1ro:n and zin.c. T.he 

hilos are ve:r-y irnrri.atu.re ... 

Eru.pci.on Secdd.on.-- Morth from tl:i.e "An Fissur•e Zone Sect:ton, 
q ,..,..~ 
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the ore body for 300 t1ete:i."'S has tLc typical manta form as to Hid th 

and. trend, and is vcr-;;" regular in character of o::r>e. 1:i:.h.e •,Jidt;l:~ in-

creases f'ror:1 e.n. averace 0£ GO n:cters at the sou.th0rn end of the 

secitlon to ... 00 meters near• the Sideline Fault Zone r.iarl:iug the 

unit ls I-I 30 deg:r·ees y~·. i::._•11e dept~::. of the 01:>e in the southel'n l115 

meters i:ic:roascs from a rich bed on the enst to a me.xi1~1um of 

25 meters near- t ho west l:hn:i.t v.rith an average deptb. of 15 rneters . 

a s charmels for the sub-man.to ore, 

The ore chant:;;od fl"0\11 a hard rich ore ~ undorl~'.i:n .. by gypsuxn on 

the east side , t,:J a soft,,. f'air grade l:tmonitlc ore in tho rrnstern 

pa:rt ot the ;::ian to. occurs in the f issu:c>os above 

a nd beloviT t'-1.0 stoped section . The o;;:"o-boari.ng caves a:t"'O very l.ow 

·~ · . · ·' Or-e .. boari:r:.g CEV0s . attain a 0rea:tor size in the 

norther-LJ. 125 h!eter-s of the Erapcion section. 11~.J.e ore of this 

1 second norti1o:r-n area also in.c1"'0ases ln dopth and changes in cl1ar-

Cuo-me.nto 

ore is :t'ound associa tod with the P 10-15 dogl''ees r; f 1sm) .. :res . 

Bar1'en caves are associuted '>'l it:b. a nu:mbor of p:rominf5nt m~ .fissures 

wh:leh cut diagonally across tho s0ction., L.'1. places; the d..<;;ep. 

barren ... ci-:1vos contain loose r:iassos of high-grade ore and. l .ir.r1e:stone; 
\ .. ~\, 

blocks, which were probably \;;ashed or d:roppr::.id into them. from the 

nianto abc.r~e. 

The sub-manto ore bodies associated with intersectins a :o.d 
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lif.E fissurel:l resemble pipes or chirmeys. :rb.ese bodies extend to 

150 feet below t.1-.te manto ore.. A longitudinal cross-section (See 
I 

Plate Mo . 3) at first glance gives the :'l.:mpression of a decided 

c>f sub .... manto o:re bodies towa;:rd the north produce th:1.s illus.ion. 

The sub-manto bodies o:ros .s the bedding and at times penetr-ate the 

A11gela limestone., They d.o :not ord:i.na.:r:Y.ly connect with othe1"' sub"' 

manto shoots. The ore is of t;he same ch.si.r-acter £ts 1-;h.e rnanto ore 

and the conelusion '.i.s reached that i:;he ore mi:norals descended 

o:f' sub ... manto bodies.. The bulk of the production in the last 125 

meters of the E:ru.pcion section \Vas from the deep-ore. 

S:ldeline Mnevo Mundo Ca;ve Sect:lon.-... Tlle S:1.de11ne Fau.lt ..... _.~ .... ...,,~~~·-· .. ....__.,,.~_,,,,_,... _ __,,,,~~_..... 
marks a general change in the character of the main ore body. 

South of the f ault, the m.anto is wide and thin.. 1.Phe c aves are 

low with a smooth~ eontinuous hanging wall. Sub-manto ore occurs 

with increasing importance as the S:lde11ne f .srn lt is e..pp:roaehed. 

North of the fault" the larger eaves are :trregiJ.lar in sh.ape and 

size, the rri..a.ntos are thicker and sub-manto o::re predom5.na tes. 

The sec'i.;ion botu1ded by the Sideline fau.1 t o:n th~ south a.nd 

·the Nuevo ?ihn:ldo i'au.lt on the north is the most compllcated area 

Th.e i.vidth deereases f'rom 100 meters :near the Sideline fa.ult to 50 

meters near t.ne I1iuevo mundo fracture zone .. Du.ring the develop

ment, the Sideline f ault was crossed, and extra.c'l~ion pl"oceeded in 
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a section which appeared to be a direct extension 0£ the Erupcion 

manto. 'l'11is ore body had a width of 40 meters and decreased from 

a. thickness of 5 mete:r•s in the west to a ·thin hilo in the east. 

A . ~one of l~ 15 degrees W fractl.l.res with a small upwa:r·d displace

ment of the west block,, marks the vrnst;er:n side o:t.• this stope. A 

bari"en-eave system was exposed just west ,.>f the N 15 degrees W 

f:r·actu.res which bound this manto 'on the east. 

Before reaching the Nuevo l\:lu; .. 'ldo fracture zone" a cave vn.:i.s 

exposed in the raised block and was thought to be another barren ... 

cave. Explor·ation work soon proved that the supposedly small 

barren-cave was in reality a pa.rt of the great system of caves 

tha. t e1ttended both no:r·th and south of the point of penetration. 

To ·the south, the caves ascended along the bedding to the Side

line F:r•e.cture zone. 1l1l:te cave first penetrated was the Monte 

Blanco cave. Drilling thru the chaotic limestone and secondary 

caleitic cove~ing of the floor of this cave disclosed the largest 

bodies of 01"e in 'the mine . The coP..nected cave system !'rom the 

Monte Blanco to tho Sideline Fault is the largest discovered in 

the distric·l; . 

The Cueva en Linea, del Coyote , las Leones , las Leonitas and 

del Mon·te Blanco (See Pla te Ho .. 3) lie betv1een the Sideline and 

Muevo Mundo faults . I:nters.ecti:n...g systems of N 15 degrees W and 

N .. Ji; .fissures a:re ·vrnll marked ::l.n the roof of the caves. A huge 

thickness of' limestone blocks eover the thick loose manto ore 

on the floor of the caves. 

Al'tho ·the manbo and hi lo ore was thicker than any before 



bodies bonce.tb the :mantos or occas:lo:r:; .. ally to ono side of the 

In two places , tb.c sub-:m.a.:r1to bodies cxt0r1d a :e0v.r 

:meters into the l~ngola lir:iost()no,,. r:£1:he Cu.eve. lo.s Leonitris is ;:;1. 

notable e:l:'.a:nple o-r· rich ore occu1:ring :tr4 01".l.e of' the d00p cavo.s ,. 

, ., " < • .. 

of the nideline fault. In the n o1"'thern portion, a::; the }:fuevo 

Mu.nd.o fa.ult is etpp1..,oached1 both tho ma11to and sub-raant:c o:ro con-

ta in r:iuch. more z :tnc and il"on .. 'The :tnc~cease in the zinc and iron 

of of the deep-ore body, 

together w:t th enrichment wi t:b. tho oxid:lzed zinc l":.r~a. iron . 'll-1.e 

total lengtr:: of this section is 200 m.eters ~nd the ar•ea :J:w.:::; 

Nuevo !Jundo-1.on:.~ Torn Soctio:n ... -- Tho st.i.cceedi:ng sect:lon noJ?th 
i9I IMf,.-_ I. _flill I """'" R... - : _ ' 

of tho Monte Blanco cave is bordered on the south by the Ut10vo 

is 170 meters long and may 1Je ccmsidered in two parts , Th.e 1\Juevo 

Mundo cave forms the southel"!l segment ; the Long Tom1 the associ ... 

e1ted Cu.eva. la Cri.tz , and the 5-14 cave eonst:ttute the north01,,n 

part of' the section . 

D1splacem.ents , from a few' in.ch.es t;o a ms,:d.mum of 50 feet, 

{See Plate Wo. 3) . 

The :nal:n ore body north of' the :N'uevo Hu.ndo fau1t steps to 
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the west . 'lhe ore body exhibited the same feature at the Side

line fault and it will be found repeated a s the succeeding f'rac-

t-u:red zones a.:t•e crossed. 

North of the I~uevo Mundo fault is the 01~e-bea:ring cave with 

the san1e na:me. It has a very irregular roof 1 well blocked o:r 

jointed by int;ersecting fissures. ?he cave is over l50 feet in 

height , Tb.e ore on the floor is in places oov<.n"ed t;o a th1cki1.ess 

of alrn.ost 100. feet by a chaotic accumulation ot: huge limestone 

blocks . 1l'h0 cave is over- 300 f'eot wide and 500 feet long . Hea:r 

the back of the cave thin hilos extend out in both walls. Tli.e 

primacy body ::tn this section was apparently ·.-,ride and thin. The 

thin, loose ferruginous ore su.rl"oun.ded the huge limes tone boul

del"s i;1h.ich fell from the roof of the cave du.ring the oxidation 

period. 

Sub ... :ma:n.to orG bodies ai'"'e fottnd associo;tcd vd th the Nuevo 

Mundo fl:lult; zon0 at the in'cerscction with N-S fissures and one 

large body occu1~s beneath the center sect;ion of the cave associ-

a tod with a N ... s i ' issu.re. A ba1':r'en.·cave beneath the manto near , .. ,.. .. ~, 
t he Nuevo !nundo i'ault ~ contains a hete:Poge:t"'.leous deposit of' angu-

la:r lil.'.11estone frag;ments and lm;; gx'ade i1"on, lead and zinc ore. 

Apparently the collapse of the "thin lirnestone s '1ell separating 

·the m.anto from the oarren-cavo allowed the material to tumble 

Ol"' wash :t:n to the lat tor •. 

Tho nortnern end of' the i'iucvo 1:tu'1..do cave descends abrttptly 

and con110cts with the long ,. narrmv tortuous Long Tom cave. 1.1.b.is 

ore-b·ee.:ri:ng cave has a i>J-S length of 100 n1eters and an. · average 



wid·l;h of 20 :meters . The actual length of the cave is consider .... 

ably increased by the zigzag course followed from the Nuevo r~i:u ... 'l'ldo 

cave to the San .w.is fault. iJ:b.e i':lrst 25 meters ·t;:rend due no!"th, 

thence 85 degrees w, a distance of 40 meters# arid then again as ... 

sumes a DJ ... s trend, a distance of 75 meters to the San Luis fault. 

The Cueva la Cl"UZ connects with the Long 'l'om cave a.'bout 75 meters 

south oi' the San Iuis fro. lt. IJ.1:his cave extends 30 meters to the 

west and oontalns very :rich, thi&-bedded ore in the :f'loor. 'llie 

Long Tom ca.ve in contrast to the Hu.evo Niu:r1do, contained a thick 

manto of high grade ore with a 1"'elativ0ly thin cover of' limes·l;one 

boulders., The hilos are prominent, especially :i.n the east wall 

where along prominent fractures it attains a thickness permitting 

extraction of zones as f'ar as 50 metex•s away from the eave. 

1.fhe rnanto thicknes s is almost constant f::eom the Huevo tJJ:i.;i.:udo 

cave to within 30 meters of the San .Lu.is fau1·1;. 111.e ore in .the 

final 30 meters of t;he cave dec1"'eases rapidly in thickness and 

is v;ell leached. 

The sub-me.nto ox•e :is generally directly beneath the :manto 

ru.td is 8.ssociated with N 10 degrees ·1r f'issures . 'l'he 5-14 cave, 

however, is an important exception. It connects with t;he Long 

Tom hilo near the eastern limit. :i.his sub-me.nto ore body lying 

ea.st oi~ the Long 'l1om m.anto also .follows a N 10 degrees ~IF trendit 

Th.e srilall size of the openixig i:n.to the 5 ... 14 cave and -the fa.at 

that the associated ore above the cave is only an hilo shows that 

the large qu.anti ty of o:re within the cave can not have been de ... 

r>·j v><»d .!'>"Y>f"'\';J1 f-'')'l <' "ri l r-. ·u'· ·;r >'·1Q C;..:"""i C'., i \'1~'"Fu''Yl' ·".,..,t -1~1·.-'i<1•:' Q7'id•=>t.i Oll •- v J...4 ·v ... ... v J.- .-u .i.-- \.A ti i... .. v .1,. .... t.A.. ... ..t..- •'4 .A. .• 11o.J'ol . ,.:..a.VJ.~ Uv;.,..t- ... 0 """"«. ~v-..,.. * 



but must have been originally deposited as a sub-manto body. De

pos:l tion of the primary sub•man·co ore contempol:"aneous w:t th the 

man to ore will be discuesed shortly. The back of the cave is 

just above the manto horizon and the floor 50 meters deeper. The 

ore of the 5-14: cave was verr.1 irregular in grade, varying from a 

high grade lead o:re to a low grade ferrugi:nou.s zinc ore. 1rh.0 ore 

body a.t a distance of 50 meters below the main raanto assumes the 

manto .f'o1"'m and appears "to be one. However, it appa:rently ends . 

Other bodies of sub ... manto ore expand at this horizon indicating 

that it is a f avorable horizon for replacement. Farther to the 
,. wu.i1 --. .,._If--.-~->= v ,._ 

north a second important continuous me.nto may be found at this 

stratigraphic position, or the upper manto may traverse the bed

ding, viz chimney and a.gain develop a manto upon rea.ch:1.ng this 

lower sect:lon of the Los La.mentos limestone.. '11.he Long Torn cave 

from the La. O:t'"'U.z to the San Luis fault has sub-manto o:i:•e bodies 

directly benea:t;h the manto associated with a prominent N 10 de• 

grees W froct-ure zone • 

.Barren-eaves, with or without secondary mat;erial, are as-

sociat;ed witb. the mant;o and hilos. The manto rapidly decreases 

in thickness and grade of ore as the San Luis fault i.s approached •. 

The Long '11oru cave similarly decreases in. heig..'IJ.t and size near the 

fault. In ·the fracture zone it suddenly expands to fo:r-m the Rojas 

de Plata cave. 

J.2:l;o J!,g_J.~.~ata Se£!!.~·-- The Hojas de Plata (leaves of 

silver) cave is rat:her narrowt t;r1e ·width varying f'rorn 10-20 meters. 

It is the most northern of t;he known large ore-bearing eaves. The 



heigh.t of the cave a.ocroases fx•orn a m.a.xi:r;1u.rn of · 40 nete1"s near the 

San Ltds fault to s, m.infu1um of 5 meters :near tho Sonora- va.nadl u.m 

f ractaire zone . Like·,vise , the th.icirne ss of the chaoti c lime stone 

covering decreases i'rom a rna.1~irm..m1 in the south to a mi:nlmum :tn 

f,he north .. 11:"1.e total len,sth of t;he sec tio11 is 110 mate rs . T".n.e 

general tro11d of the Hojas de :Plata section is N 10 deg:rees 

coJ.ncid.ent J.:'it;b. the trend of an assoc:tated fracture .zone . :!'1"10 

d.:i.p o:f bo' h -;:;he cavo and manto increased ln the vicinity of 'the 

ln tho form.a tio:n.. 

'l:he ms..hl;o and the large sub-r.1anto ore bodies ar•e a ssocia:ted 

wi tb. a N 10 deg:t"ee r: or•e cha:nne 1 . '111:1e man-Co incroa se s in thick-

ness and grades to tho nort;h .. 

Tho b.ilos are scr.inewhat 

above the level of the :manto . Bot-;h east a...11.d west of' the cave 

the h:'.tlO~J shovli srna.11 d:i.splacements along f :tssures N 10 ... 15 d e -

The 11:t1os at the i:ntersect:lon of 1'T 10 degrees W fis-

bodies of high gi"'ade ore a The h:tlof:~ are limited in la t;eral e.1;:.-

tent c In ge1101"'al, the thickness and e:r;:.tent of the h :ilos appears 

to bo reled;ed to the man to . Tf the mauto :ts thick and narrow, 

the hilos are usually small and thin; and if the man to is th.in 

&.nd v\J':ta.0, the ".J.los are usually v0ry thin. and e:ii:tend great dis~· 

not nocessa:rily indicate a constant c::r-oss-sectional area of the 

or e body as b.eld by Prescott.l 

1 . Prescot t , Dasil E. &M: . J . ... ... vol "' 122, No . 7 ; August 14, 1926 . 
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A barren-cave system is associated with. the southern 40 

meters of the Hoja.s de Plata section.,. These deep, barren-caves 

01" wate:r ... co~1rses,. sometimes cont;a.in small :5.rregu.lar bodies o:r 

secondary ferr11gin .. ous .·o.>t,t.,. :-.. r-: .. 

Farther north in the seot:t'<'n, the manto is underlain by a 

sub-m.a.nto ore chan..'1el assoc:ta ted w:t th tb.e lil 10 degrees W frac

tures the.t rapidly increases in th:t.ckness near t:Le Sonora-Vans.d:ixi.m 

fault zone* Th.e northern boundary of the Hoja.s de Plata section 

is the southern bounde.i-1 of the N 65 degrees W f1 ... actt1re zone known 

as the So:r.1ora-Va.u.adlu:m. fault zo:n.e. 

rl"b.e sub,..:manto ore unde:rlying the northe:r-n part of the Hojas 

de Plata. manto vm·s very fel'ruginous " · -~ ,. These bodies exteno.ed 

to the eontact of the .Angela l:tmestone. The ore occurred in 'Very 

lr1--egula:r stopes a.nd the c;rad.e was erratic. '.l1he greate:rt depth 

obtained by the s11b-manto o:re bodies ·was near the So11ora-Vanad:tum 

Fault zone where the N 10 degrees W fractures that govern the 

tr·end of the Ho ja.s de Plata section intersect the N 65 degrees W 

fractures of the fa.ult a:> ne., 

Several sraa11 caves oo:ntain:lng hig.h ... grade ore were encounte1~ed 

where t;he h1los wer(.:; prospected from. the main manto. This leads 

to the assumption tb.at other mn.all ore .... bea.rin.g caves may be .fou.11.d 

by following the h:l.los outt~m.rd from the o:r·e body, especially 

where they a.re .intersected by the cross-f'ract.,1res .. 

The northern. limit of the Hojas de Plata cave :ts marked by 

a l:lmestone wa.11. Ore was found north of th.e fault at a depth 

of 25 meters below the level of the manto in the Hojas de Plata 

eave. T"f.},1s ore was different in character and occurrence from 

the manto ore. 



Sono:r."'a"'"Vane.dium Section. ....... The ore bodie s within the wide 
--~--~-~·----

H 65 dogreos i:; fractu:.Pe zone, n 1•th of the Hojas de Plata cave , 

of the J.a:Pgo manto of the Hoja~~ do Plata section, N 10 degrees 

has not i.Jeen f ;)u.nd,, a.:n.d. there is appnrently no no:rth e.xtensio-.a 

was ·r:-·· rst t.b.ought to be the ch:i.nney feeder of the r;:i.ain man to . 

The o:i:·e 'bodies t0:rr:dna ted. when t h.0 ti.ngela limestone YJas reac}:i.ed . 

Dev0lopm0nt revealed ore north t;he fault eJ1d indicated that 

bodies disclosed by recent wo:r."k in the Sonora-Va:n.adittm zone 

sho-:·1s a general chrt:n.ge 1.n 1:;rend; a.pparently paralleling the fault 

zone .. '111::!.c lori.....,?;i tudins.1 cross-section i.J.lustrates the r•egu.lar 

continuation of' the nanto ore t h.rough this section (Plate lfo.3)., 

'l'T!-1 e ~·1>.< ·*L"" O"""·~ hody YUa "" "'01" ·f·11'1''1"" to foJ· "Low •·he +- .... e-nd o-r t·h"' .w... JJ. ... c~. ;'LL J. V W .... ~ J C .e . .1. t.1 ... - ,t:. .~ v ..... ..: ;.i \J . VJ.. ..,,, ,,_. - - '\.:./t 

fau.lt zone; r.1ay leave the zone and a.gain. assm11e the gene:re.1 N 

10 degrees l7 trend followed by the O:t"e body south of the zone ; 

Or ma.y a.escend \l:tthin the 3\J:l'.'1$ 8.S a ch:lmney,. rfhe .fracture zone 

certainly offered a favorable aroa to expect a chimney,. L.ateJ? 

the fr•actu1.,e zone and to con:t:lnuo as a manto ,. Th e large caves 

found to tho sou.th a re not developed north of the Sonore.-Vanad:t-

ti.r-a fau.J.t ZOJ:le. Th:i. s lack of large caves su.ggests a f l uetuat:tng 

"I'h.e depos:lt r1hile t:r.·avers:i.ns the Sono1"'a•Vanadiurn. fracture 



zone was .characterized by vanadates and molybdates as important 
. . 

ore minerals . These minerals are irregular in· their distribution. 

bu.t seem to be con:t"'ined to the frac'tu.re zo:ne. 1J.'.'he possible ex-

planation of th:ts concentration of vanac1iu.rn and molybder~u.m in 

this a1"0a wi l l be discussed under tt Ore Genesis. n At the time of 

this study;, 110 important bodies of vanadiu.m-molybdenm.1 ore had 

been found no1"th of the Soncra-Vanadiu.m fault zone. 

The most important occurrence of the vanadates and molyb-

dates w&s within an e.rea. designated by Ira B. Jora lemon as the 

Vanadiuru Chru1r~e1, wb.1.ch occurs '.J'li th:ln the vvide Sono:ra Vana.diurn 

fault zone., Some of the finest; specimens of vanadates and 

moly'bdates i.1'1 the world have been collected in this a:i:-ea . 

The ore bod.y reaches the present wate1• level as it crosses 

the Sonora-Vanadium. sect;ion. l'J:1:ls probably :r•cprese::.1ts a ter1-

porary level in which case the oxidized ore may extend ·to a 

considerable depth below the present water table. lfovH.7ver1 if 

the vanadium-molybdenum minerals are the x·esult of conoent.ra:tion 

and. depos1.tion. at the water table,. pr:tmary 01"0 may exist within 

a ahor·c dista.~ce ~ the lowest 1f.rork:t:ngs at 'th.e pre.sent tirn.e., 

BERREl'ifDA MANTO __ ... 
The Berrenda ore body outcrops a t the surface and was at 

first believed to be a second manto. - ~ < .. " I.a ter work 

indicates tl'l..at it is a branch or -Off shoot of the main Erupc:t.on

Ah1mada deposit. Th.e triangular shaped fractured area previous

ly referred to as the uA.11 Fissure zone, which forms the northern 

limit of the Gypsum seetion, has a.ppare11tly acted as the feeder 
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for t h.e Berr•o.nda mant:;o ., Should this be true , it was :mineralized 

tl'U"tt the n1j,n Pissure zone v1ithin the :ra.,.vorable ho:t:>izon and the 

Be:rr·e:nda sect:i.on ruay be assu.rlled to conneet with the ,main. ma:nto 

i:n the vicinity of' the n »}' P1ssure sect.ion. Apparently the 

mineral bearing solutions followed 2 diver-gent paths westwa:r·d 

from the main manto. 1£hese channels mark the t;wo side s of' the 

tria.n.go.la:r a An fissure zone .. The no:r·t;hern f:t:>actra:r•es apparently 

i'orrned the principal 01' e channel, ·the one in 11i.hich a com1.ecticm 

thru a co:nrme:rcial body may be e.:ir.pected... Betv1een the 1.1mi ts of 

:reau.la r c.oWIAt. LM .~ 100 meters in an east; ... west di:r'ection . '?he ore 
Ii.:;) o·- '"" 

a verages about 4 meters :tn tb.ickness and va ries in width f r om 

5 to 50 meters .. It ·chickens t;o a.bout 6 meters and vlidens whex•e 

th.e manto :ls il1.te rsec t ed by l'J 30 degrees it' fract"t1res. E:itcept 

in the pa.th of' the feeding fisS"..:i.res the ore body pirlChes :to ·t;he 

north . Hilos a.re prominent on the north side of the mrui.to and 

a.JJ.nost; absent; in the south wall . 'l1he Be1".renda ma.:nto wa s one of 

t he fir•s·!; discovories of the district; . 1.J:he cha ract;01" of. the o:r.e 

is sim.ilar to th's ma in man.to., 

1.rh.e 0°30 ore body :ts a thin manto lying about 200 meters 

west of the n1ain Er u.pci.qn-ll.J.'1.um.ada ms.nto " This body is ref erred 

to a s th.e West Manto on the pla11 and section . (See Ph1te Mo. 3) 'II 

It is badly f aulted ·compared. to the Ert:i.pcion--llliv.111ada deposit: . 

The general ·trend is N' 15 ... 25 deg:rees w!r t;ha t is, parallel to the 



Erupcion ... Jlli.u..:mada. ore bod.y .. Th.e krn'.:f,11Jn length of this man to i:Jas 

less than 200 meters at the time of' this OJ{'.a.mination. Tr:i.e north 

manto is not of a c01nrnercia1 v!idth and t hic:.C:necs, altho at one 

point \11he:l'.'e it is cut by e.:n E ... w fractu .. re a ma:d.:.::1t1.!tl width of.' 50 

meters occurs... Mm1y of the short sect:tons between the cross-

fractures yielded o:nJ.~- a thin seam oi' ga.lena anrl iron o:;·dde. 

The ore ls of a higher grade than the Em1pcio:n .. ·.Ahttraada. ere bod:y--. 

illihen tho ore .... tr0nd is cu1; , by the cross ... :fro.ctu.rcs, vu.gs and small 

A l'JJ .. ullbe:r' of transverse turmcls f:r'om the main workings cut~ 

of tho known ore trnnd o:r the \"est rnanto,. Undoubtedly,, the1~e 

is an extens:i.o:n. of th:J.s manto and it me.y reasonably be assumed 

tb.D.t the cross-soct:lon r1:l.ll :inc1"e~:1se to the north to11\1a:rd its 

sou:pce,, ~rb.e cvicle:nce :i.ndicates th.at t;his m~nto will :not u.n5.te 

f ault zone., Its a tt:l tu.de w:t thin, or north of the fault zone, :ts 

pu.:rely b.ypotheticE1l. 11he Sonora-Va:nad:tu:su ftittt.lt zone may be the 

site o:f t:he junction of the -tv-rn mantos, or the west rri.S.n.to may 

be deflected to the no:pt:tnrv·est a.s is the case of the Bru.pclon .... 

P11CJ~3PISCTS 
-~-~~ ... 

Ot.1tside of' the main mineral:lzed zone, the !~rupcio11-A.b.u.n1ada 

severo..1 strongly minera1:lzed 0:1tcrops occu:r·. The 



most important of these is the •Me:$icoJ; a prospect near the 

sou thorn end of the :range {.Plate :No . 2}. A small tonnage ot . 

ore had been. shipped from this prospect before the ore was lost 

by faulting. 
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FRACTURE S-Y.STEfdS 

The fissures encountered u11de:rgrfYLtnd i.n the Los Laraentos 

district may be classified into 4 groups or systems \PJhich ha ve 

definite characteristics and influence upon the eontrol of the 

mineralization. In 'the following table the fissu:r•.es are grouped 

according to their strike a.nd arranged progressively according 

to age~ 

GROUP CLASS ECONOIIIIC C:tUi.RACTERI ST I CS 

~--------~~--~~----~---·-·-· --~-~·--~----------~·J----~-·----~~----

1. 

3 . 

N 10 1N 
to 

M 20 W 

N 65 W 

l\f 50 E 

Most :bnpo1"tant group. Apparently 
tensional c1"'a.cks along axis of gentle 
anticl:lna l fold. Governs trend of the 
mineralization. Chann.els for the 
deep-ore. Oha.ru'l.els for dry-cave 
systeY.1s. 
Pos·c-mineral movement . 

Principal fault planes. 
Ce.used spreading of the ore body. 
Responsible for great irregularity in 
cross section . 
Pre-and post-mineral :movement . 

Governs 111 part the trend of the ore 
channel ( Sonora-v"'s.nadium) . 
Prominent f e.ult planes . 
Principal char:mel for the vanadium
rnolybdenum m:t.neraliza t i on. 
Pre-and post ... m:tnera.1 movement . 

Important group of cross fractures. 
Main f eede:r to Berrenda man.to be
longs to this class . 
Pre-and post-mineral movement . 



GROUP I 

T'ne 1\1 10 deg1"'ees ... 20 degrees \ii.! fissures. are the oldest 

p:re...:mineral fra<ltures of the district. 'l"b.ey a.re appa.x•ently 

tensional cracks developed most prominently along the crest of 

broad a:nticli:nal folds. The age of the fx•aeturi:ng is,, there ... 

fore,, contemporaneous with the folding. The Eru.peion ... Ahuraada 

ore body followed the frac'tt,1.I'ed crest of such a fold. Certain 

beds were less· l"'es:ist:lble to fracturing than adjacent sections. 

St::rong tensional fissures developed during defori..na:bion may be 

very prominent in brittle strata and inconspicuous in an ad ... 

jacant series,. A comb:tnat:lon of well f1"actnred grom1d with 

a deformed structu.re,, go·ve~ns the location of manto deposits. 

1Ine Los Lamentos fo.:r .. m.ation was well fractured by a zo11e 

of 1~ 10-20 degrees. 'W tensional fissu1"'es t;ha.t a:l."e rather incon

spicuous :ln "hl1.e underly:tng Angela limes tone a.nd the overlying 

San Vicente fo:r~me.t:i.on. The fracturing :la_ also. pro:.mi11.e11t si.·t 

sev·eral horizons in the Bu.fa formation. 

rnlis f'racture system apparently was no'!:; subjected to pre

m:tneral movement/} al tho, so::i:ne 111111.or post;..111ineral movement; is ob

served. The fissures also acted as ch.annels for the deposition 

of the sub-manto o:re .. Hea:vily mine:ralized fractures at severa.J. 

places have the appearance of va:tns. This led some i:nvesti ... 

gators to believe the o!'e bearing solut:1.ons ascended in these 

fissures. 

Du.ring oxidation., t.his frac·tt11"'0 system was especially 

prominent and governed location and t .rend of' the bar:ren•caves. 



'11.he side walls ·'of t;he ore-bearing cav-os are usually coincident 

with a f'1"'actura plane of this group. 'l'he frao·tures have been 

GROUP II -••le ....,, .. .,~ 

T.he Ea st-West breaks for.m. the second group i:n order of 

ti.me.. ~:!.1:1ey include the most prominent fraci..1.tres of the mi11e1:-al 

zone.. T'.he movement, al tho small, in some cases was enough to 

displace ce:t"ta.1n very f avorable beds 'Ch.rl:i. r:rhich :m:tneral-bear:l.n.g 

solut:tons ascended.. When tJ:1e i'ractu.red zones were encou.:ntered, 

the solutions were dmu:med f.or a time and this caused a sprea.c1-

-tng of the ore body behind the fault. The ore bodies on op-

pos:l te sides of a fault may then shov.r a radical change in cross-

section. 

The frac-Cu1"es were subjected to both pre-mineral and post ... 

mineral movements.,. Tl'le most :truportant of these E-W fractures 

encountered during mining are discussed brie:fly below ., 

The nort;h side of the trtangu.lar shaped 'A' IrissuJ•e zone 

is formed. by a strong fracture of the E-V>i system., vihJ.le the 

southern l!:l&rg1.n is .f'ormed by a strong I\1 50 degrees E f':t'actu.re ., 

A very sma.11 pre-mineral displac:ement occu1.,s along the E-W 

fra.cttlre. Some of the fractu.res of the E-rJ system apparently 

Ber::renda ma:nto,., However, the r.Y 50 dee;1"ees E fissure a long the 

sou:bhern mar>gin of the zone formed the most :1mport;ant; channel. 

Tb.is triangular shaped area. contained the lowest grade ore 



..; 
t·ound i...'11. the·mine~ Apparently the entire zone 1iva.s subjected to 

almost complete leaching during oxidation. 

Sideli.ne Fau.lt ., 
..,,,... -w-#?~ .... - • ""~ 

The Sideline F'a.ult zone belongs to the E ... w system and has. 

a strike of H 80 degrees W with a dip of 75 degrees south. The 

fault is not a single break but a strong .zone of fissures and 

slips,. hav:tng a total ViTidth from 10 t;o 20 .feet. 'fue fissures 

0..1..,e 11vell m.arlied with a secondary i:ron ao.d zinc f'i11ing. 'ihe 

total throw found wit;hi:n the developed s.rea varies from 20 to 

50 feet with a down throw to the north mak ing the 8idel:1ne fault 

of the rovei•se orde1., . '!''.here is evidence of' both px"e·-mineral 

main o:re ... channel., 8ou.th;f fl"'om the f&t:tlt; to ·~he su.rfuce, the ore 

body is esscn:tially an ideal :r.1it:.0.to with sub-mantc> 01-io developed 

only in the vicinity of the fault , v.rhile to the north, the bulk 

" of the nli101"alizat ion ocm.u:s in the so-called sub-:ma.nto 01.,e 

bodies . A reg11lar hanging vmll witr: low insignifictint ore bear-

ing cs."'v13s occur sou th o.f tlw .fault while a magnificent system 

o:f ore-bearing caves :ts d eveloped t; o the north . Some of t'.he 

caves are over 200 feet; in heig11t. 

T'.r~e 02"0-bear:1.ng solutions came from the north i .n the 

fa.vorabl0 r,1anto ho:r>izon and encountered a barrier at the fault 

zone.. 'l;l.d s temporarily :retarded tho advance of tb.e s olutions 

and widened the depositional a1~0a in back of" t210 f a ult;.. 111h.e 

solutions f:tnally brolre tr.i.ra t h e fault zone east ( 100 meters ) 

of the general a.x.is of t he section north of the .fault.. '..lb.is 



stoppinz east of the ore body w~1e:n encotmterin3 a :pro:minent 

s:d.ear zox1e repeated several times ;:-:~or-t;h o'f tbe Sideli:o.e 

fault . 

A remarkable f'ea tu:re ls the :lncre$.se of' the silvei'.' content 

in a. ·wide zone extending 50 meteJ:'S both :north a:nd s ou.th of the 

to.ult.. The shea.1 .... ed a1'0a was apparently the channel i'or hypo~"gene 

silver enr:tcb.nent. of tho 01~e in a zone parallel to the fault. 

The Muev-o rJiund.o fault (Plate !lo., 3) has a 5eno1""al str:tke 

of I:! 00 degrees ]<~ vri th an alrr..ost vertical dip . The :ra.ulting is 

non-nal tNith t::10 south block shcwin3 a max:L"11u.n1 cUspls.cenent oJ: 

50 feet. In contrast to the Sideline i'ault zone, the nuovo Ia.undo 

:rau.lt; 4"" "'-0 

' 

"" l"''l"~~·e. 1')""·1"''-ly C.l':'.!~v···e·r,.,i o·1~ C".J.. CZ-(.,). , ~ ~.- IJ \ ..,.... .L.i-~. ~ .. v, 
v.!id.e,., The fissure is pe.rt ly f :tlled 

~¥~,ON..~~ 
ides or iron,. = .... fragments If. - ' 

with cellular a:n.d blacJ:.;: ox-

iiv.evo rJundo fault li1rn the Sideline zone wa s a ba1"rie1") to as--

cenc inLs ore-bearing s olutions and caused n spreading :::f t he tle= 
I 

~'.)O f3it bolov:J the fault. The ma.'i".l.to stepped to the east , ?5 m.ete:t"SI' 

Stopes in the vicinity of tho .fru.11 t cont;ai:n an mm.su.aJ.ly 

high content of 1.ron and zinc.. !~vidently the fault wns a promin-

ent chan:o.el for oxidi:id.ng solut:lons which,, in the vicinity ot: the 

f'ault, deposited secondary material ~ locally lov:er·ed the grade 

of the ore. 

San Luis 1i1ault. 
' 

T"ne San Luis fa.u.1 t, 165 meters noi~th of the l~uevo I\iun.do f'ault 6 



is anothe.r prominent E-W fracture. Altho no appreciable move-

ment was encountered w:t thin tho developed g:t"OU:.l'.l.d 6 the f'racture 

change in the cross seetio:n. of ·the ore body analogou.s to the 

pre1rious1y disetissed t ransverse f.r~wture zones. 

Deposition of primary ore in the fr•actu.re ©;?::tended 'to the 

Angela limestone. Several sub.,..riJanto ore bodies' are associated 

with and extend no:r·th from the fault. '..Eb.e ore-bearing solutions, 

responsible for the suh··~_man-to ore bodies comJ.ected with the 

fault, undoub·bedly descended from the :ma.nto thru. t:he f1?a.ctu:t>e. 

The San JJJ:i.is f8.'Ult b.as a general strike of' N 80 degrees E 

with a dip of 80 degrees south. :~ast of the ore chan:n.el_, 1.t 

-C1t·rnen the two faults is upthrown with respecl; t:o the adjacent 

blocks. T.he movement on the San Iuhi was much less than 011 ·t;he 

Sonora-Va.nadimn :fault~ 

GROUP III 

TJ;1.e N 65 degrees !JV fissures fonn the third gr•oup in 01 .. de:r 

of time. Undergrou..nd fissures o:r this g:i:•oup have been observed 

cutting the 15 ... w and the 1\i io ... 20 degrees W system.. Pre-and post ... 

mineral movements of small magnitude occur. The manto trend 

within the Sono:.i:>a.-Vanadium zone and several sub-:ma:nto ore bodies 

t(re guided by t:he fractures of this system. 

So:no1 .. a. ... vana.d.iu.Jn Frec'l:m:re Zone .. 
· 11 ..... :>li• """'' *~ ......... -· :":' 

The Sonora.,.Vanadit1m fracture zone is an :lnt:ric:a tely fractured 

area.ti about 60 :meters w:tde, has a general strike of N 60 ... 65 de"" 



so. 

grees W and an ta\7 era.ge dip of 75 degrees north. T"ne f'racture 

zone,, wherever encou.ntered u.nderground within the Los I.amentos 

limestone is well mineralized. It cuts both the San Luis and 

Wuevo ~.Jiundo frae·1;t,1re zones east of the main ore body,. On the 

surface 1 the fault: can be traced for over 1500 meters by the 

calcite filled stringers . This fault zone should not be con-
-"'~ ~..........,.__, ~ __ ... ~ --.- ,.____ 

Ransome" 
'--~ 

'11he fracture zone was first believed to be ·the site of' a 

clmnge from a man to to a vertical pipe or ch:l1'!1lley. The pre

diction by Ransome the:!; the ore 'bod:y 'tvould t1.,a.verse the zone 

without notable displacement or cha.nge in form is substantiated 

by ls. ter v.rork. Continued work: showed the typical nian·to form 

maintaining a N 65 deg.:rees W t~i?end vdthin the fault zone. It 

is very probable that the ore cha:flnel nol"th of the f :racture 
' 

•zone has a general ".W 15 degrees VJ trend .. 

The most no·teworthy ,featu.re of the Sonora-Va1w..dimn zone 

is the high vanadium and :molybdenum content. Outside of' the 

zone,, vanadiu.rn and molybdem.1.m rarely occur .. 
I 

GROUP 1.V 

'.l1l1e 1q 50 degrees E fissure system is the fou.r•th in order 

of t:une. It is a eroup that has been the site of both pre

a:nd post-mineral movements o:f sm.all nw.gni tude. Intersecting 

fractures with the N 10 ... 20 degrees W system are fe.vox•s.bJ.e 

sites for small pipe feeders to sub-manto ore bodies. 

A fractured zone of this group is the main channel for 

o:r•e-bearing solutions .responsible for the Berrenda manto. It 

also :l:"'o:rms tb.e southern bounde.1"'y 01' the 1A f Fissure Zone section. 



of the lt)SS e~«t!on m!n~rnJ.$ ~rlih1ah ~ro ottd.inll.~ily mu.1~~ 

speehtei·u3, aro the e.'hief' C\l11sf;itu.<-'4tts ()i~ tl1~ Q~ in t.lat~o part~ 

of. ·~he depoa!.ts ,,. 

!it~H'.~0l'lfJl:iJ' lni~ \'J* F+ l?o~hag, Qt' th\?J Ultd.ted Stntf:is m:it:tone,:L 

!liusmm, eollet:rb~l in 1::1ie I~a I&m~ifl.tos 1.U.st'•~iet~ &'lid h1s pi.~l;)e;r 

<>n the ri21nei~logy is in prep..'U:~at!on..- In V!elif of this work) 

the td.nGr&lo~;; will .be ().n.ly brii)flr ti~aated. ., 

t.];hfj tollow!ng list 1neJ:i.1des the dete:r.'1l:h1ed 01.,e alltl o;nni:;tte 

mu1erus ~ 
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Iron ti.inerals . ffl!ce · 
Heme t .ite 
Limonite 
Gothite 
Je.1"'osite 
Sideri"te 

Copper Minerals 
-~· W . TJJl•'~ll'i'--. Ai! 'II ro;lt 

· :Thialachi.'te 
Azur:lte 
Brochantite ('?) 

Tb.ree pri:m.a.r7 sulphides, namel y galena,,. pyrite , and 

sphale:r.ite have been identi:f'ied,,, Distant; b•orn. the main 

oxidized ore cha11nel~ occasional dissem:l.:na:tions of sulphides 

have been i'ov.:o.d in dense unaltered li:mestone. Py1"ite also 

occurs sparsely disseminated. tb.1uot.1'l:: certain limestone beds, 

but this is a corr.anon. feature of limestone and is e.pp~r-ently 

unre l ated to the mineralization, G&lena is the only sulphide 

abundant in the ore-channel . It is f'ound as residue.l ker·nels 

protected fr·an complete o.x.ida tio:n by a..nglesite and in a 111..as-

sive state in unox.idized, thin, tight hilos f lanki:ng the manto 

ore bod:tes . 

Anglesito , cerussite ,and plmnbojaros:tte are th(a chief 

lead ore :minerals . Almos·t pu.re beds of anglesi"te and cerus• 

site (sand carbonate } occ'l.:U" in the oxidized ore . 'lb.e angle-

site may be associated with the gypsum beds and in . some cases , 

abundant enough to wa rrant pror:ttable e.xt1 .. action of gypsu.:m 

layers .. Both- ang1es:tte and ce:i:--uss:tte are found enclosing 

residual galena. Pltunbor,jarosite is an important lead ore 

• 



mineral, es pscially associated with the :iron oxide layers. 

':t':he oxidized ore occurs in layers wl th i1"lo:n oxide minerals 

forming the major part of' the irolu:me, or as a het~erogeneous 

mixture of iro~a and J.ead miner-a ls. The low g:r1a.de iron ox:i.de 

bands containing lead carbonate can be l"oughly separated from 

the higher grade bands of lead min01..,als. 'lne most; abundant 

:11•on rr.dnerals are hematite, limordte. gothite; and ,jaros:lt;e ,. 

'lhe dif'f'eren't oxides can us1ia.lly be identified u.nde1"'g~round with-

out an:y- trot.1ble.. Occu:r•rence of' sideri te is ra:Pe and con.fined ·to 

very tight frac·tures. t.t'he iron oxide minerals form the bulk of• 

the O.Jdclized ore; have been deposited in the nmnerou.s fractures 

traversing the miner•alized zone; and have filtered into the porous 

Cl"ysts.lline dolom.i te ~ 

Hydroz:!.nci te, willem:t te j and goslari te a1"e tho three iden·t;;i.,. 

f ied oxidized zinc mlnerals ~ The :b..ydrozinci te generally occur·s 

i:n wh ite, chalky masses alons the floor of the OJtid.ized. ore bodies, 

or as flssure fillings above m.nd below the oxidized ore. It is 

0as:1.ly recogn.ized fx•om the :i.nvariabJ.e eax•thy te2';:·1;ur-e. VJillemi te 

occurs as :minute crystals usually yellowlsh- brown in color; while 

the third ox.idized zinc mineral , goslar:i.te , is f'ound as inc:rus"" 

ta.tions in fissures below the 01:00 bodies . ln comparison with the 

lead and iron min.(:)!"u.ls, the zinc rrdnorals form. ~: r~ small por .... 

ti on of the oxidi 1.~ed. o:r0. The grea t;.o:r part of tho zinc has 1)een. 

car:ri0d away by eircuJ.a tlng wa.ter•s du.rin.g oxida tio:n, unless the 

ra t:lo of sphalerite to the lead a..nd to . the pyri. te of the primary 

01 .. e was mu.ch less than generally believed h:T other investigators. 



The -chara.cte:r- of'. t he · hilos ·and. ·tne. absenee· of large bodies . or 

·,vr~iterto con.e1ude:the sph~lerito vms present in only su.bo:t•d:i.nate 

amotmts in ·the prbnu1•y ore. 

Copper minerals are very rare. PAalachite., azurite and bro·2 

chantite (?) S.J:"'0 the only three minerals identified, and oacux-

occasionally on gypsum crystals. 

Durl:n.g 'i;h:.1.s WOX'k, native silver was f'ou..nd as wires and 

flat pla·i.;es as:;;ociat;ed with 'the copper mine1""als cmd gyps1un. 'l'h.e 

pr·esence of silver in larger quant:l t:tes. was expected but in only 

ono stope was any aJ.1ve1" mine:r·al megascopically identif'ied. 

'f'ne chief calcitui.J. mi:ne1.,als r·ela.ted to ·the mineralization a:r'e 

ca1cit0, dolomite, anlrn1":1.t0, and gypsv.r.a. The calcitio inc::t:'U.s-

already been discussed. Arlk:eri te has been identif led as coa:r~se"" 

ly- crystalline masses 111 t:he recrystallized beds of limest~one 

and dolor.ai te .. 

On(:;) o:f the notable fea:tuJ:•es of t;he d:tstriet; :ls the J.a1"ge 

amount of gypsum and free sulplxur found in t;he uppari part of 

the mine. T.L1.e e.:.>:::plana ti on of their genesis is a problem for 

futu.rc study. Undoubtedly 1 the l"eaction of' ·i;he sulphate oxi-

dizing solutions~ as a result of the ox:I.dat;ion of the pyrite, 

:reacted with the limestone '•Vith which it c~i.me in contact.., to 

for.m calcitun sulphate. The calciv .. m sulpha·t;e was part;ly carried 

away by cir-cu la ti on a.nd paz"tly deposited w:i:ch1.n the o:r•e body as 

gypsum. '11he associated bodies of sulphur are supposed to have 
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descloizite, and pyromorphite are 

confined to t he Sonora-Vanadluw, Fract;ure Zone. T.h.e occurrence of 

these minerals out side of' the zone is so :t""are that it becomes a 

curiosity.. Th.e wulfenite and vanadtnlte are so abtu1dant at and 

below the wa. ter tab le that -thes· f on11 the chief ore :minerals. T.b.e 

consensus of opinion :ts that the molybde:n:um and vs.na.d.:i.um have 

been leacb.ed from the .galena and :migrated dow:n.ward d:u.:z. .. ing ox.i-

dation and deposited a.s secondary m.iner·aJ.s at the water table. 

However,, the r•estr:i.ction of these minerals to a definite zone 

within the Sonora ... vanadium. fracture zone i:mggests a. relationship 

between the t11'JO and it may be t hat; this occu:r·rence represents a 

seco11d stage o.f mi11e:t>alizta ti on with the Sonora. ... Vanadiun1 zone as 

the cha..nm~l. Desoloizite and PYJ."Omorphite are occasio:nally 

found outside the Sonora-Vanad:lu.m zone. 
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-OXIDATION- AND- DOL.OtlITIZI TTO:N · 
' 

11he J3rupcion-iU-'1t.unada -ore . body ha :s been- almost-. completely 

GY~:tdi;~ed .. · - Only- ~ections of the thin hllos flanking the ~;m.ntos 

remain u . .nultered. IJ.1l1e original character of the deposit has 

been alrn.os't obliterated by the process,. 

1t'1e primary- sulphide body con.sis·t;ed chiefly of galena and 

pyrite wl th. a subordinate amount of' sphaleri te. 1.P.hese .occur as 

a metasomatie replacemen·t i.n ·the · limestone without prior devel-

opment of cavernous openi:r.1.gs .. Residual sulphides f ound _11 th<:) 

hilos., a r1d investigation of the p:rimary mantos of the Sa:.'1.ta 

Eulalia distr·ict , permits inference as to ·the cha1:'acter of the 

original sulphide body , 1J:he origin.al sulphide ore body was ap= 

pare.ntl-y a rather eoni'ined. a:ncl complete replacement in.stead 0£ 

a body of limestone thx-u l-7hich the sulphides were distributed 

in a more or less disseminat ed condition. 

Surface. solutions subseq.~1011tly attacked the sulphides with 

the action accelerated by gene1•ation of acid du1.,ing -Che oxidation 

of the pyrite. In add:U;ion to changing the sulph5.des to sulpha. t-;es 

t:l:'J.e resulting a cid solutions readily attacked t he limestone . A 

large amount of the iron sulphate , v:hich resulted from the first 

step of the oxidation process1 iivas carried. away and :r·edeposi ted 

as oxides in the innumerable fissures and open fractures tra ... 

versing the mineral zone, while the bullt: of' 'the iron vms de

posited as oxides beneath 'tho o:r:i.ginal sulphide bodies.. ~ne acid 

solutions generated during oxida tion attacked the 11m~stone be~ 

nea·l;h the ore body and the removal of the lirnes~Gone was accom.-
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pan.ied -by ·sci.bsidence .. 0£ .. the--mante s eotioJ.-1.1 · 

.. Z·inc was very suseeptiblo to o.x.ida ti on and trru.1.sporta ti on . 

A large qus.:nti ty of the zine was tra.?lsported by the cd.rcv.la t:tn.g 

waters and deposited with the $.ron in the 1n..rni.mera.ble fis sures 

beneath the mantas of several districts in. Mexico ls w:>t a 

character of the Los La.:ment os depos:l ts . Here the oxidized zinc 

comraonly occurs above the o;i:>e _bodies :111 the 1:Jpen fractures, sug-

gestive of artesiru:1 conditions dur'ing oxidation. Th.e zinc min-

erals, chiefly willemi'l;e and hyd1~ozincite ,are found along the 

limest;one .f ootwall of the oxidized ore bodies and smnetimes along 

the 1'1a:t"l.gi...l'lg vva.11., or as irregular :gT"' :s wi tlriin the bedded. oxi

dized ore . A stt1dy of the ores st;rongly suggests that; the or-_,, 

ig:tnal sulphide ratio of the iron and lead to the . zinc wa s mu.ch 

greater than found in the sulphide zones of some of t h e other 

manto districts. Th.e::e is :no 0"11.ldenco of large bodie-s of zinc 

ore occurr1.ng benee. th or near the lead ore bodies in the area . 

At first the galen..'9. readily reacted w:tth the acid oxidizing 

solution s but tho action wa.s later :retarded by a coating of the 

oxidation products.. The gaJ.er:i.a is l"eplaced by stable pseudo-

mo:rphs of anglesit;e and ceruss:lte, Res t du.a.1 gale11a (often er-

roneously ref'ered to as secondary galena} is f'or;i.nd :rrom the 

lowest workings cf the m:i.ne to the surface. 

Tho acid zolutions changed large quantities of the lime-

stone to calcium sul phate and in t h is condition the ca1citm1 1N·ae 

either ren1oved by t he cir cu ls. ting wa:t;crs or redeposited :tn the 
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:f'or-:.m of' gypsum witbJ.11 th.e ore bodies and caves. 

Cave Po:r~ 

T"ne acids generated during ox:tdn:i;;ion vigorously attacked 
' 

s.ny liYiaesto11e rd. th ·which they came in conta ct. il1 this manner 

fissures were corroded for-raing open crevices arid large volumes 

of limestone we1"'0 removed by reaction and the ci:t•culation fr·i:>r.u 

be:neath the origin.al sulphlde ore bodies ., 'I'he latter was ac~ 

companied by contemporaneous subsidence of the ore lea~-.:tng ru1 

open space above. '11k1e removal of 1:1.rfl.estone me.rldng the begin ... 

ning o.f a cave was later expedited by collapse which continued 

u:ntiJ. the roof becarne a. stable arch .. Gaves above oxidized ore 

have been called shrinkage-caves. 'I~cis is a misnomer· as there 

we.s no shrinkage du::rirlg oxidation. ln f a ct tb.e o::.it.id:tzed material 

The contact of ·the lowered ore body w:l th the limestone walls 

:ts very sha.:1."'p and many investigators have interpreted this as 

ind:tcativ<$ of pre-minere.1 cave f'or mat:ion. A stu.dy of a distr:i.c·i;; 

where t;h0 :mantos occur in both e_:"l 01ddiz0d and pr:i.111~1ry state dis-

proves this hypot;hes:ls., Even in an oxidized dist:i'.~ic'l~ where hilps 

tem theory is u.1'.!;founded . 

~l!he· ff'> -t '""'1.' l "" ·:·. 4, 01"l, __ . of: i~h .. · e .., ,.. 4 fl -""' i i:t " "" 0 ,., 1 · • "' .,. ~ " "'"" ""lV""';; - -- ..,.,. _ ..., '"-"" .,,... . _ __ '"""""" ·J. v ... r C ... .z1 ... g '''"""-U"Gl.v!'l•.., ul.,;;:;¢v ,., ... 1. 

enor·mous s.m.01.xnts of l :t:mestone in the 1nain circulating cham10ls,. 

Ga;nrernous openlngs •11rere .fonaed in beds t;ha t we:re :more susceptible 



to coin1"osion than others.. Th:i.s :removal of 1:1.mes tone was a:n-

alogous to the act:1on accompanying the oxide. tio:n of the oi•e 

b odic:s and. rnarl1:.3d the begil'k"l:lng of a cave.. Collapse of' the un-

supported hanging wall and T'E.nnov1:-1 l of t;he fallen. limestone blocks 

absence of primary ore bodies. Secondary ore in bar1..,en.- cavos 

o:f: t his dist1"ict ls mo:t:•e common than usu.al. This is ·to be ex-

pected as they are pa1~a11e1 to tl:va · 01"'0 trend, whlle in other 

camps, the Santa N<.J.laJ.ia district for· exa.ruple~ the caves follow 

1fhe trend of 'barren-caves is :lnc1:'1.cative of' tbe most open f1"'acture 

system during the ox:tdation cycle., T'.ne .fissures of 'l:::b.:is d:Is·trict 

governing the trend of the primary deposit:i.on 1.:'ms the most; open 

system during ozida t'.'i.on. 

The barren-caves oocu.r e.:tthe1') beneath o:r• to one side of the 

main ore channel,, or e.tta:tn both positions.. 1!~11e i"'e the c2.v0s oc-

cur under the main or•e body ~ the sl:ell of l:tmestone separating 

tho oxidized mantes f:rom the barren-caves occasionally collapsed 

alloni:n.g he-te.rogenous masses of ox:'.tdized ore and a:ng11lar 11me-

stone .fragments to fall into the cav :;. . O~t:ldized material ~ often 

ta:l:ning :mechanically depos:i. ted secr:::indary materiel sh.ould not be 

ccmf'used i:1itb, tb.e sub-ma:nto ore bodies .. 

Ox5.datic111 of m.ib-:ms.nt.o ore bodies :ls accompanied by cave 

f or:na t;ion t:i..nalor;ous to those of' the manto ore bodies. The eaves, 

Several caves asr4oc:tated with t he 
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n:.intos attain a height; of almost; 200 feet. In general ; the 

height of an o:re-bea:riri-e; cav0 is proportional to the t}:-dckn.ess 

of' the ore body ... 

Tui.:rrse '!;)locks of limestone continued to fall f:r-om the roof 

cave .• l1!ixed with the f ollowing o:xida t:ton and f or;.11ed a. 

thick cover botvrnen the ore and the open cave . 1~1e la.st stage 

of the oxid~tion process vn.-..s tho forr."'lt.tion'or the calcitic 

f:lssin•es . 11he inside of' this shell is lin.od with beautiful 

calcite · cr;ystals,. 

Local dolomit:tzat:lon o.f the limestone occur.a in the 

vie:i.:n:i.ty of the ore bodies., The priraar·y ore minerals a ppa rently 

furnished enough magnesiu..m to locally convert limestone to dol.o"" 

mite . flowever, whether the alteJ?s.tion of the limestone to d.010 .... 

mite thru the addition of' magnesium took place during the pri• 

ma:ry deposition. of the ore minerals or by magnesium leached fror.11 

the se n1ine1"'als du.rin.g oxidation , is a problem which nas not been 

satisfa ctorily decided. 

'l'.b.e dolomite usua lly occurs beneath and a longside of the 

oxidized or,e with dense v .. naltered limestone above. It :might be 

held that the collapse of the banging wall du.ring cave for.mation. 

ha s oblitera·ted the dolomitic shell which once inclosed the 

mi:n.eraliza tion $ The blocks cove.ring or mixed VJith the ore, ho·w= 

ever, are not dolomitic. Field e\ridence a:nd assay results f'rorl'l 



several hundred s~m.ples indicate th.e formation of dolomite 

during the o:.tidation of the or-es . 

The dolomite occu~rs only in a cos.rsely crystalline form .. 

It is usu.ally stai11ed red by the addition of :tron oxide.. E·'here ... 

ever tb.e fracturing is well m.arked beneath an ore body the 

dolomite often extends to the bott;om of the J~oa La.mentos f¢r ... 

ma tion., Zones of iron stained dolomitic limestoxie occasio:!'.1:1117 

oc¢ur above an ore body in areas of intense f'ractn1:>i:::1g. \t'Yhen 

:fracturing is rather tigr.i.t belovv an ore body no alteration or 

dolomi'tized li:m.est;one occtu's. !J.:h.erefore~ while d.olomitization is 

a rough indicator to the proxim:i.:t;y of m:tne:r~3.1:tzed. grotmd, it is 

by no means the proof oi' 5. ts ex.iste11ce. 

Several hundred aarnples YH:ire taken at definite intervals 

f:ro:m. :tr...nown o::re bodies, both below and above,. and at def'in:tte 

in1;e:rvals in an explorf-tto:ry area. These suites were analyzed 

fo:t• their dolomitic content. T::.l1.e assays v'Je:re then plotted, 

together· with the detailed geology, to deter'ndne vthether do lo- _ 

mi tS.o contours in.closing an ors body could 1:H:i construe tad. Where 

fro.ctnring vms int<mse,. rec:rystal1ization of th.e l:h1efd;one ac

companied by tb.e addition of m&.gnesimn ~ves well 111a:r1cedjt If 1 how

ever, the beds were dense and u...nfrac'hured the alter•atio:n of the 

limestone near an o:re bod~r ws.2 ·loo.al. In porous beds strong 

zones of alter6d. lit11.esto:n.e l:tke'®·:tse e:;rtend 1 o:r.:1g distances later

ally f'ro111 an ore body. 



ORIGIN OF T.BJ~ OFtE 

The I~rupcion-Abumada ore channel has been almost completely 

oxidized to the bottom. of the .mine, so that it is necessary to 

1.nter the nature or the primacy ore body from the character of 

tho oxidized material and analogy ·to manto camps ,, where both 

primary and · oxidized ore bodies occur·. 

The nea.res·t. int:J?l.Ullve rocks ar•e ·hl1e ;m.onzo:nitie porphyx•ias 

of the El Gorrion 1Zange1 45. kilomete1,..s west of Los Iamentos . 

?!his :tntrusi.on has metamorpbel>.sed tb.e u.p·tu.rned limestone and is 

aceom.pa:nied by a contact metam.orphie mineralization. It is 

reaso11able to as·:sum.e tlien,. that; the Los Lamentos deposits were 

pl'obaoly related to some deeply buried roGk of monzoµ.itie com

position. We may inter, trom our k1101.vledge of other dist:riets ;t 

that the man to will be found to ~..ave been fed from its lowest 

po111t. by a ch:tn111ey which in tlll"n will probably pass thru a con

tact :metamol"Phic zone . However,, fa. eposit in depth may oecur as 

a ve:tn rather than a chimne.y . It is ~:.i ... t , however41 that the 

m:tneral:tze1"s irrnuld follow the pa th.s of least resistance f :rom the 

igneous source to the ult;ima te man to deposit . When the min-

. eralizi11g solutions reached the Iios Iamentos limestone structural 

condi tona caused them to leave the fissures or intersecting fis• 

sures and follow the bedding of' the .fo1"m.at:ton along the crest of 
~~"' 

a. gentle,, tho well fractt.tl"ed antielinal fold . Th.is horizon was 

very susceptible to me"t;a.somat:i.sm. The ore-bearing solut:ions, were 

reta:rded by prominent cross i'ractured zones o:f' . sraall displacement. 

causing a spread:t.11g of the deposit in back of the· shear zones . 
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This f'eature is well shown on the plan of the ore bodies (Plate 

Mo. 3). Finally after b:rea.k:tng thru the i"ractnred .zor.1.es,, the 

solutions1encountering an unrestricted course, continued to as

cend. Thus south of a .fa.ult there is a sudden decrease in cross 

section. of the deposit :relative to the s.eetion north. Oo:nse-· 

quently a triangu.lar shaped deposit was developed between pro

minent fractu:.i:·e zones with the apex toward the source o:f' the 

ore-bearing solutions •. 

Tb.e primary deposit was probably_ a more o:r less complete , 

yet restricted, lenticular shaped replacement LD. a well frac

tured zone of certain beds~ 

The ore-bearing solutions deseend.ed from the manto ho;L'izo:n. 

along fissures or in·tersecting fissures and by meta soma tism 

produced the su.b-manto o:ve bodies. 

The primary deposit consi.s'ted chiefly of• pyri.te, galena and 

spb.alerite with subordina te amounts of other minerals. The 

sphaleri te was appa.rently less abundant tha.:a found in the sul

phide man to a of the Santa Eu.lal:i.a di.strict. 

'l1!1e extent of oxidation,,_ with the development of the great 

cave systems and the abundance of the iron oxides are more in

d.ica tive of cont:tnuou.s massive sulphide bodies than of a dis

seminated deposit. The development of~ dolom:ttized limestone 

occurred by addition of magnesium p:i;>obably made available thru. 
•.>l.• i 

leaching of magne~.ium .. bearing primary minerals during oxidation. 

Areas of dolomitic · limestone are well developed beneath the ore 

bodies. Indeed this la:tter ~potb.esis, in view of the erratic 
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d:tstribu:&ion of the dolomite , seems more logical than the gene:ra.1 

hypothesis supporting the tor-rn.atiol'.1 of dolomite bef'ore or du.rilJg 

the o:d.ginal mineralizing process., 

T.he ore body in ·che Sonora-Ve.n~.dium :fault z.one is suggestive 
1 

of two~er1~ods of mineralization~-the eaY-liest, the sulphide 

stage mentioned above and a later intvoduction of molybdenum and 

va.nadiu.:m. It is more probable• however, th.at the molybdenum

va:nadiurtl .zone· ts the result of concentration of leached 1nater.1al 

whieh migrated downwe.r~ w~s deposited and enriched at ·the water 

table during oxidation. 

Migration of metallic and other constituents of the ore 

du:rin.~ oxidation was oonsidel?abla, Segregation or oxidized ~inc 

and iron mlnerals in fissures above and below the ore bodies and. 

the hydrozincite lining along the bottom of the caves and ore 

bodies is indicative of migration. Du.plication. of mi:nera.l bands 

within the oxidized ore suggests that the high grac1e sulphides 

·enclosed. lenses oi' low grade disseminated sulphides or barren 

li.'lllestone which during oxidation was removed. This would account 

tor a :repetition of oxide bands observed in some $eet1ons of' the 

mine. 'I'he primary mantos of the Santa E'i.:i.la.lia district often 

show t\vo high grade sulphide mantos sepa:ra ted by a lense of iow 

grade disseminated ore or barren limestone. 

Tb.e ·ore ... bea.:ring caves and ba:rre:n•oaves w~re fo:rmed during 

oxidation. The sharp contact of the limestone walls with ·the 

oxidized ore is the result of the lowering of the man to from 1 ts 

original site during oxidation. The sha:i:>p contacts hs.ve been in-



terpreted by some investigators as indicative of ore deposition 

.following cave formation which, however,, for• the ma.n.to deposits 

of northern :Mexico is erroneous. 

Tb.ere is a general decrease of the manto cross ... section from 

the deepest workings to the surface. Likewise the sub•manto ore 

bodies,, which in the lower part of ·the mine furnish the bulk of 

tb.e i;onne.ge .. -do not exist near the surfaee. (Plate Mo. 3), -
Altho a gradual decrease in cross section occurs up·ward from the 

source structural· conditions control a.nd cause radical changes 

in the general plan and cross-section of the ore body. 

During the past f'ew years there has bee11 a gener al tendency 

on the part of eerta1n invost:tgators to m1ninn.i%e x~tf; the impo1"'tance 

of :t'raotur.:tng and structure in l')elat1.on to manto deposits .. The 

study in this district t;ogether with investigs:tion of several of 

the mos·t important manto deposits farther south :tn h!exico, has, 

the writer 'believes. aecentua·ced rather than diminished the im

port&~ce of these features in the control of metasomatism. 

The 01"1gin of manto deposits will be treated in deta:i.l in 

the paper on the Santa Eulalia district where, because of' th~ 

primary ore bodies more da:t;a is available for consideration or

the genesis . 'l"he nature of the mineral bea1~ing solutions is 

discussed and empl~asis placed on a possible colloidal eond1tion 

o:f the solutions. This possible or1~gin of the ore bodies by 

colloidal solutions , if e.pplicable to Santa l!1tt1alia, would un

doubtedly also be i:nfluential :ln the Los Lamentos district. 



GE.OLOGY AND ORE DEPOSITS 

OF THE 

SANTA EULALIA DI STRICT 

Ohihua:hua,, Mexico 

by 

J .. · WII.F'RED PATTERSON 



.i 

COWTEJ:ITS 

Introduetion 4 

Acknowledgements 5 

Situation 6 

History 8 

Regional Topography 16 

Local Topography 16 

Oretaceou.s Rocks of the Nor"bhern Part of the 
Mexic$.Il Gord:llleran Pro\rince 19 

Comanehean Series 

Trinity di vision 24 

Black limestone 24 
Los Lamentos limestone 25 
Intermediate 15.mestone 26 

Fredericksbur•g di vislon 27 

Bufa limestone 27 

Washita division 28 

Sonora limestone 28 
Tle.xcRla limestone 29 
Buena Suerte limestone 30 
Triste limestone 30 

Conclusion 31 

C1~et;aceous Rocks of the Santa. Eulalia Distric·i; 3o 

Black limestone for·mat:ion 33 
Los Lamentos limestone 36 
Inter.mediate limestone 37 
Bu.fa limestone form.&tion 38 

Intrusive Roclrs 40 

Capping Roeks 44 

Sv..mmary 44 
Basal conglomerate 45 
Lower tuf f' 46 



ii 

CONTENTS (con•t.) 

Rhyolite flow 
:Se.9ond , ttt_f.f 
Second conglomerate 
Third t-ll,f' f' .. , 
~bird conglome:ra te 
:B'mJ.rth t;u.f f 

Fissure Systems 

Gr0ttp 1 -
Group 2 -
Group 3 -
Group. 3a ... 
Group ia ... 

Fl?aetu:re system 
tt n . 

Ore Deposits 

Definitions 

Chim..'l'le y 
:t~anto 
Hilo 

tt tt 

n n 
n n 

Ore-bearing cave 
BQ.rren cave 

(l) East Mantes 
(2) West lilantos 
(3) Fotosi chimney area 
(4) Inglaterra group 
'(5) Pareione!'a ore bodies 
(6( Isolated ore bodies 

O~e and Gangue Minerals 

Group I - Irm.1 silica ·te ores 

Oxidized ol?es 

Group I.I - Zinc-lead ores 

Group III ... Silieeous .. sil·1.7er ores 

Cxid:tzed ores 

Grade of the Ores 

Genesis of the Ol'e Deposits 

4r/ 
49 
50 
51 
5.2 
52 

54 

55 
58 
59 
eo 
62 

63 

63 

63 
63 
64 
64 
64 

65 
70 
"/5 
82 
83 
85 

87 

90 

92 

B3 

97 

97 

98 

103 

107 



Figure l 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figu.re 8 

Figure 9 

iii 

Ind.ex map showing the position of the 
Santa Eulalia district 

Columnar section of the Santa E'ulalia 

page 

6A 

district 33A 

Geologic section of Santo Domingo shaft 
A~S· & R. Compan;r 35A 

Geologic section of the Buena Tierra 
shaft 35B 

Geologic section of Potosi No. 1 shaft 350 

Jean Cave ore body showing the relation 
of the deposit to the pre-mineral £issures 
(Modified after Prescott .. } 

Diagram showing path of' the ore-bearing 
solutions from the n su ore body to the 

73 Fl 

West Mantoe 79A 



Table l Page 

Correlation of t:be Texas C:r:-etaceous with 
th~ Stages of the Et1ro11ea..11 Oretaeeai1a 
Seetlon 21 

Genemllzed Div!®n of the Coma.nchean 
serie·s fox· the l~orthem1 .Pa.rt of the 
Me~ea..'tl l?la teau P:rov!nee 22 

tnco!k1e *"' •~M .... . iJI 

Table 7 

O:re and G·ane;u.e M:tner&l.s of the 
P:r:tma.ry Oro$ 

56 



Plate I 

:Plate ll 

Plate III 

Plate r:v 

Plate V 

Plate VI 

v 

Plates in Folder ----·· -----

Geolog1e map of the Santa Eulalia 
dist~ict, Ol1ihuahua, Mexico. 

Map showing the rela ·tion of the .ore 
bodies to the fissures in the $a.nta 
Ettlalia district. n 

Composite plan of the ore bodies 
o.f the Santa Eulalia district .• 

Composite vertical projection of the 
West Mantos and West Potosi. section. 

Composite vertical projection of the 
Ea.st Mantos , East pa.rt of the Potosi 
and Inglaterrs. sections. 

Parcione.ra .section. 



INTRODUQTION 

This is the second o;f a series of papers on the 

Manto Type Limestone Replacement Deposits of Northern 

Mexico. The practical qu.es.tions cannot be answered 

until the . data on which they depend are di~;cmssed. 

Comparison of this paper with earlier :r·eports. on the 

district; bring.s out differences · that are expla.ined :tn 

part by the much extended mine development., and in pa.rt 

by more thorough field work. 

, 'l'he Sa,nta Eulalia range is composed of gently 

folded Lower Comanchean sediments, overlain by a thick 

series of volcanic .flows,, tut'fs, and conglomerates. 

The ore deposits lie within a slightly domed uplil't 

in the middle part ot the long, nar:row Santa :mulalia 

range. The pre ... mineral fraetur.ing and folding, while 

searcely perceptible, had a pronounced influence on 

the loc~tion O·f the deposits. Two classes of dikes 

w0re intruded following the close of the mineraliza

tion. Altho the ores. are W?ll zoned, no int:t>usion to 

which the deposits are genetically related has been 

found. 
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SITUATION 

Tb.e San·ba Ettlalia m:i.n1ng district occupies the cent1 ... al 

pa:t"t of a short> narrow mountain :range of the sa:me :name~ in 

the State of Oh1'11.uahua,, :&1ex:tco.. The northern part of the 

Santa Eulalia :range , ineluding the ore deposits lies within 

the political District of Itur·bide. TJ.1e southern. pal"'t :t.s il1 

the Distr:i.ct of Gama:rgo--the 'boundary line exte11ds east-west 

th:r11 Picacho O~r:iental, the highest; peak of the range. Banta 

Et:i,le.1ia is on.e of the earlier~ if' not the earliest., known 

ms.nto type 1:1mestone replacement deposit of Mexico. The 

mines b.ave occupied a leading position. in the world 's silver 

p1"odtwt;ion dur:in.g the last; 200 years~ 

The ~a.nge lies at appro:tdmately 28 degrees 40 m:tn1).tes 

no:r"bh J.at:i.b1d.e, 105 degrees 50 minutes west long:1.tude; e.botrt 

15 miles east ... southeast ot Ciudad Chihua11.ua, cap:i.ta1. of' the 

State cf Chihu.-1:tu.a.. It is reaehecl by rail (Fign.re l) from 

El Paso, Te7...as over the National Railways of Tu1exico to 

Ohih.u.ab:i..w. City, 325 kilometers (approx:tnia tely 202 miles). T\vo 

:railroads a.nd a fair au.to-mob:i.le road connect Chi11u.ahua City 

with the !\H11es., The narrow gauge electric tramway of th.e 

Potosi IJiining Oo .. l"V.ns from lfaciend.a. Robinson to the Company 

mill,, 2 m1.1es northwest of the tovira Real de la Santa Eulalia; 

thence to the Potosi mine at Santo Dom.:tngo, 3 m:.U:es es.st o.f' 

Santa I<::ulalla.. I1ao1ende, Robinson is occupied by the gene.i"al 

offices .of the Potosi M::tning Oo • ., and was fOl"r..a.e:r.ly the site 

of the $e .. nta Eu.lalia. Silver M:i.n:tng Cots pan-amalgamation pJt:l.nt 
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and smelter. Water tor the town of Santo Domingo and. the 

Potosi Mill is pumped from Hacienda Robinson. 

The neai•est United States territ.or'y is 9:,3 .miles northeast, 

whe1"e the Rio Conchos E)mpties in-Co the Rio Grande. The Los 

Lamentos district lies 220 kilometers ( 137 m1.les) due l'lOrth of 

Santa :E:ulalia. 

In addition to tb.0 elect:r-ifierl road of the Potosi Mining 

Co"',. the Ferrocar1"il Mineral de Chihu.al1iia connects c. Chil:u.tahu.a 

to the Puebla de Santa Eulal i a . Here a connection is made by 

means of an. aerial tramway to . the northwester!l part of' the cs.mp 

(Vela.rc1ena Aerial Tra,n1) • The National Railways of Mexico hs:ve 

a _spur to a point vd.thin 2. miles of Santa Eulalia. where it con

nects wi t..h a second. aerial tramway Which runs ixito ·!;he southel"n 

and eastern part of the district (San Toy Aerial Tram.way). 
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HISTORY 

Tb.ere are sevex-al contrad:letory legends concerning the 
(1) 

early hisl;ory of the district.. According to Kim.ball.t Don 

.Jesus Inocente Irigoyen of 0us1httiriachic, Chihuahua, a good 

antiquar:i.an author;lJ;y,, st~tes that the year of the discovery 

was 1591.. One · legend, whieh seems improbable, is that the 

discove:t."Y of the district preceded. the Spanish Conquest~ 

Official records .of the year 1?05 plaee the date of dis

cove~J as 1703+ This was 12 years after the fou:nding of the 

l~ission of Chihuahua" Should this date be accepted, the dis.,. 

t:rict is not ancient in ~ight of' the history of Mexican mining. 

Similarly" there is no consensus of opinion bet·ween 

authorities conee:r-.aing the place of discovery. Some maintain 

that the t:trst ore was :f'ound on the claim known at present as 

La Carlota, and that the earliest work was d01.1e on this claim 

and around the peak called the J.?ioaeho O.r:tex1tal" This includes 

the San Antonio, Doloi"'es, Ibera, Nueva Santa SU.la.lia, and 

Pagina de1tou:ncements which form the East Camp of Santa Eu.lalia. 

According to those favoring this 2.~ityit the 1arge1" deposit.s 

of the Santa. Eulalia District that lie to the west and north-

uvest were discovered after ·the founding of the Pueblo of 

Chlliuahu.a Vieja. 

Others mainte.in that th~. original discoveries were made 

in the northwestern part of t11e main mineral district near 

t'.b.e canyon of Parcionera. or Mina Vieja~ and the deposits o:f 

(1) :K:U:1ball., J'. P.-·Artt. Jou:r:. of' Science., 2nd ser.Vol .. xlix, 
PP• 161-11'35, (1870) 
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Mina Vieja., Parcionera, Aguada, Santa Rita, Santo Domingo, San 

Jose a.ncl the Dolores were the first to be wo.rkecL, 'l'his view is 

' supported by of'fieial records of' production. 

General Lew Wallace s~oates, "The discovery of the sil~er 

was romantic; as the story :r-1..ins,, in the year 1700 or there

abouts, thl"ee i"ug:ttives from justice~ hunted out of the Hacien

das a:round Chihuahua., (itself then nothing bette111 than a lively 

Catholic Miss.~.on}, took refuge in the .fastness of what is now 

known as San ta Ev~lal:i.a • Shifting from mountaii.1 to mou.1ltain, 

·they took up quarters. finally in a tremendous ravine (now called 

the Canyon de Ps.rcionera) in which there was a natural tanque .of 

water, and where th~y could remain with prudent condtt.ct per

fectly safe. One day the Senor Padre ,in the city,, through a 

friendly Indian, received a message from the ou.tlaws to the ef'

fect that if he would absolve them and obtain their pardon from 

the official authori'bies, they would put him in a way of getting 

enough silver to build a Cathedral in New Spain. The offe~ was 

accepted., they were absolved and pardoned, the mines we.re opened; 

t~eir f'ar.ae went rapidly through the coun·tcy, miners .flocked from 

all parts of Chihuahua_. traders followed, of course. The mission 

became a city of 70,000 inhabitants, a. growth and prosperity at .. 

tributed to Santa Eulalia alone. 11 (1) 

Otheri wx>iters have expanded the tale and ela.im that 3 

fugitives discovered the metal on a oold night when it was 

necessai-•y to maintain an ext;remely hot fire, which was built 

(l) Wallace, Gen. Lewom;-!Iarper's Monthly, Nov. 1867 
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near a ban..1{ 1n the canyon and during the night the heat of' the 

fire melted the silver and caused it to flow· . The ne:x:·t d$.y the 

fugitives sent word to Chihuah11a that '.tho largest Cai;hedral in 

New Spa.in would. be built in retum £or thei.r pardon. 

To digress a moment, ·the Ce.thed!'al of Ciu.d.ad Chihttahua,, 

while not the largest; in Mexico, :ts a magnificent monument to 

the Wii:nes oi'" Santa :&.'ula.lia.. The cost o.f the Oathed1"'al has been 

stated by au'tl10rit:tes to be bctv;een ~~750, 000 t:o $1, 000#'000 and 

it is said to have ~Paen erected without the u..se of a derrick. 

A mound of earth pe:rm.itted the mu1<3S and burros to dJ:-a.g the 

building stones to the places required. 

A tax, to pay for the construction of the Cathedral of' 

Chihuahua, was collected ovex• a pe~iod of 62 . year.s a.nd a;!lounted 

·to $8001 000, This represented a tax -of one real pe!i? mare of 
~ ............... 

silve1-i coined, (1~3:} cents pel .. $8.00 Ag of' 1.5% of the yield). 

Some claim the period f'o.r colJ.ection o.f thi.s tax to ha.ve been 

12 ... 14 years; bu.t official l"eeords place the collection over a 

period of 62 yea.rs . 

T.b.e cathedral has suffer.ed during the turbulent periods 

of Mexican history. !;[any of the decorative t'igure.s ha:ve been 

shot away,. and the Cathedral bells are cracked. At different 

places, th.e edifice has served as a wa.11 for executio:ns and 

shows a surfa ce pitted by :t."'if le bttllets. Despite the ravages 

of civil strife" the Cathedral t>e111ains one of ·l;he most beau·t:tful 

arch:t toct·a:ral mo:l:'luments in Mexico. The Ca thedra.1 o:f San.ta Eu.la.lia 

is also a monum.en.t to the p:-eoductivity of the d:lst:rict. 
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An old legend, handed down from the antigu.as,. is that the 

eastern pa1..,·t of the camp was first discovered by Spanish. pr-os

pector·s.. 'l~hey came over from the Placeras de Santo Domingo on 

the Cone.hos River. 'lbe iron-stained,. volca..11.ic-cap:ped Picacho 

O.riental was supposed to have been the guide to this area. 

Their first camp was made near a spring 011. the denouncement 

kl1<1>Y1n as the Chihuahua Vi.eja. 1'1ds becrune the site for ·the 

first Puebla .. de Santa Eulalia, ·!;he ruins of which remain stand.

ing.. T.he Chiribel mine is supposed to have been the first 

v·;orked" but ·was soon :followed by work on the Ca.rJ.ota cl.aim. 

It is problematical. which of~ these accounts is a:u.thentio. 

The most reliable historians favor the discovei"y date as 1703; 

and the place of discovery as somewhere in the northern part 

of the ·west camp. 

In the year of 1791, the district had a POP'v~lation of 

6000. It supported over 160 :reduction establisr.unents, 1.88 

.l.lnnel·!; ing fu1~naces o:f the crude hornos type~ 65 cupelling 

furnaces, and. 63 beneficios. Also at this time over 20 small 

furnaces .operated in Chihuahua City~. 

Kimball records that dur.ing the period from 1705--1.7317, the 

district officially produced 61 583,000 mares, or an average of 

$1;9381 903 , ., Ag per annum. Dt\riJ;lg the fir.st 86 years~ 1705-

1791., the :royal tax (King's quinto· or fif'th) was deducted from 
,. .. 

o/ production valued at $112'*0001 000. i:t'h.e untaxed or stolen 

ot>e has been est:tnm ted to be at least 1/5-1/3 mo~e; so this 

period can be :reasonably e.sstu:.tJ.ed to li..ave produced. metal. 1.vorth 
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q)l5o,ooo,ooo. According to the estimates of the more con

servative writers, total production to the present time ha.s 

been in excess of ~$500.000,000 . 

The close of the 18th century ma:rked a period of depression 

as a result of successive :raids by the Apache Indians.. The camp 

was 8.bandoned alrr1ost overnight. Du:i?ing the first ten yeu:rs of 

the 19th century, attempts were L"l.8,de to operate the mines 1 but 

failed~ owi~g to the timidity of the inhabitants who did not 

care to 1:1 Ve in ·the district.. Mining practically ceased du..r:L'l'lg, 

and fo,llowing, the revolt of Me:dco from Spanish rule. 

Afte.r the secession from Spain, :tnteTmittent .Apache l"aids, 

lack o.f leaders, as well as money,. made t~ . ;.k ~~ :.: .. : -.~ ·~L0 ·to 

resun1e full operation. A small p1~oducti_on was made, however., 

during this period. 

most of the silver produced by the Mexicans and the Spaniards 

was <;'l.Xt:racted f'rom the old Parc:tonera, Bv~stillos,, Tulino. Vieja, 

San J\.ian; Santo Domingo, San Jose, Santa Rita, Rosario, Galdeano,.. 

and Las Animas mines. The mines were operated from surface 

openings, or Boca. Minas, using., :f.':rom ·!;he Mexican miners point of 

view, ·!;he aem.e of perf'ect;ion in transworta. tion, that is, burros 

for removing o:r.e to the surface. 

American ca.pita.I began to exploit Mexieo during the la.st 

quarter of the 19th century, and interest was :revived in the 
-

Santa Eulalia district • 

Abou.t t;he year 1880-' an Ame:ri<:H:tn, John R. Robinson, v1s.s 

granted a concession f'l"Om the government for himself and fol" 



Kidc:le.r, Peabody & Co. The eoncession" 15 miles long and 5 

miles wide" cove!"ed the ·whole distx•ic-t:; and most of the range . 

Th.ose :Lnter·ested1 then organized the Santa Eulalia Sllve1" t'Ii:n.ing 

Oo,., 

T.b.e company built a s-mall pan-a.malgruna tlon plan:t in the 

canyon of the Mina Yieja1 nea:r· the .Parcionera mine. Shortage. 

of water caused the abandonment of this phmt . A larger m111 

was constructed. near the city oj? Chihuahua where water was 

abundant. '111.e s ite Vilas called Hacienda Ro1)i11son. 

In the yea:t' 1882, the NLex1can Central Railroad was com

pleted. to Cb.ihuahua City. The same yea!'t Robinson constructed 

a nar1"ow gauge road from the Hacienda to the Mines . 

Most of the px•oduct1on a.t 'this t;ime came from the Santo 

Domi'ngo and Ga.Idea.no mines . The im:~·reased lead content in the 

ores6 mined at th:i.s time, caused the company to abandon pan .... 

amalgamt:ttion and return to smelting process. !i.J.1·naces, there .... 

fo:re, vrere co:nst1111cted id; the Hacienda ... 

Mr. Robinson had. obtained the Santa Eulalia m:tn:tng rights 

as a tunnel concession., and it was held. by doing a small amount 

of wo1"k each year. Ris company mined a large tonu.age; but in 

18911 the company sold ou;I; to 1Tob.n W •. Sha.vi, e.:n.d Olive!' Paine. 
. I 

These nmn foiw.ed the Chihuahua Mining Co... Shortly after, the 

Mex..1.can gove:rnm1.Sint revised th~. mining ia-~'s, one of which es-

te.blish1~d a tax on ~ch portenencia of mineral ground. The 

Company, under Mr . Shawts direc·cion, soon dropped a great er 

part of tho pr-oper·ty under t he concession .• 
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Reasons stated for M!". · Shawfs :release of land were high 

taxes,, and the belief' that_, with the railr>oad competition in 

the district would not be countenanced. Thus 'btrt a few small 

plots,.. namely" the Santo Domingo~ Ss.l'lta Ritaf and the Zubiate 

were retained by the company. Th.e released land was thro"tJ'tn 

open in .1894" 

!t was assU)lled tJ:l...at the richest land of the district had 

been reta.inE!d,. but the prema tllre l:'elease proved a grave mist;a.ke 

f o;r the company. It stinnilated1 howeval'.'1 a. revival o:r the dis~ 
. · , 

t1~1et. The released gro'l.1.nd was immediately denounc¢d.,. and fresh 
' . 

eapite,1 acted to open. new ore bodies in both the old and new 

mines. Later~ the Chihuahua Mining Co-. ; t;hru necessity, pur

chased the Potosi C1ai'm1 one they had earlier voluntarily 1 ... e

leased. This. cls.im proved to be the largest p:i."'oducer ot the 

d:i.stric;t;.; and according t<; present indications~ it will probab:ty 

continue in this role. 

T.hree large companies either own or control thru lease 

praet:.tcally all oi' the distriet. 1'.he Velard0ru.1;oo.fUna Vieja are 

bodies (West Pilantos) that extend north from ta'1e Potosi ground 

are u..'l1.d0r the control of the kn.erican Smelting e.nd Re.fining 

Company. They also cont:i:-ol the 1?arcionara,, several small ola:tms 

beyond the lirnits of.' the West Mantos1 and a greater part of the 

East Oarap"' During the past 2 ¥ears the company has ccnstruc·ted 

a mill a~t ·the Ob.ihuafi..ua .smelte.r at Avalos, a few miles east o:r. -........ 
Ohihu.abua . ., Here the tin 01 ... es from tr~e East Ca.r11p are treated. 

The Potosi Mining Co., subsidiary ot the Howe Sound Co. 1 
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controls the Chihuahua Mining oo. They own the Potosi claim 

and a few outlying plots including the Co:ronel-Zu.bi,a te and 

Santa Rita,, and have the Buena T.ierra Mining Co., properties 

under lease. 

The Peno le s Co. ( Cia • Min era de Peno le s,, s .A. ) , the 

.American :Metals Co's IVIexica.n subsidiary, control the rest of 

t he dist1rict vdth the exception or a few SlilB.11 privately ovmed 

claims. ~'he properties of the PenoJ.es Co. cover .an enormous 

stretch of ground#. including the East Mantos1 or the Bustillos

Galdeano-Manto,. the Central ms.?1to and a numbe:I:' of properties 

sihtated in the southern end of ·the di~rtriat. 

Mining methods of extreme contrast are used and va.rry from 

the crude ancient, to the most tip t;o date practice. 

Befo:re cons·bruction of the raiJ.:roads the oxidized ore ivas 

.packed ·bo Durango on bu;r>ros a.nd there used to $T.ae1 t ·the s:lliceous 

ores o:r that State. 



REGI OWAL TOPOGR..llPHY 

The roeks of the Mesa Oentral me.y be classified m1Cl.er 

two large groups by a line rotighly dravm through li:l Paso, 

ChihuaJ1J,1a City, Du..rango,, Zacatac:a.s, San Luis Potosi, and 
it.~~)~· 

Pachttcha. West ·Of t..ti:ts line, roclcs of sedimentary or:tg:i.n 

prevail~ These are usually a thiek series o-r iiilesozoic 

lime.stones ~r:1.d .shales. The limestones are of Comanchean 

or Lowe!' Cretaceous e.ge and attain a great thickness in 

llilexico, The Los Lamentos district (220 kilometers to the 

nor~h) is situated nea~ the western margin of the outc~op

ping sedimentaries .. 

The prevailing rocks west of the foremention;ed 11ne 

are of 'troleanie origin and consist mainly of flows,, tu.i'fs~ 

and breccias of Tertiary age. They have been :poi1red out 

over the calcareon.s Creta.ceou.s beds. The Santa Eulal:ta 

distr:let lies within this group,, very near its eastern 

boundary. 

LOCAL TOPOGRAPHY 

The Santa Eulalia range :is a l.ong,. narrowt volcanic 
""' / ' ' capped.,, anticlinal i'old rising rather abru,ptJ.y above a 

broad plain that fo:r.ms the tloor of the :Mesa Gent1 .. al. Bold 

cliff faces, that cha~terize the ranges in the eastern 

part <>f the Mesa Central vJhere l:tm.estones prevail, are 

generally absent in the Santa Eulalia Rc.'lnge. The Cre

taceous limestone core of the Sant;a Eulalia is covered by 
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a series of' tuffaceou.s rqclts. The limes tones are exposed 

in the mineralized district ~ deeply :Lnc:ised canyons. 

Th.o :rHnge ho,s a general l'IB-Slllf trend with a length of ap

p:ro.xima tely 20 miles, and a width ot 7 miles . It lies betv;e en 

the champ~.:tgn valleys of the Rio Conchos on the east and the 

Rio Tab&.lopa on the wes'.t. Tlie Conchos river valle.y ls ove.:r 

25 miles wi(le :111 the v:tcinity of the Santa Eulalia range. It 

is hounded b1 th0 Oh.oreras motmta:ins on the east and the S!mta 

1~ula.11a mountalns on the \W3st. Tb.e C.hore:ras mot:i.n:ha.ins fom 

the most western otttlier of v..nca.pped Cretaceous limestone in 

t":he area while Santa Eula11a•~1 have over 1500 feet of tufface ... 

ous m.ater.S.al eoveri11g the limestone core of the range. 

Th.e b;r>oad. ·valley plain of the Ta1'.>alopa river borders th.e 

.Santa E141al1a range on the west, where.t after a span of 12 miles, 

the plain gives way' to l"athe.r px•ominent, isolated peaks which 

:r-iso to form the eas·tern l:tm::t-ts of' the eity ot Chihut~hua. The 

peaks a.re composed chiefly of flows,, tu.ffs,, brecc:tas, and eon-

· glomerates. A large part of the building stone used in the city 

of Chibnahua. is quar1~:ted there• 

'l'.he mineraJ. district of Santa Eulalia is embraced w1 thin 

an elliptics.1 ahaped.-,iiomice.l upl:Y.fti ct:tlled t;he Sierra de la 

Santa. Eulalia. This ._,irreg,ula.r enu.nence is approximately 4 

m:iJ.es wid.e at the eleva t:to11 of the mines; and the longer axis 

has a 1eng'1Ah of. al111ost__z miles., iJ.ltte highest pea.ks in. the range 

a:re in the dist1.,ict and r:tse to over 2000 feet a..l:>ove the su.r

:r:ov..nd:tng p1a:tns~ They have an elevation of over 7000 feet 



above sea level. 

T.b.e uplift of the Sier1"a de la San ta Eulalia ·was ace om• 

r.ianied by faulting and fissuring 1Nhioh conti"olled e1"'osion. 

T'.b.is is observed :i.n the present topographic features . The eo.n ... 

· eo:r•dAnce between l"idges a.nd peaks within the district leads one 

to suspect that diu"'i:ng uplii't , faulting was the major force. 

Apparently tJ:1e Siera."'a de 1a Santa Eulalia is an uplifted slightl7 

domed fault; block:1t Erosi on has cut deep into the mo-.1ntain.1c z1e ... 

moving the oe.pping~places and incising deep gorges into the lime ... 

stone , Using the margin.al fa.:14lt zones as cha.:nr1els , erosion has 

eut~ that at present the Sierra de la Santu Eulalia 

stands alm.ost isola.:ted. f'rc>m the limbs of' t;he range . The canyons 

radi ate frora. the cente1't of the moun·tain ; and the Heal de la Santa 

Eulalia, the rm:i.i:1icipal:tty of the district>' is locrited in one of' 

the canyons on the northwest edge of' the mountain. 

A deta:t l ed account of the stratig;paphy and structu1"e (pre

sented latex• ) will ah ow t;:PJtt: the folding while compai"'ati vely 

s.iJtlple has developed strr~wtu:t"'a.l ~~ · -, . .;;;.:; of ir.1portance aa to 

the location and course followed by the ore bodies . 

An arid climate and vegetation prevail. T.he :rainfall is 

meager, being co:ri.i'in.ed to a few stur.J:J.el' thunder showe1 .. s and an 

oocas::tonal ·win:ter r•ain with some'bim.es a light .fall of sno-v1 , 

Spt'ings are almost v.nknown in tb:e range and. the mines are 

p1·actically dry .. 



ORETACEOUS ROOKS OF THE NORTHERN PART OF THE 

MEXICAN COBDILLERAM PROVINCE 

The formations o:r Cretaceous age tn Mexico a:re .imper-

fectly known. }fost of' the data ava.:tla.ble is :from reconnaissance 

work done by EtU'Opean geologists. In these records, correlations 

riave been made with the C:retaceous of Europe using the l!~uropean 

·nomenclature. 

'!he · correlations made from pa.leontolog:tcal evidence a ppear 

uncertain and will only be justified when more detailed work in 

the thick CrGtaceous strata o:r Mexico is accomplished. 

!t appears more logical in the study of the Mexican Cre

taceous to correlate the formations \•lith the adjacent beds in 

southetm Texas .. 

Altho i{he excellence of the recent paper of Bose and Cav:tns(l) 

is reeognized, European,nomenolature will not be used in this 

study. 

A., R. Fleteher<2) recently ·presented a tentative correlation 
' 

of certain ma.nto depesi ts to st:ra.tigra.phic hoJ."'izons based on the 

paper of' Bose 'and Ca v:tns. 

(1} Bose') Emil & Cavins, o. 1~ .--The Cretaceous and Tertiary of 
Southern Texas & Northern Mexico ... -Unive:rsity of Texas Bull., 
1fo . 27481 Dec. 22, 1927 .. .. 

This Bulletin. uses the European nomenclature which fol' 
this wox,k is UiiO.esirable because of the great thickness 
a.tta:tned by the Albian stage in Mexico and Southern 
Texas . 

{ 2) I?letcher,, A. R. --Tllexico 's Lead ... ·Silve:r Manto Deposits and 
their Origln. E.& M-J• Vo.1. 127 ... wo. 13 1~'1ar . 30, 1929 
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Table No. 1 is a correlation of typical Texas formations 

with the Europea:n stages of ·bhe 01.,etaceous. 

lJ.'.he Alb:i..an stage of' the }1lesoeretaceous covers alm.ost the 

enti::re Comanchea.n section exposed in parts of Wo:rthern Mexico 

and Texas. Use o:t' the 11.merican terminology makes it possible 

to gi·ve closer stratigrarihic def.inition to the vertical range 

of the :ravorable manto sections. 

Fac:i.es ·and che.:i::•acterist:lc features of' the dl:f'f'erent for

mations of the Cretaceous naturally change somewhat when traced 

into j\1exico f:rom southern Texas; so it is preferable to adapt 

a. separate nomencla,.tu..re f'or I'iforthe!•n Mexico . Table No. 2 

shows a tentative classification of the formations for Northern 

fifo:x.:tco . Later work will undoub·tedly introduce evidenc·e that will 

enable us to divide the broader classification into smaller uni ts. 
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1l'ABLE NO . 2 

(}1~£f£HALIZED DIVISION OF 'l'.HB C01vlAlmD:l1:AN SERIES l-10E 
WORTHERN. PART OF ~!EX:ICAN PLA'rli.;AU PROVINCE 

WASHITA 
DIVISIOH 

aoMANCHEAN FRgDfa1lCKS-
SERIE8 BURG 

JURASSIC ... 

DIVISION 

'.rRIWITY 
DIVISIOl'{ 

Northern Mexico t.l'e.xas Equivalent; 

Triste ls. 

Buena Suerte ls. Del Rio clays 

T laxcala ls. 

Sonora ls. 

Buf a ls. Comanche Peak ls. 
(Upper .Fossil ls.) 

Intermediate ls. 
(:B,etid ls. ) 

Los Lamentos ls. 
(Lowe:r- Fossil ls.) 

Black ls. 
(Blue ls.) 

Unconf ormi ·ty( ? ) 

Quartzite sh!lles 
& Sandstones 

Glen Hose 

Travis Peak? 

Trinity sands? 

Alb1an 

A J.."' Pt<:!i$.n 



'11.b.e three part division of the formations of the Cretaceous 

of ~Jlex:lco is shown in the followine table. 

TABLE NO •. 3 

CRETACllOUS OF r/iFJCI CO 

Uppe:r Cretaceous 

Washita 
division 

Comanchean F:r'ede:t .. lcksburg 
divisio11 

Trinity 
division 

?Lo-vVer Trinity or Jurassic 
"-. 

G.b.arac t;er 

Upper part la.rgely .sar.1.dstonea 
a.nd sha. le s * 

tower;r part largely sl;:ales, 
mar.ls and intereala t :'e.d.., lime ... 
stones. 

Great thickness of massive 
to thin bedded li111es-ton0 wi·th 
intet>calations of shales. 

Thin bedded limestone with 
ir.1.teroa.lations of shales nea~ 
top with transition. to shales 
and sands in lowet" section, 

Only a few sections definitely identified as Jurassic in e.ge 

are known in the nor~:~_ pa:rt o~ . th~ ~e~e:: ~o~~Ue:ran p:ro~ 
Vil1Ce_, altJ:lO the sana.Stt0.1.lE;SJi. shaies, dllO. qu~:t vZ.1. teQ U.,'l'ld0l"lying ·the 

thick Co1nanchean BJ.a.ck limestone have been reported to be of" Ju• 



Fo:rmat 1on.s eontonn.Q'bly underlying the Bltu~k 11meston$ in 

Ch!huahua ~tte defia:dtel1 younger than J\traas:te (the !nf?fA:

Cretno.eou,s ot Mexico)* H¢\:iteve1~, t-l:le lower sand.atones and 

shales of thia seat.ion may be or Juras$1e age,. ~ere is a 

n1QX"k$d predom:!nru10$ of s:t.ales and ealeareoua sh$.le.a neal? the 

top of the seet.iori. The thieknesa of this lnEIYtribexa variea .f:ro..n 

a tew feet to $eve~a1 ·thousand feet 1n thieknes1h, The .fol~""· 

t1on .grn.des ·into the ove)Jlyin.g limestone wh10h forms tl1e 

baaal ( 1) membe?:1 of the 'rr!nity Div:ls1Qn ot the Gomanchea.n,. 

Al\'\lltll.111'i'tt'l'\'1::1A'\I,~ 1::11"1\';)"1"1'.~~ 
\;#Vltl.HJ.'IV::::.£l .I.~ . ~h.;i..>4.1;1_ 

B1ack Z!mestone 

The lowest member of the Ww1n1ty D1via1Qn eneounte:tted 

1n northe~.a. ~!ezico is. the Black limestone. This f onnaticm. 

has been called and: some-thn.es reported a.s the Blue L±mestone 
(1.) 

s:n,d Ransome 1n the Los ~en.to·$ District has g:tven it a 

local name, the Angela. L.:tmeato11e. for a b~oad use, the term 

Blaok Limestone" 1nd1eat;1ve of' the prevrd.J.111g color$ ia 

preterable. .It averages. over 2500 feet 1n thickness. i'he 

maximum thiekne.sa ig unlalov1n and 1n son1e tiegions the fo:rnm

t1on. 1a not :1?eeogn:t~•d~ W.ae section it.ieree.ses 1n tbi.clmess 

trom. tlle north\1est to _the aoutheast.. The ~exns eqt1!valent 
... 

of . the uppo~ pa:rt of this to:rmj't;ion is pro~ably the fJ.'lrin1tf 

sands wl.lieh have been eorre·le.·hed. with t he Loue;r Aptian of 

the Eu.ropoo.1'l cls.a~d.f ieation .. 

(1) Fro:m:paper on the Geol ogy tu'ld. ore Deposits of tlte Los 
Ie.mentos Rnnge by .F .. L* ~nsoma a.."td J. VJ,, Patt$rson .. 



The limestone is rather thin bedded, very dar-k grayish -blue 

to a.J.most ble.ck in color and near the t op contains . a paucity of 

f oss:tls ~ J?r0quf1ntly beds of chert nodules occu..r near the top of 

the forrJ.a:t:ton. The cht~rts vary fl'>Om thin bands of small round 

nodules to thick beds of sc:raggly forms. Locally cherts become 

very abundant. T':b.o :rock is :rather dense in character and usually 

breaks with a semi-conchoida.1 fra.c tul"e • A chiselled or fluted 

ef.1.:'eet :ts characteristic of the wea:the:ring . T'ne outc:t"ops vary 

from a blu.~ish-vJh:i. te to a pui-•ple color, Until recently t h is l:i..11le• 

st;one was supposed to be tm.fa.vorable fo:r replacement deposits . 

Los Lamentos Limestone 

The Los · IB.mentos has: locally been called the Lrnllfer Fossil 

s.nd Ce.prina · 11.mestone. Since the fossils S.l"e not constant in 

abu.ndance or kind over the northern seotion and as.all the f'or-

mations are more or less fossiliferous , t;he term is not applicable, 

The type seetion is in the Los Lamen'bos Range and was des

cribed by Ransome.. It conforma.bl:V OV'erlies the B.lack limes tone 

strata. .I"'i; is the :mai:n. :inanto horizon of the Los ~men·tos district 

as well as one of the most :favorable zones for repl a cement lead ... 

zinc-silver deposits thruou.t the Plateau region. 

The formation, will be tentatively placed as the Mexican 

equivalent of the Travis Peak $.!,ld Lower Glen Rose formations of 

Texas, which have been correlated f s probably eqi'd.valent to the 

Upper Aptian stage of Europe. 
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The Los Lamentos limestone, in general, is a thick-bedded 

almost massive fo:rmation with rather indefinite bedding planes. 

It is fossiliferous thruout with characteristic la?'ge irregularly 

eo:tled pelecypods (Capri.na) and corals. The fossils are replaced 

with coa:rse:Ly crystalline caleite ~·~ ~llows unsa·t;is:raetory . 

parting;; 
IY. 

The color v·a.ries .from " light to da~k gray • It weathers :tn 
.. 

buff colored e1iffs1. spotted with the whit~ . oaleite f'os~il f'i1• 

lings• It is dense but not as indu:rated as the Black limestone. 

~e. nia~imwn observed thickness is 600 feet. TopographicB.lly it 

is a cliff .-.forming me:mbexa. Being thinner bedded than the Bu.fa 

limestone, which is also a clii'f-.forming member, the prom.:tnance 

of the Bui'~ cliffs permit a quick differentiation between the 

two. Chert nodu,les are rare. 

Intermediate Limestone 

Conf ormably: ov~rlying the Los Iamentos is an im.pu.re sha.ly 

member called the . Intermed:ta te limestone. A f orraaninifera, 

tOrbitol:tna texana,. Roemert, (one of the Glen Rose formation 

index fossils) J. is very abu:ndant in the extreme northern pa.rt. 

of· the Mesa Central. and rather scarce south of Chihuahua City, 

Chihuahua• Its .stratigraph:i..o. occurrence and physical character 

permit a correla. tion over the entire north and cent:ral parts ot 

the ~~at;eau. It is the equ:tvalent of'"the upper Glen Rose beds 

ot Texas which have been placed as a parallel to the base of the 

European Albian stage. The top of the f o~nation is used here 



tentatively as the di Vi$::!.on betv1ee11 the Tr:tni ty Division and 

the Fredericksbttl"g Division of th.e Comanch ean. Se!"ies. 

lJ'.'he f'or111e.tion ls :ro:r the most pa:ft dark gray and thin bedded, 

w1th~lmost a shnly lt.:i.minat;ion ~t becomes more no'!:dcee..'ble or1 

weathering •. · Occasionally ::i.t :is rather pure and resembles the 

Black limestone. ·Compared to the si-;rata below and above, it is 
• 

'... ~ -; .. '. 
·~ • < - ·· free of le.rge fossils. 

Limestone t 1 becaiise of the f et:Ut ... odor obtained v.rl'len the x-ock is 

str .. 1..ick. It is not a character pecttliar to the l:imesJcone in th:ts 

ce.se for several f.orm.at:tons give the same od.or when b:roken, Bands 

of' round to sc1"agg1y che:rts are locally- a.bu.ndarrt. 

As it; is less !"l!)S:tstant than. the eliff' .... forming raembers it 

separates ano: produces a ciistinct profile.. In regions where the 

two elii:'f•form:lng meniber.s occtU."' the Interm.edia te limestone rna.y be 

readily identified as a dividing 111embe:t"' separa. ting the cliff'-

FREDERICKSBURG DlVISIO:M 

Bu.fa Limestone 
........ f;I ....,,.. 

'11he But a strata co11_f or.mably overlies the Interraed:ta te lime• 

ston.e., It is the predominant fo1"!.lla:tion throt1gh.out the Platf1au 

province. The .formation is tentatively regarded s.s covering the 

whole Fredericksburg div:tsion and may be in par·c Upper Trin:t ty · 
•.. 

and the I.i0wer Washita,, Fr01t-i paleontological ev:tdenae the f.or

m.ation :may later be broken into 7everal units. Evidenee of' 

stratigraphic breaks have not been discovered in the series. 
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Tl:le t erm Bufa is w:tdely used throughout Mexico to expres s 

a vet>y p::ron:lnent outcrop, blur:f, or cliff. Within the Plateau 

;p:r'ovince the high precipitous limestone clifi'.s, es.pecie.lly in 

the easte:r:o. pa.rt of the Mesa Central~ are aJ:ruost vfi thout ex

ception a physiog!'a.phic expression of the Bufa. 
·,i 

The limestone resembles the Los Lamentos fonuation. It is 

fos.silifer-ous throughout., and ha.s fa.cie• . whore v-ery fossiliferous 

zones occt'.!.r. .It is massive~ some beds reaching a th1.ck:ness of 

100 feet and has a general thickness of 10-20 i'eet between bed• 

ding planes. Usually a. transit:tonal contact occurs with th.e 

Intermediate lLmestone, 

As only the lower part of the formation remains,, in mos·t 

localities a. maxi1num thickness is speculative. 1l'he thickness,. 

horvever., i .s over 3000 f'eet. The Comanche Peak limestone of Texas 

is equivalent to the ewa~l part of the Bu.fa fonaa tion, and this 

corresponds to a pat>t of the Albian st;age in Europe. Fossil 

identification indicates the fol'!!lation covers the whole of the 

li'redericksbu1"'g Division. 

WASHITA DIVISION 

Sonora Lim.es tone 

Ove;J.dlying the Bu.fa l?orma. tion is a series which physically 

appear to be a repetition of the Trini·by and Fredericks.burg · f'o:r

m.ations. Paleontologica.l e'V"'idence proves the series to be 

definitely you...'rlger and. belonging .to the Washita Division of the 

Comanchean. 



T.he exact .relationship of the , lowest member., the Sonora 

limestone, of the group to the Bu.fa is unknown o.t present . 

Future v:ork rdll probably sho~1 whether t;he contac·ii is confor

mable or not. Ide1'.l.tifi0d occu:r:•rences of the Sonora formation 

leads to the conclusion that the upper part o:f the Bu.f'a £-o:rmation 

was soft and subje.ct to I'l:-ipid erosion. The ef.f'ect 1s a co1!l.mon 

oceurronce of two parallel t.iltod ranges separated by a nar.;vov1 

valley; an e;~sional expression rather than a structu.ra.1 occur•· 

rence . This type of topography is eommon in the northeastern 

part of Chihuahua; until. recently,, the parallel ranges were 

thought to be a repetition of the lower Comanchean Series tl1-'l"U. 

faulting. Ransome was t:he first to recognize the distinction 

of the upper f 01""me.t:lons :from the Lowel"' Comanchea:n Series, and 

to assign them fo1"ri1a.tion rtames. A. A,. Stoya.now from paleonto~ 

logical detenn:tnations placed this series in the Vlashi ta divis:i.on, 

thus corro'bo!vating the field evidence ~ 

Tl"le Sono.:ra limestone :1s the lO'west forf~a ·tio:n o:r the Upper 

Cor1.1anchem1 series and physically resembles the Black lim.estone 

of the T.rin:tty Division. .. lt is, as a :rule , thin-beaded, blue

gray, rather dense,. breaks wit;h a semi-conchoidal .fracture, a.nd 

contains only a few fossils. The faun.al dete1"1llinat:l.ons pJ.aee it 

deflnitely above the Bufa lira.es-tone f'orma'tion . It i .s over 500 

feet th:lck v.rith an u.nkno1Nn maxinuun depth . 111.he ty-ge locality forc 

the Sonora, :narhed by Ransome, is 111 the I.ios La.mentos district 

v.fhere it is over·bhrust upon the lower part 1 of' the B!Jfa l imestone. 



~so .• 

Tlaxeala I.:i.mestone 
-----.__......_.~-·· >41., 

'l'he Tlaxcala lime stone,; li tholog ically ~ is similar to t h o 

Los L.:.1.m.e11t;os for:mati>::>n. It is fossil:tferous,. :rathe:i: massive, 

weathers yellowish-brown e.nd g ives a cliff-like topogra:i;hlc ex

pression. It 11.es conf'orrne.bly upon the Sonora .formation. The 

ma...~imu.m known t:b...:i.clrness is over 500 feet. T.h.e type 1ocalit;y :ts 

in the Los Lamentoa range. 

Buena Suerte Lime.stone 

A rather soft thin-bedded fo1rniliferous limestone known in 

the Los Lamentos d,ist;rict. as the Buena Su.erte limestone confo1~ ... 

mab1y overlies ·the Tla.xcala, fo:rma:tion., In some characters ·the 

formation is lithologically comparable to the Intermediate lime

stone of the Trinity Divisi.on. Paleontologicall-y; it is the 

equivalent to t;he Del Rio formation of Te~as which :ts middle Wa

shl ta in age, and, the ref ore 7 . a part of the upper Albian o:f Eu.rope. 

'lb.e beddi11rg 1.s shaJ.low, less than 4 feet thick and the pre

vailing color a dark gray. Generally :t t i .s purer than the Inter

mediate limestone. 1fue rock gives a fetid-odor wJ:1en struck vdth 

The cliff ... f'orIDii:ng limestone which .confo:rmably overlies the 

Buen~ Suerte f orma. ti on is t he y.ounges t kn.own member of the great 

Com.anchean se.:ries. The no.me Triste limestone is applied to this 

formutlon. 'INhere remna.nts occur the ·copog:ra.ph:le f'eature ls eliff-

:like as a result of.' its compact nature and ·thick bedding. Lit;ho-
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logteallyiit appears similar to the Bufa limestone. It is v0ry 

fossiliform.1s and the tot;a1 ·thic1mess is unknown. 



CO:NCLUS!OM 

l. The Lower Cretaceous section of' Nortb.ern 

Mexico is a cont1.mtation of the Texas 

Comanchean. 

2. Cor:r•elation of the formation in. Northern 

Mexico with the Texas Comanchean permits 

a more restricted assignment of. ore

bea.1--ing horizons than is possible with 

'i;he JJ!uropean sys·tem, 

Table 4 shows a group of manto deposits 

correlated with both the l!."'uropean and 

American sections. 
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CRETACEOUS ROCKS OF THE SA!t!'l1A EULALIA DIS1l1RICT 

The oldest rocks f•ound :tn the Santa b"'ulalia distrie·t a.re 

IJower Comanchean sediments. They range from massive to thin-

bedded1 pt1re to argillaceous 1 dense to porous limestones. 

'11he formations main·tain a gener•al a tti tu.de of J.'1 60 deg:r•ees 

tJ with dips varying from 5 to 10 degrees. Minor flextures or 

i,varps occur a·nd it is only by most detailed study that ·these are 

observed. The obscure folds are vel.'Y important; for they gover-.n 

the trend of the ma.nto ore bodies. 

Follovling deposition of the limestones the region was up-

lifted and subjected to deep erosion. The fo::emations above., to

gether wi.th the greater part of the Bu.fa ha~~oo.ed away. Tile 

topography preceding deposition of the capping rocks attained 

1-;he approximate features observed. today in the uncapped limestone 

ranges that stud the easter-.a part of the Mesa. Central. Dissection. 
\. 

has carved deep nar:row arroyos in the uplifted masses,, 

It1 igure No. 2 shows a coluruna.r section of the formations of 

the Santa I!iulalia District. 

The Black lira.os'tone is tho oldest; exposed f orma ti on. Its 

upper pa.rt an~.robably tho whole deposit belo:n.2;;S to the Trinity 

Division of the Co.aw.nchean,, It's know·:n thicknoss in the Santa 

Eulal:ta district is 1500 feot;,, 'I·he Black liinestone is fou.nd thru-

Ott t ·the noj~tb.e:rn plu:t of the Pla toau province, and is generally 
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considered as unfavorable for manto deposits. 

1':'1.e Potosi I1.:1.n1ng Company refused \:!>~s v:tev1 
~~ - . ~ . by develop-

ment exposed numerous large mantos o'!" primary ore in the Black 

limestone. This discovery Will undoubtedly lead to ex.tensive 

prospecting of' the forma t:ton in other mines in the district; also -"" 

other manto regions. 

'Ihe limestone is,. in general, ra the.i" t;h:i.n-bedded, blue-gray 

to Very dark gre:y, d.en.se to finely Cl:<JStalline, a:nd contains few 

.fossils. · The bedding planes vary r ·:('om a strong shaly parting to 

an indefinite crinkly type of st.ylolite, cornmo:nly referred to as. 

ivdgglies' " 

'Numeroua zones or" cherts occur ranging frorn, sma.11 , l•ound shapes 

to lar•ge , s cragg1y f orm.s • Chert bands show a marked. continuity 

over the dist:i."'ict, and may be used ns 111a.rke1" ... beds when compa.ring 

different sections. 

lilarkel"··Jed U-9 df3Signates the contact of t;he Black limestone 

w:tth the Los Lamentos. E~even marker beds have p:r•oved ·to be 

favorable man.to horizons be1.ow the top of t:he Black limestone. 

l'he mantas in the Black formation are in a pr·imary state, 

e.nd 1 thcrefore, utilized f'or study. Altho no manto has been 

Yiorked cornpa:t'.abJ.e in length to tho f&lnou.s Ee<. st and West Mantos 

of the district,, ore bodies of' considerable rn.agniti1.de have beell 

studJ.ed that follo-,,:: a11 the pri:i:i.ciples applicable to oxidized 

1l'b.e Black J.iIJ.e st one is quite puro, and not dolomi ti zed to 



an a ppre ciiot.blc extent. A bed will rarely a ssay over 2.5% kgO .. 

... . .... 
'··" -· ~ ~ .. ' "' . . . 'lhe s iJ.ica content :f'luct~us.te s ,. The f ormat :i.on is 

,..i. 1J"'c,..o'~Q 1n '·h"' 1·1o'r"th. "'""n ""R1~i. o·f'.· -:-•1 .. 0 r:_ -1,i;;t ~~ ,,.,_.,, c+ J· .• l"'C:r>. e,r.i." p-t·.i."' .••• r'.", .·'.·-·.-.~ .• Q - . <:< .,.•.:;; '-'•"' _.,; l,J •_'\.'.i · ~ ' ;i..,; .• J:..,1<::._.'(, "'" v .1. Q "- .i..- l_,,_ v • .i. •. - -·•M. '~ _, , 

favorable horizon the most irrtpor't;ani; loci for ore deposits oc .. 

cur at the :lntersection of t:he N-S .fissures in one or both of' 

the traverse systems.. When a new 01"e body :ts encountered t h e 

hor:tz on is dote:i:mi:ned and designated a nd a cl:.tamond. dri1line; 

program inaugurated to int;o1"'sect the ea.lcu.la-Ced projection s o:f:' 

the horizon ·with other interseet:i.on i'issures. 

Sections or horizons most tavoral) le :in the Black limestone 

are u ... :1.1, 12: 14, 15_, 16., 17, 18, and 19. A recently proved 

marker bed, U-201 is rapidly becoming one of tho most; i mpor·t;ant 

ore-beo.ring i1orizons in the d:tsi;rict. The ma:rker beds a.re lo-

cated 1n the geologic shaft sections~ (li'igure~ Uo,. 3, 4, e. :ri..d 5~. 

One contriht.iting cause for the well developed fissures is 

the compact nRture of the Black l:lmestone which f ::r-actures easily. 

Limestones having texture less compact would be less subj ect; to 

fissur:tng during deformation. 

A medium dense, semi-crystallized, highly fossiliferous, 

l:i.ght gray 1:1n1estone delimits the uppermost margin of t he Black 

formation. 

The upper pa:i:>t of' ~he Black f'orrnation is probably equi va

lent :i.n age to the '11:r:ini t:>i· and TJ:~vis forma tlons o:f' Texas·-. 
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LOS LAMENTO S LIMESTONE 
(Lower Fossiliferous) 

~'le Los Lamentos con.formably overlles ·che Bluck lime~ .. 

s'!:ione. It is a light gray, medium. grained, rather thick 1oedded, 

highly fossiliferous llmestone. A general spot;ted appearance 

occurs as a result of the coarsely crystallL.'13 calcite replace"" 

rnent filling of the invertebiPa:te fossils .. Th.e most conspicuous 

:rossils are corals, and loosely coiled pelecypod shells (Gaprina) 

which u.sua.1ly give a. ci:i::•cular· to ell:iptics. l section. 

The average thickness of t;b.e formation thruout the mineral 

;one is 75 meters {,j: 250 .feet). Underground the Los ~mentos 

I .. imestone has approximdtely the same color as the f onn.ations 

above and below, but is easily d.iffer~mtiated from them by ·the 

abundance of the :fossils, the more crystalline texture, and 

i;hicker bedding. 

There exists no marked chemical difference between Los 

La:mentos, Black, and Intermedlate l:imestone. Locally large aroas 

of manganese stained rocks (paint-rock) are encountered. 

Productiv0 manto horizons occur associated with marker beds 

U-7, 8, and 9 in the lowei-' 75 fe<:.:)t of t he formation. Ore bodies 

within a formation r.113.y connect or step f:rom one horizon to another 

but outside the central chimney a1.,ea it is rare tha. t an ore body 

enters anothe.r formation. The .. Los Lamentos has in the past been 

one of the most prod\1etive manto for.matio:ns in Mexico. 

'l1he upper and lower parts are very i'oss.ilif·erous b.u. f the 
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middle section contains ra:l;her scanty fossil material. The 
·-. 

Los Iaraentos district fro:m. which the form.a tion derived :t.ts name 

shows the same zonal arrangement of' the f'oss:lls .. A transit:tonal 

ehange marks the upper limit of the formation. 

Il\JTJ:EHIVIEDIATE Ln.n~; s•110NE 
(Fetid Beds) 

A senli ... argillaceous li..rnestone conforr11ably overlies the Los 

Laraentos. This :ts locally called the Intermediate limestone and 

the name is being U$ed t:hruOU.'b nor·thern Mexico for these beds . 

It is rather thin-bedded and contains a number -of irregular 

chert bands. The be~ding planes are distinctly marked and many 
/ ' 

times co:ntain a thin clay seam. Fossils are sparsely distr:i-

buted thru several beds in the lower ~;.a·t::~ r~ .. 
An average t:b..ickness 1s about 225 meters C,:t 750 feet). In 

parts of the district the overlying Bufa and a part o;f the Inter

mediate limestones bas been removed by erosion preceding the de• 

position of ·!:;he capping. 

The fonnation is commonly repor·ted as unrnineralized wh:i.eh 

is., however-, e:r·roneous. It is true that the long mantos occur 

in the overlying Bufa and the undex•lying Los Lamento.s, but a 

small produetion has been made from mantos within the Inter.me

diate limestone. 

Nine m.e.rke:r .. beds have bee!l determined within this formation 

and of the Beds U-2 and U-3 have proved -t;o_),:g.. important loci f ·or 



m:t:ner&l d13posltitm.. A small tonnage of siliceous silver' ore 

was found -a.ssociat;ed with marl<:er- bed U-5. 

The contact of the Intermediate with the younger Bufa for-

mation is a sharp bedding plane associated 1.:dth bands of cho1"·cs., 

The contact is desi@1ated as the U•O marker . 

The dark beds of this formation give a fetid ... odor when 

struck wit;h a hammer and beds in contact with each other of'ten 

show a great difference in density. 

BUFA Lll41ES'J;10NE FORMATION 

The youngest limestone in the district is the great cli:er

to1'!11ing Bu.fa formation. The lo11mr portion only r>emains within 

the district and ~ocally is~~nt.-
The ma::d.mttn1 obse1"'ved thickness is abou.t 200 meters ( + 650 -

feet).. The Bufa is locally called the Upper l<"ossil limestone, 

but as. a regional terr.a it may better be re:f.'er.z•ed to as the Bv1"'a 

limes tone, It belongs to the i11reder:i.cks'burg group of the Co-

manchean. 

The limestone :ts physically comparable ·co the Los Lamentos 

limestone in that it is a massive, thick-bedded, mediv..m dense, 

light col.o:red" fossiliferous limestone . iJ."b.e calcite filled 

fossils are easily distinguished by their form f':rom those of 

the Los Lamentos limestone, 

T.he longest, most continuous mantos in ·the district occur 

i..11 the Bufa ' formation. 'l'he most important ore•bearing horizons 

a1~e listed as the U-30 to U-40, U•55 to u..:70, u ... 100, U- 120, and 
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. ?'° 
u-140. The numbers indicate the distance ~above the base of 

the formation,. marker u-o. 



IMTRUSIVE ROOKS 

The only :tntru.sive rocks ou.tcroppi::n.g or eneott...-r:ttered. in 

divided into tr:.ro cls.sses as follows~ 

1. Acidic dikes; mos-t w:tdely distributed a:nd. probably 
EH.:.tI:"'lier tl'lEl.n the basic dikes. 

rxihe c.lik@s, especially the acidic porphyritic type,, a:re 

widely dist~iliuted over the d:lat:t'ict. ·T'ne:r a1"e usually very 

tl'lin and highly a.lte1"t?d'f .t\11 the dikes are le.ter th.en the :majol?" 

rniner·:i.lization and cnt the lime.stone,, o:rie bodies, and the cap•• 

ping,. Howeve1·\, follO\Ving the dike intru.sion small move:ments 

occurred on the N 30 deg~(·ees E fractu1""es and occasionally these 

breaks were healed wi:th .--:-: coarsely cryst;alline galena and calcite .• 
/ 

'.i!J:l.e dikes usually f'oJ.lov;.r the Northe.ast fi.ssures system, t;1:a .... 

peaia11y the N 55 degrees E fraetu . .:res,, and in exceptional cases 

are diverted from this class into o:ne o:r i;he othyr two main sys ... 

ter.as f'or a short distance. 1l1J:ie whole t:r·encl and a tt:t tude of the 
~ 

in.trus1.ve::J :h1d:tca·l;e a fissure filling. 

':llhe basic rocks are found near ti.he large:i." ch:t1ru::teys. T.he.t 

is, the Mina Vieja Dike is near Mina Vi;eja Chimney~ Potos:t Dike 

is in ·tho vicinity of' the largest; chimneys of tho district; and 

the Inglater:c>a D:tke is associated wit;h the Inglaterra Chimney ore 

body. Known sills are rare, al tho ·they do occur g.nd recent dia

:m.oncl dr·illln3 he.s cut 0110 which probably is assoeia tect vd-ch the 



Potosi Dike .. 

:Fresh samples of' the acidic dikes could not be .:f'o-1.tnd. 

The specimens obtained show almost complete alteration. The 

best samples obtained show a genetic relationship beti.vee11 

a.11 the dilres of the group. In general appearance the dike 

is a light-eolored1 porphyritic f'~.ne-grained rock.,, outcrop

ping usually with a very light red color. Under tb.e micro

scope the specimens show extensive alteration#. principally 

ear'bqna·cization and sericitation, but 110 deformation. They 

have a flne•gra.:b1ed texture with the larger gra111s seldom 

reaching a. diameter o:r 2mm.. The original texture of the 

rock as decided f'rom petrographical studies was semi-erys·tal

line, massive 1 s lig..'htly porphyritic. The seconda~J texture 

is one of pseudomorphs and aggregates. The ground mass is 

an aggregate of intensely altered a.eidic m.i.nerals fl'om quartz 

to sericite, with a large amount o:f carbonate.. Small zircon 

crystals _are recognize.b le.. The history of this group is com

paratively simple~ T11e acidie dikes are all genetically re~ 

lated and represent in·trusives v.1-i.ich have been extensively 

altered by escaping emanations following ccystallizat:i.on. 

The d.ilms have not been subjected to me.rked defonnation si:nee 

their injection., hence the complexity .is a. result of altera

tion and replace1nent. This ~reap may be classified as a 

sericitized rh:yolite porphyry., 

1fl1e second class of dikes are deeidedly more basic and in 



geners.l hav-e a more crystalline structure. Fairly fresh sam

ples r•epresentirLB th:ls group may bo obtained from the Potosi 

Dike., or the Big Dike as it is coi.nmo111y designt:d~ed, and from 

d:ril1 cores of the Potosi 1I1ning Co. T.his group has a dark 

green, finely crystalline appeaNtx:i.ce. Under the microscope ·che 

texture :ts m.ed:b.:tm gra:i.ned w:t th the size of the grains reaching 

a diameter of 3 rmn ... The original structu.re may be defined as 

a.slightly porphyritic crystalline massive., w1th aggregates and 

psuedomorphs developed as a secondary [.~' ::~·o a s a result of 

alteration and end-product emanations. 

~ne essential pr:l:mary minerals ar0 feldspar•s • including the 

medium acid pla8ioclase feldspars and some orthoclase. The £er

.fo:m.agnesiu.n1s lmve been almost wholly altered., A:rnygdalo:tcal 

stru.ctu:re is occasionally encountered . The oliv.®.ne has been 

completely altered to serpentine and cholorite. Occasionally 

an 1:u1altered py--.!'ox:ene mineral ts encov . .:n.t:ered. A sma.11 f.lm.ount of 

magnetite and quartz complete the list of prirna::."'y essential min

erals. 'J.'he primacy accessory minere.ls~ usually apat:t·te, with an 

occas:tona::L suggest.don of pyrite, The chief' alteration p1"oducts 

are chlori te ~ epidot10e, serpen t.ine, ca::rbona te 1 and leucoxene. A 

lar-ge a.mount; of introduced carbona to is present.. Flow structu:re 

is developed in the Potosi dike. 11he general composition of the 

dif'.ferent :-focks of th:ts group '<tal:IJ from an oliv.tne be.salt to a 

d:ta.baso,. The c1iff'erent dikes are tnl.doubtedly .from the same sou:rce 

which W-f.'_s probably a gab bro o:r qua1 .. tz ... dior:t te. o/.ae end- product 

emanat ions are ch.iefly responsible for the intense alteration. 



· 1:r'her0 :ls a decided dff:f'e1"e11ca of: opinion concer-.aing the. 

age of the Ingla1;err;a Dike,, with tlte :majority hold.:l:ng that t'his 

pa1"ticula.1" d:tlr:e :ts p:r·o ... minera1 .. Howeiio:r, the microscopic a.n.aly ... 

sis of this dike shows a genetic relationship t;o the l:Jotosi dike 

a snort d:1.stf;i,nc0 to the north. Tl1e fact ·tha,t this dike is m:tn ... 

eralized within rJe:t'ta.itl zones :.ts the ch.ief suppo:t?t of the pre

m111eral view. Later in this paper it will be shown that th.is 

view is erroneous, a11d tl:i.a.t :bh$ :ir,.:lneraliza ti on preceded the in ... 

trusion ot the clili".e mate:rial . 



SUMMARY DESCRIP'.PION OP. 1rI·IE CAPPING ROCKS 

A ·thlck series of volcanic flours, tuffs, tu.ffaceous ... con-

glome.rates, and conglom.eratic-tuffa ~~,,s deposited v.po11 the 

e1"'oded Comanchean J.:i.mestone_, filling the deep arroyos and c,ul-

lies . The thickl'l.ess of t...h.e capping series is UXL'!.a1.ow11. It was 

probably very thick as over 500 meters (1650 feet) riemain in 

the district. 

Deposition was :lnter.01itt;ex1t and during ·the intervals of 

quiescence erosion was ver:y active. The intercalated ser5.es 

of conglomerates and tu.fi's were deposited very fas·c ,. and the 

periods of e:rosion relatively sho:rt in a probable arid climate ,. 

The age of' the capping has been the subject of' mu.ch dis

cussion. Many re9etrd the age as later than t he pr:tncipal ore

deposition . However, :i.t will be shov:rn that the capping is 

probably older ·than the manto deposits . 

FollowL\J.g deposition of the capp:tng and later mi neralization 

the 15.mestone , ore bodies, and the capping v1e:re cut by a series 

of' dikes .. 

Economically, the capping exercised some control o! the 

dept h of oxidation; geo1ogica1J.y1 . the capping played an impor

tant role in controlling uniformity and continu~.ty of the upper 

mantos ,. 

The Cretaceous limestone we.s subjected ·t;o uplift; and deep 

erosion bef.ore the beginning of volcarlic acti vit:y . The surface 

was cut by gor'gos a:a.d a. le:te yout'.!:1ful stage of topography $ro-



du.ced. It presented a much sharper relief than that of the 

present range . 

BASAI. CONGINMERATE 
(First Conglomere_ te) 

·Tn.e first conglo.meratic form.at:i.on is the old.est member of 

the capping ser1.es,and is ...,..,.cry restrictecl in occu:r·rence. It 

poss1.bly had a v:x:J.der d:tstribution and thickness, and was ~oded. 
pTeced:tng volea11.:tc activity. 2-1.le m.ore probable hypothesis is 

that it was o:t"iginally restricted. in occurrence. T'he con.tact of 

the li."Uestone with the capping is extremely i1"'regular"' and ap-

parently :-:· : .~.~: the Basal conglomora te was confined to 

the arroyos and canyons. 

The basal conglomerate i.s composed chiefly of limeston.e 

boulders'.\ and pebbles. Tb.ey are well rounded and semi-polished. 

'11.b.e boulders appear t;o be prin.cipa.11y Bu.fa l imestone ., 

A typical exposure of the conglomerate :ts obse:rived in the 

arroyo north of t he town of Santo Domingo, about 200 mete1"'s 

{ 656 f'eet) sou.th-east of the Velardena Shaft:.. I:Ier-e the for-

mat:ton reaches a thickno.ss of 20 feet 1 the maximum observed 

thi.ckn.ess in the mineral district . 

Several shafts, notably the Buena 1r :terra main shaft0 and 

the Potosi Mo . 3, ha.ve cut thin lenses of the Bs.sal conglomerate .. 

It :1.s dark gra',y, very s11::n.ilar ·1>-0 the limestone, and a. calcareous 

cement, subsequontly slltcif l.ed, fon11s the matrix. 
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LO "!ER TUFF 

The Lower Tuff, or First Tu.f.f fl overlies the limestone ex ... 

cept in the restricted a.reas where thin lenses of Basal Conglo-

rnerate separate the two. Within the mapped area, the tu.ff f'or-

ma.tion is characterizecl by a me.rked variance :ln thickness. This 

was ca.used by tb.e imeven character of the surfe.ce unon virhich the 
: ~ 4 .. 

tuff vms deposited. Steep contacts occur where it has filled 

old .a,r:royos ~ · · In a gulch nol'"th of Santo Domingo,. the cont;a.ct be-

t·ween the Bufa and the tu.:er is loca lly vert;ical. Here the angles 

of tho tuff layers roach over 30 degrees dip away fro111 the cl:lffs. 

The First Tuff~ at a glru:1ce~ ap,ears to b n a series of 
,• 

flov1s.. It is composed principally of angular fragments of rhyo-

lite v1ith a minor amount of l:tmestone fragments in a matrix of. 

volcanlc ash. A crude bedding ex r <£:T.!.r:i . Silic:tf1.ca t:1on has al-

tered and cemented the or:lgina.1 tu.ff and at the same tixne, ha8 

g:tven the formation a greater sim:llar:tty to a rhyolite flowe 

1l1h.e rock may be classified as an altered g:r•anula1" to frasmentel 

tuf f Yd th (l.1..,hyolitic matrix . Physically the f orma ti on has the 

appea.r:.1n.c0 t)f be:i.ng of rapid accti.'l')'lulation, and is homogenous in 

texture from the bottom. to the top of the fo1"':matio11 . 

At the Potosi rfo. 2 shaft, the tuff b.as a thickness of 200 

moters (_! 650 feet) and :tncreas:es to 225 meters at the Potosi 

~fo .. 1 shaft. '!'he d.eoosit th:lns. to t.h.e north and at the Pu.risma - -
shaft is only 10 meters ( :52·~ feet) thick. S:i.mllar disc.repauc:jM 

in th:tckness olJ£., no·ted in other parto of the mapped area. 

'1111.e Pu .. eblo of Santo Domingo is built on the Lower T1J.f'±"' $ 



a.1.tho the 1 Patio 1 a.t the Potosi is an accumulation of' limestone 

dUIJlp ma ter:ta.l. '.l"he · Lowei• :I."t.i.ff undoubtedly covered the en ti1"e 

range as well as the Real de la &~u.1ta Eulalia. 

In general, the Lower 11\'J.f'f maintains a M-S to N 30 degrees 

W strike e.nd dips to the s·~: :1r::tth angles varying f·rom 5 to 30 de ... 

g::rees~ It aPPa.rently 1 .. eaches a :mu.ch greater thickness in the un ... 

dif'ferenti.a ted area to tho east• T.b.e ridges, or cordons,, virdble 

f'rom the area worked, contain an even greater thickness than the 

mineral dist:i:~ic't-. T".ae road f':rom Santo Domingo to the toilvn of 

Santa Eulalia passes thru. this ~!.1 o.f the capping. 

Following the "outpouring of the basal tuffaceous material, 

a short period of quiescence occurred and dtu ... ing -th:ts time the 

~'u.ff was subjected to silici.fication and to erosion . Jlctivity 

was then renewed with th.e ou;tpouring of the overlying flow. 

Renewed volcanic $..Ct;ivit:y- followed the period of e :Pos:ton 

·~cl closed the lowe:r TtU'f acm:unulatiQn. 11.lfle pouring out of a 

rather v·iscous ;rhyolite over the entire San.ta :fi1'u1&1ia :range 

rcsv.lted from renmved volcan:tc · act:lvi ty. 

The flovJ :ls, in gene:ra1, li£0:1t -buff colorcdi mae.::'dve, f'ine 

e;rain0d, quite il1dtn"ated, and has a marked flow stru.cture . It 

is composed of quartz and. e.lka.1.1. feldspath " ·. phenocrysts 1.n e. 

dense matr•ix . Occas:to:nallJT,, a splinter-shaped fragment of vol-

ca.nic glass, or a ltered feldspa1 .. laths are fou.Yl.d. The principal 

alte:c>[d;ion product is sericite. Subordinate runounts of seconda:r.ly 
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qua:rtz also appear. The ferromagnesium minerals are principally 

titanite and py1"'ite. These are found only in a very rresh piece 

o±' rock. 'l1:t1e ori.enta.tion of the phenocrysts and bands of color 

mark a very def.ini te flow s l;:ruct;ure. 

The color of fresh rock -~; U'.3 from dark -gray to 1ight

bu£f while the outcrops are usually iron stained. In fact~ with• 

in the mineral zone,, the whole capping series is characterized 

by a reddish-b1..,own coloP, 

The gulleys ~4t had been cut into the Lawer Tuff were fi1 ... 

led by the flow and the entire su..rface covered. The ma.."'C.inm.m ob

served t...lt:tckness: within the d1.fferentiated area is 100 meters 

(:t 325 feet). ln several places, the fOl'."'m.a ti on had been com

pletely removed by erosion before the deposition of the over ... 

lying tu.f' f • 

Characteristic sections may be observed a.bout 10 meters above 

Potosi :No. 1.shaft, Potosi No. 4 shaft, Bu.ena Tierra North Shaft, 

and about 10 meters above the Velardena and Dolores shafts. The 

ra.il:r?oad cut f:rom Santo Domingo to Galdeano exposes a typical 

section between Potosi Wo-- l and the Peru shaft. The flow ap-, 

pear·s to be thicker near Ga ldeano than within the differentiated 

attea. A la1"ge discordance is observed in the strike and dip 

of the flow in. different pa1"ts of the district. 
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a second tuff deposition occu .. r'red . Spu.1"r has d·'.2ls:lgna ted this 

as the Second {.I'uff in a private report on the ar0a .. 

Ii.1. a frosh. state, the tuff is brown to buff colo:c•ed ,...:: ".c:. 

I ts ou .. t;crops are usually i:eon sta:lned, impa!'ting a brownish-

red colo:r to the form.a.t;ion. 

· 'Ir.he Second Tuff is .froqu.e:ntly absent and attains a :i::iaxi ... 

. rmm1 thlckness of only 40 meters within the mapped area. It is 

distinctive in co:mposi"l;ion :f'rom the li1irst 1.I'v..ff which was com. ... 

posed p!'inc:tpally of :J."hyoli·te frag'Xnentn a.'1.d l:i.ruestone ·in a 

rhyolJ:te mat;l"i'<{. The Seco:n.d !J.\tff ir:i c omposed of andesi te and 

:r~hyollto fragments 1n a :matrix of andesitic material. Ordi-

:narily the fra~1me11ts are small, but i:n. some pliaces the t;uff be

com.es e. breccia. In addition to the coa11 se grained sndesite ... 

:rhyol.:lte pa1"ticles, the matrix shows phenocryst;s of feldspa'.l."s 

and quartz. 

Alteration minerals are a.bunds.n·t,. oHlorite, zo:tsite#' cal

cite, and epid.ote (?) are recognizable. 

A typical exposure of the Sec ond Tuf i' occtu."s a few meters 

north or no:r·tb.west of l'ot;osi 1fo .. 2 sha1:'t wh.0re it :ts 40 meters 

{ + 130 f'eet) thick ,, the 1£u'gest :measured sect;i<m ~tn the a1"ea. -
li':t'esh tuf f :ts also found in ba.c1{ of th.e church o:f' Santo Domingo 

and a fragraental i'acles of the for:rn.ation occurs in a gu.lch near 

the Re :tna de Pln. ta .S11af t . 
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SECOND CON'GLOTu1ERA TE 

The Seco11d Conglomerate was d.eposited rather evenly over 

the Santa Eula.lie. district., The remna..'l'l.ts that remain have a 

thiekness of about 50 meters {+ 164 feet). -
The formation consists of well rounded l:hnestone boulders 

and pebbles w:!. th a large amount of rotmded, tu.f'f fragments. 

Minor e.mounts oi' r<hyolitic :rook occur and these are evidently 

derived from· tv10 diffe:t'ent rhyolitic fae1.0s. Pa:.t"'t of t:he rhyo• 

litic material was undou.btedly del'.'ived from erosion of the R..fiyo

l:tte Flow. Most of the rhyo1it:1e mater:t.al found. in the Second 

Conglomerate is very glassy in textu.re, patches of obsidian are 

common, ana. phenoer:rsts of orthoelase are moJ•e a.bundan-~ than the 

lath- sh.aped phenocrysts in the H.hyolite Flow. The countey sur• 

rounding the Heal de San ta Eu.J.alia,. which embraces the mineral 

district, was apparently much higher and. evidently the aphan·Lt:ic 

material was derived from the more elevated land,. 

~".b.e eonglortlerate is well cemented by tuf'faceous material 

and shows some secondary s:tl:tcification. The formation was 

rapidly accumulated during a period of quiescence of the vol~,. 

eanic outpourings. The boulders composing the greater part of 

the conglomerate are Bufa limestone. Coarse calcite replace-

men ts of Bu.fa fossils occur :tn the boulders• 

The tuffe.ceous material gr.a.des from well rounded bou.lders · 

in the lower part of the form.a ti on to frag:menta.1 tut:r bloclrs in 

the upper section.. It :ts partly and.esi tic, si111ila.r to the 

Second Tuff and partly rhyolit;ic botl.lders~ sim.ila:r, to the First 



Ttt.ff. '.l..be mate1"'ial \'I~us probably derived f•r001 the elevated 

surrou.nd:i.ng country. 

T.he u.ppe:r• contact of the formtttion is a1 ... bitrar:11Jl clwsen~ 

as tho succeed:tr~ :f'oW.ma-'cion is a tu.ffaceous conglomerate . 

1\ihen fresh, th{? Seeond Conglomerate is a light gray. :t:he 

erea·t;er part of t.he outcrop is stalned hy iron oxides. 

Typic<~l exposures of the Second Oon.Blome:r?a te cap the hill 

above the Buena Tie:r·Pa Nortn Sh.att, and a 1Ni de belt is exposed." 

just north of the Velardena Shatt. 

'.rhe 1'h.ird. '1.bft is thin ~ and lies on the u .. YJ.even surf ace ot· 

the Second Conglomerate. It is a variation of' the underlying 

conglomerate .iri\' 1~ the tuffaaeous mate1 .. :lal is in excess of ·!;he 

limestone boulders. The tut:eaceous material is principally ari_ ... ,, 
I 

desiticP. s:tm.ila.l" to the Second Tuff . T'.ae mat1"iX is also andesi

tic. 

i1he f·orma.tion might very well be included :tn the Second 

Conglomel:'late .f orrna. ti on.. :rn:r. Sw.rr, however, s epa.ra ted the t wo 

formations and mapped them as separate units within the ditfere11 ... 

tiated a:rea.1 and they ar c:0, therefore,, pr•ese:nted as individue~l 

i'orr11at:tons in this brief descr:i.pt:lon of the capping :rocks. It 

f'orms the capping rock of several of the peaks. A fine exposure 

occurs a few meters Vilest of the Reina de Plata &ha.ft. 

The forma. ti on is gray to light bu.ff' in color, and,, there,.. 

fo~ ma:r>ks a very promlnent band in the series. 
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THIRD CONGLOMERATE 

'11'.he 1.£1hird. Co:t:.glo:mera te is similar to the Second Conglo-

mera te,, but differs i:n having a decided. predominance of tuff . 

over tb.e l:lmest;ono b<.:m.1de1'-s. T>tlo matrix and cement a:re andesl .. , 

tic. Siraila.r to the other conglome1.,e:tes, this form.a ti on is 

l"'ea.llj· a tu.f'faoeous-conglome:rate bordel"ing a conglomers.t:lc-tuff. 

i11he remnants are :t~estricted in <:~ a.:ts tribu t:ton and l~each a 

1110.xin!Uh"l thickness of 50 mete.rs (.:!;. 165 feet). The best exposure 

of the Third Conglomerate :ls in Potosi Wo. 3 shaft. Nortl:nvest 

of' the Velardefia S'haf't :ts a remnant ~ forms the capping of a 

lov: hill and shows i ... ecent displacement.. Aside from this :t?emnant, 

the ;f'o:r>rnation. outcrops only in the southern part of the di:f

f'erentiated area.. Another pause in the volcanic outpouri:ng :1s 

recorded in this formation as it was subjected to erosion, :fol"" 

lawing or during its deposition. 

It 1.s dark gray ·!;o brownish ... :buf:r :.tn color. 

FOTJR1fli 'I'UFF 

The highest strattgraphic member of' the district is the 

Fourth Tuff which was deposited upon the eroded surface of' the 

Third Conglomerate.. The thielmess of this member is problema

tical. In compositionl... it is very simil~.l" to the Third '!'v..f'f. 

'l'he ratio of' the a.ndesit:tc materia.1 ·!:;o the rhyolitic is etmtew· 

what higher.. Fresh. :rock is sce,,l"'ce. 'lb.e ma teria.1 has been a.1 ... 

most ccroplet;ely altered. 

The th:tckest sect1.ona of the Fourth Tuff. occur west oi' Santo 

Domingo on the slope of' the hill•" The largest rem.na.nt is above 

100 rnet;ers south of Potosi No . 3 shaft 011 the same slope . 



FISSURE SYSTEMS 

At varlous times ma·jor faulting and i'issu1->:1ng accompanied. 

by minor· f'ault:I.ng has occu:rrea.- Some fracturing aecompanied o.r 

closely :f'ollov1ed the ge~o.tle folding. '.!:he folding probably oc- . 

curred a.fte1" deposition. of the volcanic ma'ntle but earlier than . 

cemen:hat;ion of th.e mantle. F1issurin.g was 1.nit;iated eal"lie-r than 

o:r-e deposition, but some fissures show pcst .... mine:ra1 movement 

along pre...-m:lneral breaks~ 11"ne p~rtia.lly silieified capping 'lrias 

bl"'oken by the post-mineral disturbance. 

Previous reports on the district on1y record one grotlp o:r 

pre-mineral f issui~es. 11he p:resont study defines three systems 

of p1"'e-minera.1 age. Only those fissures :i.n the mining district 

prope:r> {Pl. 2) will be discussed in detail. 

lb.e present class.ificat:'Lon of ·hl'l.e fissures has been made 

possible by investigation o~.i. the lower levels of the Potosi mine. 

Eere pre-mineral fissu!"es occur with different trena.s and age 

and oxidation has not obliterated relationships. Tb.e similarity 

of the limestone beds of diffe:Pent horizons tend to obscure the 

true conditions but it is found that m5.nor displacements are not 

u:.u.cow.mon,. Displacements of <.rver 10 feet, however# are rare. 

The prominence of fracturing var•:tes -vvi th t he physical 

eharacte1') of the limestone. Son1e beds are brittle and break 

i'\eadily_, other ~u·gillaceous sections are compressed so that 

fracturing is not p1"'ono1lnced. A fissure zone may then , in it;a 

vertical range , be pronounced :in some sections and a.l.m.ost un• 

noticeable in other horizons. Fracturing :t.s n1ost pronounced 



near t-"11.e crest of folds. T.he sections most susceptible to 

breaki11e; are the most favorable channels for o:re ... bea:t"'ing so ... 

lutions. 

Fissv.i"f.as :i.11 the distr-:ict are for ocr.avenience refe:i?re.d to 

in the singular, but actually designate zones :instead of a:l:ngle 

break~. 

Table No• .§ illustrates the .fissl:.tres cla.ss5.fied accovd:tng 

to t1 ... e11d and. ·t11e most ·pronottnced zones associated w:t th the ore 

bodies indicated. · F:tsst!.res g:t."'ouped according to system and pro-

g:ressi ve a ge a1"e shown 5.n Table No ,. 6 . 

GROUP l PRACIJ'.'URE SYSTEM 

17h.e first group is referred to as the East-V1est System a.:nd 

has a general :trend fr>om E .... VJ to N 65 degrees W. It is the ear· ... 

liest recognizable system in the distr>icd;. 

l,. T.ha t is, the f:rac;turing may :ti.ave preceded. the de ... 
position of the capping; 01" 

2. post ... eapping but p1"'ecedinu; cementation of the capping 
rooks ·; or 

3. post-cappin.g,. post ... eem.enta.tion with the action so 
gentle tha-t the capping was unbroken .• 

Later movement on fractv.rea of this system is decidedly 

post-:rninera.l and has fractured thd capping. 

Phe fracturing was most pronou.i."lced i:n the south0~n part; of." 

t he district, esryzcially n~µ.:r the minor a.xis of the anticline., 

In the Potosi mine the ~T 65 degr>ees YI sub ... divis:i.on r·epresents ton""' 

siona.1 c:r•acks parallel to and :111 t he vicinity of the minor axis 



GROCTP CLASS 

2. N-S 

Horth-
3. east 

South-
west; 

E ... W 
to 

lf 65 w 

N30 W 
NlO W 
n - s 
NlO E 

1l1'70 :B 
N55 E 
N30 E 

TABLE NO. S 

HFJilAltKS 

Pre-Mineral 
vvfth Post
minera.l ac
t:ton 

Pre-Mineral 
Po::rt;-M:tneral 
action 

Gypsurn, L. s • Ii' is su:t.,e., '~p 
fissttl"e,. Peru, t Jt fissure 

11.ir:tsma, Los An.geles" West 
Velardene.-Jv.r,, 604 ... Penoles 
Rosario 1 Ghorro, Ob.ihu.aw.a, 
Remati·te,, 1Un:nel., Potosi, 
J' North, A fissu.1,.,e zone# · . 
Dennis Zone~ and t.E' • fE t 
fissure example of N30 w. 

R-30, F-30, San Lazaro 1 
· Di.ke fissure,. Dox1£~ld :fis• 
sure zone, Guadalupe . 
!nglaterra N.E. J?ro. ~ 
Velardena Fault. 

of tho fold. Dips are genel"&lly trertical, altho the fJ.'IP fissure 

of Potosi has a prcmounced dip to the south. 'l'he Gypsum, L •. s., 
1I1P , Pertt,, and t,Tt fissure> zones belong to this groi..ip. This 

syst;em ~".'! not exert a pronounced contJ?o 1 of the paths of man-

tos1 but; attains i.'!1portance in connection with the location of: 

1 " _., 3 dth f t ;:--. th • t ' .t..:h ~r S c.n::i.nm.0ys anc. w.i. . · · o man ·os. .iine1"e ·.!. ey 1n e:iJsec'C v. e l'i -i.. 

.nystcm, in favorable horizons,. a noticeable enlarging of -the 

c:ross-seetion occurs. Chimneys often ocCUJ'."' at a zone o:l:.' inter-



Age 

PRE
MIMERAL 

. . POST
IvUNERAL 

Group System Trend 

E-VJ 
1. E-W to 

2. H-S 

North-
ea.s·t 

3. Soi1th ... 
west 

1\lorth-
> east 

3a," South
west 

M 65 W 

M 30 w 
N 10 w 
N ""' s 
M 10 E 

N 70 E 
l{ 55 E 
N 30 E 

N 110 E 
N 55 E 
N 30 E 

E - W 
N 65 W 

57 .. 

TABLE NO. 6 

Oldest known fissures. The N 65 degrees W 
f issu1"es are tensional cracks 1x1rallol to 
the axis of the anticline. Not - a pronounced 
g:r...,oup as a mineral channel; howeve1"', ::i.m
portant as t;he intersection of this group 
with the N-S class (group 2) within the 
nmnerous favorable hori~»on.s form the loci 
of spreading man to depos:i. ts, s.nd i ntersec
ting zones, channels for the ehirnneys ~ This 
group ins orae plafies (i.e. ' N' fissure and 
Dennis Fissure zone) shows pre-mineral 
:faulting by the W-S class, 

Younger t;h.an the E- VJ class. T.b.e four r.1a:tn 
trends of this group contemporaneous in :f'or
ma. ti on. The N 30 degrees w· a vta:r•ia tio:n of 
-the N 10 degrees W and tl1e N 10 degree1~ E 
variations of t he N-S. This group is the 
strongest in the clist1"ict 1 and most pe:r• ... 
si.stent. This syst;em go;re:rns the trend of 
the Bust:lllos-Gs.ldeano and the Pu.rism.n-
Mina. Viej.a-Velardena manto. r.J.11t.1e intersection 
of this eroup w.i th ei th.er one or bo·ch the 
systems of cro.ss-f ractures form mantas vJith
in ·!;he favorable ho1~j.zons, and chimneys at 
zones of int~ersection, the latter especially 
in the southe.:r>J'.l part of the district"' 

La.tor than group 1 (E .. W) and probably con ... 
temporaneous With the f o:rma:b:ton of group 2. 
The intersection of -this group with the 2 
preceding g1"'oups form the loci of tho most 
i:mpo:rta:trb chimneys of the district. 

Renewed a.ct:tv:lt;y along the Pre-mineral M-E 
group of' fissures. The most important; 
faulting in the distr:tct follow this system 
and may be defined as post ... miner al :n1ovement 
along a pre-existing .plane of VJeakness. Post· 
m11101~a1 movement which fissured the capping. 
'l'he dikes follow the f:tssu:res of this e;roup, 
usually confined to the N 55 degrees E 
class. Drij-caves follow this group. 

Post-mineral action along p:re ·-e~dsting zones 
of' weakness. Some minor faulting, fissuring 
of capping and. the post-mineral dikes . Some"'· 
times sealed with a late mineralization of 
uneconomic impor·tanceo Dry-caves not well 
developed as :tn group 3a. 
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section of this system. with the N-S group. 

111e Dennis Pissure zone,. of the 11-S system# shows pre-

mineral c1isp1acemen:t of the Y}Ji fissure. Small pre-mine:t'al 

displacements occurred on the 'J', t1p ,, and Gypsum fissures. 

Step faulting occurs in the .t J* fissure zone. The fa-etlting~ 

hov1eve1 .. , '.ivas of a minor char•acter and accentv..ated by po'st• 

mineral activity along the same brealf~;!" 

Th~e fissu:r·es of this syst;em h:a:ve exerted a g:t."ea.tor con

~crol than the other gl"oups on the locati·on ' of ore bodies :tn: 

d.opth. 

GROUP 2 F'Ri.\CTUli:B 8~tSTEM 

1rhe North-South system,. Group 2, includes f'issures th.at 

have a ger.i.En."al trend of I'i 30 degrees w, N 10 degrees \"~· , l'J .... s. 

and ~~- 10 degrees E., T.b.e c·Hps seldom vary frOm. the vert:ical. 

It f o!'jns the most persistent and lmportant g~oup of pre-

min€!ra1 8.ge in the district;,. Form.e1 ... ly it was considered i;he 

only pre-m:i.nei"al system in the dist1 ... ict. Supporters of this 

v5.ew eithe.r overlook the noticeable sp1"eading of the depoeit,s 

at the intersection of the group w:i.th the E-1 and Northeast 

systems ~1.eplacement; or~ac~ \;he inf or.ination. obta:i.ned f':rom 

the study of the prima:;i."y deposits of the Potosi m.ine. In most 

instances they Yc'onclu..ded that fissures pe:rform a minor role :i.n 

the location of the ore bod:tes, and in. the dete:r.mina ti on of 

thei'l? general tren.d. 

T.he general strilrn of the group ia parallel to the major 



a:.1ds of 'the struc-t;u:re and they attain their gr~atest prominen?e 

on tl:w crests of the tw.o low· angle folds pa:rallcl:lng the axis. 

In this group, it is x>ema:r•kf:>;b le how tic;ht the f1'la.cttires appoa:r 
\ -~·., 

in the ba:;:-ron b ods"r beds -~ separate f'avorable hori'?.ons. 

r1i1e absence in 'the 'capping' of fissures of this group does 

not necessarily imply pre-capping ac;e ,, ·for the fracturing was 

tensional and only prominent .in ·brl tt;le strata.. 1I1he capping 'I.Vas 

probably preseJ.1t at the t .ime of' fracturing 1.:i.nd probably unce-

2ne11tod.. Compression from the west ... sonthwest tlpparentl~r accom-

pan1.od fo:r·mation SJ.'ld. is l"'eflected in the sl.ight curvature main-

ta:tned by both the long Ea.st and 7Jest mantos . 

The most prominent f issu.re..s of the group a;r-e the Pv.r:i.sm.a ~ 

r ... 06 Angeles, Fl est: Vel&rcler.ui-fM •., G04-Penoles1 Rosario 1 Chorro, 

Chihtw.hua, Hematite, TtLi'lne l,, Potosi, •Jt No)?t;h, 'A'''; Den..11;tsl'. 

and the ' E' fissure zone. The 'E' is a typical example of the 

N 30 degrees v; fissure . The en-Gire system wa.s formed contem-

po:ra11eo1>;-sly5 alth.o oecasio11a.11y later movement ·tends to com-

plicate the :i.nte1:•pJ:etation. 

GHOUP 3 FRACTUHE SYSTEM 

Tho third group of fractures~ known as the Hortheast sys-

tom, has a general N 30 degrees ~ to W '70 degrees E trend. It 

is composed of 'bhree so-ts of' fissures.. The ,first set has a 

general trend of 1'l 30 c1egrees E and ::;~l almost ·verticals The 

'R' 30 and the tpt 30 are t ·ypioaJ. eitrunples ... of' ·this sub..-..division. 
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The second sub•di vision has a general strike of r.T 55 degrees E 

· 'livith the Sti.n Lazaro~ Donald, Guadalupe ,. N.E. Mo., 2,, and the Potosi 

Dike fism1res ~ typical examples. T'ne ?~ 70 deg:vees E fis $ures 

form the thi:rd sub-divis:i.on and th:i.s trend is represented by ·che 

Inglaterra dike and the VeJ..ardena :f.t"auJ.t t:eend. 

Similar to Group 1, this system has in the ps .. st been con

sidered as post-mineral in ae:.q. '.l."'he ev:ldence, however, sho11Ys 

pre-mineral fortr'.Jltion with post-m:tneral ~tctiv:tty •. 
1lhe f'ractttrfng .is lS:.ter than Group 1 and possil1ly is co:r.1-

temporaneous with the :t"'orms. t:i.on of Gro-u.p 2 Fracture System, 1l1J.e 

most important chimneys ~1 in zones of iutersect:i.on of ·this 

group with the N-S or both the N .... s and E...:w groups . 

During the period of' ro.:i.nex-aliza tion the M-S group was ·the 

most continuous and open. The Northeast fra.ctur-es were second 

in importance and, in several :i11stances, the mineral-bearing 

solutions used this system to step to another u ... s zone of f'1~ac

tu.res.. Tho least important group vms the E-W,. al tho in Pot;os;l 

ground sove1.,al oi"' these fractures have been '. channels f'o1" ·l;he 

ore-oearing solu.tions stepping t;o the east e.nd south-east. 

GHOUP 3a FRAG1J!URE $YS'l1EM 

Group 3.a :represeni;s the 4-t.h period of f ractu.ring and is a 

r011ewed activity along the pre,..mineral l'fort'b.0ast system., Group 3. 

The most :L*Uportar.tt fauH;ing with.in t;he mineralized zone is t-11.e 

post-mineral move:men·i; along the ea;rlier established trend. 11'1e 

post-mine::ra.l movement also distvJi?bed the capping. 



Nearly all the dikes followed the post ... mineral faults and 

reopened f issu:i:•os. T.he d:'.l.kes wo1"e um .. i.nlly conf'ined to M fifi de-

grees E fractures. The Donald and Velardena l"aul-Cs are tvIO 

notalJle exa:mplos of post .. minera.1 movement. ~fue Potosi~ and. 

Inglaterra Dikes represent fractures which were opened and 

later became the sites of intrusion.. Pault:I.ng was not of g1"eat .,. 

displacement~ A ten meter throw is ra:r•e within the main. m:i.11-

eralized zone·.-

Re;opening of the p:re-mine:ral f1"a.ctu:Pes 'Wllas more J.mport;ant 

than the faulting for the open fissures i'ur:nished the char1nels 

for the oxidizing solutions and .became the ·site of' barren-caves. 

A small emount of' t:ranspo:rt;ed zinc wus also deposited alone 

fissures of' th.is system. 

1\fore l"'ecent fractu.rin.; seems to follow the N 30 d0g1"ees 

E group of the 3a system~ .:.:·1':. 'l:he fissures ~ occasionally 

la.tel" sealed v1ith poai"sely crystalline calcite and galena. 

The la. te:r a.:tsplacement was along established planes o:f' 

weakness and apparently after the intru.sion of the dikes., so t he 

in tvod.uction of a. distinct system does not ~ necessary. 

A fissure cutting the Potosi Dike . n<.'lar .No. 2 shaf'tshows 

that it :ls distinctly younger than the dike. 

GROUP la FF?.AGTURE SYST'EM 

P.:zist-:mineral activity along the E;-w system (Group 1} 

necessit:;ates establishment of this group. Minor faulting ac-
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companied the 1·1;mewed f'ractu.ring. 1.1he capping 111as fractured. 

and the breru:s usually sealed by calcit0 and galena. 

°"Jpsv111 flssu1•e caves are e.x:ceptional cases o:f:' barren ca.ve 

• • • • . ,, • . i 1· i J , "' t a ssoc::i.ataon in t;.i.·11.s group as -~ve_ 6~s n c.ne 0a sys ·om .• 

It is noticed that there is a rcmarka~Jle lack of brcc ... 

cia.t:lo:n s.ccompanyi:ng displacement. Usually the r.1ovement has 

b(::1en distr:i.buted tl11"!1 a zone of lmife-like :i'.'issu.re.s instead of 

al~ one plane~ · 

Post ... n1i:nt.u•al step faulting :ts noted. alm1g the fJl fissure 

zone causing tho mantos to appear to step fr-om one bed to 

another. Movement i~~ also fou.nd on the 'H • and Gypsum. fissures. 
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ORE DEPOSITS 

'111l.e term. ohi:mney, as tised in :manta d1.stricts ot' Mexico~ 
refers to ore bodies that traverse the bedding of the 
enclosing rocks. When the form.a tions are horizont~a.1 
the chimneys are ver.tical, providing the fractu.ring 
is also vortieal.. The va.:viation from tb.e vertical 
posi"f~lon depends ·1argely upon. the attitude and ·w:tdth 
of' intersecti'ng fisstt:t:"e zones. O:r.e ... 'bearing solutions 
ascended in the zone of' inte;rsection and follo11:red a 
course of least :resisto.noe.. Thus an irregular ch.an ... 
n~+ was attained during the start of rn1nera1:tza ti on 
and cont:Uiued. metaaoraatism finally produced an ir• 
re€>11lar pipe-like body trave~sing the 1Jedc1ing. 

Deformation, "both pre-minel'al .and post-mine:r•al, 
produces chin:rneys ranging fvom the vertical to the · 
horizontal, or i11temediate positions.. Where defor
mation has bee11 p:ract:tcally absent, as :tn the Santa 
Eulalia District, the chimneys may be said to be t~'li• 
versally vertical. 

TJ::i.e Oju.ela. Mines nea.r !Y!ap:imil Durango~ p;r·eaent 
the other extreme, a vigorously deformed a;pea ,. and 
ehj.mneys EH"e found ra:n.ging from vertical to hori,zontal. 

The transverse c:ros.s-seetions or chi.in.neys vary· 
:from. an :trregu.lar circular to e.. long, elliptical shape . 
~t'he longitudinal section va:i"ies d:treG·bly wtth the size 
of the ore body; the large:t? the chimney, the more 
regular the outline; and the smaller the cross ... section, 
the more irr•egular the longitudinal section. The 
natu.:re of the different beds traversed 1.$ partly res ... 
ponsible for ir:regu.larities . 

'Manto; (del Latin Mantum} Min Cape. de Mlneral poco 
espesa y cas:1 horizontal (Encielopedia Sopena. ). 
Manto; Ca.pa (r~in . ) Veta ho:r:t.zontal {Nu.evo D:tccionar:to 
Enciclopedico nMiguel de Toro ·y Gomez"). 

The tenn is a Spanish term for horizont~l veins 
or ore bodies tha·t follow the bedding of the enclss:tng 
rocks. The term •manta. t wh1.oh oft.en appears in 1:1• 
terature concerning ffie I<a:exic.an depos.:t t.$ is erroneous 
and should be disearded. In Mex.:tqo, man to has come 
to have a more restricted meaning in connection with 
o:re bodie.s and is used. to designate long, narrow ore 
bod:tes .follow·:tng the bedding. A manto differs e.ssen ... 
tia l ly from a flat or 'blanket deposit in the greate1" 
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l""at:to oi.' its l0:n£rtS.1 to it::s ·~1:tclth . I:n. s,tra ta favorable 
·t;o 01•e depo::dtion,, th.e cross section of a manto shows 
that :tcs habit is ·to ascend f'rom ~.ts ch1mneJJ· son1"ce to 
successively J::tigher strai;lgraphie s·t:r·~ta . 

IDa.n·tos, in gon.eral, show a gz\adual dec:i:>ease i•" 
Cl"'OBs-sectio:nal a.1"ea ~v:ray f'1"oi:n. ·!;hei:r ch:'b.r.i.n.ey sou.::?ce .. 
l)lar~:bt;s . :i:-a:n.ge ;t":t'om hor>:lzontal to . vertice.l, depending upon 
the a·~t:1tudo of the i 'c)r-nm.tions in YJh5.ch. the ore bodies 
occur . In a l"'egion little defort;1ed, Santa E\1lalia ,, for 
exRmplc, · the me.:n.tos a :Pc alrn.ost· horizontal~ Y.thile in a 
v:lgor ously de.fo:t".!ned r eg:ton, sv.<.~h as Ojuele..11 t;h(~Y' .l"'an.ge 
i'1~oxi1 t;l1e horizontal ·to 'che v·ertJ.cal and th.e conneet:tn.g 
chiw1:neys also sho1.v a co!'!'espm':l.d:tn.g range in attitude,. 

l~atui"'ally t:he combinatior1 of the two :E'o:t'"!ns~ r.1a11tos 
t~:n.o1 0hi:n:ineys produces ore 'Doc.lies i:n all deg1"00s of at
titude. Often t'lall'tos jurilp for a sh.oz•t distance f x•on one 
favor0abl0 zo110 to arwthe.:r" • 

Hilo is the Spanish .. word for thread. l"lhen applied to 
01°e de:pos~.ts in Spanish-Am.e:t ... 1.ca:n c01.1J.:it1~ies j,t :t"efer-s 'l~o 
thin seams ·or ve:i.nlets :not; tl'.lick enough to be called 
vt:d;;az or veins . In ooxmection with ma:n:uo deposit~s the 
+:".:~.,,.,,.;""'°i1a"" ·;o.:"c~n a '<f'"r'l -tnA '!:'"' tV.e-i i\l't ·n "'"'Z1 o•t> +1'1-i '"' l' 1an1r~.; b 1:i. fJXl~ "t.LJ. A..,.. t.;;:i V y . .,,...,,, J:-'~i:.,;,.._,.. .. .. -1Vli -.~~ ... ;..k..,....· ;; ~""-40 '..a;t - ~ .... . _ ,'HJ. «J., J.· .... it~'-: 'i.ll~ 

\'lrhieh e.xte11d lat;el:-a11y f.'l?Orii ·the manto . In cross-section~, 
the typical pr:lroary ms.nto Ol"'e body is shown i:n figure · 
Mo. 6. 

f{emqval ot lirf1es·to:n0 benes:th a rfi.an-tm section 'by 
acid solutions ge:nor-ated. during OJ-t:tdat:ton lowe:rs the 
o.:rdd:tzed or e relati.ve to ·the s:i.i;e oi' the pr:mm:ry ore 
body .. 1J.'t.b..:ts loa·\Tes the partly oxidized hiJ.os st:t"anded 
abov..,.e a manto (Figu 1"'e No .. 17) • . !t; is not tu1eomraou t;o 
have more than one Get of hi1os associa ted w:Uih i'~n ol"'e 
1oody. 

eave•locs.11·1r ealled S:hFinkarre cave . f.\..:n "ox·e-bearinr" caven 
~- . ti _ r1 "' 11.w fiS¢r•~~ ~ •:iii• • . ,Ll ,,.,_ m A O •t :.i..s i;lw open sp.r .. rne exisr J....'llt; a ·,ove an ox1d1zeu. w.ant-;o .. I 
is :rcrr.a.ed by the lowering oi~ the oxidized ore du.r:U:1g 
ox.:1.dation thru :removal of l:ln1est;one bexws:tib. the rn.anto 
section 'by acid sol'!.:ri:;ions, and by collapse 'il''1i1:tch co:i.1~ 
ti11ues until the root"' hecoin.es a st.able a17 ch .. '11:!:1e site 
of the pr:l:ma:ry or·e ia marked "oy the hilos which ex.tend 
outward i"ro111 i.~b.e walls' of £4"1. ore ... l'1earing cave.. ore
ca. ves have a grt%t'te1'tl breacHih than height . 

Barren es.ve ·~ommonJ:.r cal~od ?-l"''l;.'?~.v:~~ is ~ J?l?Oduct of ox~datio::1• 
lt :mA:t'ks a tu .. rwiat;ion ehai.."1.11.e.L dtu"ing oxidat :1..m1. f£he 
form. va:r•ies f:t"'om a cavernous f :tssuz"e to a large cave · 
system. The caves have grea'bel.,,, height than width . 
Tb.ey are usually ba1"'ren , a.l t ho (>oca.s:iona.lly co:ntai1i. 
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some secondary iron and. zinc minerals. 

To facil:tt~d;e desc:ription , the ore bodies ot Sarita Eulalla 

will be dlvided into sbt groups1 as follows: 

l. Ee.st Mantos-(Galdeano•.Bust1llos-Central mantos). 

2., West lliia1itos-{Mina V:leja-Purisma chimney and mantos, 
Vela:r•dena ·mantos1 Jean Ca.ve manto,. Oater.:l.na and Lower 
manto* Upper Ojuela.1 tE.t ore boo.y, etc-.). 

3 .. Potosi· Chirnne:r a:rea-(all the ma.jor chiml:i.eys and. the as ... 
socd.ated connecting mantos) ~ 

4. Sou·thern Extension ... (!nglaterr(-a a~ea). 

5. Parcionera Manto,,.. in.eluding Santa Rita ore body. 

6. Isolated ore bodies· ... (mant:osa chimneys* and :f.rregu.lar 
ea pping 01 .. e bodies)• · 

l. F.:AST .M.ANTOS 
( Gald.eano-Bustilloe ... cen.tral Man.to) 

A l ·ong :na.1 .. row .ribbon or ore known as the East Mantas extends 

north from the Ea.st-West trending «G• ore body (see Plate No. :i). 

'f'nis manto ex:tends ~ .. tnbroken tt distance of 7400 .:f.'eet north f:rom the 

tar ore bQdy. Several segments now separated by erosion; but 

Which Were fO!'lnerly parts Of the same ma:nto extend 2600 + feet 

farther l;).Ol1 th giving a "M-.s length of over 10.iOOO feet,. Altho the 

general trend is to the north., the :man to is very e:rra tic locally, 

wh:toh !ncrea.s.e~~ the leng'bh of' the ore body to a total of 12,500 

feet. 

From the fGJ ore body1 the East Mantos extend north in a 

thin section of Bufa limestone. The average th:tc1tness of' the re~ 
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maining Bufa is about 75 meters or 250 feet . 

The firs'G 600 teet of the East Mantos is knoim as the Gal• 

the top of the Intermediate limestone to almost 200 feet above 

the base of the Bu.fa. I'cs ascent was made by a sex·ies of short 

ch:Un...ne;rs and mant~?.s in a north-south zone of' fissuring. The 

chimneys oecu:r" where the system is traver·sed by the northeast 

g:voup of' fissures. One .fissure traversing ·ch$ center section of 

the Galdeano stope is the site of a barren-cave ~ occurs be

low in the Loe I.amentos limestone. 'rhe cave is noteworthy as it 

contains a large body of water, altho the rocks of the distriet1 

:tn general,. are dry, 

The Ga.ldeano was one of~ the first ore bodies to be worked by 

the Spaniards. T.he 01"e averaged about; 3 kilos of Ag and 4% of Pb ~tr.-v 

The sueeeeding 300 feet north is known as the Gyp:::.'ttm Pillar. 

section.. The southe:mi part of the Gypsum Pillar stope is a ty

pical manto while in the north the ore body divides~ part of the 

deposit aasu.ming a chimney form~ the .remainder a manto extending 

north. T.b.e chimney outcrops 250 feet ' above the manto , alt;ho the 

greater portion of the ore body is diverted as a manto befor.e. 

reaching the surface. This upper manto continv.es north unbroken 

f'or 6500 feet. ~l'he Gyp$'Ulll Pillar section contains rather low 

grade ore with. a large amount of· g7p:sum and shOV/$ the effect of 

considerable leaching. The ore . occurs below a gypsum cover,, and 
I 

according to the meager stat.:tstics and the material found du.ring 

the reworking of the stope, averages only 300 grams Ag and. 4}'h Pb 
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per ton. 

A lmver manto.# continues north beyond the chinmey described 

above# is a direct extension of the Gypsmn PiJ.la:r ma.'!'lto in the 

same horizon a.nd has a length of 650 feet. This i .s the :famous 

Bustillos Manto. It has a north-s·outh ·trend and ·!;he section 

follows the same .fracture zone which governs the Galdeano mt~nto. 

'l'he north end has a large cross-section when it meets a north-

east fissul"e zone with a long system of associated ba.:rren-caves. 

There has been some post-mineral movement along this zo:ne and a 

supposed extension of the st:t•o:ng Bust;illos ma11to ha.s not been 

found . The average cross-.seation of the n1anto is 1500 square 

feet, The enti:r•e Galdeano•Bu.stillos raa.nto averages 3 ldlos of 
Xjs"' . 

A.g.t and 4% Pb[ with oecasional pockets of high grade silver ore . 

T.he manto diverted north f:i:•om the Gypsum Pillar chimney 

follows a ~ 30 degrees E fissure zone a distance of 650 feet. 

Th:ts fissure zone at the intersection with the 1'i-S group ~ 

governs the Galdeano-Bustillos ore bodies is the site of the 

Gypsum.Pillar chimney. The ore body e.xtending to the northeast 

is knovm as ·l;h.e San Jn.an manto. It is one of the first wo:rked 

bodies m the district. Numerous shoots of ore were stoped to 

the su:r·faoe ~f;;.d the tb.in. intei"vening co'Ver ~ has~~ed,.;. :: : ;:~: . ~ ·- ~; · , ~ 
making the stopea partially inaccessible. The San Juan manto 

ends to the north as. a shoot o:i: <fn:lm:t1ey where the ore body ex

tends downward over 100 feet to another favorable ma.nto section. 

111he deposit again assumes a manto forru and spreads to -!;he no1 .... th 

govex~ed by a no1"th-sou.th fissure zone. The ·total length of 
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this section is 800 feet. It crosses with0t.i.t d.isplacemen·b, -the 

N 30 degrees E fissure zonef which f'o1->ms the abutment for the 

Bustillos manto a:b a lower ho!'izon. ~he pipe at ·the north end 

of the section is known as the El Nublado chimney. 

T'tn.e Nublado chimney at its lovrnr end connects with a manto 

Which continues to the north. A barren or leached zone occu.rs :tn 

'the manto 250 feet north of the JJ!l Nubla.do chimney. '!'his is 

known as the Di"y'!"'Oave section and is 150 feet in length . 

T11e northern e:xtena;i,on fror1 the ~ril-ca"lle area. '7000 feet 

long~ is composed of the Cristo, Juarez, Sol AJ.to,, Carter Beggs, 

and Plaza. :Wo1"'"fie sections"' These mantos :C.&£.L.•:.,.:: wi th:ln a few 1""eet 

or in contact with the capping. It is one of the best.examples 

in the district shovJing an o:re body f'ollowing ·th.e :relic..f of ·th.e 

old topography. T'nere has. been no consensus of opinion con

cernil'lg the age of the manto. The ore body enters the capping 

a:h several places.? . .a point which is frequently o .. v-erlooked or 

disregarded. This is not in accord ·with the ·t;heory ot pro ... cap• 

pil:i.g mineralization. 

The roof of the ~'-- or ore-bearing caves~ where ·the 

mant;o is in contact with the capping,. varies from an al·tered 
~ 

tu:r:r to a conglomerate... Some o:f the boulders in the conglomerate 

are several meters in diameter. Al·t;e1..,atlon of the capping in 

con ta.ct w:t'!;h the ore body has been carried ·to ~ end- s·tage,, 

leaving a soft;, iron-stained, kaolinized material. 

The primary segregations or masses in the capping have 

usually escaped oxidation. altho the ore in the J.ir11estone is 
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completely oxidized. Both the sulphide and oxidized ore show· 

a high silver, low lead ratio and will be discussed later. The 

oxidized o~e averages 3•5 kilos silver and 4-5% lead. 

The general trend ~f the section is N 10 degrees W. The 

r.aanto occasionally steps to the west in fissure zones of the 
I 

N-S and E-W systems, T.his gives a slight curve or crescent shape 

to the East Mantos which i.s analogous with the West Mantos, to 

be discussed in· the succeeding group, In both gr1.:ri ... tps, the trend 

is nearly coincident with the stt'ike of ·the major axis of the 

anticline a.nd particularly with the axis of the slight warps 

· which mark the .structur•e of both the East and West 11a.ntos.. The 

relation of the fracture systems to ·the trend of the mantos i-s 
' 

shown on the stru¢tu:ral map of the district. . (Plate No. 2). 
' ~~ 

At two points in the Central section r ,::'·:·~·~ shol"t ch:lrn.neys ~ In 

both~ the ore body extends down into the Intermediate limestone. 

Mining maps are vague concerning these two caved and filled stopes, 

so the tenninat:ton of then1 is unknown. Whether or not mantos ex-

tend :north from the lower· section of the chlmneys is problems.-· 

tiea..l. 

Several irregular bodies that are undoubtedly segments o:f 

the primary deposit lie north of the continuous section of the 

West. 1!1antos. T'rte most northerly of these, the Buen Retiro, is 

separated by ei•osion from the Laa. Animas manto. The Las Animas 

is separated by erosion from the segment to the south known as 

the Florencia ore body. However~ the Florencia will probably be 

found to connect with the northern end of the Galdeano-Bustillos-
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Central man'to. A high sil't"er and low lead type of ore, similar 

to the Galdeano-Bustillos Central manto;; is general, except in 

the case of the Buen Retiro. The Buen Retiro is one of the old 

mines and no records are available e.s to the character o:e the 

ore originally mined. ib.e :remaining ore, however, is lcr.ver in 

gra.d.e than . the average East rt1anto ore. 

2. ·wE ST MJillT TOS 

The g:roup of ore bodies known as the West !~antos i.s in marked 

contrast to the East Mantes descri"bed above, The. total length. of 

the West Tufantos is about 7000 feet; nrtlch shorter the.n the East 

Mant:o . T'he mineralized arett; hovl'ever, has produced many times 

the toP..nage of the East Manto. 

:tr.he ore bodies in the Los L..-::rmentos limestone a.re C'onfi110d to 

one section, while several mineralized zones occur 1n the Bufa . 

A study of the plan and section tPlat;es No . 3. and 4) shows 

the magnitude of the mineralized area and the complexity of the 

ma.ntos in this. group. 

A complex grou~p o.f mantos and chiw..neys compt7t:s:e. the West 

Mantes . The ore bodies of the southern pa.rt a.re successively 

connected, f:rom ·th·e lt:Jv1est to the highest~ to the Chorro Chilnney 

at elevations corresponclin.g to favorable manto horizons; while 

those of t.he northern part of the unit have apparently a genetic 

relation w:t:th the Mina. Vi.eja. chimney. 

The ore bodies from the ~~orro chimney gradually ascend 

toward the south and are very definitely cont:r>olled by st!'l1.ctu.re. 



Three sets of ore bodies extend north :from. the enormous 

Chorro or· Santo .Domingo chinu.'ley. They are: 

1.. 2l1e Upper and Lower mantos of the *IH ore body and 
thei:i? extensions into the Catarina, 200 ... , San Jue.n, 
Sau Pablo ore bodies 1 and the ex·te:nsions north thl"U 
Velardena. ground . 

2.. '11'le Upper and Lower Ojuela and their extensions north 

3-. The radiating extensions of t he Eastern ore body 

The northern part of the West Mantos was worked in some of 

the oldest mineg of the district, namely, the San Matis.sf Death 

cave, Burro Road, El Toro. Labor Grande, Restau:ra.J.tt.11 Upper and 

Lower Concepcion, El Sueno, Los Angeles, a...1'l.d Sa.11ta Barbara 

stopes; also the large chimney ex:tend.ing d<Y\¥n thru the Inte;r>

media te fo:r-.ui.a:tion~ k.1'.lown as the ~an.a Vieja. o:r Pu:risma ebinu'l.ey. 

The upper man'tos were apparently mineralized tro:m the J!Une. Vieja 

chimney,. The related mantos ascend gently away from the chimney, 

both to the north and to the south.. The i~avorable ho1"izons were 

chiefly fossiliferous beds near' the base o.f the Bv..t'a limestone. 

Incomplete records indicate that ·bhe~'~8f~~co11.sisted of 

oxidized lead min.ere.ls in a siliceous gangue and low silver 

content, quite different !rom the hi.gh silver-low lead ore of 

the East Manto, several F.a.ntos have developed a great width 

for the district, and attempts to extract the ore to its limits 

have resultedt in several instances_. :i.."l d.isast;~rous i;!Ollta.pses 

ot' the cave :r-oofs., The mos'.\:; t:rag:tc occurred in Death Cave whe1"'e 

the .roof collapsed between two divergi1ig .fissure zones. 

The ore bodies of t;he northern end,._ in ge:n.el"'al, have a. U 10 
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degrees W st;;riike.. This zone where inte1:->sec.t0d by t.he Northeast 

sy.stem. apparently f<.u•ms the loci for the ascending ore bes.riri..g -

solutions responsible for t;he associated m~1ntos and the Purisms. 

or ~liina Vie ja ehimney. 

A peculiar feature of the chimney# paralleled in other 

parts of the district, is th.e occurrence of a shell of silve1"' 

irapregns.t;ed li:mestone--locally knovm a:s pay•lime, ~~ can be 

profitably ~J.tcd for its silver content. Physically,, the 

11.mi ts of this mantle cannot be determined, and,, 'therefore, ex

traction mu.at be accompanied by a very careful sampling. 

i'he chimney is very irregt!.lar 1.n the Inter.mediate lime .... 

stone~ It is greatly :restricted near the base, but expands 

upon entering the Los Lam.entos formation.- A large manto ex• 

tends south f!lora the bottom of the chinmey, This ot'e of this 

lower ma11to was erra:bic in metallic content. 

lfvest of the Mina Viejo. chirl11'1ey,, in the Los Lamentos for

mation, is the long. narrow P 1053 ore body,. ~ ttny connection 

this may have with the main ore body is not apparent. T'ne P 

1053 stope follows a N 10 degrees W fissure zone - ~d is vein-

11ke in character, The oJ?e body a.ve:ra.ges 12 feet in width, 

but a narrow manto occurs 1n the south, It has been mined 75 

feet vertically. It is a recent discovery and may prove to be 

the .reeder to the Mina Vie ja ~ii:tmney • 

F1 .. om the south end of the West Manto a complex seri(;;i.s of 

ore bodies extend north fr0t11 the Chorro Chimney and fol1!11s the 

south end of the West Manto unit. One st!'ong hoi"'izon e.."titts 



in the Los Lamen-tos and three in. the Bu.fa limestone. 'l'he 

ma11tos 1.n the Bu.fa pass fl'.''O:m ·or.1.e favorable bed to another. 

This change occurs at pronounced .t'racture zones. 

T11e oxidized ores o:t' the mantos i..'fl the Bu.fa 1uere d.e1"'lved 

fJ•om. a p1"im.ary body with a high lead ... high silver,-low zinc 

su.lphide content~ .,, ... • ... 

oxidized ll!'O cons:i.sts of beds of• anglesi te and cerussi te,, in

terbedded with a low grade .ferruginous ore.· The sequence o:f: 

tne beds is of ten repea.ted in an ore body. 

T.he productiveness of the Los IamentQs in the northern 

pai"·c of t;he West Manto has already been mentioned i.l'l corn'leetion 

with the mantos extending south from the Mina Yieja chir.aney. 

The same f'o:r-mation is the site o:r an impo1->tant ore body,. t he 

Jean Cave, extending north from the Cl1orro chimney~ •Tb.is manto 

has been studied by geologists for the past 25 yea1"s and many 

conflictin:~(:tdeas have been advanced concerning it. Prescott1 

i11 his \"·; \:.~.: -..·~:;:·'·'~ l"'ecent ·;.:; p 'OJ~ co includes a plan of the Jean 

' :;:.cave ore body and describes the course as being unique and con

clusive to one of h:I.s prin:cipl&s, namely,. lack of fissure 0011.,. 

trol. (Fig. No. s ) • 

T11e ore body frorn the Chorro ehirm1ej1· to the top of the , . 

Black limestone is a group of short chim.11eys and mantos,. Tr1e 

strlke of this section is eontri:>olled by the Northeast and N-S 

fracture sys >t:1ems . 

The Jean Cave is co:ni'ined to the centi"a.l part of the Los 

Lame:ntos limestone, just below the upper i'oss.:i.1 zone,,. in the 

1. Prescott, Basi1--i.d. pp. 8 
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Buena ~:terrs. claim. The strike of this section is governed· by. 

N-S. i'ractures •. The ntal'lto ehe.nges its st::t".'ike at a strong .north

east fracture .zone nea:r the southern end of .the Vela:rdsna cla:un .. 

The manto was govern.ed by the fractures and did not''we.nder er-

. rat:tcally ac:ro~s the country; 'bttt ~different zones~ fil.">st one 

grou.p.1 then another" in the Velardena claim. In the Central~ 

·the man.to ta.gain has a N-8 strike. Prescott t.s assV.l'.l:lJ;rtio:n that 

the M-S system was the only pre-mineral fissures, p1"ooably led 

h:ilti. to oonelu.de that f:'issure control was not an important !~actor. 

A compression from the sou~hwest du.ring deformation pro• 

duced a slight warping or doming of the Lo:s Lamentos form.a ti on 

111 this area which allowed the ore -bearing solt.Ttions to reach 

the crest of pthe gentle fold. Likevd:se" the m.anto that extends 

sou·th frQm the llli:na Vieja chimney steps eastward and ascends 

toward the south on the same subordinate structural feature. 

Near t;he sou.th side of the Buena Tierra . property, the Jean 

Cave ore bodies have the .form of' mant;o,s. 'The oJ?e body, a. short; 

, distance south of and for o\Ter 500 feet north of the Donald 

Fault,, had a. greate::r vertical than horizontal ~. In the 

Velardena claim the Jean Gave ore bod:y is essentially vertical 

and vein-like with vertically banded .high temperature minerals • 

.t.rhe strong Penoles-6041 or Central fissure, crosses the Jean 

Cave ore body in the Central ~la1;rn.~ The fisaure was mined 

vertically .f;rom 200 feet below and. thru the total thickness of 

the !A>s Lamentos f'orm.ation in the vicinity of the manto. The 

ore was a vertically 'banded high lead-low silver type ore. T'he 



-fissure was apparently mineralized contemporaneou.sly with the 

Jea.n Cave man.to, a.ltho the lead.-silver ratio :ls decidedly dif'-

f'erent;. The Jean Cave section averages 350 g. silver and 12% 

l .ead \"Jhile the 604 ... Penoles fissure a.verae.es o.nly 150g silver 

an.d 227t lead.. A study along the length of th.is f issu.re zone 

a.:nd the associated ore bodies, leads to the conviction that 

even tho the ore -bearing solutions traveled ·out~nard from cer

tain chimn.ey. :channels in favorable manto seetio11s, ve;tn .. like 

crossed. 

3 • POTOSI CHIMNEY AREA 

The third arbitrarily ohoaen group of ore bodies will be 

ref erred to as the Potosi Chimney area. 

The compliea ted ehimney-manto system :ts ;,nre11 shown on. the 

plan and sections (Plates Mo. a., ~.,. & 4). 

are: 

The ma.in features presented 'by the Potosi chimney area 

l. 

4. 

" V• 

Tb.e co1me.ction of the man.tos to one another 

21he associe. ti on of primtu>y ore bodies with the fis
sures, ·previously regarded by other observers as post• 
mineral in age 

'l1:he ocourrenee of numerous favorable manto zones in 
the Black l:traestone6 previously supposed to be v.n
favorable to manto deposition 

The marked evidence of fissure control 

The tendency of the chinmeys to join i11 depth 

T"ne probability of the Chorz~o or San to Domingo chimney 



proving to be the prin cipal chann.el for the ascend ing 
oJ:>e-bear:tng solutions·. 

7. Tl1e large increase in cross-section of most of the 
primary ore bodies over the combined cross ... section.s · 
of their feeders 

From the above enu.mera ted f ea tu.res, it can be :readily under

stood virhy the Po·l:;osi eh::tmney unit offers an ideal area for a 

study of manto deposits. 

T;.'1..e fractures ha.ve .already been grouped in three general 

systems, t;he M•S,. the N".tl!-SW and the E ... w. From west; to ea.st 

the r.1ost proni:tnent zones of the N-S system identified within the 

Potosi chimney area are (l) the C't.1.ort·o (2) (.,'hihuahua (S) is• 

or :Hematite (4) Po;bosi (5) tM;r (6) tJt Morth (7} 'A•· (8) Rosario 

(9) IJ.un."tlel {10) Dennis ( 11) N 30 degrees E,- 'E' fissure zones. 

1!'he most important menibe.rs of' the ?Jortheast system are: 

(l) San Laza!'o (2) Santo Domingo Cave (3) tli1
• 30 {4} •Rt 30 

{ 5) tQ i 30 and ( 6) Potosi Dilte fissures. 

to the East-West system. 

The different ore bodies, both chimneys and. ma.ntos, ivi11 

be deserS.bed b.rietly with reference to ·che associa. ted fissures 

a:nd favorable zones which are responsible for the:t:r. location,. 

The Cho:r:ro. or Santo Domingo chimney is the largest in ·bhe 

district; and evidence collected duri11g the ls.st few years adds 

weight to the a$stU:nption that the ore body probably occupies the 

principal channel thru. Which the ore ,~utio11.s J?Ose. The solu-

tions. ascended thru the lareest and most pr1onounced :l:"rac·tured 



zone of the district, formed. by the intersection of the San 

Lazaro; G""JPsum.» Ohihua.hua,, Chorro, and several u.nna'IUed .fissure 

zones. 

'rhe u.ppe1 .. section of the chimney lies w1 thin the 't'oun-

dat'ies of the Buena Tierra, Sin Nombre, and the Santo Domingo 

cla.irns or the Potosi Mining Company,, wb.ile the gentle southerr1 

pitch of' the chimney throws ;the lov.,rer seotion entirely withi:rl 

the g:i?ound ~i' the Potosi Mining Company,. This chimney has al,,., 

ready l>een mentioned as the channel ·to the ore bodies extend .... 

ing north,, known as the West !v'lantos. Recent developraent leaves 

but little doubt that the chimney was a channel :for the ore• 

bearing 'solutions that diverged at a depth not yet opened by 

development, and by a very irregular course finally ascended 

to the sit;e of th<3 fGt ore body.. fl.111.e tG• ore body is the 

feeder- to the ore bodies :referred to as tho East :Mantos. 

111.he eross-sec.r"cion .of the Chorro diminished as successive 

mantes extended outward. By the t:i::rne the capping was reached 

the lnineralized area was relatively small. T.he 01•fr<oiut:t.ons 

rising to the eapping were diverted along the contact to de ... 

posit s everal irregular bodies. '11!1e co11ditions indicate that 

the siliceous oappi11g we.s unfavorable for :replaeement and i;hat 

mineralization was po1rt-capping. 

Mear the close of the nineteenth century a di.saste:rous 

.ea.vein oceurred. It v~·as attributed to insuffici.e:nt su.pport 

and greedy imdereutting by the th:ree operating companies. 

l:b.e collapse vms, however, in pa:rt.~ ca:used by ·the disintegration 
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of t;he lime·stone along the frB:ctured zones by surf ace water . 

which released large ·blocks of' limestone. The present cross

section consequently. is undoubtedly nmch greater than that of 

the originally mineralized area. 

The Chilnlahua and Chorro tis.sure zones crossed with.in the 

chimney. On the lower levels, north and south of the chimney, 

sulphide bodies have been encount0red associated with the .fis-

su:res. 

The Santo Domin .~o Gave o:re bodies extend south from the 

Chorro, and are rela tad to the Chorro and Chihuahua fissure 

zones, Ohimn:~y.s occur where the tv10 zones cross~ and also 

farther to the south where they a.re crossed by the 'Bt and 

Santo Domingo fi.ssures. Diamond dt>ill:tng. proved the Santo 

Domingo cave fissure to be ore-bearing in depth. 

The 'P '-Lower Sul:phide chimney a ccurs a. t the zone of in

tersection o:f' the L.S.-Rematite and Potosi fissures with the 

.E-W 'B' fissure zone. The vertical Potosi fissure merges with 

. the east dipping f·L.s. ';•Hematite fracture near the 10th level 

of the ·Potosi Mine . The combined fissures below 'this level 

form one o:r the stror1gest mineral zones of the uni·t. 

The upper part of the ore body is knovm as the tpt chimney~ 

while the lower section e,xtending toward th.e north is called the 

Lower Sulphide body. The Lower Sul11l:1ide bod.y is one of the most 

important ore bodies of the district. From its size and trend 

it appears probable that this mass w:tll connect with th0 Chorro 

chimney within COlilL"lercial depth. The o:r.oss-sec.tion of the 'pt 



chimney deGl"eases sud~1en1y in the Los Lamentos lira.estone 1J;.r'.here 

mantos extend out; fl"Om. the chi..'11mey. A part, however, continues 

to the capping, :'t:!fregular in outline, and decreasing in cross ... 
l.~J...~\. 

section aboV'ef'ma.ntos :Outward. in favorable beds. 

T'tle i :m .. mense tgt ore body 0'.}~tends south from the Lower Sul-

phide body. Mineralizing solutions evidently passed f1"'jom the 

site o:f the Ohorro chimney thru the Lower Sulphide section where 

a part we.s diverted to the sou.th, a:n.d the remainder continued 

upward. The solutions pa1:1sing upwe.1"d. vrnre responsible for the 

tpt chir..m.ey deposit, The diverted solutions passed thr'U to the 

s:lte of the tS t ore body1 and deposited a seriEH3 , of' mantos to 

l'he •s~ ore body is u group of high grade lead-zinc-silver 

aulphide ma11tos separated by lenses of low Grade ore or ba:rren 

l:iJnestone . The . ore-bea:rine; solutions within favorable hox•izons 

apps,rentl:r worlmd otitvu,;ird f:com the Lower Sulphide ' P' chiml1ey 

channel alo:ng tih.0 strong •t .. s .. •-Potosi fissure zone, to.ki:ng ad

ve.n1~age of the cross fractu1"'es to :replace laterally f1"0 m the 

main channel. 
1.lhe fOt ore body occurs farther ·to -the sou-th assoeia·t;ed 

with ·the Potosi f'issu.re :zone at the i:n:t;ersection with the east .... 

vJes·t tJi fissure,. This ore body may connect with the tst, or 

it inay assume a chimney form a:n.d joiri a lower manto tl:tat has a 

strike toward the Lower Sulp:t.dde or Chorro chimney• 

Bef'ore co11timing with the southern part of the Potosi 

Chimney area, it is advisable to follow the path of the mineral• 
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1~~ation es.s·b from the t S'l ore body. T.he mineral b ea:rin.;~ so

lutions passed east from the site of t he ~st rria11to along the 

t1t fissure thru. th~ •st carbonate ore body channel s.nd ~--

the *N' . ore body at tho • Jf ?~opth f1.ssu:re . Tho so1ttt:1.ons 

passed east and were rcspop.sible for the fprt and 'R' orE; .bodies 

where the 'J' North fissure is intersected by the 'F * 30 and 
, .... ·. 

tho ·tnt 30 at tr.tie site of tl).e *Rt chlm.n.ey. 

· A d.ivision o:f the tR1 ch.1.mney a.oove the 4th level of the 

Potosi :mine gives l"'ise, in its mino;ro par·t, to a seetion ex.tend. ... 

:1.ng ncrth as an inclined ms.nto. The majo1"' pa:r·t,, which;i:lvo:rited 

to the east,, is lmown as the •Rt rnanto. The 'R• man.to is as• 

sociated vr.ith the :T.nclined 1:tJ 1 f:lsi3ure. East of the Denn:tr 

r:tssu.re zone it extends upvn.:i.rd as a chimney and then s.gair; . 

has a manto form,. The dEpos:tt east; of the Dennis is known 

e.a tho •Gt ore body. The ore-bearing solutions responsible 

for the deposit of the East or Oentral-Busti11o-S· ... Ga1deano 

man to passed thru the opening now oc.cupied by the 1 Gr or•a 

body . '1?he dlag1•am (Figure Mo\' 9) shows the pa th of the 

solutions :from the •s•· -to the •Gt ore body. 

While the greater :rm"rt of' the oro ... bearing ·soluttons passeo. 

thru the chimney and ascended to the site of' the East Mantos1 

·[:;he remainder oon-t1nu.ed north.,. in. the Tunnel fissure, and fu.r

nished the metallic constituents for the T or Ttm..'i'lel, the Bird, 

'Et, and Rosario ore bodies • 

The Rosario is a.ssociate.d with the limestone--f oapping• 



co-n·hact with replacement confined to the limestone. 'l"IJ:le 'R' 

chimney and the Tu.nu.el ore body are connected by a leached. 

section. A change in chare.cte~ of the ore from the t St ore 

body to the east w.ill be discussed later. 

A mine:ral:tzed area occurs in 'the Dennis fissu.re 'belovf whe:re 
I 

it is c1 .. ossed by the 'lt' ore body. A vein..,.like deposit also 
~ 

occurs where the 'N' fissure crosses the Dennis. The ore ,~ olu-

tions apparently descended and deposi·ced~ the Denn.is from ·the 

site of the *R' ore body. 

T]1e •o• has a chimney form at the intersection of ·the t.:r• 

and Potosi .fissure zones~ Farther to the ea.st ., the fJt fissure 

locat;es the tQ,' carbona·t;e ore body at the inte.rs:ection with the 

Dike :f'is sure, .and east of this body it :eorms the big lQ t 'ore 

body a.t the i:nte1,,section with the Tunnel f'issure zone. The 

Potosi Dike ¢ttts · the 'Q. r ore bedy. 

The Dike fissure locates the 14' Carbonate ore body at its 

junction with the fJt North. The 'A' Sulphide manto occurs e.t 
. 

the interseetio.n of the 'Ar fiasure .zone with the Potosi Dike 

fissure. 

Redently the tot has been found. to conr:i.ect ~ the 'A' Sul

phide deposit and the lAt furnished a path for part,, :tf not all, 

of the solutions .responsible for the •Q,t ore bocty. 

~~.ans used in tracing the path of the mine:t"alizing 

solutions inelude the character of the ore and the definite 

zoning outward from ·t;he central chimney. 

A 100 foot favorable manto secti0n lies at the base of the 

Los 1.amentos limestone. Some of the larger mantos of the Potosi 
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1'/Iine occur within this range. 

A favorable manto section occurs in the Black limestone be

tween markers No. 13, and 14. Market' 15 and the section ex-, 

tending 30 feet above ·bhe bed are extremely -productive. Late 

development ,has shown bed No . 16 to be productive_,. and~ost 

recent 'Work indicates sections associated with markers Not 19 

and 20 may pt>ove to contain the largest mantos of the district. 

4 • !NGLATERRA GROUP 

The fourth .. di vision of the ore bodies is called the Ing- -

le.ter:r•a Group. The 'A' Sulphide ore body extends . south from 

the Potosi clairn, and conne<rts with a series of' ratho:r thin 

mantes and irregula.:r eh:tmneys.t whlch are small; compared to 

the ore bodies of the Potoai chimney section. The production 

has been almost exclusively from oxidized ore. 

From the tAf Sulphide, a narrow manto extends south, then 

spreads ea.st ... west para1ie1 to the general dike trend. It; not 

only .spreads late.r$.lly 'but extends downward in small chimney .. 

like roots. A narrow manto extends south associated ·with the 

fAt fissure zone, and connects with the largest; body of the 

lnglaterra mine, the '!'-10 chimney. The •r•-10 chimney has 

a vertical range .from the capping to over 200 feet into the 

Black limestone. The deposit spreads toward the west and follows 

the Inglater:ra Dike fissure. 

The Inglaterre. Dike fissure' is pre-mineral, and belongs to 

the NE-SW system. There was apparently some pre-mineral move

ment. The ore solutio:ns, from the north, banked against the 
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faulted limestone, and spread laterally and vertically within 

and along the :north side of the zone,,, Post-mineral activity 

reopened the I.nglater:ra fissure and a dike was intruded. 

The Ingla.terra dike did not cut the deposit in the fissure, 

but surrounded and mixed with it. Subsequently this inclined 

dike 'l.~a.s alt01"ed togethe1 ... with the enclosed material. The 

metallic content of the altered dike perm.its commercial ex

traction of some sections within the l:lmi ts of the ore body. 

The dike has generally been regarded as pre~mine:ral, but t h is 

is e.l"'l"oneous. 

I do not believe the mineralizing solution.s ascended along 

the Ingla ter:ra Dike fissure,, but that i.~:: :.::--1 . ::: c ~; passed th:t:"U 

the .site o'l' the •At Sulphide 01"'e body, travele4 south within 

the Los Lamentos fo1"'l!lation in the •A• fissure zone,,. and ~pread 

vertically and horizontally in the inclined open Ingl~te:.rra 

Dike fissure zone. 

The same interpretation is applied to the ·San Antonio 

Chico ore body which lies east and a sJ:).ort d.istanee south of 

the 'I'-lO chimney. The San Antonio Gl1.ico ore is also vein-
~ . 

like in plan and sec.ti on a.nd 'is cut by at- dike ~ con ta.ins 

~ · ·~ .. • ' ·•· ' , ' " I :-. !' ... 

~" • Iii' 

5. PARC!ONERA ORE BODIES 
' The plan of the ore bodiee (Plate Mo .. .!) shows the northern 

end of the West Ma.ntos bending toward the west. The change in 

direction follows a minor ws.rp or fold which strikes east-west 



and disappears in the vicinity of the 'lt'fost ]Jiantos. The .fitth 

group of ore bodies 1 Pa.:rcionera Mantos., follows the crest of' 

this .fold. Erosion has disconnected the east end of the Par-

c:tonera :from t;he Burr·o Road ore body of tb.e VJ est Illantos. 

T"ne Parc:ionera is one of the oldest mines of the district. 

The ore bodiest excepting the chimneys ·to the surface, are con ... 

f'ined to the lower 250 feet of the Bufa limet5tone, The ore is 

similar to the type found in the northern part of the West 'bian.to. 

Ore-bearing solutions responsible i'or the deposition of 

the norther.a part of' the Mina Vieja section probably followed 

t...'he fractured crest of ·;he N'-S fold., tm.rned to the west at the 

site of the Burro Road,.· ore body, followed. the E-W fold, and 

deposited the Pai>cionera ore body. Toward the west, the sil· 

ver content of the ores increased in proportion to the distance 

from the principal so1u•ce chimney. The eastern part of the 

manto con,.to.i:ried an oxidized ore typical of the iJVest Manto. 

11he main fissures associated with the Pa.rcionera manto 

have not been mapped. However-, the fissures were probably 

· tensional fractures at; the crest of' "a fold. 

One of the stopes of the Parcionera is said to be large 

enough to house the Cathedral of Chihuahua. 

The Sa..11ta Rita ore bod:-f l:tes farther to the west, is re-
I 

la. ted to the fold,,. and occurs -in the same manto section as the 

Paroionera Manto. T.he siliceous 01"e which occurs in subordi ... 

nate quantities in the West Manto and the Pa.I'cionera, forms the 

bulk of the Santa Rita ore . 



6. ISOLATED ORE BOD!ES 

A number of isolated ore bodies lie outside of the areas 

j'U.st described. Among the most important are the 'B ', Wester-.a, 

Reina de Plata, Oa.r-inen, Peru, Carolina,, Cocinera, and the 

Coronel-Zubiate, all shown on the map of the ore bodies · {Plate 

No. 2). Several small ore bodies lie south of the limit of the 

map o;f which the Baltimore is probably the most important. The 

characfer of . phis group Will be only mentioned as a detailed 

treatment is beyond the scope of this paper. 

The 'B' is one of the so-called contact bodies ,; that is,,. 

the ore follows the contact of the limes-tone erosion surface 

with the capping. Contact ore bodies are usually irregular 

and show a lack ot fissure control. The ·•B 1 j however, \Vhile 

f'ollovling the oontact with deposit;ion in both the capping and 

limes tone, is governed by M-S and 1m .... sw fissures. The rake of 

the •Bt ore body is toward the Chorro and it probably represents 

the top of this chimney. The ore is of two types, one a h igh 

silver-low lead and the other the normal lead-silver carbonate 

ore. 

Tb.0 Peru and Western ore bodies are very similar and both 

occur in the Los La.mentos limestone. They are narrow, thin 

bodies foll.O\v:i.ng fissures, and consist of two classes of orer 

the high silver and. the lead .. silver carbonate types. These two 

deposits m.ay connect along a N•S fissure. 

T,he Reina de Plata is also an irregular contact-body.. Con

tact ore bodies usually have a high silver content and such is 
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the case of the Reina de Plata. 

The Corone1 ... zubia. te chimney ar(?a is by .fur the most i:s-

portant of the isolated bodies . This deposit is a chirriney 

w!th several mantos extending outward in favorable zones of 

the Bufa and Intermediate limestone. ~['he lower part of the 

chir.111ey is in contact with a :fault filled by a post-111..ineral 

dike. ·· A northern extension ha.s not been found, altho it is 

vecy p;i"obabli4· that so strong an ore body i s connected with the 

tlentral Potosi ch:l11111ey area. 

The two :important manto producing areas of the Coronel

Zubiate appear to be allied with small 'liva.rps or folds. T~he 

chimney was worked by the Spaniards. The ore in the upper 

part was a siliceous silver type. At depth the ~:..•. 

lead-silver type occurs :i..nt er.mS.xed with the siliceous s:t.1 ver 

ore, 

Tb.e numerous other sma.11 isolated ore bodies are not per

tinent to this treatment ). and consequently will not be dis-. . 

cussed. 
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ORE AND GANGUE M!MERALS 

A complete study of ·bhe many . minerals assooia. ted with 

the ore deposits of' the Santa Eulalia district li.es outside 

v· the scope of the present paper. 'W,. F. Foshag has col

lected mu.ell. material in the dis~vriet_. and has/$> in preparationifl 

a paper dealing with the min.era.logy of the district together 

with that ot several other important manto depos:tts. 

T'.ae toll.owing list includes many minerals vvhich have had 

thei:r identification chec1~ed by Foshag from his collections .. 

A number of 1dentifiea tions were made du.ring this study# and 

the list is enlarged by ad.dit;ions from the group given by 

l Prescott * Undoubtedly, the list wi.11 be ful"the:r increased 

by additional mine~alogioal studies. 

(1) 

List of Minerals 

Sulphu~ 
Silver 
Gold 
Gttlena 
Pyrite 
Sphalerite l ~..tt,) 
Pyrrhotite 
Arsenopyri te 
Ghaleopyrite 
Proustite 
Argentite 
'.Pyrargyrite 
Realgar 
Ma.rcasi·te 
GJ:ieenockite 
Anglesite 
Ceru.asite 
Brochantite 
Calamine 

fyrolusite 
Ps:llomelane 
Wad 
Calcite 
Ankerite 
.Dolondte 
Aragonite 
Rh<:>docrosite 
Ba.rite 
Sider:ite 
Gypsum 
Azu1~ite 
M,alachite 
Epsom:tte 
Mira bi lite 
.Qua;r>tz . 
Oha.1.cedony 
Oopiap:tte 
Alu.no gen 

:E'reseottj Basil--The Main Mineral Zone of the Santa 
Eulalia District., Chihua_riua, Mexico-Tran. A.J.M.E •. 
Vol. Ll. 1915, pp. 57•99• 



Smithsonite 
Chalcocite 
Hematite 
Limonite 
Jarosite 
Plurabojarosi te 
Magnetite 
Wulfenite 
Fyromorphite 
Melanterite 
Halite 
Hedenbe;ttgite 
Knebelite 
Fayalite 
Ilvaite 
F~ · 
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Goslarite 
'fu.rgite 
Manganite 
Fluorite 
cera:rgyrite 
Mimet:tte 
Natronite 
Willemite 
Rhodonite 
Tremo1ite 
Risingerite 
Uralite 
Oblorite 
H;rdl:'ozineite 

The mogt notable feature of the above list is the pres

ence oi' the iron and iro.n-rnagnesium silicates, and the a bsenee 

of ealcium silicates, altho the ·deposits occur i .n limestone 

a...YJ.d. are some distance f:rom even a. hypothetical body of intru

sive rock. 
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~able No. 7. 

ORE AND GAMGUE MINERALS OF THE PRilJLARY ORES 

Group I 
Iron silicate ores. 

hedengergite 
f o:steri t;e 
lmebelite 
i'ayalite 
:i.lva::t te 

magnetite 
quartz 
chalcedony 
.f'luori te 
ea.lcite 
barite 
dolomite 
pyrite 
pyrrhotite 
a.rsenopyri te 
chalcopyrite 
mal"m.a ti te (Fe, Zn S) 
galena 
proustite 
argentite 
pyrat'garite 

(gold} · 

Group II 
Zinc-lead ores. 

(magnetite ) 
quartz 

f'luorite 
ealeite 
barite 
dolomite 
pyrite 
pyrrb.otite 

(arsenopyrite) 
(ehalcopyrite) 
ma.r.matite 
galena 
prou.stite 
irgentite 
pyrargari te 

GJ:>oup III 
Siliceous-silver 

01'0$. 

quartz 

calcite 

dolomite 
pyrite 

(manna ti te } 
galena 
proustite 
argentite 
pyrargarite 

~:tnerals in parenthesis occur in minute quantiti.es. 



Qr.9,!1,J1 ! 
I~on. S:tlieate Ores 

~1? " - f ')# ?'iW"' 'i?'ttiC%» ) ,.-. _Hf • W ·11 M · · ' 

T.b.e or~s ~f' ·the !t->on .siliee.te e.lass have comm.only been 

re.fe:c:red to ae tho$e of the !!1rJ: . T,..!ltf.Z?&~a~~e. ~~.:;i.s,e, boca:u.se 

c.t th~ :rema~kable aasoc:ta tion of a. number of auppoaedl:v 115.gh 

tE)lnperature i~on silicate gano~e tU.nerala with the ore min~ 

erals11 T.b.e ~ent opinion .:ta t1!tt t: th.is class ot ol'e \Vtts 

deposited :e11~st erld. tl:a t ita de;p(()s1t1on vra~ .separa..ted b1 e. 

t1me 1ntei·va.l4 dtu::ll').$ Whit.eh fl?noturiaig took p:tae~,: f~om the 

depos1J.fon ot the 01,ea Of the zinc~J.ead ela,ss,. t.ibE) writer 

be11eve.s1 hovreV'er;, ·thl.$ stage ~·;· 1narks:the beg1..'i:ln:t.11g ct a 

c¢11t.1.1mous eycle of' mine~lige;tion W'h1ch, with changing phys

ical and ¢hemioal eondi·tions ot 'bh$. ore•bearing aolut:tons and 

the limestone. would easily accotmt tor- the change in cha.rue-

Th.e ehief gm.:1.glle minerals of the o~es ¢f this groitp are 

the sut:>posedly hie;h tempe.ra.tv.re iron sil1ea te m:tnertal$; name

ly-,. hed..enbe1'1gite ... f'o"sterite1 rs.ya.lite,. kne'belite~ and ilvaite, 

which, tQget"her vd.th magnet.:t:te. compose ovt12r 50 pe1~ ee11t of 

the ore . T:'nese ga..'11$te mineral~ preceded the su.lphid.es in or ... 

der of eztystallization • . !i!he remaining gangue :mine:t"als, qu.a:rt~ 

®aleedony~ tluorite, eale:tte.t and bar:!te occur- in. S'ubort.iinate 

a.1uounts and wer-e d(l)p¢si tad ove:~ a lo11g per1¢d,. l?ya"'ite was 

the .fi'.tl'S:t of' the sulpl:'.tide m:tne1~a1s, followed by ;pyrrhoti·be 

(the most abttnda.nt sulphide), arsen<>pyrite, che.laopyrite, 

mal.""l!latite.; galena, and argentite. Hypoze1ie e.n:r:teh:m.ent intro-

dt.ieed ~he proustite and pyrarg~r~te~ . . 



91. 

t,tril;r J.ooked upon. as :1.."ld.icat:t.ve of co:ntaet :r.io.to.rao~pl,1.iam Oil? 

et deposits resulting .triom eonoe11trat:i.on 111 a :mo1ten magma,. 

!iow~ve~, the s:tliootes. a11d aasoeif;t te:d $Ulp..ll!das are !'ound J.n 

the uppel" pa:t~t of the mine, huntb."eds of fQet nbove tl'.te z11:1e.;>o 

:lead elaas ore bod!e.$, a.1ld at le~st Sff\1'{;!'.:J?al tht>utM1nd feet 

removed tram ei:n:, i~ou.a n1ass. ·wll!oh mip-~t ha:ve S11ppl.ied the 

mine:ral.1zing· solttti<>11S.~ T"n~ eattllt~ rrioek~ l.iraestono,, shoW$ 

n.o e'V"'iden~e of metamo::rph.1.sm a:ttd the lime•l"io.tt sil:!.cateo \m!Oh 

one wou.ld exp$C/t al?e i'tli.~s!ng;lj; '1:111a ia t'.b.e only oeeurreooo~ to 

tl'le w:t:ite~' s knowlet\;e:1 ¥1he:Fe: th1$ eQJnbi:m1:b:lon of !~on sill• 

~atea oecu:t."'S in. tui u.ntttetrunorpl:uiaed l:h11eat¢>ne di11ta..u1.; t:rorn t?-111 

know1i i11tm'l.$i:tre 0«11. 

!'lel)0Sit$ Of this elass 'Va"t"';J in fQ:t~n a:nd. size, The l310St 

~om:11~n oecun~en(}(;la are ·tabitle.~~ ve1n-:U.ke depaaita~ several 

mlirter-$ in. w·:tdth. S®ne ht::tve been atoped to 500 .. ;if~et belov1 the 

eapp:tng., 11.T'n.e e:re is uw&t.ll;r "ll"fell btii.l1d.~d parallel. to tlle 

walls, whether th~ ol:e bodiesi are hl)rizontal ox" ve:a. .... tiee.l .• 

T.b.ex~e is no ga"atUa. ti on ol.~ tl1e o~e< into the Umes:~one. 

!h1,$ cl.ass of o:ro :ls litdted in oceu~i'e110Ei. U11stopod 

r~ts eceuz:i imm~diii tely north Ct11d ·sou.th of the Ohc.>ne 

el:d ... 1i'.l.tle~r,. notably ;tn ~the $Qitth.ern pa.rt of the Vela.roena elailtt,. 

tlie ts• ox•e body., and. upper t :£#.! ch:tinney., Sr~ll ,t"!er~nta 

eeeul"' even £ar·ther re-tnoved .from. the Ql1ono,,, 

.tlppai>ently o~·e·ber:u"1ng solu. t1ott$ asoeiidGd in tL:te well-· 

fl?actu.r·ed ~one occt:qJ1e.d ~I ·bl1e Ohor:r-l'!i chimney,. Upon :t"eae.'.h• 

ing the Uppe~ ~levatiOl'l$1 i;he itiOl:l-l:ich .aili~erilis , n aolu.tiQn~ 

l!JO:rked. outv:ard.. alol1g the most open fl?aetu.x'es e.nd d~posi ted. 



the banded vein-like bodies., Tntense fracturing in the 

brittle., favorable ho.rizons produced a sem.i-breceia.ted zone. 

The ore solutions surrounded the broke:n lim.estone blocks and.ii 

in part., repla.eed ·them producing man~o-like bodies. The iron 

silicate 01"'es apparently extended ovel" a larger area than 

formerly believed; c~:~.:J the greater part ofW}~~ replaced by 

the zinc-lead ores. 

A tra..nsitionaf change ~ the iron silicate class to the 

zinec ... lead class ore.s oecurl!ed ~s deposition continued. A 
I 

loweri11g of the temperature alone could ~..ave produced tJ:d,s 

change,. but the cyole was apparently complicated by :modifi

cations in the character• of the ore-bearing solutions and t he 

ph.ysical conditions of the limestone . 

~!di~ .. <! o.r.~~ .. .2£, ~r.ou.n ,! 
Suseeptibility of the iron silicate class ores to oxi-

dation 1.s :tndi:rectly proportional to the ~~. l'.::1 of iron 

silicates present. The density and texture of the ore ~-~ 

abundant s.ilicates is n.ot favorable to rapid oxidation. The 

greater part of this type of ore contained less than 50 per 

cent silicates and was susceptible to oxidation. 

The pyroxene usually breaks down to uralite, a soft 

brownish-green amphibole in whieh the er.Ystals, when distinct, 

retain the for.m of the or!gina..J. mineral but have the cleavage 

of amphibo~e. H:tsinger::tte is found :in the partially oxidized 

material., ust1.ally intergrown with secondary dolomite and has 

a botrpidal structure inelosing unoxidized ma te:rial. Where 

the silicates form a subordinate part of the ore and oxidation 
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is complete. the product has the appearance of' the so-called 

typical oxidized ore of the district. Such material contains 

a:n extremely large amount of iron oxides and si11ca1 and 

oxidized lead_, zinc~ and silver minerals. R. 3 .. Colony, in a 

private report submitted to 'the Potosi Mining Co .. , fov.nd an 

abundance of iron· oxides retaining a structure suggestive of 

tenner contact-metamorphic silicate minerals. 

:Pri.1'!1El.ry magnetite is distributed tll..roug...~ the oxidized 

material., It is interesting to note that the silver appears 

to oocur independently of lead and bears no constant ratio 

to that metal in the pri1nary or oxidized ore. Quartz i s 

found impregnated with iron, lead., and silver oxide minerals .. 

,Gr~ l! 
Zine ... lead Ores 

T.he change in character of the o:re-bearing solutions, 

by reduction in tempera:cure together w:t th other physical and 

chemical changes,t affect the character of' the deposited 

ma.terial. Th.e iron silicate gang·ue minerals, magnetite. 

a.rsenopyrite_,. and cha.lcopy:rite S.l"e aln1ost totally ab.sent in 

the group of minerals that f or.m the zinc-lead ores., or normal 

sul;ehi!i.~ .:>re of the district (Table 7).. Du.ring deposition of 

the zinc-lead 01"es, the fall in temperature of the solutions 

continued slowly. 

Absorption of heat by the country rock at the beginning 

of mineralization pl"Od.ttced rapid deposition of the high tem

perature minerals and sharp conte.cts with the cou.:nt.ry rock. 

There was no contaet metamorphism, and very little replace

ment. 
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T.b.e zinc-lead ores consist chiefly of zine, lead,- and 

iron sulphj.d.ea. They vary .from ores contai11ing a large zine 

.sulphide content to those with a low zinc sulphide a.:nd a la:rge 

"'- lead sulphide content. T.l:J.ere is a. definite zoning, horizo11te.J, 

vertical, or both, away f1"om the site of the Chorl"o chimney. 

A decided :tnerease ~ the zina in ratio to the leaa. is noted 

as the Ohot'ro is approached. 

Ores of. _this group are predom:tns.ntly mixtures of P'Yl"i te, 

pyr:rhotite, marma.tite, and galena., and gangue minerals, qual"tz, 

fluorite., ealeite, barite" and high temperature silicates .. 

Hypogene en~iebment introduced silver ndnerals into o:Pea o:r 

thia character. · The :prineipal silver minerals are prousti te ef 

and pyrargarite. 

Aside from the ':: '.-:·:,,.;~: · :~:· :>' :: evidence offered. by the pri

mary bodies coneerning the original structure a.11d character 

of ma:nto deposits~ they ofter an tID..usual opportunity t o study 

zonal arrangement, overlapping, and telescoping of minerals. 

:r.t::i.e zine-lead ores have z"eplaeed the greater part of the 

deposits of the iron silicate ores. The replaeement has been 

partial in some pla.ees., complete in others.. In general~ whe:re 

the o;re bearing solutions followed the same charu1~ls whieh 

existed at '.the begimdng of the cyele, a complete replacement 

occurred.; and, if the solut:i011_~ t!"~1l1-~cl ce.l:'tain fractures 

and favorable horizons ·(;·. <~·: ; were more open and susceptible to 

replacement than the original ohaMels; they £o11owed the 

latter. 

Replacement deposits associated with para1lel fractures 

in different favorable manto horizons or diverging fractures 
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in the same, may have a ver·y different .composition at points 

equidistant from the source • 

. '!'he lowest zone developed is the ' basal part of the · zinc

lead class. The ore is predominately a mixture of marina.tite., 

galena..., pyr:t te, and pyrrhoti te •. Th.a gangue mine.rals are quartz., 

i'luorite1t calcite., ba:rite, and a small amount of iron silica-res. 

Me-gnetite o~eu:rs in small quantity. T'nese ores occur ex

¢lus:tvely in .the developed sulphide zone in the lower part of 

the Potosi IVfine. Oxidized bodies o:f this type have not been 

found. Oxidized stringers or zinc-lead and i:eon minerals ex

tend outward from ·the sulpl:1ide bodies,. · These pinch a.way from 

the ore body. The metallic content of the orlditied stringers 

indicates comparatively little migration of the .zinc. 

The zinc content o'f the ores rapidly decreases above the 

10th level of the Potosi Mine . In the upper ores, the ratio 

of lead, :1ron1 and silver to th¢ zinc is high. The gangu.e o.f 

the upper zone is more silieeous than that of the lower zone 

and ma.gneti te and the iron silicate minerals a:re less abundant .. 

Large bodies of sulphide Ol"e OO?e rare above the 10th level, 

The sulphides show a predominance of galena over :ma.rmatite and 

pyrite, with a qua1"'tz'1 fluorite, ba.rite; and ca.~ gangue. 

Pyrrhot:tte is :rare. 

Oxid.ized ores of the ~pe_r zone of the zinc-lead class 

eonstituted the bulk of ·the ore extraoted in the district 

prior to 1920. Th.e West Mantos, with the exeeption of the 

iron siliea. te body previously mentionedJI con:tained ores of' 

this ela.ss.. 'The oxidized mantos and upper parts of' the chinl

neya of the Potosi Mine also belong to the upper part of the 



zinc-lead zono. It has'& ve:r-t.ieal ronge of over 1500 feet ... 

L®.t't¢e bodies of ox:!dJ.~ed zine do not OQcC'UlJ aa:soe1a.ted with 

the oxidized <;t~e bodies.. Ii' the ·ecm1por)i:h:i.o:i:1 of th<> pr:imaxi;r 

or'e wan the san1e as that of tlie ;r;ine-lead sulphide ores be .... 

lor1 the loth .. levo14 : .it soe1ns. it't.lpNbable tl:tat t11e z1ne was 

altlo$t eo.mpletely ~oml.'>"tred dv.X<in.3 ax.idat:tonif 

T'.a.e OA:idized ores are ztous;11l;T- badd.ed hete:rogeneous m:tx

t:UJ:'Q$ of ttngles:tt0, e.e:rµ:ea:tta" 1~on e.nd ina:ng$n~$e oxides, 

fln:orit<:;, cs.leite, quartz1. and mrpsum. ~'hfl ore is., .in Ben

e.z.al~ a. rather porau.s , ,f~ia'ble mass o.t s:tli.ee~w 11~or.1. ox.ides 

and lead ear'bonates.\W· Rea1&1al nodl.tles of gale11a a~e ecrm:1only 

;tnelosed by tmgles! te., i'he ores~ asidt\1. fr01i1 the silver e.cm.• 

tent," are isfmilar to· tll~S-e of the Los La:mentos dist.not .• 

Both $1J..lph:tde a:ild oxidized. n.atitos ta ve vre.ll, developed 

hilo:str In t11e su.J.phide bodies, the h.ilos aa"'e thin blankets 

extead.ir..g ¢11tward fl .. om. tlie thicker ms.nto section. The h11os: 

also extend 0tttW$1.?d .fx-om t he <'re ... bear:tn_r.s ·ea\.--os which u:ro aa

scou ·tied. with the oxidized mantoa.,. ]i'a,gra ti.on. <>f the m.etallic 

eon.tent :is w~ll exem.pl..'tf1$d in the banded. oxidized r.tttUlton ·and 

i..Yl. the o4:id:tzed po:rti.Ot:t.s of eh:tmneytt • 

. A remai·kn:ble featu.1?e 91' tl~e oxitl.1~ed mantos ;ls the. rathe~ 

eon.$.t~J::.t t4v:.t~aetex· of the xn~.'ta.ll1e. content for .:Lnd:tviduul ol."G 

bod.iGtJJ a condit3~on we.ll emrihtt..f.!ized by Fresaot·t.., Local vari ... 

at.ion o·ecu~s1 hmveve~~ e:tid is .:tmpo1'l'ttitn .. t §}·Or tlie :f.a1terp~ .. eta.tion 

of the ehameter or the Pl~hm.ry ore bodi~1$ .,. 



· . · · .. Gr.Qun :III ~·· · 
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·. Sil:tee.Gtt.s · ·'silver ·~ ores .. forrn ·the· ·th.:t.rd «gl?O.U]! o.i' or~s ·~ ~f the 

dis:trtct . "TJa:e .. ·oxies. :were .. dep.osite.,d "f:rom··rathe:r. Q.Pel,, ··.e!lver-.... 

6:-'.'.~;. .i..beaxd~ng ·0·s.olut.:t.0ns.:· .·. Hypogene·, ·oPes e:f this ,group are raiJ:e. 

fl'avij:~ver,. ».remnants .o~ .. the prim~y· .. o:nes . · oeeur. .~ in··,the .t. 16: ' .. ;bod.if..;' 

f.lt~ hyp~gene ore is pradom:i.nate.ly a mixture of pyrite and 

quartz,, w:tth .. J.ru.bord.inate amounts of proustite; pyrarga.rite ., 
1y\~t:.°')~ ;;t ·r~. 

a:rgentite,, galena,. and oeoasionally segregationa of spha.ler:tte• 
.. :~,: ... _.'.:.r·; ··-· .: · : :, -~·~:i. ) ~~-~~: ~ ~.·--:..-.:: /J .... -· ¥ • • : ~ ;~. : ... \.. •• ·~--• • ' ·· .... ~.: • .-i /,. ... ·; 

Ore bodies of this class are# in general., :farther re-
.. ;. ,:, · ... _;!'~ •· "'.",.: '.f"\·:..:._.:::>:.\ •,):-\ ..:.":·¥~:· /'iv .. , ~ ~ ~..i .. ''. 'J' .,~'-.. :_\: \ ~f ',{\• e . i •: ~ :., ... .!~ : • • • '; "• f~ ~~· •;' 

mov~d ~rcrm. their sotiree than d.eposit.s of' the iron silicate 
· ·.\~ -... ~.· . '.';\"\ .. ~.:- ::.·~ ,:.,~:::-/:- '. : ... ~.~~:•'.:~ .. :. y· .;~ #: :..1 -r.. · :~·'···· .. ~·····;:': ~~;-. .. :~~ .:~.'.····~ ~ .. ;."'-;.1 1.:.~ ·: 

and z:tn.t: ... lead ores-. Deposits are also feund nea:r the chim-
~ i' ~~l.~ "l ~.:1· ·. ·' . 7~. : :... ~ 

ney, :··.nd where they eut o:res deposited dU4'.'ing the earlier 
-":~ ""r, ~'· :<.:.:(·•='; :"\.2 ·t~·.-·;- '':<.• ": i;"·'.:t.::.• · .' ".'. ,1 •• # ~." 1""< ~ :· :; .· ... -..- -~<~. -.. - ~/: .......... 

part of the -depositional pe~iod:... This has led some investi-
·~.;:- ·.- ~ ~. ~ . :-:· ··-~\:·~ ~~ -. ~-~ ;-.~:.~·-.:. __ -.#:- --,~·~·.2~ t··(.f·~-.r~:L i.:.t ·.·: . \:.~·.:"··-~ .! ~ - J_ .. _·.~~-~ .. ~::~ 

gator.s to set . up nv..merous stages of mineralization $.eparated 
. ·· .. <.. · ::. :· .. ··· ·_·! ·· ",,:.:· ---¥:.-::_.. .:.:r' ·'. .. r~·: .:_;.,": . .... · .. : ·j ). ·.- ~ .. ~ : t/··.: J,, ~-, : .. :" ··~i·, -=~ .·· 

b:Y' time int~rvals. The ores of the district, as a w~ole,. 
;:·· :, . ·~··"~ ... ;. : ~~ :.t."·: '·; .-:,<.· ·.; .. _.. ·~:/''(~ .· .f·;n~ 1:.: ~'· 1} '.····r:-. , .. ; · · : "~ ~ · ." .. ·.r·~ ~~- '?°• .... '.:~<S:.3' -, .. , 

indicate eontinuau.$ ore deposition. 

~e :bhird type of. ore is that of the so-called. silver 
·~~:~~, ·.··t .,.1 ·"' .e .. ·'."~ .;!" '.; .... ·/ . .:":.; ·. :-..~···( "j.-... 1 .~·'··: .\~; -:.''•>·.'.'d~.. . i7- 1 i),!:.·Y'.'".~:_ 

zone., The ore-bearing solutions during this period of the 
;. ~~;.}. :1~. : ·.;) .· .. ; .. . :· .:-:: ':4,~\..~:_';_•.7·:~: i :.r$.; ~)-~ ~·· ·~(" ~::~'. ·~ .. :- ,:t ... :'.:;.:_ .,·.;.·;!:·: ·~ "' .... <:..· ~· ;3.;·<· . ... ,~( •. 

deposi.tion not only formed replacement bo9-ies, but also per-
, :-~~--··.: ~ .... ".; . . : ,_.~·":·-~ ::.~·~· : · =. · ·~-:-.: ....... · ~--t'" ·~.·- -· ·:t .... : ~/· ; ~.;:i ·t~,/;. -~,' . ~-~~ · ~ ~ ·::·=-......... · r~.1!.'.\ '~ ~_: .... ,--~ 

oolated or circula:bed thru the previously deposited bodies 
" ' ·:· ~-~ x~ .:.;-."'"\)· '~ ·:·:~. ·)_~:., ~~-r. · · ... · .; /~·~:~ ~~ -~·~fl;~' i .• . ~~ ~ 1: ... · ~~-f·~~ ·;' '.~ 1·· ·~ _ ,,.:. :·'1..,. .;---: 

~nd the porous limestones$ and" in doing so, effected h.ypo"" 
"--.~./"~: ~·: .. ··. , .. _;_.>~·~.,~~~ . ·'.-: ... : ·:-._ · ·! .,~· .. ·i·:· ·~ 1. )rh' :Jc·; . . ~,.~-, ·. : . . . I .. ~~ .. ~_ ~· ;: ' ~., ... t ; ·:·~.-·, ""' ~.; ;,~· r)+-·;~ ~"'·-:.:.~·- ·" 

gene silver enr1chrn.ent.. The oxidation of the hypogene silver~ 
1.,~ .":?' ~:·.~~ - J· ... :.-· .. !·:- ._.,· :·::.:_' .. ; :! ·~:-\. :».·'· ~; ... ~ ~ -: . ·t~~~:·:· _":;_,: ~-, , ·' . . ·:-: ·:.,.-~ ~"·'.·~/~~~~:~.- .~;:' · ·· ~ 

minerals .in the limestone produced th~ $0 ... ealled l:t:me a.:tlv~r 
' .. f>'.;{-' ....... -- ~-~_ ... ,,:~· . ~ · ~(-: .,,,. _ , ~-,~, .• ~ '-·~ ·:.: ..... ··\:;. .:· ";:: :·~ :~ ·• :~ •. · ..... .. ;_ ._·, _,·: .,'. / . - ,.~·!"':<~ ~}~. ~:·: ........ .. ·· 

(:)!' ~lime ore bodies. . .. 
.. •, -:::~ ~.: -·~ ~3 ;~ ·t .... J • . '·: • ._ ~=-·_.,<:: · ·~ :.:..: ·:._,( • i ' '.~ ' .... ,.,~· .... ·;: .:· .. ~;-. ~;·~ .·- -~· :'_ ...... ' ::' J "": -- ~ . ' .. ~;/ 

• • ,,,.,.,, ,. ::. ,>.; "! · 'i ... :""-. . i .. .;i.1*."" ·a~. ' ,. ·0:1:":>e·· ·S .. " ,,,.;pr. l'IJ . • ,.,... . ....,. · ~ · tp· f'. . .I· .. T";t- - : , .. ' -, .: .:·, '·' o. ·" . . . . .... · . . .vA J.a._ -~.-QW ~· . · . .. ~\il;;L ... .\.f.'.a.. .:...vu.- · , ~ .. . · ................................. . ~.~ ., ~ · · · -~ 

:. _; .--.· AD.xid.at .ion.!:.0>!' :-.ore of :. t hd;'s:· ·e."lJ;ta:S: pro:e~ed~d 1il._J.moAt ·· t if. .,,, '·1 

·e.omplertion:· in ··th(f: hilt;n~: . :as" 'We'.11. as .. the> mant·ea:. , .Th~:_, ox:t:diz-ed 
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ore is a po:rous ~ heterogeneous m.ix·ture oi' sil ver-bear·i:n.g., 

siliceous~ ·iron oxide in. calcltic ga11gue. l:b .is rathe:r· so.ft 

and conts.i1::r.s more gypsu:m i;r.i.an the othex•. ·Cle.sises o,f ore a.e ... 

scribed. 1.rhe yaria-t~ion, 111, tl~e sil,ver· and lead oont$uts in

dicate ·· the ve.ri1.t ti on. of the ehB;:t"'aGter., of · the deposits. The ., .. 

Ql>~:H~ of this class were t'he highe~t.~grade silv~r ores of the 

~ . ' ' ' . 
OXIDATION 

Oxidation, · in add.:tticin to oxidizi~.g the ores, has changed 
.... . ' . 

the appearance. of the deposits to su.c:h an extent that some 
.. :"". 

early invest:igat;ors assu.med that the ores \vere deposited in 
pre-existing ~o1ut·1~n chamb~r~" .. · 

i'. 

Tho maj~r part of the ore extracted ~las from the ,• oxidized 
' ' " \ 

mantos. The .bedded ·:m.anto ore "nsually occurs in the floor of 

the ore-bearing caves. , · S~ch' caves · d.o"·"not ~ e:z;ceed, in area, 

the original extent 'or the' ore, and are not · eve:rj.iwhe:re present 
'\. ~ . :• 

above the ore. 
:!! (~ • '· 

Ore-bearing eaves "<Vere formed · b~r removal of limestone 
. f 

below · the ·ore by the ~action o;f the acid solutions, generated 

du.ring the " ~x:td~tion of the sulp11ides.,' on ·the 11.mestone and 
' . 

by the removf?,1 of ' the dissolved m.ite1.,ial by circulation. This 

wa~ acc~mpanied by. subsidence ~f th~ · o~idl~ed ore,. Ther.efo:re, 

the ultir.aate pos:ttlon of 'the 'oxidized deposit· is cons:tderanly 
' ' 

lower than the p·os1tion of the · pr.iJ.nary ~re · "bod.y. The sttbsi"" 

denee left an open 'space· above the ore; collapse of the roof' 
.. 

followed and tJ:ds continued un.ti]. ·a. stable areh was estab-

lished,. 1fue blocks of limestone t frofrt the roof JI mingled w:t th 

the oxidized ore and generally occur also as ti chaotic cover 



;~~ tl1() o-re,, ·, -· 

\· .. · Th~ :S!tt;t· ot -th.a ttypo5en~ deptJ$it: !e usually ma,~l(.ed '0'1 

·tn~ pO$!:t::tmt of·. th~ ·~.tl~.s. · ~~M{? thtn -t>lal'i.ltt;Jts" oai'l x-ibb6ns1 

~f · 0~11 0!'1~1M.'1-1-y -~.sd;~$d· aJ.;t\ft1fJ4.. .. f.'lt'•;)!.\1- th~ ~A1t1tos,. · · They · 

w~re ·:iofr .a.s '~tnM.p;t:f.l,_l.o i;.o Q1($&l.:I:!~~ tts t.1':~€J 'llhif.ll!~~ m.~ttt;ft lt~'"' 

po:dtfil. · · ~\'J- limtJst;..-43 . ·~loutt-1g · ~~J.- ls '1J.wa1.ly i~ '<l · ~$t 

,A~ . .:. .• · .,{i•••·1'~~Mlii1ettll~ ,,i.}{, ~...,. · · ~11iA: ·k "'~~,. ~i ().1111 '-t "l''i' i:'1>-; .i;:. "~'"'~·"'•· !il'l· . ~·"""•IJ . .f,.,.,.dl .ru. ~,,.,,,,. .,~.i>.·?'.tia .. ~ ·~&q, ~~~1'V~!ti!8.4...._&: • Ui~~ · ·~'"'. -·~ w .. .,~~·~~ ·U~A-.~;;> -~A~~ i.~.J~+W'¥WI _,...loU~• ttil< .;..~,~ <A\ ' YVM.wU~Q. 

t.!°:lZ! ~:'Gl :t..i ...-... ~ .., .... .is .· -S'L...a "'lt!•'••U•ii.•fMl' 'ir -•· · .!>.-..~,,. , '1' .f·,Ht.S·t·•;i:•.~.i:. .b~-l'l "t.-.~.n-·lo.;;,.;,.t.,~, ,1;1',,,...s, · - ~f;!t~Y'~ ... ~~ ~~tr'v ·•~VJ.J.+VV-Qi· ol~ · ~- · ·'.\>.l.l:$-\;#;· ~u~v~..:~v .\:~·~~- ~lQ'~~~v~l :l;)',£,r,.\,v- • 

hllot;, , - ~,o · l~£lo~~ : aeo•~i1n,slv• ··\V:eli-"C 1 ..tt: rJ·t~ua~:'a~w · t~ 

~$et ttw.n.~•• · .--~t~t! .. · Qt· t:.li®' h !:t:oll ~\t ~~- 'iiilnlJ.$~ t-• .t:u,, 

Mcm m.or:G · -tt~mplet& i;hnn. tn tlm LQa ,:t~to$ d!St.l!!~j·· p12tlb!i'tbl~ 

hQ.~$~ · tl'1e ·hllos al!~, , .lf<t:li ·~•t: -iatJ; :,bitll ll4lali~iw 

!!.to.:t!m.l,.akp .. tl\. ii1¢l -~t1Qll'' l11"'"~ttea"1!j '1!1 etJ1uleet.!a.: 

w1:tJ:i --~ i~a.htlV$i \V&$ · tl:~ , ®J'A'3;t;'i;.;t.~ 'Of: -~- -~l~$tlG sl1:$ll o~r~ 

u.,,,,., -°'" .it .... ~'t...1!>. t'!l:B· · '1ti1 . "W.itlrd"..4.-1!4-'l;,.,'1' ~l"""·J 4~{.ll,,~ . . .,..,..,..");,.~,..If~ - ...__,:t ~.;.;, ···""'"";"" _,~. ( :~-··~v..~ ·. , ..,.,..jllQl!\.k~~ .... ~ _,t"'~'W-'>l'Zili $y;;~.1;.t.1.""'"'~~\'ila.1 ~ 

ct~r:illg .:ar.t :n~ii ·~""'1lJ<!lflt-~ -~~;cv-&, · ·~.\fa•$'· l:.S' '<t:tt1-t;J.Q to :~;s-· 

: at t..~~- P~·Me -~~ ·J;~~a · .: ~'t1'U.:t60ti '.~a- bGdies ·beiie;;ti.fli:!Uhe· 

. ~·-ett:.WB &v,; .s,;i~ . :· tll ~~tt~U.'C~ m.~ · d'~idr:t:t1dai·1w - ~l-OSe 

~· .d~v~lo~-~ th~ mtt:!rl: $h~.:..~1$l8 ·Qi· · ·-ti~trdlitttol.l' ·:or t.~· -

~1dJif;~~ ,$~.U1t$.trrA~ /- ; Wh~!l'' t~~·httln :"~-ltiettl - ·tx~~ · f1ol:!.l$!eh 

.ox:: '2 ··n.• i~;i:::~ ·2.,, or tne-<t~U:$to1~ ~:;r .:the; au!tl "ii'ti~~®. .. &' tl~c:;:o1)f)d .. 

~ ~CW;'h.t@:t: .• :· · ~- ~: ::r@tl ~t'!JD1\t:oif :t11stx•Ji.(!t,_ t.b.e bas.'ll\;el'l"" 

eaves -~ - 1,)t~:U.alr to the :mai,w,~ ·ol"t> -br.:Kiie-tt '. . atnl. · · ·' i't"...d~~"'~ ··the.-t 

the .. ~c:tu~ ,~yctmn ·. ·rliiolt eontl.1till&t\ · 'tl1l* llr'fPbg<me· ldl'lOX~'i!~ 
l 

&ft.tiOli. w~s also oz:;ell du.:t~l~ c1.:1d~i:b.!o:r1 -~. ln \;l:d.a ~tist~161;~ 



j. )~ ;"' • • ·., .·t ·. 

t r . .'.. ·Bar.r1en~.ca~ve ;:3' b~ve . gr~t:J, ~.e.JJ; :p.e igh t than J:)·:t"'e{td:bl1 ; .. ,_th~ ~· "". '" " . 

jor:tty. are n0thing m,9re :;than" -en+.arg~t\1 . f.i~sures«., Tl1-?Y:, · a.l?e ,~lso 

:Ir1ned 'V~ith gyp_SU..'l'!l ·a·nO:, ca.l.e_ite . / .. Qre ~ sometin1es ~shed into 

the b~ZC.ren ... o~ye,~~; a:m.d .. O.QffafliQna~l:r. .. seco.nqary zinc miner.al.$ . 
. . ' "' ...... " 

'" .. ·--~:,:·!Ile eir~u.lating .)net~P.:J:'l9 :,sQli.;t,'Qi~ns .. p;ro"b~Q~:.'l ~irs~ ·a tt.ackOO. 

the · .py;rJ..te a1'id. pyrr~1~'b.ttJ:1 ... genera.~;tng --.su)~Phate .. and:.)n.i,lpn1:p~ic . '·. 

a.old,; . · 'l'.he fe:t"rous sulp.na:tre yielded hydrous iron oxides and 

more .sulPtntt>ic ,ac.;id . ., · .The. z;i,nc tlulphide. t1l?.$ .tlie.n: a:ttacke4,, . ~ 
• •· • #, • . .... .. ~ ''. 

' - . ... _.\ ,,.. .. .. . 

· .\·····" Iron· -~-nd .. Z.1.ne ·- ~ontp~tmdis ;!:re -~ltg:r,~to~y · cow.pa.:t:~e~ .. to ~~1ps~ ... 

ot 1ead. · · 'l".l:1e-: e~v5i(/l.ence1 .. howe,:v~v. d,oes n?~ · :in~li_{}~t~ tr+e remeval 

·or , the zine compounds:;. but---tnat. . t he . sulP,h~d~ 1o~e~ v'e.r.e :· <?~ ~·- : . 

nea:r,iy ... the same ·c·ompoai.tion e.~ the ,, o.E:ide o~es • . :Mig+-~tion i s . 

well demonst;v..a,t,ed .by t;ne .. presenee . Q~ i;i:•on ·oxid~s_. i1'{. the .. in ... 

·nu.marable· i'i.sltu:res1- th~ , bedde~: QJCidized-:Ortf'S '. ~1· tl].~ mant:>s:: and 

.:ehintitr .. eyflj .an~ t.h1;} m~11,ganes:~. st~i:p.ed l;:tn1estene, , .. l!J:l_in J;Ral'd©3, of 

lni'xed zlne. .. ,e.ncl ir.<J>n .Q4:i.d.~s usually occu:r · ~t lih~:- P.oif-teµi 0£ 

mantas .and Jt\i>metime.ir al,ong the .rqof . of. ore-hearing .. caves ·oe

.twe.e.n the ·· lir.a:,c;).atqne and t:P,e ata.:;t~c .tii:;.=t _<? .. lirl:i!l8.• filixed iron 

oxid~s :. anti l.~a:d. e~-~PQ,nates .. Qe-~u..~- -. a,s : P.t}ds. .. or. 1,a;yers . above, . the, : . 

. '""' :· .. ·. \./•. 

,'. .. , ' ·. A b~d o.f ve.r.y pure eeJ?U~.sit!3 .. ;l~ .. -~ound . .-Efl.bov:e .. th~ iron 
·~<; '"·· 'f , .. ;,, ' ; "' ~- _.'\ '<!/'.~;_• ,.'•1~;··•' ·, ··~.:.'' ~·; ... :. i.' .~.' •·••'•· ·t~' .'~ ', ,~ ." .. • ~ ·I~~· 
oxides in the lead-silver and silver-lead ore bodies ... The 



~ntss:tte ils USiltilly overlt\!n by e. bed, of' (?'7!)m1m_, \f'n.ic'h » ht 

tum, 1a sep&l.."'4.ted tx--an th~ o~r~ <::ave b;r a ha·::i.~ ee.lelte shelJ.\1 

lt ia ~omrllQ!l to t1n<l the sequ.enee; of' the bodded. ores 3?epea.ted.J 

ln.dieative of t:..10 p~h:JAX7 lfl.JUtto~ soparatcd by &.l,l.flf;n&n Ol'.' lm1-

;3do lens~ :removed. &u!t~ oxidation .• 

!the a111eeoue-silver ova$ l:lok the woll def:l.1>.cd bed~ 

chamete~istic of th.a lead•s:tlvor aild attv:e.r•lead 01,ea. ~le 

siltca()'l.:u;•silv$;r oi-es.·.-Oee\\r e.$ &. 100£iel:3· mk~d., s1l1~e0'11s

!.rmi or..ide \\f1th a t,79sumoover aepa.t\tlt~d trom tl!'lai e.~ve bf· .a.en~o 

cale!te,. 

Q.d.di~ed load o:n is S0.PQratod. by ft . depo.s1t ot .f\$l,r'~gi""' 

nou.s material t~.m. a Ub.ick body of ox!dl~ed ~inc Ol .. G in tho 

upper Ohori~o ~411~y. ~e z11lC o .. e Wtls ur&~r--laiti by su.lphid.e.s 

Of the high l~e.d.•low :dnc class. ~he uppor- ,pttrt oi" tho t pt 

cl'l!mney shov1a pi"ominent bMdin':,.. All o.xid1zed silver o~,. vl:tth 

tl lO!:V lead et'>i'lt$n·t# o~eu~d in. t he U;pve:r pa~t unde1~ltlil':t by a 

silv$t·-lead au.lp.1;i.1de we., J~ f~et-uito euttf.1lg ~110 e.h1m!te;l thon 

allQ't!!etl ox!d.iz!na vtat0ra to at~ek the wlpiltd.es below; t:ri..is 

7ielded n depos:tt et lead cc.i•bona.te ~re. w1t:b. :d.lve1'¥ content 

equal. to tli..at ta-.md 1n the nortnltl lo::Lc1·~1ne su.lp'td.dea"' Bel0'\'1 

th1a 2one, is Qn o..~1dizod zin.Q ore ·~ih.1eh z;asl>"a with a sharp 

eonttact into the lll)~ual lead•zine sulph:tdG o;re., 

!m'i~ oxid.e;td.on,. ~a.n~~e was loooh~d trom th~ aul:ihl~ 

And depo_s:tted t'bru.<'Att tl1~ :porous l1m~stm1~ "1.$ ~~ia.Vl.eBe ~id<'J, 

ca:rb~be-~ or sil1eate-• b 1ntar.w1ty of the t~!ntinz' 
depends upon. ·the ebamete:v .or· tho l1t11tat.<ine ·tll?.t1 h~nce, CWlnot 
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be used as a ·gu:.tde to ore bod1.es. 

The volcanic capping had been stripped from pe_;r,ts of the 

district 'before the close oi' t be oxio.izinz :process., if not 

earlier. The depth of oxidation varies t:.·.mou.t t_,,0 d:tstriot., 

The greatest depth is tn excess ox: 1600 feet, while a.t other 

points whe1°e a thl.ck capp:lng occu.rs~ oxidation ext(.m,ds onl"'.r 

?00 feet; below the capping. 
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GP.ADE OF THE OHES 

Ore deposits with the vertical and horizontal range ex-

h:tb:lt;ed by the dc:pcslts of t he Sa11t;a 1"!'11lali{~;. district would 

n:1tu:ra1J.y be e::z:pectod to 

tt~0 ores. 

The iron silicate ores occur in ta.bu.la r, vein-like , ver

tical,, and horizontal bodies closely assoc is. ted with the Chat-ro 

c.h:.tmney·. The Jeo.ri Cave ore body and its extension in the 

Vela:rdena claim. show vertical banded bodies of thi.s type:, wbile 

horizontal bedded deposits are found '.lvi·thin the rs t ore body 

and tb:~ u.ppe1"' 'P' ch:tm:ney. All available evidence points 

. towai'd a much wider o:riginal distribut:ton oi' the o:re and to 

almost complete replacement by . or•es of a difi'e:r>ent character. 

Th.e high z1.:nc-1ead zone of the zinc-lead class of ores 

occurs only in s. primary state, excepting oxidized seams in 

fissures near· the ore b.od.ies •. It is exemplif:ted by t he chim

ney and manto deposits below the 11th level of' the Potosi 

Mine.. Ii; is, at present, the most important; ore of t he dis-

trict . 

The so-called normal sulphide Ol:'e of ·che district ls re-

presented. by lead.-zinc silver ores occur1~ing near the 10th 

level o.f t'l:w Potosi Mine, a.rn1 contains about equal amo1.urts of 

le.ad and zinc. 

PrimaJ:."'Y ores of the high lead .... lov.r zinc zone a.1"0 rare" 

The oxidized ores o:r this class occui"' in large bodies,, just 

above the no:t"illal sulphide ores of the Potosi chir.ilr.tey aroa .. 
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They grade urJV1ard. into the ores of the lead-silver zone. 

The ore of the lead-silver zone oceu:rs., with 1.tery fe'l.itr 

except:lons-1 in an oxidized state . Commerclally, the ores of 

·this type have been second in i:n1portance dur:tns the past. 

'l'b.e oxidized ores on the upper pe.r"b of the Po·tosi lane e.nd the 

West; l!Ia:ntos represent this zone .. The Pa.rcionera ar1d I:n.gl&ten:a 

ore bodies glsefwerei of this class. 

The si:],.iceous silve:i." ores,, t he silve1"" zone, fo:;}m the de

posit$ o.f the East; Ii:'.fantos , the uppel' levels of the Zubiate ,, 

a:nd ·t;he capping ore bodies,, W:tth fev.r except:lons, bodies of 

this class ar•e compl0tely oxidized., 

The ores_, in general,, exhibit; a zoning outwa:i:>d and t.1.pll'T&rd 

f.l?om the Chorro chinmey, and this leads to the conclusion -~hat 

the site of' t he Chorro chimney was t he charu.,.el f'o11oiived by the 

ore- bear.ing solutions: from depth .. 

The following table gives average assays of thr;:; di.fi'erent 

classes o:i:' ores discussed above . 
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Table No. s. 

SULPHIDE ORES 

(Average assays for the di£ferent classes) 

Ag 5. • 20t 
Pb 0.2 • 2t5 
zn o.s • 4. 

1. Fe 35~ • 4~:>. · 
$102 10. .. 15. 
As 1~5 • 2.5 
Mn , s~ - 5. 

Ag a. ... 10 .• 
Fb 7. • 10. 
zn io. - le. a. Fe as. • 35, 
s102 e. • 7. 
As Ot5 - 1.5 
M:n o.s • 1.5 

i\.g 
1b 
Zn 

3. Fe 
S:.t.02 As 
Mn 

Ag 
Pb 
Zn 

41' Fe 
8102 
As . 
Mn 

Ag 
Pb 
Zn 

s .. Fe 
Si02 
As . 
Mn 

a. .... i2. 
10,, ... 15 .. 

7i; .·~ 10. 
20.. .... 30. 
2. ... 10. 
0.5 ... l .. 5 
o.s ... i .... s 

15~ "I!!- 25. 
15. .. 30. 
2.s ..... 5-. 

20. ...... 30,. . 
5,. "" 30. 
o.e • · 1,5 
o.s "" 1.5 

25. •150. 
3. ..... 7. 

tl"'. "" 3. 
io. ~ 35. 
io. .. 35. 
o.s .. l.5 
o.s .... 5,. 

r· I) 

% 
~ 
% 
~ 
70 

r· 
% 
%. 
~ 
7; 
% 

Iron silicate o:r'es .. 
perature stage..} 

Zi.ne-lead ores {~:tnc•lead zone). 
This class form.$ the high zino 
zo11e. It is t>epresented. by the 
sttlph:tde deposits below the 11th 
level of the Potosi !iiine. Re• 
teri1ed _to as the zinc•lead zone. 

Zino-lead. oties (lead-zinc zone). 
These oce'U.l' highe~ in the zonal 
arrangement than the zinc•lead 
zone in which the z:tn.c predomin• 
ates .O\re.r the lea.d. 

Z1no ... lead.. ores {lead•silve;r zone). 
Th~se oJ"es oecur tJ:u:>u.out the · 
district, altho; U$Ually in an 
~1<iize.d. condition, The sulph:t~e 
bodies are erioat:te :tn a.as~y. 

Siliceous-silver ores (silve:r-
leltd zone). S.iliceou.s•s:llver 
elaae~ Very few occul'rences of 
f~esh sulphides. Siltrer sulphides 
1dentif ied a.re prouatite,, 
e..~gentite, and pyrargy.rite.-
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a. 

Ag. St ... 20<t 
:Pb · o.e ... 2.s 
Zn tr. • 3,. 
Fe 25. ... 40i1 
SiOz 10. • 15. 
As l.5 - 2.s 
Mn 3. • S. 

Ag 2th •500. 
Pb 3 • ... 7. 
Zn t~- """· s. 
Fe 10, . .... 35. 
Si.Og 15.- """ 

35. 
Ca 5. .... 15. 
As o~s ... l.5 
Mn o.s .. 4.5 

/\g 5. -50. 
t.m .. i ... s 6. ... 

oz. 
~ 
~ 
% 
% 
~ 
~ 
1'<> 

Oi• 
/0 
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OXIDIZED ORES 

O:x:1dized iron silicate ores. 

Oxidized s:tliceoue•silver ores 
(silver-.;lead zone). 

"Pay Lime, n 1,e •· Limestone im
p:t"egnated with silver sulphides 
and the silver mi nera.ls com• 
pletely oxidized. 
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GEJ.n1:S!S , OF THE OHE DEPOSITS 

The mode of origin of manto deposits is taken up 1n 

another part of this thesis lk { , ,,, As has alree.dy been 

stated, it is thought tl1at the o.res of the Santa Eulalia 

d:tst:r:tct were all tor111ed during the same general period ot 

mineralization,. and that they have a eomn1on origin. T'he ~im ..... 

ilarity of the ores,. the general continuity :in strilte,, and the 

actual traeing of the ores o:t~ one grou.p thru. a t .rs.ns:t.tio::n to 

. those of another group suffice to prove this assertion. Altho 

, the origin of the ore-bearing sol utions is not readily sus

ceptible to positive pr oof,, there ean be no reasonable dou~bt 

that the ore-bearing solution.s were hot magmatic waters. and 

that the original source of the solutions was a deep seated 

intrusion of' probable monzon:.t t:to or dior:ttie composition. 

The solutions forming the earliest deposits mu.st have 

been at a modere.tely high temperature and pressure, and the 

minerals of these deposits are ·bhe rare. heavy iron silicate 

gangu.e minerals ~-; almost always oecur in igneous or meta

morphic roeksi ,Mt, pyrometasorna.tie , or(hypotherm.al deposi-t-;s.. ':!he 

Sante. Eulalia deposits contain ·the only knov.rn occurrenee of 

tayal:tte, ilv.aite, knebelite., fostel"ite, and hedenbergit;e as

:socia:ted with a meta.somatic deposit in limestone, and several 

thousand feet removed from any probable igneous mass.. The 

lime-be.a.ring silioates:, eo:rmnonly associated with su.eh a de

poait in .limes.tone, are almost totally missing. The remaining 

gangt.te minerals.,; qu~rtz t chaleedony11 fluorite, ca lei te, barite, 
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&nd dolor.llite were deposited over a long period. The sulphide 

m.inerals a.$soc:ta.ted with the silicate ores. those o:r gJ?oup r,, . 
are chiefly pyrrhotite, pyrite, marmatite, galena, arseno

py:rite" a.nd ohalcopyrite. The distribut:i.on of this class ot' 

deposit has already been mentioned (pp. 90-93). The total 

lack of evidenee of rnetamo:rph:tc action on the eov.ntry rock, 

the distribution and eharaete:r of the ores, to the author.;: 

suggests th~t the high tempera·bure siliea·tes were prob~bly 

deposited at a mu.eh lower temperattt:r>e than eomrao:n.ly believed .. 

T.he mineralogic character and. distribution of the suc

ceeding groups of ores., the ores of Group II and III, have 

been discussed in detail (pp. 9Q-100). 

The deposits are zoned upward and outward from the site 

of' the Chor:ro chimney •. 

The interpretation of t...~e original conditions ;: :.{.Qc com

plicated by the numerous evidences of local ruptures during 

depo$ition. The general composition of the mineralizing 

solutions, , so far as can be judged from the minerals they 

have formed, leads to the same conclusion, tocal differences 

in t he a.eposits are apparently due in a la1"ge part to the 

diff'erent .physieal conditions under which they were formed. 

Outward. and upward from the source of the solutions,, 

the temperatUl'e and pressure deereased more and more ;. e:.':. the 

compos:ttiox:i of the solutions ~ and the deposited m&,terial 

changed accordingly. It is also evident that as the region 

gradually lost its heat, the temperature at a given place 
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decreased and deposits which were formed at lower tempera

tures were occasio:nally superimposed on and partially or- to

tally replaced those p1~eviously fo:r'l:ned at 11.i~:J.er temperatures~ 

i-;he le.tter accounts for the hypoge:ne enrichn1ent of the h i ,gher 

temperature deposits by t he lower t.smperatu.re silver minerals. 

The solutions were also magnesiu.m-bearing. The deposited 

magnesium :minerals ·~vere altered dnr:ing o.:iddation and locally 

effected dolomitizgtion. 

The pr;ir£J.ary d.eposi ts were massive replacements concist ... 

ing chief'ly of metall:i.c sulph:tdes with a small amount of 
I 

gangue.. To a small extent6 the sulphides filled fissures,,$ 

but fol""' the most part, t hey were deposited. by replacement 

without; t he prior development of open, empt;y spaces,. 

Fissuring ot the limestone is essential f'o:r the deposi

tion of important ore bodies. Cert~iin beds in the l:i.mestones 

were much more sus0,~ptible to fissuring than others, and 

where fissures cu.t s·uch layers, c. strong 1n~ecc:i.ated zone was 

produced 111.rhile L'l'l the adjacent b eds , the fracturing... may h.ave 

been relatively 'tigb.t t. The b:reccio.tio:n of the favorable 

beds near ftsS11res and sl:le;.ht movement alon.:; bedding plHnes 

of the boundin0 layers produced zones for the lateral pas·~ 

sage of ore-bes.r:tng solutions a1:id the subsequent :ma.nto type 

replacer.1ent deposlts. 

Interseet :t~gi. zones of fissures produced broken a:reas 

affecting channel.s for the passage of miners.l:i.zing solutions 

fro:m depth to the favorable horizons ,_ : ~ ·_.:;_ l he replacement, 

produeed the chimney deposits. 
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MAPIMI DISTRICT, DUF.ANGO, MEXICO 

Introduction 

This is the third and last of a series of papers 

on the Manto Type Limestone Replacement Deposits o:r 

Northel"11 Mexico. The deposits described in the pre

ceding papers occur in districts in which ·t;he structure 

was comparatively simple. At Mapimi, however, the 

ore bodies a re found associated with a ve!!":J complicated 

structure. 

The Mapimi range is composed of folded Lower 

Goma:richea11 sediments and of two classes of intrusive 

rocks. The ore deposits lie within an intensely de

formed zone which borders the northeast front of the 

range . Pre-mineral def oruation had a pronounced in

fluence upon the form and distribution or the deposits. 

The ores show a zonal distribution" An i11t:r>usive 

mass of granodiorite exists below the deposits, and it 

was apparently the source of the ore-bearing solutions. 

The d:toritic dikes and stocks are post-mineral. 
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i:tlOlUltt\!n ~a.llge t11n1; r·1sef..tab?\tpi;ly abovG the Belson de !:tapimi,,, 

~a minaa ~l~ located at 03uolo.1' a town ltJ kJ.lomatera 

south ... aotttbWGfd;. of r.ltap:bni., Ojuelo. ~ .. s on. a mri.all., sli~tl7 

tilted, ~vnlAthi-Ltat 'block of lir1eat9ne t:m-tt pl'Gaonts pree1pt

t<ru.s faeos tovtard tb.e south ~d e~st. From !~Io.p~nifl u ao-
1ncz1 gw.age ;raill•ond :ra.ms ~O'..tth 4 mi.lea to El Ca.."'!ibio~ A m@k .... 

~oad td:th s. '1 t<> 14 p():r co11t u,ade.. 2 m!.l~S: :tn lenatn, e.o:t1 .... 

noota El Ga,l!ib1;,Q t11th Ojtt$la# ;,\ Mrrow f:>"'$.'U.ge l',laih"ottd attt"'m.eeta 

l?lio.p1m1 tirith Bam$j:t,llo1 a station on the liatit>Ml tines ot 

~te;(ieo~ 30 n\il.ee to the east .. 

To:r~on, aoai·m:tl1.i, t:U't 1r11poxitant a~":lolt!ng. cot'tne~!ul, 

an.d ;r.aill .. end cantor !s 35 ttt1l()s saJ..th•srutJ·1e&.~t: l\..."'ltt ·tho 

'l'b .. e looa.tion ot tho !¥1ap:hd. d.1st.~ict is aho\m 0:;1 Kw 

ind.ox ma:p (!'ig. l ) • 

WJ.1e stild;ir of the Map!rni1 d1st~let vi~a Cttl'l'l!ad on dtir·i~ 

tl1e ~tt©ne1~ of 1928. :the l>~.se· .1'011> tbo .5eQloa;~.e t1ap accom.1~"'" 

inz ~·d.a paper is ~ part Qi" tho topo31uJ;bie and &~clogic 

sboet. of tha Sierra tie ;i"\pi'!!:t. preparet1 by Sp;ir.r, Oo.x t~ Co"' 

in 1910~ The ,.;>OOloeic aeet1Ql'Uj wero pXJop.~.red l:i.r tJ .u. ?!r!plott 
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SotJOlflf 

Figure 1. Index map showing the location 
of the Mapimi district. 
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of the Cia. Minera de Pefioles., S.A_ 

Triplett ts sections were cheeked on the surface and 

underground du.ring this study . "The interpretation oi' the 

str"ati~r·aphy 1..:i.nd str-u.cture is not in accord with that of 
{1) . 

Spurr, as will be shown later~ 

HISTCRY 

Th.e town of Mapimi was founded in 1598 by the Spaniards 

u.ear a spring at the base of the Sie1"ra de La. Bu.fa de Jiiapin:!i~ 

It becarn.e one of' the principal stops for water on t he desert 

road, 'Camino Real ., ' between · I;Jiexico City ar...d Ohihtiahtta.. 

:Mapih'li became a. thriving smelting eentei· and l"emainad an im

portant town until the removal of the smelters to To:r"reon. 

At the p~sent time, :1.t is in a decadent state. 

Ma.pim1 is the oldest raining district; in the State of 

Dt1rango. The ore bodies were discovered late i n the fall of 

1598. The first ore body to be worked was the Ojuela, which 

outcrops on the side of tJ::i.e cliff' below the suspension bridge 

:from the town o.:e Ojuela to the Socavol'.!. shaft (fig.2). 

Spaniards worked the mines with great success from "the 

year of discovery until Mexico seceded from. Spain. Ii\exica.ns 

obtained possession of the mines in 1821 and attempted to ex

ploit t he deposits but had little suecess. From 1867 to 1884, 

the district was almost abandoned,. 

(1) Spurr, Josiah E., The ore magmas ~ vol. 1, pp.202-217, 1923. 
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Fram 1884 to 1890, t he mi nes were vrnrked withov.t legal 

authority b:/ ' ga::dJuc;tnos t. Foreign cap:U:;al en:ccred the 

distr·:i.et during the last decade of the nineteenth century 

a:n.d aeti vi t:r was revived. 2."'110 various foreign c ompar.i.ies met; 

1:1ith little su.c.cess a: .. '1.d finally abandoned ox· sold their 

~ights to the Cia. Minera de Penoles s~A. After several u..~-

the district at present~ 

The Oj11ela m.i11.es a1 ... e amons the doopeat :l:n. :B,Jexico., Th.e 

Ojuels., tho d:tscmrery ore bod:/, has b0e1:1 worked fo:ro over 

di strict. 

l. 

Very few scientific or teohnieal papors have been 
•., 

-··~.!<' , , ' , . , . •• ,. .... ',·-~-

Rice, C • . •r. , U:i..:nes of Penolos Gompa:.1,y.l! :Wap:lmi , Mexico-
I & II .. ~E &, r.JL. J,. 86.t Mo .. 748, (Aus . 15 & 2~~' 1908) 
pp.309-314 & 373-374.: , 12 figs ~ 

V~.ilv.:r.cllo., J .. D. , l~e 171.:neral de l\!apiini, Gtdde ezc:urs. 
X Oo:n.gr. Geo1. Int .. l\.~oxico $ 1906, XVIII, 18, p~2. 

Villa1"e1J.o, J. D.- .. The 1\1&.p i mi Dist::rict--M::tn. World 31, 
No. 1, July 3, 1909, PP~ 62·~63., 1 1:'ig. 

~fatunann, E .. --Uebe:r Re:lsebeobs..cb tu.:ngen :i.n I~fox:i.co-~z~ n. G~ G. 
50 ( 1898 )-... {Verh. d~ Gestello ) pp .• 106- 109 . --z. prakt. 
Geol~ 7, 1899" Juli, p.260 (I\:niseb) . 

1::1...,,,,,.,..,.,..,ti· p, .... (:1-j 1 rm,,e .,,...U"'C:i""T'1'V'·h'l0' P"'"'"'n"'i .,...l:':>e< o? ·l-hc l i·mo-J. .i. Qr;:;v v .._, 1 _,.}o~~ - 41· ~Ll. J. 1 ... J.. • .t.v"'4. ~·rJ-.. -.!·~"'~:> J.. ,..,._, \iJ.....,. f/ O· t-~ .. - u.;.. ~~x;;,;. J..i..t..'7 

stone replacement deposits of the I11e.xican province; 
E & M. J.P. Vol. 122, :M2· ~,. ppo 247" 1926 .. 

Spurr~ J. E. Ore ~l1agmas"' Vol. I, pp,.202 ... §ZJA, 264:""2G? 
J.923. Vol. II. pp~ 830-e02. 
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po.blished on the Mapimi dist:r·ict, rihich. :t.s su.rprising i11 

view of ::t·ts large producticJn o:r lead and silve1.,, and i t s 

GE.HERAL RECHONAL SETTING 
(1 ) 

The Mesa Central w1.:th the lim! ting Sie:r.ra Madres 

for-.ms the largest physiog:raphio ti.nit of' Me~'tico. Thls prov~ 

ince covers tirro-th ird.s of t he la;n.d. surface of t he Republic. 

~e Plateau . .,, as :lt is com:ruonly called., increases :tn eleva

tion sm:rth from the U.. S. Inte1"l1a ti onal bo1"der" 

Tb.ei Bolson <.l.e :fifatp:lai is tho lar ·gest tn'ldrained basin of' 

the Plateau., and it eove1"s ·the southeastern part of Ck.t!.hu.abv..a.$ 

'!'11e general su.rf ~tee of' the Balson d.e Ms.pim.i is broken by 

above the floor of the bas:Ln. and have, :tn eeneJ:oal, a north-

no:rthrrnst vre:nd . 

latitttde, 25 degrees 50' north and in longitu.de,, 10~'5 degrees 

(l) 

Resembli.'l..nce of the region. to the Great Basin of the 

:t'h.e .reader will find d.etailed descr•iptio:n.s of ·bhe I:ixo·~. 
Cen.t:ra..1 Province in t h.e pape:r•s on the Los Lari.entos and 
Santa 1-gulalia districts. 



United States ia shown by t he repeated troughlike depressions 

bei;\r.J0011 the folded ei..z1d faulted mot1.ntsi:ns and b~' t h e closed 

Altho the volcmnic a.ccu.x.a.ulations ~tre nUJner ... 

ous_, ·they do not approach in magr1i tude those of tb .. e Orea t 

Basin reg:ton. 

T"t.J.e f old:i.ng and fau.l·td:ng of t h e Go:faanehean sedimen.ts 

present an extensive field i'm: str1J.otu:da1 stud:1es .. 

the .south:inrest t n. t h o S:10rrt"t Cadena, £H~~·&,rated b:r a tl:'oughlike 

val1ey .fro1:1 t he 8:1.e:r'j,"il d('.l Iia Bufa de t.i[Qpirn.i . Th e Sierra 

Cadena is 37 :miles long and d:tsplaJi·s rq;pet:1 tion o:t' t he 

the northeast. 

valley, 13 mile s wide_, is bounded. on,' t h 0 ear.re b~,. t he short, 

soutl:J11est-tren.cling S:t0r-:ra de Be:rm.e j :1;110. 

~ii'l.e 0lova:tio:ns of Beme~J:i-llo ar~d Iviap·hn:l are :r.>espoct;fully 
! 

3?00 and 42t.10 feet ~ Ojuela with a.n !elevation of 5350 at the 
I 

patio is 1100 feet above the valley .. · The Bttf8.._, the h ighest 

peak of th.o :r•ange, r:tso.s to fill e levation of .8225 i'e ~rli. 

:Lt.he :m.ine and geologic :maps are based on an assumeu1 elevation 

oi' J.000 meters at the collar of t he 'J.:iro Norte l~o. 2 (Noi ... th 

Shaft 1'10 • 2 ) • 
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excludi:ng t ho tmcon= 

soJ.io .. o.ted Qu.ater·nary wash, are: predominately a series of 1:1.rilc-

s'l:;oncs and intcrc~lated :::1:ulos cut by :tntrtrnive mnss0s a:nd 

dikes. '.P.he sed.im.ent&ry f on: utions a.re of Coraanchean a.50ce 

!J.1hey 1Nere vigoro~.1Slj def.'or::aed du.ring t he 1rertia1j' mou.r1tain-

l::mildin.3 per:i..od. 

Except:lons are the ti.vo d.olomi tic be.n.ds :Ln t;he Ojuela lir:te""' 

stono fori:H3. tlon and t1J.e dolom.itic shells that enclose some of 

the oxidi2'•0d ore bodies. &.J.ch shells are not fotmd arou.nd 

acco::npaniecl by a :moclification of the textur e of the 1.lmes t one, 

and the dolo-.mi t .ized rock is of ton r0fo1"1'."'0d. to as rec:r-::rstal~ 
. .....,,,. _ , ....... ,. 't'('"R\' 

lized limestone. 
~- ""?t ... it= rn·· · · LJQI 

All the limo.stones n.re fossili:.C'erous, altho the fosslls 

are moi~0 abu.ndD..n.t :Ln cortsdn :.~ ones than in otherSi . ll".l. SOZ.:10 

oi' t h.e 1LT.estones1 the beds are tl-·\' 11. and tJhr.t1~ply def'ined; ir1 

others, t he lay0:1:os arG mas::·d ve a:nd have indistinct parting 

planes. Tb.e prevailing colo1" of the wea thei-•ed li:11estone :ts 

The shales are not :t:nfold.ed Upper Cretaceous shaJ.es as 

reported by Spu:t•r but, as :,v:tll be shown later, are lnterbedded 

vvith the Comanchea:n limestones. They a1"e co11'.lm.only very much 

distorted and sho"'N the effect of squeezing.. 'F.t1.e shales a.re 

black when fresh but weather to a light yellow:tsh-bro1.11fn color;., 
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.A e;eneralized colvJimt:tr section of ·t;b.e Comanchetm sedi-

.2.j~~la &i1~.~~2.~ 

T.he Ojue1a 15.rnestone, locally called ·che Lawer .Lirj}EH::,t_or:;~,, 

:ts the oldest f 1n"!nation exposed in the district. T <:> the east~ 

the limestone 1.s overlapped by the detrital 'luatern.ary depoa-

its th,:1t :t"':l.11 the t1""0ughlike valleys of the region.. :tt ou:t-

crops i1long· the lo\ver portion of thf' steep east face of t;he 

Si01"'ra de IJa Bu.fa de Iif.iap:b1d,. T'.ae upper part of the f'ori:nat:ton 

1a :repeated several tir.'.les by a se1":tes or faults and folds; 

t ypical exposures occu.1" ~1t the town of Oju.ela. The th:lck:ness 

of: tb.\'i) formation cannot be ealcu.lated as the 101J'fel" part of 

the Oju.ela lim.estone is not exposed :tn tti.e district. D:r5.1l 

holes entered an in.t;l"l..:l.sive rook at a depth of' 3500 feet; from 

the top of the fo:i:mation.. 

The gene1"al strike of the Ojuela limestone w:tthln t h e 

a:rea covered by the geologi.c map (Pl. 1) is N' 35 degrees W, 

parallel to the major fracture systems. 

:1:.he weathe1"'ed roek h.as a dark g1"'ay co1 o:v~ The bedd:tng 

i.s virell def'ined and averages from 3 to 5 feet th:tek ~ Excep-

t:tonal laye:r•s attain th:lcknesses of :f:'rorn 20 to 30 feet. 

Chemically, the l:l.m.estone is s.lightly s:tliceous but otherwise 

very pure • 11".he textu:Pe vari&E: 1'rom meditun to dense .. The 

contact w:l.th the overlying shale format.ion is sharp and is in 

:many places a plane of movement. 
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Fi6urc 3. Generalized Co lumnar Section of the Rocks of the 
Mapiml Distril.ct 

Name 

I I" 
I 

I 

Description Age 

~ 
~ 

-f A series of thin-bedded highly fossilifer- ..... . 
ous ls. interbedded with massive layers. 
The thin-bedded portions are usually def i-
nite fossiliferous zones. The lower part or 
the formation is marked by a 10001 of un- ~ 
bedded, massive ls. with 4 thin layers at l'E 
the base. Upper part of massive section ~ 
weathers in cliffs and spires, and the low- ~ 

Y ~r portion weathers to boulder shapes. ~ 

~ 

i 
Black shale weathers light yellow. Ex- ~ 

~-=s.rupper tremely deformed. Secondary calcite seams x;:: 
:::::-::~~- Shale and several calcareous layers. Forms bench-

/ I 
es or depressions parallel to strike. 

Central 
h--'~---'--' 

= -
I I 

I 
I I 

I 

J i·L-
I I 
I 

I I 
! 

I I 
I 

,__..____/~/_, o ju e la 
I is. 

-Y-
1 r 

I 
I I 

I 
I I 
I 

I 

Generally thin-bedded ls. Upper pa.rt 
fossiliferous. Color, dark to light gray. 
Wea the rs light gray. Two dolomite beds ::... 
near top of section. Thickness unlmown. \::-
Drill holes entered intrusive body 3500' be- ~ 
low top of formation. Intrusion meta- ~ 
morphosed lower 200' or limestone, produc-
ing a coarsely crystalline white to light 
gray marble. 

Acidic Int:rtision. 
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Several distinct :f'ossilii'erous horizons a.re present in 

the upper part of the formation, and the f..::i.una is decidedly 

differEn:1t from that .f ou:nd in the Los Lan1entos limestone .of 

the Santa Eula1ia and Los La:mentos districts.. However,, the 

two limestones are equivalent in age~ 

The Ojuela limestone is the ore-hearing form.a ti.on of the 

district., A nv111be:r of favorable ma.nto zones h.ave been :tde:nt;i ~ 
\ 

fied and will be described late1". Intensely i1~on-stained al'ea.s 

occur near mineralized outcrops, 

The sharp contact which seps.ra tes the Los La.me:ntos fo:rma-

tion froro. the underlying Black limestone in northern Chihuahv.a 

is not recognizable at Ojuela e It is p:r·obalille that du1"ing 

the deposition of the two fo:t"mations in t:he !v1a p1mi district 

there was no abr'Upt change in sed1menta:bion.. PaleontologJ.csJ. 

study of the Ojuela limestone of' the Tulapimi district may ef-· 

feet a subdivision. The f'ossils collected do not suffice to 

determine definitely the age of the formation.. Tentatively 

it has been assigned to the Middle and Upper Trinity.. The 

Ojuela limestone includes both the Black and Los Lamentos 

fonna.tions of the Santa Eulalia and Los Lamentos districts .. 

The Los Lamentos apparently attained a greater thickness in 

the Mapimi district than in Chihuahua* 

Two dolomite beds~ 250 and 350 feet respectively below 

the top of the forms. tion., weather white and serve as useful 

margers in the study of the structure, altho these beds are 

not so easily :recognized tmderground as on tho sur:eace.. How

ever» several thin., pyritic.,. shale layers have 1)een used 



undergr0otu1d to ver:i.fy t ho st:ru.cfau"'e a s deduced fro:m surface 

exposu:r•es . 

Lower Shale 

The Lower Sb.ale conform.ably overlies the Ojuela lime

stone and averages _lOO feet in thickness. It consists of 

laminated shales with oeeasional calaa.reous layers.. During 

the regional defo.rraation the shale was highly distorted. In 

ma.ny places -originally thick beds have been so squeezed that 

they are now represented by thin, separated lenses. T.b.e 

shale is more susceptible to erosion than the limestones,. 

and its presence is expressed topographioally by benches or 

gullies parallel with its strike. 

'Fhe shale is slightly pyrit:tc 1 unfossiliferous,, and in

durated. Movement along the bedding planes is demonstra:ted 

by polished striated surfaces. Calcite veil1lets cut the 

shale. The weathered rock has a characteristic dark yellow

ish-brown color. The fresh rock is dark-brovm to bJ.aek. 

The Lower Shale has been ten ta t:tvely eorrela ted with t h.e 

lower part of the Inter.mediate f orma ti on of northern. ?Vlexico 

and is equivalent to the lower Glen Rose of Texas .. 

The contact v:it;h the overlying Central limestone form.a

ti on is transi tiona.l t h:ru several layers of -- calcareous shale 

a....'11.d shaly limestone.. Over t he surface of the district,, lo:ag 

narrow bands of the Lower Sha.le sepa:ra te the Ojuela fr01u the 

Central liraestone. The bands occur as conspieuou.s yellow 
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zones that disappear under t he Quatel"':l1ary detrital deposits 

toward the northand south ends of the ra:a.ge .. 
1 

Prescott also regards thi.s membe1 .. as Lower Cretaceous 
2 

i n age., However; Spurr eonside.rs the shale as an infolded 

Oent1"al Limestone .Jf_or~ tion 

The Central limestone, as it is locally called., eont orm-

ably overl:tes the Lov.re1 .. Shale. The transi th111al ehf..1nge from 

t he sl vs.J.e to the limestone is :rather• abrupt.ii both ehcmiea.lly 

and physically.. Th.e GentJ:>a.1 llmee'.!io11e, in. general, is a 

ve1~y ptire, fairly compa.ct1 fossiliferous, dark-gray rock.. It 

is well bedded. The average thickness of' the beds is from 4 

to 10 feet,, !Ju·!; one prominent bed in tl'le middle of' tb.e f'o1"'m.a ... 

tion is ?5 feet thick. Topograpb.iaally the Central limestone 

, appears e.s a rough prec'-pitou.s slope or cliff. The average 

thickness of t he formation is 400 feet. 

The Central 11."!le.stone is regai"ded as equ.i valent to the 

middle part; of. the Inte1"l!led:tate liraestone of Chihuahua a.nd 

t h e Glen Ros.e beds of Texas. _ '11J:1e lower Ru.dis·tid beds of t !1e 

Central limestone may be correlated with the Zone of Pa.Ta-
3 

hoplitea, . lowest zone of the Albian st;age • . 

IJ.'he Central limestone outcropping along the eastern 

£r-ont of the ran.ge has been repe.a:ted sev·e1.,al tirnas by folding 

l. Preseott, Basil, i .d .• pp. 11-12. 

2. Spurr, ;;r,. E., i .. d .. pp. 202-2r·1. 

3.. Rose and Cavins, The Cretaceous and Tertiary of Southern 
Texas and Norther-Jl Mexico. Univ. of Texas Bull .. No ... 2?48 .. 
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and faulting. It is unir:1portant as a mineral-bearini:; horizaa, 

al-tho sulphide veinlets cu.t the limestone at nu..rnerou.s points. 

The contact with the overlying shale is sb.ar•p. Faul ting 

has locally placed the Central limestone in contact with the 

Bu.fa which ove1,.lies the Upper Shale. 

The Lower Shale, the Central l·hne s tone, and the over ... 

lying Upper Shale formation of the l\1apimi district apparently . 
are the equivalent of -Ghe Intermediate limestone of Chihuahtta. 

Figure 4 shows a tentative eor:rele.tion of the Mapi.rni section 

with '!:;hose of northern Ch.iht-rnbua. 

uwe.:x: Shale 

1'.b.e Upper Shale conformably overlies the Central lime

stone.. The average thicll'.:ness of the shale :ts 75 feet. I t 

r.a s a dark brown to black color "'then fresh but weathers to a 

light yellowish-brown, a color much lighter than that of t he 

Lower Shale ., It gives a fetid odoJ:" when struck with a hrumner. 

Calcareous layers a:re ra.l'e. 

Like the Lower Shale, the Upper Sha.le has been greatly 

deformed a..'1d has been subjected to intense squeezing., see

onda.ry calcite films are co.m...-rnon along the polished surfaces 

where slippi11n:-~~eurred during compression. The contact of 

the shale with both the Central and overlying Buta limestones 

ls generally a :r.au.1 t plane" Loeally, fault ing has b:rougb.t 

the Oentra.1 limestone into contact with the Bufa, and the 

Upper Shale is missing. The formation is unimportant as an 

ore-bearing zone. 



Figure 4. 

Columnar sections showing a tentative correlation of the 
sedimentar·y formations of the Mapimi district with Northern Chihuahua. 
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T:he position of the Upper Shale ontcrop is easily :re

cognized topograph:icall~r. On account of its prevailing thln

bedded character, it forms a sharply · e:o.ntrastLng slope be

tween the bold clii'fs of the underlying Central lL'!!lestone and 

the still more imposing cliff's of the Bu.fa limestone. 

T.he Upper Shale f onns the top member of the Tr1ni ty 

Division of the Oomanchea:n Series. It is apparently equiva .... 

lent to the upper part oi' the Inter.mediate formation of 

Northern Mexico. 

Bu.fa Limestone Formation 
~ . - zd;f ... ? 

The Bv.f'a, the youngest limestone of the Mapimi district, 

is the most prominent formation in the easten1 part of the 

Mesa Central province. Tb.e lack of distinct bedding planes 

in the lower pa.rt, together with ita compact textu:ret are r e .... 

sponsible for the imposinc: cliffs on t he east of the range. 

The lower part of the B-u.fa 1L111estone is de.finitely equ:t.., 

valent in age to t he f'orm.a tion of the same name in Chihuahua.. 

The upper .part has not been poa:i:tively correlated and it 

apparently includes a portion of the .sedimentary roeks of the 

Wa.shita division. lt is, therefore. equivalent in age to ·bhe 
1 

formations described by Ransome above the Bufa in ·the Los 

La.mentos district. The entire sedimentary division above the 

Uppe.r Shale in the Mapi.m-t. dis.trict; is tentatively called the 

Bu.fa limestone. 

1. Th.e reader is referred ·to the paper on the Los Lamentos 
District (pp. 34-39). 



The Bttfa conf'ormably overl:tes the Upper Shale with the 

contact marked by several thin beds of' i mpure limestone .. 

Above these .. is a 1000 foot, massive cliff-making member. 

T'nis division is by far the most conspicuous and extensively 

exposed stratigraphic unit in the range.. The upper division 

is composed of' several massive layers separated by thinner 

strata.. It is fossil:i..ferou.s and weathers bu.ff to dark .. rer~a.'.V .. ,..,, "' 

T'.ae massive beds have ind:i.stinet parting planes that can be 

ti"'aced for only short distances. The lower 300 feet of ·t;he 

Bufa weathe1..,s to :rounded or houlder-she.ped fo:rrns, and the 

upper 700 feet of the :mas~dve beds :!'or-ms fluted cliffs or 

spires (fig. 5). :.t.:tte we.st; versant o:f the :range is approxi

mately coincident with the dip of the Bufa beds. 

Ru.distids cqns·t;:t tu.te a large portion of' the fossil re ... 

ma:tns i:n the Bu.Ta l:tmestone and in certain beds are very 

abundant. The lowest Rudis-Cid zone i .s a few f'eet above the 

base of the Bufa, and s. second horizon occurs i:mr.tJ.ediai;ely 

above ·!;he lower 1000 :f'eot massive d:lvision. The uppe1• pal'."t 

of the Bufa is ex:cremely fossiliferous and contains several 

horizons in wh:lch the remains are concent:ra:ted.. 1J:he fossils 

are usually filled with coarsely crystalline calcite and do 

not separate fron1 t he matrix,, altho they are very conspicuou.s 

o:n the wefJ.the.::red surfaces of the rock. The Rudistid specin:J.ens 

may be deten.a.lned, however., from ·t;t1ei:r diagnostic ci..,oss see= 

tions. 



Figure 5. View looking up Socavon wash, showing the 
fluted cliffs of Bufa limestone in the 
background. 
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T.b.e floor of the eastern. part of the Hes& Cen·tral.v as 

elsewhe:ro in the arid sou.t11:vvost > :ts covered b~T unc.o:n.s ol1·~ 

dated to pai:"t:ta.lly consol:tdatod .. c.lc trita1 dopes.its.. The .sJ:1.or t; 

T.b.e alluvia l deposits fro::n adjacent slopes ·f'1.rn. outisard t:>.:ni1 

merge into t h e broad dosert plains .. materiel deposited 

cl"l.::1.:r-acterist:l.c o:t' 

the r.iare:nt ra11g0_, :rnay be identified S0V·3:ral r:i .. :tles fro:n its 

source.. Farther 0:1t the m.a teria l becor:1es :f :tner., t J.ie partl~· 

cles :more rou..:nded, fu.1d the sou rce less evident~ 1:he allu_ ... 

vial deposit attains great thickness l :n t b.e :reg::i.on and as a 

rule is not deeply disected. 

royos as shown by t:he geo1o~~~ic map .., Suet. dcpos:'!.t;s are c o:m ... 

posed of larg e limestone b oulders , and a sm.all <tlnJ. ount oi' clay 

calcium (',t>,:t:>bona to ~ 

IGNEOUS ROCKS 

T\>Jo types of igneou.s rock occur ln t he district~ 1.P.b.o 

mineral belt,. is classified by Spu.1"'r as an ala.ski te., T'.o.e 

rather abundant 9.ark :m .. "i.nera.ls in the :Pock and t he predom-

ns.nce of' plagioo1ase cive:r 01..,thoclase are not i:u accord with 
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Spu.:rr rs definition o:f alaskite,. Tb.e rock has a vitreous to 

a pearly luster which suggests a great predominance of quartz. 

A petrographic examination shows that 1WJ.e h of the apparently 

glassy material is albite. 

Petrographic examination shows the rock to consist of 

tho following prima.ry minerals, listed in the or·der of abun-

dance: a1bite, quartz, or-thoclase, and subordinate amounts 

of' hornblende and biotite. T:ttanit-;e, magnetite> and apatite 

are t he principal accessory mine1"als . 'l'he intrusive ma.as he.s 

a fine-grained granitic texture, and it may be classif'ied as 

The e:icact age of t he intrusion is un1-{'.11ovvn. De£i11ite 

zoning of the ore depos:l ts above the intrtis:tve :mass leacls to 

the conclusion that mineralization was directly r i-;;lated to 

the intrusion. 

The limestone in contact; vuith t he i nt:r11sive :rock has been 

intel'lsely metamorphosed. The meta.moJ:>phosed zone consists of 

a coarsely-crystalline white :marble which grades upv{ard into 

the urnnetamorphosed li::nestone. 

The second type of igneous roclr is basic., def i nitely 
1 

post-mineral in age, and is classified by SP'..:trr as dio1"ite. 

It occurs as intr'Usive mas.sos 011 t he wesJc side of ·t;he range .. 

as ntu11erou.s dikes cutting tl:.e sodin ent;ary rocks, a!"..d as 

dikes cu·pting t he Ol"e bodies.. 1fl1e specimens examined were 

collected from dikes associated with the ore bodies l! T.ho 

1 . Spurr_, J.E., •ore Magmas' 1923, Vol. 1* pp.202-214. 
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dike rooks are intensely altered in t he v:tci:nity of t:'J.e ore 

bod:tcs. 

T11e altered specimens collected .fr0'.'·1 di!rns ~'lort1:. of th0 

ore cleposits we1"'e foJ:merl"r class:lf:ted t~.s hor11blend0-nndo8ib:; .. 1 ,,. 

porphyry,. A petrograpb.ic exu'11 inat;ion of .four spec:t:n011s, 

collected f'ror1 dikes Which cut the ore bodies, ha~:re tl'.e c.on -

position end texture of a diorite.. Apparently a11 the lJOSt ... 

mineral dikes were :tntrud0d cont0mporan0011sly s.nd n~re diorites 

and diorite-porphyries. 

Many of t1'1e dikes follow tho pre-mineral fau.J.ts of the 

northwest-sou.thea.st system.. The post-m:i.ne1.,al d:'.kes at a 

nv~mber of loeali ties are parallel to ore bodi es, and :1.n places 

large off shoots p:rotr-u.de into tho ore. 

1. Villa.rello, J. D .. , Le l'ffine:ral de Tu1apirni ,, Guide excurs ~ 
X Oongr . Geol,, Int. Mexico, 1906, x"VIII, 18~ p.2. 
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Broadly considered., the Siei"'ra. de la Bu.fa de hlapimi is 

a homocline of Oomru:1chean sedirnentary rocks, modified by 

folding and faulting., and later subjected to intrusion.. It 

is a tilted bloc1r: in which the bed£, in general.1 dip in one 

direction i"l t nearly the same angle. Such a homocline may 

conceivably rep:resent; either one limb of an e.ntieline of' it'\f.hieh 

the erost 11as been e1"'oded away, o:r a. tilted fault-block!. TJ:'.ie 

Bufa. is apparently a tilted, slightly arched :re.ult-block that 

has late1"' been def'o:r~ned. T"ne st;ru.ctu.re,, however, is not as 

simple as :lt superfic:lally appears .. 
l 

Bi"iefly, Spurr believes that the limestones were up-

folded by a deep seated dior•itic intru.sion, e.nd that t:h1c:: 

folded sodi:m.onta:Pies were tl::.en bur:led by a thick depos:i tion 

of Upper Cretaceous shale.. Snbsequ.ently, continued e.ros:ton 

removed tlw greater part of the shale., leaving protuberances 

of' the limestone.. FL1:rthe!' defo:!'l:nation, also supposed to he 

related with a b:ypoiihetical :lgnecrus intrt1sio:n, ocm.trred clur-

:tng th.e erosion period.. This deforrna tio:n caused the doming 

of the range, and :tt v;as accompanied w:tth sharp foJ.din,g that 

enclosed layers of the Upper Cretaceous shale :tu the 11:mestme .. 
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masses , accord=i.ng to Spurr, e.r0 {'later emissar:1.es of a b·1J.ried 

diori ·cic coltunn t hat caused t ho ' or:te;:tnal doming of t;l:to :range,, n 

f'au.lt5.ns is an i mportar.1.t 

factor 

seq;1..wn.ce , and th.at the sha l es., exposed alonu the east versant; 

o:.r. the range, aro not youngel"' sha les vJ'b.ich have heen :1.nt'o lded 

du.rint; later defori:nation,, but ;;1hich ha.ye a definite position 

in the Co:roo.nchoan section. 

The M:apirtl ra.ri..ge atru.ctu.rally :r?esembles the Basi11 Hang~ 

type.. It is a t::tlt.ed block with a north. 30 -to 1J=O degrees 

V;.TOst s.1cr:tlre & It is bounded, on the west 

of lts length:. by a narrow shear zone and, on t he east b~r a 

6500 feet-wide zone of defo.rmod a.nd broken ~.H3diments... The 

block is ttlt:ed toward the west-southwest a:nd th.at ve::rncmt is 

apprmi:imately a d:tp slope.. T.tl<:) open folded fault·bloek 

prese:c.ts a st-;eep escarpi1l'.:mt to the east 1.f!i th a zone of :intense 

deformatlcn below the cliff :eace . Long t;roughlike depressions 

separate t he range from the ncighborine siev:re.s to the north-

east and sou. thwest,, The northwest front oi' the range is 

relativ<:1ly straight., vfhe1"eas the sou.theast side of the r an.ge 

:ts irregular. The modifies. tion o:f: the southeast f'x·ont; is., 

in part, a result of a later irrbrusion . 

1l111e roeks, from. the 8juela limesbone to t h.e cappiri.g 
'-.:. 

Bu.fa fo:rraation, outo1•op at successive lovver levelc~ towa.:rd 

·l.;b.e northwest and southeast ends o:f the range as the resu.l·(; of 

a wide~ t;rans"',rerse arch or anticlinal fold. A sim:tlar arch 
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occurs in t h e Los r.ar,1entos and Santa Eulalia ranees. The 

crest of t he transv01"se stru.cture is in t Le v:tcinity of 

Ojucla, a:nd t he ~est strati{!raph:lc section of t he :r>a.nce is 

exposed !'10 8. I' the crest of the fold. I :n bot h directions, the 

rana,e becomes Dron:ressive1v J.owo:r and ne_rrower as the Ercrata 
~ ... - - ~ .. 

successivel~r disappear benea th t h e floor of t he Belson. de 

Ma.pi-mi~ 

T11e 10!16, narrow vall~y east of t he range is appa1"entl y 

a strtrntural feature formed by faulting a.11d not a s-:,'111.clina.1 

bas:ln, as desa:r:i.bed b;.t Spurr. 

The geologie map (P1 6 1) includes a part of the intense-

ly deformed zone along the east front of the range. The zone 

:ts cor:1posed of a group of long , narrov.r bands of f'olded sedi· 

ments t hat are bounded by high ... ang1e r everse faults. A 

nmnber of lovir-a11gle ove1.,thru.st faults complicate t he struc-

tu.re, and overfoJ.ding is VOJ'-?J common .. 

The most; intense deformation oecttr'red in the western 

part of' the zone, in which most of t he ore bodies have also 

heem fou.nd. The ore ~bodies as a. whole differ- in trer.1.d from 

the strike of th.e limestone and from t b.e main system of .f'ault ... 

:tng . The western boundary of the def or.med zone is r'oughly 

marked by a contact of' t he Upper Shale wit;b. the Bufa.. In 

some pa:rlis, howeve1", the Central limes·i;one has been .faulted 

against the Bu.fa . 

IJ:'he BouJ.der fault_. a steep upthru.st .. or higt::i. ... angle re

verse fa.ult, with a strike of' :frJ 30-40 de8rees YI and a dip of 
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65-80 degrees w, is coincident with the general trend of tl1e 

range. It forms the west boundary of the shear zone :tn the 

southern p~rt of the area.. It ma;r be due to a northern con-· 

tinuation of this fault that the Central limestone is in con ... 

ta.ct with the Bt1f'a limestone west of the Talpa sha:f't. 

A im.mber of strong faults lie east of the Boulder fault 

and like it, are mostly high-a:n..gl0 reverse faults which dir> 
':-;;!" 

to t :he west".. Th .. e most i:mpo1 .. tant are the Providence, Central, 

San Vicente, Bridge, Agu.a. Verde (?), Cambia, San Ju.an, Ce.:rri1e11, 

Oabriza, Cum.bres,, and Santa Elena. Th.e strong San DieGO and 

possibly the Agua Verde belong to a seeond system of faults 

which a1"e apparently ~')re -ndnera.1 in age,, altho they '.have 

undergone pronounced post-m:tnaral movement. 

The Central fault is one of the most; persist:ant in t he 

district;. It can be traced both north and south of the a.z>ea 

mapped. It generally marks the contact of the Central lime-

stone with the Lovver Shale. The long, narrow st:r1.p between 

t he Central fault; and the Bufa limestone to the west, is 

eom.posed of sharply folded Central limestone and Upper Shale,, 

Reverse faul t:lng accompanied the folding in the southern p;tl"'G 

of the zone. Th.e intense defor:@.ation squeezed the shale in-to 

separe.ted, le11ticular bodies. 1.Phe width of the zone increases 

from 400 meters in the sot1th ~to 650 meters in the north .. 

Between the Central and ·the San Vieen·l;e :B'aul t to t he 

east is a second well-marked st:i:~ip w:J.th a general northwest

southeast strike . Th.e 1.ower Shale and the Ojuela limestone 
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have been compressed into a sharp antieliri..a.l fold with the 

San Vicente Fault, showing considerable displacement., break""' 

ing the an tie1:1ne along or near its crest.. 1.1!.he San Vicente 

ia a high-angle reverse fault.. It dips 70-86 degrees west 

and is eommonly ve:rtieal in the southern pax•t of the district 

The sou.thern part of t he st1"'ip,, bounded by the Central 

and San Vieente taul·ts, is a rather simple fold> il'ithile i 11 

the north;,,. several faults parallel to the San Vicente modify 

The t:h::tro, narrow,,. wedge-shaped strip is bounded by the 

San Vicente fault on the west and t he Cambia fault on the 

east;. This area,, so bou.11ded.., has a much greater width than 

the p1 ... 0v1ously descJ:>ibed blocks and has also the most eorapli-

cs.tad stru.etu:re f'ound in the district;. The southern part of 

·which are parallel to the San Vicente . TJ::i.e faults have the 

greatest displacement near t;he cres t; of . t he transverse sn"ch 

in the vicinity of Ojuela. The displacement rapidly dimin

ishes to the north. The Oa.r."'!1bia fault; divides jusi; south of' 

the town of Ojuela. 0-.ae component, the Cambia, contint'!.es 

no1"th vd th a N 20 degrees W strike, and the other branch" the 

San Juan, has a l\f 40 degrees W strike. 

The strong San Diego f'auJ.t cuts diagonally across the 

block with a general strike of N-S to N 5 degrees W. It is 

aPParentl"· a pre-mineral fault with some post-mineral e.c-
-.,,,. r;,/ -

tivity.. Tb.e Agi..ia Verde belongs to the same system as the 

San Diego and has also been a plane of post-mineral :movement. 

" 



Several ixnportant overthrttst faults are shown in ·che 

geologic sections (fig's~ 6, 7, 8). 

The ol?e bodies are rele~ted t;o the tJre-mineral f ault:s 

and folds and, with some :iraportant exceptions:i a.re coni'ined 

to t he ~.ved.ge-shn. ped bloek jus·c described,, 

T.he zone ea.st of th.e Gambia extends under the a lu. v:tum 

of t he valley.. To th.e sou.th~ the zone is, i:n. 50i1eral, an 

anticline~ t;J::ie Cumbres Anticline,. The :rorm of' the :fold. has 

'l;een complicated by civerth.:r•1i.sting along the Cu.mbres fault~ 

Morthward, the Oumbres anticline pas.ses lnto a s;1ncline .. 

Ea.st of this syncline lies another anticline which is si:edlar 

to the Ctunbres Anticline. 

The chief' features of t he structure of the 1V1apim1 d:ts

t~ric't are su.mrna:i?ized e.s .follows~ 

1.. T.b.e Sierra de la Bufa de Mapir.ai is apparently of 

.fault-block 01..,igin. Zones of weakness occu.1• at t;b.e 

base of t he range on the west and east sides11 

2. The compressional stress responsible for the fold-

ing, which is a comparatively simple ho.a1oc.1i:nal 

stritcttire modified by several open transverse i'olds, 

was probably exerted from the soutr~~est. 

3 . In t he zone of deformation, a.long t he east base 

of' the :range, faulting is the :m.ost pronounced stru.e

tural f ea. tu re,, 

4. T'ne shale layers in this vigorously deformed belt 

have definite positions in the Lowe:t' Coltlancllean series. 
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5. The mineralization apparently is genetically re-

lated to an intrusion of a siliceous magma which 

possibly solidified as a small batholith ,or stock;') 

\Vith its major axis striking more nearly north than 

the trend of the )?ange. 

6. The dioritie intrusions are pos.t-mlneral in age. 
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MARKER BEDS 

Par·'l.iicular layers a.re utilized to interpret the str"1c
l 

tu:re undergrov..nd in the Santa Eulalia district .. The work 

led to the association o:l: known man.to deposits with limited 

stra tig:r•aphic zones in that district. W. H. Triplett · of the 

Penoles Company introduced the method into the Mapimi dis

trict a.nd has attained equally good results. The markers are 

designated. by numbers; the number assigned to each :marker 

indicates the depth in meters of the upper surface of' that; 

particular bed below the base of ·tl1e Lower Shale f or.i!lation . 

The structure interpreted in the mine by the use of the 

marker beds co1J.firms the results obtained by surface worl{. 

The cross sections are shown in figv.:res 6, 7, 8, 9 .. 

The fi:rst two markers known as the 75 and 115 me'te:r 

beds a.re dolomitic layers, respectively 1.4 and 1.5 meters 

thiek¥ They weather light-gray and stand out boldly in 

contrti.st to the darker limestone.. These dolomite beds were 

used extensively in mapping on the surf'ace, whereas tmde:r-

ground they are not easily recognized and are ,, therefore, in

adequate as guides . 

The 151 and 160 beds are used extensively in the mine .. 

The 151 marker cons ists of three 25 cm .. layers ,, bounded by 

l. The reader is refeitsred to the paper on the Santa Eulalia 
District for a description of the marker beds. 
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shal"P beddi:n0 planes.. 'l,..nese t hree layers arc fro:m 1 .. 5 to 2 

meters apart with t he upper· bed J.51 meters below the shale 

contact. The 160 m.a:rker occu.rs belmv the 25 cm .. bands~ The 

3 beds may be used to distinguish. t he 160 from ·~h:.o very simi

lar 230 marke.J.". Th e 160 marker is eha:r-aeterized by 3 n1eters 

of vernJ dark limestone.. T.hi s limestone co:ntail1s largal' wb.i-Gep 

imperfect shells. of lamellibranchs. It is underlain by a 

15 om,. layer of ha.rd,, sh aly,, pyritie limestone which is cut 

by veinlets of calcite.. In t he vicinity of the ore bodies , 

t he pyritio bed alters to a red or yellow clay, very similar 

to a fault gouge. 

The l?O marker is a definite bedding plane be1ow a ve1"y 

d.a1"k gray lime.stone. A light gray bed, con taining small 

fossils filled with a white coarsely crystalline calcite, is 

i mmediately below the prominent bedding plane. 

The 226 marker is a 15 cm. band of very dark limestone ~ 

bounded by distine-G bedding planes . The 230 marker w·hich is 

similar to t he 160 bed is 4 me·ters below. 

Undoubtedly, othe:t"' markers will be identif'ied a nd u ti

lized ·t;o map the underg:r•ound s·h!"ucture :tn greater d etail. 

MANTO :HORIZONS 

Ore bodies having a man to f or£11,, th.a t is1 long narrow or 

ribbon-like deposits which follow t h e ·bedding of' the inclos

ing rocks, are eon.fined to certain stratigraphic zones .. 

Stratigraphic correlation of' t he known ore bodies in t he 
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1v!a.pimi di.str:tct shows s. :ri.iunber of zones which are especially 

favorable si tE>s .for man to depos:t ts. Fortunately., a :number 

Of the recogn:lzabJ.e r1a:rker beds are coincident with some part 

of a man to horizon. Favorable manto sites and rn.a1"ker beo~s, 

with a list of known mani;c, ore bodies , e.re shown in tabu.la.:r 

f or:m. as fig.. 10.., 

The two dolom.i ·t ic beds, maTkers 75 and 115, are notable 

examples o:f" rnarkers the. ·t e.re also favorab le man"f:;o horizons~ 

They a:r~e t he 'only doloro.ite beds assoc:ta.ted w:tth the deposlts ~ 

The San.ta 1nena and West Ca1"'111en. have a man.to f.o:r>rn in the ~75 

marker. Within the favoJ:>able 15 mete.:r section, between the 

100 :meter bed and th.e 115 marker, ·the Coneepcion, San Ignacio, 

part of the Ta1pa 1 a.nd a branch of the Otun.bres have st1.,011g 

man to sect:J.ons . 

The most favorable m&.i1to zone in t he district is the 

horizon limited by the 140 and 190 beds. The 190 mete~ bed, 

almost without exceptionf marks a stratigraphic horizon where 

ore bodies change .from the chir:ney to the manto form. The 

man-Cos usu.ally :r:tse gradually by si.1ecessive short steps to 

t he upper beds of the zone and extend to the surface, or to 

some strong pre-mineral fault. '1'.b.e ore body may again assume 

the chih'1ney form at such a fault and follow the fault to the 

surface or to a higher manto horizon. The Incline, San Vicente, 

Marias , Se.n Juanito or San Carlos East, the Cum.bres, and 

several of the Talpa mantos are within the 140-190 zone . 
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A pa:r't of 'l;he Cumbres deposits have a :wan t o fo!"a ~ t the 

230 ho:t:-izon,, t<-1h:11t:.; the San Ju.an manto has followed ·the 240 

Th.e c.1eepest known ms.nto zone :ts hou.:,'1ded by t' :.e 393 and 

430 meter beds. I n this zone, the San Diego, Santo ;oo:m:tngo, 

Pa1or:.1as-Ojuela;; East ,, ano. San Judas ore bodies have strong 

ms.ntos. S::tm.ile.r to t-;he 140-190 meter zone, the mantes g1"a.d ... 

lowe1" part of the zone to 'the J:dg11er 

beds,. 

By a correlat:lo:n of t he stratigraphic position of known 

mantos in a district, it :ts possible to pr-edict the probable 

occu1.,rence of :m.a:ntos in certain plo.ces and to avoid. ex.tensive 
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ORE DEPOSITS 

The major replacement deposits of the Mapim1 district 

are confined to the Ojuela li:.mestone in an intensely folded 

and faulted zone a.long the northeast slope of the Sierra de 

la. Bu.fa de Iiiapimi. The deposits, in general, ruay be elassi-
1 

fied according to form into chim..'leys a..""ld mantoa. 

very irregular and fo1"'ln. a. complicated system. 

Tiley are 

The or~i 'bodies have a tendency to combine at depth to 

form la.:rge, J:<>egular shaped chimneys; a c.b.aracter well demon

strated by the Santa Eulalia deposits. At Ojuela, it is 

quite evident that the ore-bearing solutions emanated sinn.tl

ta.neously from several points; while at Santa Eulalia•. the 

ore bodies e.xte:t;id upwa.rd and outward from one large ohi:mn.ey, 

the site of which was apparently t he charinel for the ore

bearing solutions • 

.An ore body, from its lowest chinraey to t he surface., may 

consist of several ma.:ntos eonnected by chimneys .. 'l'he pa.rt or 

t he deposit having a chirn.ney :f'orrrt connects with mantos 111 the 

favorable manto zones~ a.ltho ex:oeptions oacu:r when the chim• 

neys are associated with p:r•onou.noed zones of intersecting 

fissu.res .. 

Individual ore bodies have a. trend of N 30-40 degrees W,. 

parallel to the m1;1jor f~tults and folds.. The mineralized zone 

1. The reader is r eferred to t;he paper on the Santa Eulalia 
district, pp. 63, 64. 
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has a. }l 20 degrees W stx•ikc; e. stl'ilre t ha t is coin.c :tdent with 

t h e alignruent of t he ch:trmoys in t h e lov1er pa1"'t of t 11e m:t:n.e .. 

It probably coincides with. t h0 st1,.,:1ke of the axis ,;;.f soi:.1e 

buried struct;ure, or possibly with t h e s,,,--r.is o:!:' e.n :1.ntrus:ton 

"that was apparently t~1e sou.x•ce of t he or·e- b ea1'ing sol u.t :.tons ,. 

A p:ron.01J.nced i ncrease in t h e cross section of a n ore 

bod~"' near the we. ter table :m.a:rJrn t he change :from t h e ma..ss1.ve 

S.v_lp1'...ides to 'l.ih.e porous oxide deposits.. Aside fro:m t he 

abo·ve except;ion, t he cross section Oj~ an ore body gr t:i.dua lly 

diminishes s.vmy f'ro;;i, t b.e sou .. rce . 

T'.ne deposits sh ow a pron ounced cha:n.ge in t h e characte1"' 

o:f t.'t.e ores \'!.rith in t heir kn.ov..rn vertical l"a:nge.. Ore bod:tes ,, 

e.quidistant frO'.JJ. a co1m.non chii:r:.:r1ey or f:t"om different chi.mneys, 

may contain ores that hav'e di.f:fe:rent oomposi tions. Tb.e dif'

f er~n..1ces beti.llleen ores of apparently related deposits dimin 

ishes with depth. Assays together with position and attitude 

of certain deposits are ir.tdioative of t he places of probable 

union., 

Several 01~e bodies> selected from t h e large nv..mbe:r. of 

deposits of the district~ will be briefly described i n order 

to illustrate t heir for.:m" habit, and relation to stru.cture~ 

Qwnbree .Q;:~ P,_odz 

!J.'lhe Cunibres ore body is essen1:dally a group of intricate

ly related man.tos a.nd ehimneys that, in general, ascend toward 

t h e sou.thee.st and follow along ornear the crest of the Gumbres 
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1 
Anticline., 

Below the 12th level (wate1'"' l evel)., the Ctunbre s deposit 

Fro:.2 t h0 12th t o 

er"n limb of the Ctu:nb1"es .Cmticli:J.0. '.11.he mEmtos a r e assoc:ta tecl. 

with. the favorable becls of the 140-190 met<n' manto zone;. The 

cl':d.:runey deposits a.ssrnne a rn.£:i.nto form at t;he 190 m.et:01~ marke1" 

able :ru.anto zone .. 

pos:ttlon continues ti.:.i'lt;i1 tho 140 :meter bed is reached ~ Tl10 

A pre-mirwral fault; traverses t h e dep<JH:dt near the 4 tl1 

level.. Its strike is a. t f:t small angle to t;he a.xis of t;h.e 

anticline., The fo:r.·in of the deposit cha:nge s a t the :f:a:ult$ one 

part of t b.e deposi-t crosses it and continues south as a 1:1a.nt o ; 

the re:maind.e:r•, a ch iran.ey, is gui ded upward b y t h.e fault. A 

manto e.x:tends south f rom. t h.ls chin:mey at t h e 115 meter w.a:r•ker., 

and the ch :t:mr.1.ey,, n1uch reduced in cross section, :r•ise s to the 

contact of ·T;he l·h,1esto11e and shale. Appa1"en.tly the p:re~ 

m.ine:ra1 fault zone wh ich was c1°ossed by pa.rt of tht-:; 01~e body 

v1a.s :not as susceptible to depesi ti on and replace-m011t as the 

broken limestone along the crest of the ant;icline. 

1. Prescott, Basil" The underlying p1.,:t:nciples o±' the lime ... 
stone replacement deposits of' the 1\ile.xiea.n Province, E Be 111 
J., vol. 122, :no .. 8, Aug .. 21, 1926. 



[_ 
Figure 11. Gwnbres Ore body . 

Section thru line A- A' of Pl . IV . 
(After Prescott . ) By permission 
Gia . Minera de Penoles, S. A. 
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The segrJ.ent o:f the ore body extending south of the fault, 

is associa:bed with the 140 marke1,, (plate iv}, a11d it join8 

ariotb.er chirnne:r :.t:n. a f'ractured zone a:nd J."ises to the 75 :m.ete:r-

i11g c1.,oss sect;ion, extends 500 meters south,. T:h:ls upp01" 

man.to is };:nown as the Santa Elena ore body,. 

Another man to withi.11 ·t;he 230 meter manto zone (plate :1 v) 

p1"obably joins the Cwnb:t"'es Chimz1ey,,. 

A 1ong:1 tudina1 section of th(7 Cv.mbres 01"e 1~ody is i1l'tu1·~ 

tratea. and the markers are plotted (plate iv),. Transverse 

seet:to1".l.s of' the Omnbres ore body $.re shown on figures 8, 9.:< 

& 11. 

San Oarlos Ore B,.od.¥. 
~ · ~ 

The lovm1"' part of the San Carlos ore body :l. s a chim..neJr 

associated with a pronounced pre-mineral fault. The chimney 

extends along the fa.ul t:r and its fo:rm is ve1 .. y similar ·co a 

shoot in a vein. $t .is quite different from t11.e norL11al form. 

of a chimney a.rJ.d. 1.s illustrative of t h e influence exe1"ted by 

a pre ... mine!'al fault du~i11g m:I.neraliza ti on. 

Nea.:r the water table,, t h e chimney reaches the lower 

limit; of the favorable 190-140 meter zone.. The deposit; then 

asstwes a rnanto form a:n.d follows the ·bedding to the su:r.f'ace .. 

The rocks ar·e folded into a sha.:r.p antic1111al fold and have a 

di.p o.r •1:0 to 50 degrees. Replaeen10nt extended farther later-

ally t han. is eha.:r·acterist1c of m.antos ln general, and the 
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deposit is th.:i.n compared to its width.. The r elatively steep 

dip of the beds was apparently responsible fo:t' the sp:readi:ng 

of the ore,. T'.h.is me.:nto :ts s:tmlla.1., ::t:n f 0 1..,,Ltl. 'CO that of' a 

blanket deposit,, 

The plan and a sect:ton of the San Oa.rlos ore body ari~ 

shown i:n. :figil!'e 12 ,. 

Carl!!~ . or~ Bodz. 

The Oa:rmen ore body is, in part1 analogous to the San 

Carlos, that is, it a.sr:.ends to the s'tll'faoe along th.e bedding· 

of t he limb of a steep ant1eli:r1e. At one point,. :however., 

the deposit leaves the 'basal beds of the 190-140 meter ma:o.to 

zone and. rises in chimney form ·to the upper part of the hori .... 

~on vifher•e it again follows the bedding.. The gradual :step

ping from one bed to a h1g.,11er stratum within the man to zone 

as sh.own by the Ov.mbros mantos, does uot occur in either the 

San Carlos 01~ Carmen· ere bodies. The Os.rm.en m.e.i1to is si.m:.t"" 

lar to the San Carlos; it is thin but mu.ch wider than is 

usual for the manto deposits~ 

San Ju~-s.a.~ Jorg~ Q,'.£e Bodies 

Th.ff lovirer part of the Ban Ju.an-San J orge <:ire body i.s e. 

chimney which is associated with a pre-a1ineral f an.1 t and ey,: .... 

tends 200 meters above the water table. :l.lJn.e fault sho·ws a 

displacement of approximately 100 met;ers. At several places 

dioritic dikes fill the :f'aul·t. About 200 mete1~s above the 

vmter table,, the chiw..ney connects with a manto assoc.iated 

with the favorable zone which is bounded by the 240 and 230 
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Th.e manto deposit follov.rs the bedding sou.th along the 

erest of a broken. anticline f'or a distance of 500 m.ete1~s .. 

The ma.nto par1l1lels t:he pre ... m.:ineral fa.ult; th.at is associated 

with the chh:rn.ey but; is not; coinci.dent with :i.t .. 

at its sou.thern end$ c1•osses the fault:, and then t:he deposit, 

in the fo1<>m. of a chimney 11 l"':ises to the surface. The projsc-

ti on (fig. l2) shows the longitudinal a:n.d transverse seetio:r~a 

of the o:r>e body" 

San Ju.daa-sa..11ta Rita Ore Bodies 
~ .............._~ . 

Th.e lower exte:nsions of ·the San Jud.tis -San.ta. Rita ore 

bodies a:t"e e. grou.p ot related chi..l!IDeys.. The chimneys join ,a 

group of ma:ritos that continuo to iihe southeast,. T:he mantos 

are a.ssocia·ted with the favorable beds of the 430-393 motel"' 

r.nanto zone. :l,'l'lne sonthern en.ds of th.e mantos connect; w:lth a 

group of cl':d.:t1111eys th.at :rise from the 7th level to the su:rif'a.c<;;;'il 

11'.he chim:neys follow a pre-mineral fault;. The influ.e:nce of' 

the fault on the shape of the deposits is sl:1own by the vein ... 

1:1.ke fo:r.m of the chimneys~ instead of the :normal elliyrbical 

shape. BelOY9 the ma.nto horizon the .fau.1 t was ttnim,ports.11t as 

a. locus for ore bodies. A composite plan av.d a sect:i.on of 

the San Judas-Santa Rita ore bodies a:re shc1wn on Plates II 

& III .. 

The lowe;p San Diego ore body is a. man to a.ssocia ted 11vi th 
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the lowest beds of ·t;he 430-393 meter man to zone. The ore 

body crosses the strong San Diego fault, (pro-mineral ?),, 

.favo~C'able layers of the manto horizon where it agai.:n ext;euds 

This upper mant:o f'ollow::.1 the 

d:lato:.rt;ed structure, a huge 1z t shaped f'o1d., until the San. 

Vicente fault is :reached.. The depos::t ts then, e~s a g:ifou.p of' 

chi.trmsys gu.id.ed by the San Vicente fault, extend to the sur·-

face .. 

OJuelP;-Palomas £re. Bodies 

The Ojuela-Palomas ore 1J odies have been mined frord t he 

surface to a d epth of 3000 feet. 'l1b.e Ojuela was t!.H·; f'il"st 

promicers in the district~ 

T.h.e lowest deposits a:Pe a series of' large rela:ted chi:m.• 

neys.. A nwnber of mai1.tos extend from t he ch imneys in the 

favorable manto horizons below the ws:ter table_, wh;lle above 

the water table, a group o:e la.J:."t.50 mantos occur within the 430 ... 

393 mete:r man.to zone.. Several chimneys extend upwa.'.!?d f:rom 

the mant;os,. As the succeedL'1g favo1':lable zones are c1.,,ossed 1 

man t os extend. outward ~m the ehilm1eys, e.11.d t;he cl:d.mneys, 

redu.ced :tn eross section co:nt;inu.tl to the surfa(}e .. 

8topes or mined-out chimneys indicate the size of the 

original deposits. They attain diameters up to 50 meters 

and heights up to 300 meters. The belief that the ore bodies 

we1"e deposited w:tt;hout· definite control by fissures or beds, 
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1 
as 1:.a.s been suggested.,, is purely an assumption t hat; is vex•y 

doubtful. 

level arc v01"y regttla.r in shape and will pr•obabl y unite to 

form. a l a r ger ch i mney deposits. 

T14e posi·tion, form, s.nd mineral eharac'ber of t he i:leposi ts 

in t he d:tstrict suggests that several other Ol"e bodies unite 

to fo:r..m. larger deposits at a greater depth . T'n.e ore bodies 

which will most probably unite to for-;1 la.rear deposits a.1"e 

as f ollows : 

l . The t"'!No branches of t h e Cumbres ore body may com-

bine to f'onn a l arge, ;c>eQ.!.lar chimney withi n 100 

meters o:f t he bot ·bom of' the present workings. 

2. The San Juan-San' Jorge ore body and t he Sa.11 Jtu:u1 

Poniente show indications of co-JU.bining at a depi;:h 

wit.tun 400 meters of' the water table~ 

3. The American ore body will probably unite wit h 

the San Diego and tl:e Santo Domingo ore bodies . 

4 . The San J'u.fu'i.s ... Santa Rita and the Tesoro ore bodies 

may combine to form another large chimney. 

The maj o:ri ty of the ln1ovln lower chimneys lie along t;wo 

N 20 degrees W lines and thus bear no relation to the str'Ue

tu1"e of t he range. The San Diego .fault,. a p1"obabl~ p1"e-rJ.i:n.e:r-a.1 
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fracture wit h post•mi11eral r.wvement, is the only :i.:mportant 

st1"t1ctur al .feature t hat has a trend that :1.s coincident with 

the aliGn:n1en.t of the deeper chimneys ~ This aligunent of 

cb.imneys strongly m.:i.ggests that some bv..ried str-..1crbur0 o:r• i:n ... 

tru~d. Vf) body had a pronou.nced i:nf luence upon the lo ca t:ton of 

t l:e deepe:.r deposits $ The writer believes t hat the align

ment of t !1e lower chi:raney deposits and ·che genera.l trend of' 

the mineralized zone :ls coinc:tdent v1i·th t h e a tr•ike of' ~;he 

longer axis of a:n int:rus:tve body,, r ather than a bu;i:-:i.ed struc

tu1"e, alt b.o a definite conelu.sio11 fror.1 t he available evidence 

is not possible. 

Most of t he ore deposits i.n the u.ppe:r pa.rt of the m·lnes 

are gefini tely s.ssoe:ia ted with some geologie tea ture sv.ch B«S t 

a pre-mineral fault, limb of a fold, crest of an a.nticline ,11 

and occasionally the trough of a syncline. '.?he association 

of the lower-m.ost deposits with the known geologic !'ea tures 

is less proncm .... "1.ced, and the deposits occur at any point or 
t he structural f'eatu.r es or crosses them~ 
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ORE AND GAWGUE MINERALS 

A list of' identified ore and gangue minerals is gi\rer.i. 

belov1. Al tho not complete, it probably eon ta.ins a sufficien:t 

nmnber ofminerals to describe the deposits. The mineral 

association is commo:n to lead-zinc-silver replacement depos= 

1 ts. There is a :notewo.rthy absence o.f the rare heavy iron 

silicate minerals, fa.ya.lite, ilva.i·te, and knebelite f'ound 

:tn the Santa. Eu.lalia distriot. Hov1ever, a number of lime

rich silieates are fOU.l'ld in the Ojuela deposits. 

Gold 
Silver 
Su.lphu:r 
8pN1le1"i te 
Pyrite 
Cb..alcopy1"'i te 
Galena 
A1,senopyri te 
Boulange:t:'i te 
Stibnite 
Prottstite 
Pyrarga.rite 
Oerarga.ri te 
Fluol"i te 
Quartz 
Hemati·te 
Magnetite 
Li.monite 
Psilomela...'l'le 
Pyl•olusi ta 
Anglesite 
Ceru.ssite 
Calcite 
Dolomite 

List of Minerals 

Gypsum 
Barite 
Bi:odheim:tte 
Du.ssertite 
Arseniosiderite 
Scorodite 
Oa:rminite 
Jarosi.te 
Plt1111bo jarosi te 
Vvu.lieni te 
Mi:m.et:tte 
Pyromorphite 
Malachite 
AZUl"'ite 
Hyd.rozincite 
Calamine 
Rl.1odoerosite 
Dioosid.e 
Woliastoni te (?) 
Hede:nberg:l.to 
Tremolite 
Serpe:ntino 
Ohlorite 
U:.ralite 
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The hypogene ore minerals, except py-J?ite and magnetite, 

we1"e deposited at a moderate (mesother.m.a.1) temperature and 

depth. Magnetite is a mineral which is usually associated 

with the higher temperatur•e ( pyrometasoma tic and hypothennal) 

deposits; and pyrite is a mineral which is recognized as 

hav:t11g been deposited thru. a great range of temperature. 

Several o:f the :hypogene gangu.e minerals are indica. t; i ve 

of a higher depos:ttto:nal temperature than the mesotl1ermal 

ore minerals. T'"ne silicates are common in the lower depo.s:tts 

of the mine and will probably become even more abundant at 

greater depth. 

Olassif'ieatio:n of the Ores 
--~---------- --- ---------

The ores may be divided lnto t;h.ree classes; each coin-

cident with a zone . 1.1\'10 groups of' the ores a:re f'ound i:n a 

primary sta.-te, while the third has been almost completely 

oxidized, 

Olassif ication of the ores is based primarily upon the 

preponderance of the dif fere1rt; original component sulphides. 

The primary ores are usually of com.pa:ratively sii:nple mineral 

composition. They contain a few common minerals in relative-

ly large amounts together with small ,, though important, 

quantities of' less conwon minerals. They a:re predominantly 

mixtures of pyrite,, sphalerite, galena,, and arsenopyrite, 

and locally, chalcopyrite . The component m.inerals of the sul

phide ores a1"e mingled in vecy different proportions. The 

diagram,·.\(igure 13, shows the relative period of formation 
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of the principal ore minerals. 

The ores which contain more than one sulnhide mineral ... 

in large amounts are called 'massive su.lphides i or 'mixed. 

sulphide ores t. The latter term is prefe1 ... able. 

The ores of the Mapimi dis·t;:rlct are grouped as follcnNs ~ 

I.. Zinc- arse:n:tc ""' lead .. copper ores. 

II. Lead - zinc ores. 

III. Silver - lead ores. 

GrouE .!• 
Group I, the z:tnc-a:1:"senic-lead-eopper o:t."'es, occur i:n 

the deepest workings of the mine. The massive sulphide o!'es 

eonsist of arsen.opy:rite, chalcopyr:i.te, galena, pyr·ite, and 

sphalerite with a lime sil.ica.te,, quartz, f luo:rite, barite, a11d 

calcite gangue.. The sulphides occur as coa1'"'sely crystalline, 

massive replacement bodies with a very s:me.11 amount of asso ... 

c:tated gangu.e material.. Tb.e ores have been considerably en

riched with hypogene s:tlve:r minerals . Garnet, quartz, and 

fluorite, in addition to being mi."'ted with the massive sul·· 

ph:i.de ores, . oecur as veinlets cutting the sulphides. 

Blende is the most abundant sulphide 111 the group and 

is followed in order of abundance by pyrite, galen.e., arseno

pyrite., and chalcopyrite. Large masses of arsenopyrito ooca·* 

sionally· segregate with.in an ore body or• for.m a shell en

closing the deposit;. A:rsenopyrite is abunda.nJ; in the .Liower 

San Diego ore body. rrhe chalcopyrite and arsenopyrit;e in the 
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mixed sulphide ores are very erratic i n distributt-0n. 

There are 'three variet:l.es of textu.r0 and str·u.cture of 

t he ores .s and tb,iay off er- :fea tu:r:es of unusual into::ecrn-t . The 

f .. , "t'> C1l" r.1-
- ........ >;;> "., ...,. h:. t;he semi..,porous 

grarro.la:r aggregates of the different su.lpi~; . ides i:w. th<:; larger 

chi:tr.nE.rys and lower man tos • T"ne massive ores show no spec:i.a.1 

:regularity :h:"J. the re la ti ve size and distribution o:f the gra:L:'"ls,, 

Occasionally a vugg.;r stru.cture occurs w:! t h i n the massive 

depos:i.ts. The small \i'1.,1gs are usually li...ried with quartz or 

becomes a porous t'l.fSffrega te of nearly complete sulphide 

crystals. This type of ore disintegrates easily. 

The third type, a banded str11ct;ure, is n1ost prominent 

ili t' ne r:1ar1t;os composed of botl Group I and II ores. One type 

of banding is parallel to the bedding .. Tb.e second type of 

banding which i s by far the most i mportant is related to 

t he fraotu.ring. '1".l:ie favorable manto zones _were very suscep-

tible to fracturing and this produ.ced a well broken zone 

bou.nded by strata which t!H;; fractu.rine was less pronouneed. 

'11he ore-bearine; solutions then ascended wl thin ·the fractured 

limestone and the replacement; produced a banded deposit in 

which the layers a:re parallel to the f'ractu.:res ~ The l'leplace

:m.ent was toward the center of' individu~a.1 blocks simultaneous-

ly from all sides,. The shape and size of the limestone 

blocks are clearly marked even ina deposit where replacement 

has been cornplete ~ Occasionally u.nreplaeed limestone is found 
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surrounded. by banded sulphides. T:..'1e banding of tb.e •m:txed 

sulphide ores t does not show any pronounced sepa1•a tion of 

rninerals as rn.igh:t be expected. 

Group g . 
The ores of Group II, lead-zinc ores~ aside f:t•om tb.e 

ratio of the :metal lte co:nsti tuent r.4 to each other~ a:ro similar 

t o t;hose o~e . t he fi:r:st group. They are :mixed su.J.phidc ores 

a:nd consist of galena and p:yri te with svJ:1ordinat~i amou.nt s of 

m:J.ne:r•als fo:rm but; a Sh"1.al1 part of the ore, and. :1 i; cons 5.S'!~$ 

chiefly of qu.e.rtz, barite, fluo:d.t e , calci·te, e.nd rn.ac;:t:l.etite . 
1 Silicates are less abun.dnnt t han i :n the ores of Gr1oup I, and 

are rare in the uppe1 .. mos t sulphide depos i ts. 

~Dlnhid~ o~a ·_1t is fol.lowed 
...... ..... - ..... --- "' ' - 3., - .... 

in o:rde:P of abundance by pyr:tte ,, o.rsenopyrit :.-3, 

boula:nger-i'lie, and chalcopyrite. Deposits of this class of 

ore have been f ound over a vertica l range of 800 feet. The 

t h:t s group.. The ores of the upper deposits of Group II 

approach t he composition of the ores of Group ):II.; and th.e 

l ower doposits approach t he composition of t hose of Group r,. 

Several man tos, one of the upper Pala.tl1a.s ma:n-Goa, f <.11"' 

exar:1ple,, contain d.eposi ts in which the ganb·11e is except:lonal-

ly aht1x1dant and cons:i.sts ohiefly of fluorite, ba.ri t e, qll.artz j 
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Largt7 masses or segregat;ia:t s of galena surrot1nded by 

'mixed sulph.ides' a:re common, especiall ·~ i ::1 t he ch i r.rnGys. 

Some of the galena masses are t> meters in diarneter and ~~ 5 

meters in length. The structure and t exture of t he ores of 

this erov.p are identical V•(i t h tr..oso of the Grou.p I ores~ 

G;roup ill 
'!'he OJ.."~S of Grou.p III,, sil ver-lea.d 01.,es,, are al.most 

totally- oxidized. The oec::Qonal sulphide remnants indicates 

that t h e ores consisted ch.iefly of galena, pyrite; a:rseno

p;y-rite , and sphalerite, with. subordinate quantities o.f su.1-

pha:rsena·hes and sulphant:tmonates of lead and silver. The 

gangue is ch ief'ly quartz, carbonate!! fluorite, and bari·&e. 

The o:tid.1.zed ore consists oi' a r en1arkablc ~roup of lead, 

iron, silver,, zinc, ar senic, and gnngv.e minerals. The most 

comrnon oxidized ore mi:nera ls are cerargr.c1 te, ee:rv.s site, 

anglesite , hematite,, limon:tte,, jarosite, and plumbojarosite~ 

Quartz.~ g;yrpsii:m, caleite,. t>arite, and fluo1"it e are t he common 

gangue minerals. 

The ores are gone:rally bedded similar to those of the 
1 

Los Lamen:tos a.n.d Santa Eul alia districts.. The bedd.ing is 

indicative of· t he migr ation of the m.etall:lc con stituents dur

ing oxidat;icm.. The inclined mantos of Ojuela are generally 

much, wider than those of' Los Lam.entos aud Santa Eu.lalis, and 

1. The reader will find detailed descrj~ptiona of oxidized 
mantos in the papers on the Los Lamentos and santa 
~"i.llalia districts. 



t lw wide tlepos:tts are I'elativel~1· t hin . Th.e open s paces 

SOUl"CO Of +~J'.18.·.1 ·..:..,,._.,~. " 1 "' 7., .,, ·p·!".• ·Por· V -- d.i Vt,11...:L ........ 5 , t,.. .'.C.~ r.tV .. ~ "" 

l <?ss tb.an. the s u..lph.:tdG ores t o the output of t ho district. 

old st opes J· and tho new bodi0f3 

t hat are occas:lons.11;/ fou.nd. 

T.t.ie ore is l"O'l.:t3hl y b edded and occasionallJ stu"rov .. T1ds unr e-

placed 'bou.lders t of limestone or blocks whi ch fel l from the 

roof dnr:ine oxidizatj.o:n . 

Oxic1atio1i extel'1ded t o over 50 mEd;ers belov1 the pr E;sent 

water level. 

Zona.1 Di.st:ribu.tlo:n of t he Ores --- -------- ..........., _...,..__ ~ .. ~ 

The ore deposits show a progressive change :L·! c o:!11posi-

tion from argent;ii'e:rous ga lena or e s containing c onsi.derable 

ehaJ..oopyrite, a.risenopyrite .11 a.nd S}?ha l .e :rit e to t;h ose i n 1.rv·h ich. 

1£.h:ls change in composition, a.ltho 

t he dema :t:ea.tion i s not conspicuous , di stir1gu.:tshes t he thi•ee 

descr ibed groups of ores,. 1'.he occurrence of t h e ores S:wws 

a prominent; zonal distl~ibution,, a feature v1hich has an ~h:.1por ... 

tant bearin.0 on the ox•igin of t l1e deposits. Prom t he &'1.J.1"'-

f a ce dov11.1wa:rd the zones a:t•e: 

A,, Lead-siz.hver zone. 
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1. Upper, lead-zinc-silver ores 
with. t he zinc content 
increasing at depth . 

B. Lead-zinc zone .. - 2. Lower 1 zinc-lead-s:t l·11er ores 
vr-ttt--i ~·he.> ~,..1,,.,c '"'0'"''')0 ''''' • ..., ~.- W.-'IJ .:..i-<.J • .:. :; v Ji.I; v J. ' 

C • . Zinc ... coppel" zone. 

and arsen:i.o content i n
creasing downuard ac
companied by a decrease 
i n t h e lead co:n:bent .. 

T.he deposits, fr om t he su.rfaee t o a dept h of about f~OOO 

feet are (Group III) silver-lead bearing ores o T7.c1e;r are al·~ 

most completely oxidized. The ores then arc of the ar@en-

tif'erous-galena o:P the lead-silver zone. The maj oz:i t~l of t he 

oxidized arsenic :mj.nerals were derived f r om arsenopyri t e , 

Several of the minerals~ especially pyrite and arsenopyr ite, 

were formed over a long period and there is a :n overlappinc;; of 

the minerals in the t hree zones ( fig1..t1~e 13). 

Deposits in the lower part of the zone whi ch have a 

similar mineralogical composition co.m_rno11ly occur at different 

elevations.. The ore-bearing solutions u.ndoubtedly emanated 

from several places and the ores deposited by them were zoned 

vertically and la terall:r !rom the loei. The dif'fer•enee i n 

size of the numerous ore bodies and the relative distance 

from their sources produced an overl"pping of the zones. The 

bottom oi' the zone of oxidation :r·ou.ghly marks. the lower 11mi t 

of the argentif0:rous-galena zone . 
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Lea.cl-zinc Zone 
~ ~ ~,,_,._ 

Zon0 B> t he lend-zinc zone, pa~H~es upwa rd i nto the 

a.rgen:t:tfo:ri::ra.s-c:;nle:na ores an.d dmvnward into the sphaleri te ... 

Th.0 zone has a vertical :range o:f 

over 800 :reet; and. nay be subdivided :tnto two parts . 'The up .. 

per pa.rt ccms:i.sts cf dopo~d. ts of silver-bear·in,z lead-zinc 

ores in ·Jhi c~ 1 the zin c and arsenic content increases down-

ward. T.!10 1<)1Jlr01" part of t:;bfJ zone consists of deposits o:e 

s ilver-beaJ•ing g:lnc-lead ores. 1J.1ho lead and silver• con:ce:nt: 

o.f the o:ros 5.n the lower part; of the zone decreases a.:nd th.e 

zinc!) arsenic, and the copper co:nten.t increases. 

The re.t :l o of t he dlfferenc.o of· the n1e ta11ic content of 

deposi ts wh ich are the s uzn0 elevation and pr obably :role.tea. 

decreases downward; while the ratio of the differences be ... 

t ween the r"!eta.llic content of dGposits wb.:1.c:f.1 a:rc rela:t.ed to 

diff'e1"e:nt d eep ehim11eys increases at dept;b .• 

Silicat es are rar e in the ~::pngue of t!1e upper· ores of 

t he ge.lene.-spha.leri·te zones and tli.e;r beco:mc abundant :tn t;h o 

or es of the lowe:r· pa:L"'t of t Le zone. ~iuo.rtz ,, fluorite , and 

ca r bonate are the most a bw.'1.dtH1t of' the gangue m,i:nera.ls. 

Zin.,c.-£,9.P.P.~:r. !_o~ 

1.J:hc lowe:r.u10st known oJ?es of the d:i.Btrlct {Group I) 100-

long to t;he z inc -copper zone ... The ores Grad ~, u.pward i :·1.to 

t he zinc - lead- ars0nic-silver ores of t b.0 loa.d-zinc zon.e . 

W.i thi:n t he develop0d 300 f'oot l'\9. i1Je of t h is :;~0;:1e t ho silver 
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per, and u.:rsenlc inc:t"'~'3ases vr:t t h depth ., 

cat;eg increas.:~ i :n. o.bm'ldan ce at dept1': .. 

butior1. 

lowest depos:i.ts to 

either separated or ove1"la;?1AJd , or they ~na::r be :rl:iBsing . The 
J.. 

Barr·en zo:ne 

1.. J~rtons , W. E. P:ri:m.ary dowr.r~vard changes in ore deposi ts, 
Tran., /l,. I. n. E .) 70, 1924, pp . 964-99~;. 

Spurr~ J. !~o. 2. 192~')' (.! 1 .. p. u_J_ o 
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ORIGIN OF THE ORE DEPOSITS 

The mode of' origin of the :ma.:nt;o deposits will be taken 

up in mol"'C detail :tn anothel" part oi" ·this pape:ra.. Ii:; is well 

to state here, however, ·chat there can be no reasonable dou.bt 

but; that; all of' the deposi:ts of t he Mapirni district were 

:t'o:r-.1a.ed at qne time, and that t;he ore-bearing solu:tions wei"e 

hot :mat:,'lna tic vm ters,,. Alt~10 the origin o:e t;he or·e-beari.ng 

solutions is not readil:I susceptible to pos:i.tive proof~ cer ... 

ta.i1:1 f nets i11d.ica te that the granodJ.or·:t te mae;ma was the Ol'i

ginal source of t;he solu.t:tons. 

The ~rnlutions forrn.2. n,:::; the lowest deposits :must have had 

a rr1oderately hig:1. teE~pere.tu.re and tb.;:; m:inera1s of t1:H;,;;.p;;; de\~• 

posits are cha:pacter:tsticall;y tdgh t;emperat;ure or hypotber.mal 

minerals suc:h as th<~ ga:n1eb::\, rw1~smetit;e, :t' lu.arit;e, and t;he 

distance f1"om the ;;;;ranodior-i te :.nass :i.nc:r•ee.sed, the terJpera-

h1..!'f2! would :natu.::1:-a ll;y- decrease and t1:1is change :1.s reflected 

in the miner-a.logic character of the deposi t:l[--garnetl>' rn.agr1e ... 

ti te, c:i:w.lcopyri te, ~ll.I'B<'" .. n-1opyrite, etc., becor!l.ing less abtu1-

Sphe.leri te and galen.a are anong 

the pr:lncipal co:nstl tu.en ts o·f' the Ol"'G ~ Upwa1~d, the quru'1t:'i:i.;;y 

of t;Jie sphaler·:lte dec:r,eases. The ga.lena ine:reases in abun,.. 

dar.:.ce to e. maximu111 :111 the ores oi' Ch"ou.p II and t1'1en g1~adu.ally 

It; seErr1s evident 'that; the 
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the difference in t,.~e metal content of the ores and the zon·· 

:tng is indicative of origin b~r coolint:; mag.'11atic so1uti ·.,;i~·1s ~ 

T:t .. e zonin.'":: of ·rb.A -::erA_.:o~dt,·~ i· .ct W•""J.· __ ·1 . .:ie1·0 01,.,,,,i_ ... ..,,,,, .,. ,,,-:1 r1c' t ' · -~ v - "'i -~-- . - ·- ,, v. v. 1,. , -~•.; .1.J.-.:.• vv» .. <._, '·•,,) .' • 

bodies to ea.ch ctb.er a.nd to several 1:::.u:>ge cl:.:lr·:.n.0:Js ::i .. 11d:t~ cat0s 

the ore-bearing solutions e1\1a.nated s:l:rm.ltaneou.sly frcxr·: 

several places .. 

d0posited r'l.ac;nesil:t:-:ri minerals v.rere a ltered during ox:lda.ti )n 

and locall;y eff'ected dolomi tizat iGn.. The nor-.1Tial Ojn0la 

except:l:n.c the two dascribed d.oloxn.it1.c beds:i is a 

r•elatively pv.re non-magnesium lb1estone. 

The hypogene depo~dts were ms.ssj.ve replacements consi~rt-

i11g e:h, iefl~,r of sulpl1ides viri t h a small amount of gangu.e. Disnf 

seminated sulphldes distributed th:ru t h e limestone are: 

relat:lvely rare .. To a small extent the sulphides filled 

fissv.:1."es-" bnt f'or the m.ost part, they were deposited by re-

placement of t:r:.e O,juela limestone without the prior develop.., 

me:nt of open, empty spaces,, 

T'.b.e lowermost deposl ts occur w·i th.out regard to t he 1:::;;1ow-n. 

stru.cture_, altho "there is a :n. aligllille.nt of t he 11;irgf~r chimneys 

which suggests the influence of a buried structure or of the 

gra.:nodiorite mass . The location of t11e upper dvpos:t-ts in.di-

1I'he ore deposits oi' the district have bee:n. almost com~· 

pletely oxidized from the surface to a d0pth of' ovo:r· 2000 
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feet. 'l'.heref ore , :l t j_s necessary- ·1;0 i nfer fr~ a nalog;r with 

the lov.rer deposits, and from the fer1 rerddu.al uasses of sul-

phic1es in t h.e oxidized bodies !i t he :na tu.re of' t he 01 .. i5:lnal 

01"es befor e ox.:tde.tion began. There is but li;ttle dou.bt 'that 

t;}"!.e ox:i.d:tzed bodies or·~Ltd.nall"'r cons l sted of masses of sulub.ides 
...,, v -

'ii'"1r, -'i ch wer-e !'.h·Tef'1.,,. of' 1)·,r•0"t·e >"'l'f~] e.na ~div· e1"-b"";~ . ...,i·nrf' m~ 1·1""'~<-~ 1 s· v .. .... - ~- - ... ......- . ~ ~-- - - d ..... .:.. it; "" ...t... !!. (.,)..... ... - - ' - - - '"~..,.. ... . ;;.,., .... _ ...I.. .t. v_ -- - ' 

bar:i. te, and · c.ar•bon.at;e "' The ores undoubtedly represented t b.ooe 

of' t he J.et:td-s i lver zone . 

T.he ore-bearing solutions apparently ascen.ded to the 

s ite of the 1m.ovm d eposits i r. the zones of lntersect:lon. of 

i' i sstn"'es , or flsstu~es a.nd p:re-mine1~a1 f'au1 t;s t;hat durJ.ng 

deposition bee.a.me thH s:i.t«:J of 

oi'f fra.m the zone of .!.ntersec'cion of f'issv.1 ... e s when t he up-

wa1"d passage \'lias reta:r•ded l'ry t he relat ive tightness of t h o 

fra etu:res and followed well the fractux'ed favorable 'beds that 

were very su.sceptible to J."'eplacement . :11he gouge along t h e 

walls of faults protected tl:,,e li:r110s'tone from attack by t he 

or e-'iJea:r:Lng solutions in most places ancl th.is apparently ex · .. 

plains why veinlike deposits are comparatively rare. 

T'.ae ma:nto deposits, tb.ose deposits fol.L owing the i'Jed ... 

dint:~ of' t;he roe.ks, we:i:·~ formed b y deposi ti.on f:rom ore-bea:r•ing 

solutions that; came u p along ·i;ba favorable st:.ratigra~V:Lic zone 

of t h e man to &1.d not thru. the a.ssocia ted ve:rtica.1 fissures. 

Tb.e general f o:r•m of t h e Ojuela. deposits has been described in 
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a preceding part of this paper together with the structural 

i'eatu~res that were apparently invariable conditions for 

mineraliz.e.tion. :b"t:tasuring of t h e limestone i s essent:taJ. for 

t he deposition of t b.e important oi~e bod:tes ; a .f::ict \!!jell demon-

strated in the preserved structure of the hypoge:ne mantos~ 
1 

The developr.a.ent or the ore-bearing and barren eaves 

that are so characteristic a feature of ma.nto deposit.s are 

a result of ·the· action of downward moving solutions d.ur•ing 

oxidation .. 

The d.eposi ts were apparently fottnd. at a depth of mo.re 

t han 3000 feet below· t he present outcrops . 

l. See Santa Eulalia report 
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COHCIUSIONS 

A study o'f: the manto type limestone replacement de

posi ·ts of northern Mexico found under varying conditions 

led,. as :m:I.gb:t be expected, to the acquisit:ton of data not 

evident; to the geologist whose attention is foeti.sed for 

the time being upon a single deposit. 

The deposits studied for this thesis were confined., 

with one exception, to the eastern part of the Mexican. 

Cordilleran province.. The three larger districts have been 

described in detail in the accompanying papers. 

T.he deposits consist in general of a connected series 

of manto and chir:1ney ore bodies. Mantos are long narrow 

blanket-like ore bodies whieh f'ollow the bedding; ch:1mne7rs 

are irregular elliptical-shaped bodies wh:lch traverse the 

bedding of' the enclosing rocks. 

Some of the points applicable to the study as a whole 

are set forth in the following s'U.Il1!Uary: 

1.. The Lower Cretaceous sedimentary rocks of north

ern Mexico are a continuation of the Texas Co:manchean forr.1-

ations. 

2. Correlation. of the formations in northel"n fliex.ico 

with ·those of the Te;,::as Comanchean sories penn.:tts a more 

restricted stratigraphic assigxrr11ent of tho ore-bearing zones 



than is possible With the l!."uropean system of no:mencla tu.re. 

3. Most of the mantos occur in the Blaek and the 

Los Larnentos lil'nestones of the Trinity division of the 

Coma:nehean series.. The Intermediate limestone, the upper

most member of the Trinity division .. is relatively barren 

in most districts. The lower part of the Buf'a formation 

of the Fredericksburg di vision has a number of ore-bearing 

zones and in .some districts it contains the major deposits-. 

4. The mantos are confined to certain beds or zones. 

The number of favorable ore-bearing zones il'l a formation 

varies over the province, al tho locally, the ore-bea1•:tng 

horizons are continuou.s., The factors which make some beds 

or zones more susceptible to replacement than others have 

not been satisfactorily determined. The data.} however,, 

show that it is the physical and not the chemical pro

perties of the limestones th.at; apparently exert the great

est influence upon the location or manto deposits .. 

5. The majority of the mantos are found at the 

crests of folds. The folds may be prominent ox•, in little 

deforraed regions, can be discerned only by careful investi

gation,. T'.o.e fracturi11g is most pronounced at the (}rests of 

t he folds. 

6.. The fissures are rarely single breaks which are 

prominent ove:r a great vertical range. 11.'he breaks usually 
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occur in groups or belts of closely spaced parallel fractures. 

They were for1u:ed apparently by tensional stresses. 

7. The charactel"' of the fructn.l"ir.g is, in part, de

pendent upon the physical properties of t he li.i."'neston.e . In 

bri t tle beds the fracturi:ng is pronounced, while in ot;hers, 

especially· the argillaceous layers, the .fractures are rela

tively 'tight.' Hence a fissure zone in its vertical range 

m.ay b e strong 5.n some bed.s and. very tight 01 .. lacking in the 

intervel1:d.ng layers. The beds which were most susceptible 

to f':rac t;u1"ing furnished fa:vo1"able channels for the ore

beaz>ing solutions which by replacement produced the manto 

deposits. 

8. Intersecting f'issure zons:;~ produced a rottgh. colunm 

of bi•oke:n rock, wh ich afforded not only a channel for 

mineralizing solutions but also a site f or chimney deposits .. 

9 . 

i n depth. 

10. 

fissures,. 

The fissures are more pronou..."11.ced and continuous 

M:a1'.ltos a.1"e invariably e.ssocia ted with pre-mineral 

lJ.111.is feature may be al.mos·!; obliterated :tn t he 

oxidized deposits but is an outstandil'lg feature of the 

primary deposits. 

11. Within an ore-bear:Lng horizon t h e rnanto deposits 

gradu.ally step from. the lowermost to the upper.rn.ost favorable 

beds of the pa.rtdeular horizon and f ollow the upper l ayers 

u n t5.1 an other ch ir,mey or the su1"fa.ce 1.s reached. 
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12.. Altho the cross section of the deposits decre&lses 

upward from the lowest knovvn bodies of a district, the 

diminu.tion is not consts.:r1t 1ft.J.. t varies wi tb. the physical 

condit ion of t h.c enclosing rocks . Strata in V:.'hich t h e frac-

tu.ring and fau.lt:'!.ng was pronotm.c.ed and at the same tiL"lB U!i.-

even i n magni tu.de con.ta.in deposits which have very irregu.1ar 

cross sections .. 

13. Folding, a.ltho it may be qu.ite gentle, was e. very 

importa.n t factoi~ controlling the location of t he man to de-

posi t .s. wring folding, virhich appal"ently was accorapa:nied by 

fracturing, the brittle beds broke and t he more competent 

layers were folc1ed . Differential movement of the bE1ds pro-

duced gouge which acted as il!I.pervious barriers to t:he ore ... 

bear:Lng solutions . 

14 . Vein deposits are rare. 1::his is, in pa1"t, a re-

su l ·t; of the :tnconsiste:nt character of tho :fissu res over a 

J.arge vertical range and the absen.ce of pronou.nced pre-

mineral faults in most districts . T'.ne walls of the faults 

whe:r•e present were apparently protected. by g•-ouee frorri. t he 

action of t :b.o mineral-bearing solutions which may have pass-

ed t h r u. them .• 

15. In districts where t h e deposits have been viorked 
..• 

over a co11s:ld01"'e..ble vertical ra:ng0 ~ ma:nt os l:1a."'ve furnl£hed 

the largest production :ln the upper pa r t of t he deposit and 

ch imneys ·become lncreas1ngly important in depth . 'J.!b.:i.s. is, 
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in part, caused by the increased prominence of the f'is

sures in depth. 

16.. Altho the analyses of sections of an ore body, 

either oxidized or sulphide, are u...."1.iform; the deposits sh.ow 

a gradual but very definite change in composition over the 

entire district . 

17. Ther•e is a blending of the minerals formed at 

different temperatures which de1nonstrates a gradual 

tra.n.sition fr·om a higher to a lower temperature environment . 

18. The ores are believed to have been deposited by 

magmatic waters.. T'.o.e deposits of' a. district were apparen:i:;ly 

formed at one time . Tlie similarity of the districts and 

the general geological association indicates that t he manto 

deposits were probably all formed during early •rertiary 

time. 

19. 'llf.1.e ores are zoned upward and ou·t;ward fr01n the 

a.ppare11t source of the mineral-bearing solutions . 

20. Replacement deposits associated wit h pa1"allel 

fracture zones in different ma.11t; o horizons or diverging 

fractm.r0 zones in the same horizon may have e. very different 

composition at poin·ts equidistant .frarn the presumed source. 

21. Oxidation has changed both the chemical and 

ph';~ni:teal status o.f the deposits.,.. 

22. The metallic content of the bedded oxidized 

material is roughly that of the primary deposits f1.,om which 
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it was derived. This indicates that dv.r·ing oxidation 

there was no removal for any great distance of an:~r oi' the 

economic minerals. 

23 . 1\iagnesitun minerals, constituents of the primary 

deposits, we:r•e alte1"od du1~i:ng oxidation and the l1n1esto11e 

locally converted to dolomite.. Dolomitic limestone :i.:i.'l. the 

0 
• i " f' . • d #t ~ V:i.C J..11' ·r;y o · pr·:imar-Jr cposi ~ ::i..s :rare_. 

24. The caves associated with the oxidized deposits 

are products of OJtida ti on. Th.e ore-bearing caves were formed 

by t he lovrnriri..g of t he oxidized ores fl"'Om the pos:t ti cm of 

the primary ma.nto th2•u the r emoval of l::i.ra.estone be:neatlJ. the 

deposit by acid solutions. The action expedited by collapse 

which contir.w.ed until t he :roof hecar.10 a stable arch . The 

br:.rren-eaves fonaed diu .. i ng oxidation mark ci:rculat1.o:n ehan-

nols .. 




