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ABSTRACT

A study has been made of the principal manto type lime=-
stone replacement deposits of northern Mexico. Three of the
districts, Los Lamentos and Santa Bulalia in Chibwahua, and
Mapimi in Durango, are described in detail. The sedimentary
rocks are correlated with the Texas Comanchean formations.
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 nake some beds more suscepblble to replacement than
others,

Folding and fissuring have been essential in localiz-
ing the ore deposits. HWantos have been found to occur, in
general, in favorable beds at the crests of folds. The fis-
sure gones are most pronounced in depth. The cross section
of a deposit decreases upward from the apparent source altho
the diminution is not constent. Mantos have ylelded most of
the ore in the upper deposits: chimneys become more imporsant
in depth. The analyses of sections of an ore body are uni-
form but the deposits show a gradual change in composition in
a district. The ores are zoned vertlcally 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
oxidigzed deposits is almost identlcal to that of the primary
deposits from which they were derived. Dolomitization has

occurred locally during oxidation.
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CENERAL PHYSIOGRATHY AND

REGIONAL GEOLOGY
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LOS LAWENWNTOS DISTRICT, CHIHUAHUA, MEXICO

Introduection

tudy of the Hanto Type Limestone Replacement Deposits
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of Horthern liexico will be presented in the following series

papers. Bach district chosen for study shows mantos de~-

tivity and structure., The final paper will sumarize the
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vegarding the controlling facbors of ore deposition. It is
hoped these wresults will prove of wvalue in the development
of the known ore bodles and be of ald in the discovery of

ol

The Los Lamentos Range 1s composed of tilted Comanchean
sediments that are little deformed. Any rocks, elther ine-
trusive or extrusive, which might have a genetic connsction
with the ore deposits are remote from the disbrict. Althe
the main ore body formerly was considered as an ideal manto,
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STTUATION

The Log Lamentos limesteone replacement devosits occur in

t, State of Chihwmalua, llexico. The range lies
in latitude 30 degroes 30Y north and longlitude 106 degrees west;
gy

and approximately 90 miles gsouth~southeast of E1l Paso, Texas,

The deposits of this district are the latest of the noted "manito®

From E1 Paso the district is reached 5§-i}e Notional Raile
ways of Hexico via Iucero and the Ferrccarrll Chlhuahua y Oriente
to Felixz U, Gomez, a total distance of 182 kilometers (112 miles)
from El Paso. A nountainous barrler separates the district from
the 1n+e?;éticn&l Boundary, the Rlo Grande, only 48 killometers

(30 niles) %o the northeast,

"“j

]

1lla Felix U. Gomez, formerly Los Ismentos, the terminal

(3

crrocarril Chibwahua y Crlente, 18 sibucted ab the
southern baze of the Bierra de Los Lamentos just south of the
outeroeps of the Empcion-~ibumada Mine. The position of the los
ILamentos Renge i1s shown on the index map {Figure Ho. 1),

{

The City of Chilhuahua lies 220 kilomebers (137 miles) south

. Gomez and the Santa ITulclis district is 15 miles

ot

of Pelix

oast of that clity. The mantos of Sanbta Bulalis are comparable



-

§Las Minas

{ Moctezuma

Map of northern Chihuahua, Mexico, showing the loca-
tion of the Los Lamentos Range in which is situated
the property of the Ahumada Lead Co.

Fige 1

-
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Rpop
(4) Upper Bufa beds.

Up to 1000 feet {305 mebters) of solid clean
lim@sﬁon@. Resembles the ILos lLamenbos limestons, but
is more fossiliferous and not so distincily bedded,
Rough cliffy topography.

{3) Tetid fossil beds.

Two hundred feet (61 mebters) or wmore of shaly

P2

mestone and Interbedded black limeantone. Hmerous

1inm
i

i

very minute black fossils.” GOives a fetid odor when
struck, The middle part, near Los Lamentos, contains
2 or 3 beds like the lLos lamentos limestone, Over the
Erupcion mine a single bed, not over 3 feet thiek (0.9
meter), lies above the middle beds just menbtioned and
18 readily recognizable by its characteristic red and
dark gray mottling.
(2} Los lamentos limestone.

Brownish limestone from 100 to 500 feet (30 to
152 meters) thick. Fossiliferous execept in lower 30
to 40 feot, (9 to 12 meters), with large character-
istie fcssilégnaay tope. The Los ILamentos limestone is
thick-bedded at base and in upper fourth but in the
middie shows no bedding., Thilckness at west end of range
about 78 feet, (23 meters); at sast end about 300 feet
{91 meters.)

(1) Blue limestone and shale.

l. Orbitcolina texana., ¥, L, R.
2. Chiefly Caprina. F, L, R.



Conslsts of 3000 feet (914 nmebters) or more of
ghaly limestone interbedded witk blue limestone in
bods up to 12 fset (3.6 mebters) thick. AL top, 100

L}

feot {50 mebers) or move of pure biue limestone. ok

over 300 feoet (91 mebers) exposed near Los Lamentosg

rest, if present, under the valley Tilling. Few fog-

ils,.

n

.

BOTTOM

Aside from minor differences, there ls an Impor-
tant discrepsncy between the sectlon as gliven by Prese-
cott and that presented in the present paper, This
is due %o his view that the Sonora, Tlaxcala, Buena
Suerte and Triste limestones of the present papsy
{ses the acoompanying geologle map), are a repetition
by faulting of the beds enumerated In his stratigra-

phie column, whereas, as will be shown later, they

P

2

are clearly younger and stratigraphiecally higher beds.

The fault assumed by Prescobt, in explanation of thi

supposed repetition, does not exist.”

In probebly the most important and enlightenling paper re-
lating to the limestone replacement deposits of northern Mexico,
Preseattg does not note any Comanche beds ebove hils Upper Bufa

limestone.

3. Prescott, Basili The underlying principles of the limestone
replacement deposits of the Mezican province; E. & l. Jour.
Press Vol. 122, pp. 122, pp. 247, '26
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D. Be Smith 13 responsible, as follows:
"The Los lamentos is a Cretaceocus linmestome in beds
dipping 14 degrees a@ the north. AL the base is a blue
Lﬁﬁmfﬁuu*ﬁifﬁfdéw limestone. Above this lies s bed of
recrystallized limestone, which in bturn is overlain by
the orewodiecs, (largely lead and silver bearing wminerals, )
Above the orebodies are about 50 feet of aml@m&sa with
wﬁﬁl& fogsils. Hext in the series come 100 feet of lime-
gstone containing larger fossils; then 100 feet of "fetid
b@i'“ containing only ﬁ¢ﬁgzc fossils. From this point
0 the crest of the maumtaiﬁ about 1900 feet a%QVﬁ the
entrance of the workings, the limestone is described asm
merely fossilifercus."



Avvarently the first recomnition of nmineralization in the
district wasz by & Mexican, Jose Maria de la Pelia., Or, Peha %0ld
¥Mr, D. B, Smith of the occcurrencs and Smith visiting the dilstriet
4 wearsg later was favorably imopressed by itz economic possgi-
ies. A 85 foot hole comprised the early workings on the
present Eruncion cleim., A falr showing of high grade lead care
bonate ore was eéxposed. Precediny Mr, Smith's inspection, ap-
proximately 60 car loads of zine ore had been shipped from a

rospect in the Bufa limestone ebout 2 miles east of Villa Gonmesx.

e

A Mexican located the Eruncion claim in 1907 and the dow-
nouncenment wasg later raffisd and won by David Fenchler. v,
Smith purchased the option from Fenchler in 1918 for $50,000.00,
The =zame year he opbloned the adjacent Labrador dencuncement
for {100,000, Exploration work was hindered by lack of water,
and revolutilonary periods. In October, 1918 Imith and E. F.
Knotts, president of the compeny, were capbtured by Pancho Vills.
They were released after payment of & $20,000 ransom. During
the rest of Villals activity, the mine was ummolested and re-

celved his protection..

Zmith and his assgsociate

)

are ontitled to the credit of really

Q

recognizing the possibility of the district. During 19217 about
7800 tons of ove, averaging 40% lead, were tronsported by wagon
to Villa Abumeda, 45 mlles west and shipped via the Nationel

Railway to Chihuwalma City. In 1918, exploitation deereased,

©
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primerily thru lack of sufficlent capltal,

lrs Henry O, Dudley, in 1019, becams Intorssted and brought
it bo the attention of his assoclisbes, Dr. L, . Rigketts and the
late J, Cu Greonusy. Opbions on adjacent property wore obbained
which with thoe sontrolling inbterest of the Brupeion wore incoprw
porated as the Mnmada Lead Jo, After a debailed examination by
geclogists and englacors, ineluding Sasil Prescobt, Ira B,
Joralemon, and H., €. Dudley, the calenlated ore resorves warvanbed
thoe conatmebion of a Drandh rallroad to the Hational line, ‘E’Em
railroad begen operatling August 16, 1088, and dellivered the ove

to ¢, duares, Chilwaime., The mm from Imecero to Juarez vwas over

ooy B B e o 2 o - T A g - N
the National R, R, of Baxieo right of way.

in % - e “ i A & WL v ’ B RPN o Gt @ ;i i "t o

Un October 10, 1824, the company train wvas wrecdked and robbed

% % P £ it s g . pos. 3 e A E ampdeayp <% S S & ORISR, % ovone B g
by bandibts, This occurred a shoriy digtance south of Candelaria,

o

8 gbatlon approzimotely 63 kilometers {40 milles) south of G,

oy r - vy abe - Hhies o VRO . B A o < B ey Nl % 1 . -
Judrog. aAppareantly thoe bandliis wore recognized and, b0 avoid

exposuro, murdered the entlre train crevw btogether with the com
panyts booklkeeper, eul fhree employses of the Hetlonal Lines,
who were on the btraln,

water for pobable use In the town is transported from eompony
wells 2 kilometers esst of Ilucero. The mine punps supply an

emple snount of waber for other parpuses.
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Many geologists have recopnized that northern Mexico thru
dlstinetly contrasting towegraphie, geologic, and economic charac-

ters,falls into a number of naturael divisions, From four o

-.‘b’

gseven divisions have been pestulated by these workers, The phy-
glography of Mexlico in a broad ranner, has been treated by
Prevdenberg, Blasekwelder, Ransome, HL1l, Thayer, Suess? and
others. There is apparently more sccord of opinion recarding
northern Mexico provinees than expressed in the literature cone=
cerning the vhysiogravhice divisions of southern Hexico.

A brief swmary of the physiographic wnits will give & clear
setting for the stage of this sbtudy which lies within the Hesa
Central and adjacent Sonoran provinee where the manto deposits

QU

{1) Gulf Coastal Plain Province,

The m@ﬁb easterly it of northern Mexico is known ag the
"tierra caliente” or Gulf Coastal Plain Province. It lies ade
jacent to the Rio Grande and is a conbtinuation of the Gulf Coastal
Plain of Texzxas. Bouth of the international boundary the orovince
narrows to a very thin strip between Tampico, Tam, and Vera Cruz;

(5)
 Freudenberg, W.--Goologie von lexico-Verlag Gebrlider Borntraeger,
Berlin, 1921. '
B¢aokwelder, Ellot-~United States of lorth America
Handbuch der reg. Geologle, 8, 1912.
Ransone, ¥. Le=-Prdblems of American Geology
Yale University Press--1915,

Hill, R. Tew=Z.& MeJe 72, pp. 565; 84, pp. 631; 85, pp. 6813

Tran. A,L.0.E. Vol, 32, PD. 165 178, 1902.
Thayer, Warren--The Physiography of Hexico., The qurnal of Geolegy

Vole. 24, 1916. Pages 61~94,
Suess--Face of the Earth, :
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and is composed of sedimenbary rocks of Cretaceous and Tertiary
age that have & broader distrimtion in Texas., The rocks in.
general, have been sﬁbj@atén bo very 1ittle dsformation other
than gentle foldi*g

s P oy g ween 5 s i S o § e oy y i | 7 E Eo%
Petrolsun and the usjor coal deposlts of Hexico occur in this

- e

{2) Sisyra ladre Oriental Province,

The sastern front of the physiographic unilt lnown as the
Slerras Yadre Orlentael ls & very precinitous scarp that marks the

stern limlt of the Gulf Coastal plain,., The Siecrre Yaedro

Ly

Oriental mountaln system is considered by wenyg part of the Mesa.

Central, viz, Mexlcan Cordilleran province; other investigators

consider them a soubherly exbenslon of the Rocky Hounteln system,

.

h&ﬂﬁ@)tﬁ be reforred to ag a distinet province. The sastemmn

limlt of the proviace 1g distinguished by a steep overthrust fauld

e
.)

2

is a double overthrust. The latter rheoenomena is

m

which in pla

(’2

a prominent featurs near Cruz, Tam.

mountains form a drainage
divide except in the few places vhere the streams have penetrated
the Mesa Central Province. The ssctern Slerra ladre ls cumilative
in slevation from north t6 south. It rises to 5,000 feet at the
U 8. Border and attalns an elevation of 10,000 feet or more south
of the Troplc of Cancer.

Stratigraphically the Slerra MNadre Criental provinge is une
1ike the Rocky Hounteln system in whileh intrusive rocks pro=
dominate, as it 1s composed chilefly of faulted Cretaceons sedimenw

z

tapries in the aorthern part of Mexzlico. Farther south extrusmive
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sociated with the inbtrusives, scatltersd masses of gras
&

4
mongonitic rocks, but thelr economic Importancy ls dwarled by,the

adjiacent Plateau province,

{(3) DMessa Centrali Frovince.

The Hesa Uentral oy Mexican Cordlllieran Proviace is the
major physiographic unlt of lexico. It 1s a wedge shaped area,
diminishing in width from the International border toward the
gouthe The Plateaun, as it is commonly called, is Dounded on ihe
eagst by the Sierrs liadre VUriental and on the west Ly the Dlerra
ladre Uccidentael. Ghese ranges do not present boeld Ironts toward
the Plateau province, but usually extend outward with rather gentle
slopes upon the Mesa. The Flatean and the bordering Slerra Hadres
converge @d teminate against the transverse Voleanic province
of southern Mexico., It merges indelinitely with the intermontane
plateau region of the United States that lies between the Rocky
Mountalns and the Sierra Nevade, = . ., The surface of the
Hesa Central is a broad expanse of undrained tervitory broken by
steep, short ranges rising above the floor of the plateau., These
ranges have, in general, a north-northwesterly trend, ‘fhe broad
pasins occasionally have shallow or dry lakes. +he elevation of
the platean increases from 4000 feet near the border Lo over 3000
feet near kexico vity. The abrupb ranges rising out of the lesa
atbain an a2ltltude of geveral thousand feet. Geologically the
Mese is divided in two a@ﬁti@ms. The easbern part of the wedged

shapod plateau consists mainly of sedimentaries of Mesozole age,
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princinalily Cretaceous liwestonc. he westvern part ls character-
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ized by early Tertlary volcaanlces and wihcre erosion and delop=
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matiocn has occurred the undcerlywns Lretacolus 3Iuratia 18 aXposed.

Trequently uineral deposits are found in sucli eXposuies. 4

Most of the larger veln Lype ailver producers of Hexico are

2 e T D vl LT delmn THaeade & b = wy ¥ = . "y e e T P
agsocliated with the Pertliary voicanics of the Cordilleran pro-

&

vince. The eastern part of the plateau embraces the manto type
load-pllver dé@o&itg with one known unotable ezception. It is
very probable thabt similar deposiits lie undiscovered beneath the
voleanic cowvering of the wesbern part ol the Mesa. The sedimen-
taries of the platesu are very olten cut by intrusives, especially
nonzonitic rocks, and these gensrally have minerallzation ag-
soclated with them. However, it is natambr%ﬁy that several of

the major nmanto deposits are act closely or obvicusly associsated
with lzneous recks.

The short isolated ranges that stud the surface of the kesa
Central are the result of vigorous Posh Gﬁmancha deformation.
Gentle to sharp folding, in which overturned folds and overthrust
faults are common, i8 & cltwwe. . ..o of these short ranges.

Tire Slerra de Los Lementos is an example of the type of rauge
et rises abrupbly above the desert £1i00r.

The Cordilleran Province is the Important leade-sliliver~zingc

producer of Mexleo.



(4) Slorra ¥adre Oceidensal Province.

The Uesa Cenbral rises with rather genbtls grades In the

oM‘)‘ y - 2 - 3 g P ’
wesbrbhe sastern slope of the Slerrs Madre Ocoidentsl, The

northern rpart of the western Slerra Madre is & nore contrasting
unit thap the esmstern Sierra Hadre Orienbal. The western aslope
of the Slerra MHadre ﬁsﬁiﬁémtﬁl forme o very sbesp harrier Dow
tween the Plateau counbry and the Sonoran FProvince, The moune
taing almost Aisappear as an orogrvaphic unit near the Intere
natlonal boundery, while just south of the border the peaks ime

wedisately atbaln an aliltude of over S000 foect, This province
moerges indefinitely with the short ranges of southern Arigons
and vestern Hew Nozieo. Jomo investi gators hold that the

Golorado Platony iz an abutb t for this Provioce,

,4

Silorra ledrs Cecidental iz composed largely of Tertiary

voleanics and intrusives, probably resting on Grotacecus limew

stone. I% 1z one of the most muzsed and least studied areas of
Horth Amerden, To the south the peaks etitain greater altitude
and Pinally disappoar Dencath the cover of the tronsverse Vole
ganie Provinee of Mexleo. The Silerra Madre Oceldental i1s a
bgavily winersilzed bub 1itils develoned ares, Iack of branswe
portatlion, nosbile Indians and almost inaccessible arecas age
count for the small develomment to date.

{5) The “onoren Province.

i dIrmedlately adjocont o the west

ambal, It iz the Vexicen continvation

Frovinee and is commonly kmoun as the



Nevade-Sonoren Province. The large copner districts of southe

western U. S. and Sonora cceur within thils »rovince. The nrow

Al

dominating rocks are Tertisry flove and intrusive masses, with
an occagional block of Cretaceous lirmestone exposed as & resuld

£ % Y e . . Sk : e T T O Ne——" | 20 wp o LR
of block Tanltins. The limestone is usually inbterbedded with

g later paper on the Oposura HMento. The Gulf of California is
probably a submerged part of the Hevada-Sonoran Province.

(8) Tower Colifornia

Lowey California 1s a ao“,inuat*on of the Coast Ranges

L]

of falifornis.



The Loz lementos is & roelablvely ahort pange »lalng abruphly
above the broad desert floor of the Hesa Cenbtrals Iba gonercl
trend iz H OF degroos Wy The trond is o siightly nove wostorly

han charactoeristie of the noighboring ranzes, Tho locul sobilng

s ghoum on the recomnalsssnce map, Plate Ho, 1.

| “m%i»mis,s acrpss & broad desert valley, lles the long, nave
rov Sioree del Flerro. 'his wangze 1s about 9 miles fran the base
of fos lamentos Mouwnbains, %The illmsstones in the Slerra dol
Flerre hove beon greatly favited and in places stand on ond or
oven overturned, The Limestone ia, for the grouter purt, oqule
valent to the "Bufa" limestono of the ios lamenbos range. Heor
the southern end of the Plerros, ijagels (blue) llmcstono 10 oxe
pogods and & larze vecstangular sroen of brovn shele and sandstone
ezbonds enst from the bese of thoe roasge. Togt of the sanmdobone
has beon netamorphosed o quartzibte. Thile epoesrs o Lo ogule
valent to the Perdido quartsite whileh will be menbioned labor.

The Perdide Range 1los 12 nlles novthenorthwest of $ho Loo

lamentos Nountaine. It has o dus northesouth trond. Sbyabie-
graghienlly the rocks ave ogulvalent to the lover soction oxwe
posed In the Log lanmentos renge, Including the Jngela, the Ios
lamentbos, San Vicembe, and Bufe limecbones. The Bule Loymbion
forms tho erest of the Perdide Range. Hovwever, sboubk a nile
to the east, flanlking the southern half of the lewdide Jange, is a

s
ghort yunge, the Sierra del Gordbalbl, whleh 1s composod/Llimsstonos
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of the Vashits division of the Comanclie Serics. iHebanorphosed

sandstone, the Perdide quarizite, outerop in a nwber of low

; » 5 i sl S v T R

knolls a shert distance west of the Perdido range.
T g - - ey 4 = - Rra B o ~ oy e
Horthesst: of the Perdido range 1s a very imposing barrler,

o

osed of quartzites, sandstones,and shale capped by & thick series

of limestones,

"

Fighteen miles due east of the southern tip of the Loz Ig-

mentos range is the Sierra del Hueso. The section exposed in

this long, narrow, north-soith trending vange, is a repetition

of the lover limestone formations of the Los lamentos Rance,

@«

Twenty~-two miles to the west, across a broad desert plain,

are the Aleaparra and 21 Gorrion ranges. The Slerra de la Al-

oz g an 2 2 oy s
caparra may be considered as three units, Slerra I

-

imposing limestone peak forming the

a

outhern unit B the chaln.

2]

The central m the Slerra de la Alcaparra, ls composed ene-

tirely of limestone and -the bluff, or "Bufa" Alecaparvs, appears
as a mpajestic stoeklike landmarl, The range has been subjected

of ingels (Blue

0

to muchi deformation and a great thicknes

stone is found exposed near the southern end of the range. The

third unit, Los Cerros ds laz HMinas 1s sepvarated from the Sierra
] ks

de la Alcaperra by a narrow valley. The Hosqusteros iine end the

Mexicana prospect occur in thils range. Andesitic flowsy bank

¥

e north across the

P

azainst the northeran slope and continue to
P, O. Chimaa 7 Criente right of way.

The Blerra del Gorriocn ls 30 miles I 45 degfees W from the
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Los lementos range and five mliles due north of Los Cerros de las
Minas, The southeast face of this range is composed of limestones
that are flanked on the north and west by Inbtrusives and andesitic
rocks, The limestones have been greatly deformed and metamor-
phosed near the monzonite porphyry. Garnet is abundant in the
metamorphosed zone,

The monzonite porphyry is the nearest exposed intrusive to
the Los lementos district. The mineralization on the several
prospects located in this range @M.prob&bl°f§scrib®d to the ef-

fect of the porphyritic intrusion.
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STRATIGRAPEY AND STRUCTURE OF THE
LOS LAMENTOS RANGE
BY
F. L. RANSOME#*

GENERAL FORM OF THE LOS LAMEIITOS RANGE

' Broadly vliewed, the Los Lamentos Range is a homocline of
limestone, c¢rescentic in plan, that trends north 656 degrees west
and presents its steeper and concave front to the south-wouth-
west. The average dip of the beds is approximately 20 degrees
to the north-northeast., The total length of the mountaln mass,
so far as it projects above the valley £ill, is about 6 miles
(9.6 kilometers)., Its greatest width is about 3 miles (4.8
kilometers). The highest peak, Ia Bufa, rises to an elevation
of 2,005 meters, or 6,578 feet, above sea~level.

In addition to the generally simple, crescentic, homoclinal
ridge which forms the meain body of the range, there are, to the
north, a few smaller elevations that are strucburally a part of
the Los Lamentos Range but which are superficlally separated
from the principal mass by areas of alluvium. The largest of
thege 1g Buena Suerte Mountain (also known by its older neme of
Triste E@uﬁt&iﬁ). This mountain also is cansyieuausly'and
regularly homoclinal in structure, the component beds dipping
from 10 degrees to 25 degrees to the northe-northwest. The sum-
mit of Buena Suerte is 1776 neters above sea.

#3ection from "Report On The Geology Of The Los Lamentos Range"
By Fo L. Ransome for the Ahumada Lead Co. 1926
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Other, much smaller, hills rise from the alluvium north
and east of Buena Suerte Mountain, They are composed of massive
limestone, in which the bedding planes as a rule are too obscure

to present clear indications of structure.

STRATIGRAPHY

General features.~ The rocks of the Los Lamentos districet,

exclusive of the unconsolidated Quaternary wash, are exclusively
limestones with a very minor proportion of calcareoug shales.

No igneous rocks are present. A4ll of the beds belong to the
Comanchean or Lower Cretaceous series, The limestones in general
contaln wvery 1ittle magnesia and are dolomitic only where they
have been modified by magnesiw~bearing solutions in connectiah
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 is 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 the Los Lamentos Range. The prevailing
tint 1s 1light brown but this varies locélly from dark browm bo
light gray. Consplcuously light hued liﬁestanes, such as are

seen at Blsbee, are wholly absent. On closer view, the weathered

surfaces of the Angela ("blue") limestone are generally blue-gray
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and similarly colored beds may be seen in the San Vicente ("fetid")
Sonora, Buena Suerte, and Triste formations,

A generalized columnar section of the limestones is shown

in figure 2.

Anpela limestone.~ The Angela limestone, locally known as

"the blue limestone,” is exposed at the surface only along the
gouthwest base of the Los lamentos Range for a distance of about
4% kilometers, between Fragua Canyon on the northwest and Ia
Mexico wmine on the southeast. In most places 1t forms a steep
sispe below the base of the overlying cliff-making Los lamenbos
limestone but locally the slope on the upper beds of the Angela
limestone merges with no topographic break into the generally
more precipitous front presented by the Los Lamentos limestone.,
Towards the south and southwest, the Angela limestone is overs
lapped by the detrital Quaternary deposits that floor the valleys
of the region. The lower part of the limestone is therefore no-
where exposed within the area sbudied.

Thoroughly typical exposures of the Angela limestone may
be seen directly behind the company's guest house at Los Lamentos
and in the lower part of the slope that rises to the northeast
from the end of the Chihuabua y Oriente Rallway, east of the town.
The neme used in this report is taken from the Angela mining
claim of which the southwest corner is on this limestone. The
change from the loecal usage of "blue limestone® was ma&e £0 cone
form to the practice of the U. 8. Geoclogical Survey, followed

generally by geologists in the United States, of giving to each



geologic formation a geographic neme, derived from a locality
at or near which the formation is typlecally exposed.

The Angela limestone 1s characteristically of a dark blue=-
gray color and very compact in texture. The beds are of moderate
thickness and range from about one inch (2.5 centimeters) to 9
feet (2.7 meters). Few beds in the Angele limestone, however,
are over 6 feet (1.8 meters) thick and the average thickness
is probably about 2 feet (0.6 meters)e. 4 rather characteristic
feature where the beds are exposed In bluffs, as behind the
company s guest house is a rough vertical flubing due to the
more rapid solution of the exposed edges of the beds along
cracks or joints perpendicular to the bedding. Prescott in
one of his reports Pefers Lo thls feabure as a "chiselled
effect."

Chemically the Angela limestone is a slightly siliceous
but otherwise very pure limestone. A composite sauple, taken
across the section of this formation exposed just east of Los
Lamentos, was determined by Critchett and Ferguson, chemists

and assayers of El Paso, to contaln

Per cent
SiOg - wm m s w o= 2.95
Ca0 - e m = om - 617
HgO . T 0.14

Although not entirely unfossiliferous, the Angela lime-
stone contalns s0 few fossils and those go poorly preserved,
that no collection was made., The fossils seen appeared to be

chiefly small indistinct corals,
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Although the distinction between the Aangela limestone an
the Los lamentos limestone is, in a general way, obvious enough,
the exact plane of demarcation between the two formations is
not everywhere apparent. As a rule the btwo limestones differ
in the ecolor of their surface exposures, the any
gray and the Los Lameﬂtcs brown or buff. The bedding of the
Angele limesbtone is distinet, while in wmost of the los Lamentos,
planss of stratification are obscure or lacking. This is on

the whele the most useful distincition underground, where the

absence of bedding surfaces in the Los Lamentos contrasts with
the smooth, reguler planes observable in the Angela, Thore 1s
a difference in texture, the Angela limestone being dense and
breaking with & concholdal or splintery fracture, the Los
Lamentos Deing slightly more open texzbured., Locally the Los
Lamentos limestone has Leen dolomitized and has a distinectly
gramilar texture, whereas the Angela limestone has been only
8lishtly affected, if at all, by thils kind of alteration. DBe-
cause of 1ts more massive character, the Los Lamentos limestone,
in sections acrés& the beddlag, comumonly forms & c¢lilf or pre-
cilpitons scerp while the Angela limestone forms & smooth or
stepped slope. 4s a rule, in surfoace mapping, the most useful
eriterion, and the ons generally used in drawing the Loundary
between the Angela and Los Lamentos limestones, 1s the tran=
sition from the comparatively unfossiliferous Angela limestone
to a bed, about 6 feet (1.8 meters) thick, that is crowded

with corals and some shells., Some of the corsls are 4 or B



FIGURE 2., GENERALIZED COLUMNAR SECTION
OF THE ROCKS OF THE LOS LAMENTOS RANGE.
MAX,
NAME THICK¢ DESCRIPTION AGE
NESS ,_
Coarse, stony detritus; sand Quat
:F15$E§ ravel and so Wa 1' 1 1
| Triste 1.8, | 500 | tooen Iimesthear - naxing, pale
e ' Thin-bedded 1l.s8. Fossil sea
| Buena Suerte | 600 | urchins near base. Forms generally
0 ey T eotns oSy +—Forming pale ©
assive,c -forming,pale brown
[ I [] Tlaxcala l.se| 500 | 1imestone. Fossiliferous at top.
S Generally thin-bedded,gray lime- .
| Sonora l.s. 500 | stone with some bluff-making
=t members, Fossils scanty,.
1 l\ I]
Massive buff limestone. The most P
Bufa l.s. 1500 | prominent cliff-maker in the A
| region. Fairly fossiliferous. :
|1 o
—=———- San Vicente 500 | Shaly gray limestone crowded with <
===+ (PFetid Beds) | 800 | small fossils(Orbitolina texana), -
[ 1 Massive buff limestone.Abundant =2
[ Los %amentos 650 | fossils in upper part. The o
[ ] o B principal ore-bearing formation. . &
=T Angela l.s. | 700 | Generally rather thin-bedded, é
‘§§§5?9‘ (Blue Limestone) blue-gray limestone. Fossils
SCaArcCee
Base
not
exposed
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inches {10 or 13 centimeters) long. This 1z taken as the
bagal bed of the Losllamentos limestone and generally marks the
base of the Los lLamenbtos c¢liff.

Only the upper part of the Angela limestone is exposed in
the Los Lamentos Range, the lower beds being concealed by Qua-
ternary alluvium., The thickness of the formation is thereiore
unknown. A well drilled by the company in Los Lamentos, aboutb
40 meters northeast of the rallway station, penetrated 233 feetb
(70 meters) of alluvial wash and then went into what 1s ap-
parently the Angela limestone and contimued to a depth of 1400
feet (487 meters)., Here an ample supply of water was tapped
which rose Lo about 600 feet (183meters) from the cu“fxce;
Examination of the churndrill cubtings from this well show that
the material passed through is predominantly compact blue-gray
limestone although from "392 to 463 feet” t@e cubttings are from
a somewhat lighter~-colored gray limestone. From "628 to 653
foet™ and from "741 to 784 feet”, the chips are not so clean
and may have come from more shaly beds. None of the material
from the well affords any definite indiecation that the bobitom
the Angels limestone has been reached,

The very dense texture of the Angela limestone is nod
favorable to mineralization and no lmportant ore bodies have

been found in this rock.

Ions Iamentos limestone.- The Los Tamentos limestons con=

formably overlies the Angela limestone and, like that formation,

is exposed along the steep southwest front of the lLos lamentos
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Range. 4As the geologic map shows, however, 1t extends consi-
derably farther east then the Angela limestone and makes up
the southern pert of Juarez Ridge, in the southeastern corner
of the area mapped.

In its toyogr&ﬁbic expression the Los Lamentos limestone
appears as & rough precipitous slope which in many places may
fairly be termed a cliff

The prevalilent 5016? of weathered surfaces 1s brownish
gray or buff. Vhere unaflected by ore~bearing solutions, the
limestone effervesces freely with dilute acid, 1s compact in
texture, and in places 1ls spotted with white calelite thet has

£1l1led the cavities of fossil shells.

rather indistinct partings between the beds. The upper middle
portion 1s particularly massive. Towards tﬁe top, rather Ine
iistinet bedding plenes, from 3 Lo 10 feet (0.9 to 3 meters)
apart can be recognized in weathered exposures. These planes,
however, afe not nearly so distinet and persistent as those
in the Augela limestone, A feature that appears as a bedding
plane in ome part of a cliff may be found disappearing in massive
limestone a few feet away. Such bedding planes would probably
not be recognizable in fresh limestons underground.

Although the Los Lamentos is fossiliferous throughout, the
fossils in the lower pari are chiefly corals which do not se=-
parate from thelr matrix in coliectible form, although they are

consplcouous on weathered surfaces of the roeck. ‘The most abune
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lant and conspilcuocus fossil in the upper part of the formation

is a large irregularly colled lamellibranch shell (Caprina sp.

ex. 8ff. crassifibra Roemer). On many weathered surfaces these

-

shells appear as cireular, elliiptical or oval sections, many
of these showlng portions of a curved black shell with a fll-
ling of white caleite., The visible fossils are generally the
left valve of the shell, the right being comparatively small
end flat., The topmost bed of the Los Lementos is thickly
crowded with the remains of Caprina and as the overlying shaly
San Vicente limesbtoue has in most places been eroded away from
the top of this bed for a width of some feeb from its oubterop=
ping edge, the barved surface of the bed appears closely studded
with the shells of Caprina,

Normally the Los lamentos is a nearly pure limestone,

Partial chemical anslyses by Critchett and Perguson show the

following:
Per cent
510 CaQ g0
Upper Los hamﬂmtas 11mostenﬁ O.Gg 5345 Q.13
Lower Q40 5340 0«20

In the general vicinlty of the ore deposits, however, the
limestone has becn extensively dolomitlized and shows a change
of texture to a disbinetly gramular rock~~the so-called re-
erystallized lime. The change in chemical composition is
generally accompanied by & change in celor from gray to red,
The red app g first as small indistinct streaks of iron oxide

&

in the predominantly gray rock but some of the more completely
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dolomitized parts of the formation are dark reddish gray with
S Tem e A a3 ey ge al 13 o € 'E"‘ R £
£ilms of red iron oxid ong joint surfaces.

Undeyground, the Los Ilamenbtos limestone rarely shows any
bedding planes. Vhere dolomitization has not teken place, the
fosslliferous characher of the formation isc easily apparent.

The obs ave@ thickness of the Los Ilamenitos limestone ranges
from about 200 feet (61 meters) north of Los Lamentos to aboulb
680 feet (198 meters) north of Ia lHexico mine. Thig is a rather
repariable change to bake place within a distance of less than

“

2 miles (3,3 Lilometers) bubt it appears to be dus to an original
i o

difference in deposition and not to any faulting or folding.

San Vicente limestone.~ The 8Ban Vigente iimestone, which

has been locally known as "the fetld limestene®™ or "the fetid

beds," derives the name used in the present repori from San
Vicente YWash, near the head of which the beds of ihis

are well exposed, The local neme 1s expressive of the fact that

xy

moat of the San Vicente limestone gives & petroleum~like odor
when struck with a hammer, bubt this property is not exclusive

with the beds of this particular formablons

o]

E:

There is a current beliefl that the odor given off by this lime-
stone, when the rocik 1s drilled unaargr@uni, makes tne miners
11l, and the roported abscnge of this effect upon the men who
sank the main shﬁft below the ﬁar1orin tunnel of the Brupcion
nine was e¢ited to show thet the sheft 4did not pass thru this
limegtone, Exemination of the shaft, however, showed that the
full thickness of the San Vicente limﬁﬁtﬁﬁ@ was penetrated.

&

The San Vicente limestone lies conformebly upon the top~

most highly fossiliferous bed of the Los lamentos limestone and
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is exposed all along the southerly face of the Los Lamentos
Range from San Vicente Vash to Fragua Canyon, a distance of
about 3.5 miles (5.6 Eilameters)a The position of its outerop
is eaéily~?@ ognized topographically: for, on accoumt of its
prevallingly thinebedded character, 1t forms a relatively smooth
slope that intervenes between the Lold bluff of the underlying
Ios Lamentos limestons and the still more impesing e¢liffs of

the Bufa limestone which forms the crest of the range, Noreover,
because of its less resistant character, the San Vieente has in
most places been eroded back from the brink of the Los lLamentos
bluff, leaving a dip=-slope bench in places up to 500 feet (152
meters) wide, which affords a route of comparatively easy travel
along the elsewhere cexiremely sieep and rugged front of the
Tange .

The San Vicente limestone is for the most part thin bedded,
with almost a shaly lemination that becomes more noticeable on
weathering. The prevailing cclor is dark gray.

The most characteristic feature of these thin beds is the
extraordinary sbundence of small, dark discoidal fossils, which

£ the rock.

o

in many places appear to make up at least a third
These fossils are 1ittle disks, up to about 20 nmillimeters in
diameter. ©One side 13 a low come with fine cencentric striations~

"

1ike contour lines around a pointed hill; the other side ls
shallowly concave~-~like & tiny batea., These little shells are
the remaeins of one of the larger specles of foraminiferae=-

Orbitolina texana Roemer, and are parilcularly characteristic
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of the beds of the lowest or Trinlty division of the Comanche
period, A few imperfect shells of lamelllibranchs, especlally
Diceras sp., were also found ln the thin beds of the San Vicente

shonG.

B
C/.

About half way between the top and bottom of the Ban Vicente

limestone, throughout the western two thirds of its exposed

length, is a more massive member that forms a persistent bluff

(3

in the gonerally rather smooth slope. This member, which 1s

o

e
2
fod

ghown on the geol nap and sections, is in places practlcally
one bed from 25 to B0 feet (7.6 to 15.2 mebters) thick. 4t its
casbern end, however, the member splits into 3 or more thinner

beds which, towards the east, lose thelir identity as a distine-

ot
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ber of the formation.

This massive member is abundantly fessiliferous, the obe-
served forms belng chiefly corals.

About 30 feet (9.1 meters) stratigraphically sbove the
massive ¢ orea al=bearing member or aboubt 60 feet (18.3 mebters) be-
low the base of the Bufa limestone is a bed of hard compact
limestone, in meost places from 2 to 3 feet (0.6 Lo 0.9 nsters)
thick, characterized by a peeuliar iyﬂ@mulﬁv mobiling in dark
gray and dull red, with locally abundant branching cylindrieal

corals and a few small poorly preserved shells, This bed is
readily traceable along the slope of the mountain and has heen
identifisd in the Marjorie tumnel. As ?r@sm@ﬁt has pointed out

n h

fedo.

a veport, it forms a useful stratigrarhic marker and it is

ol

locally known as the "marker bed."

1,



Above the marker bed, lie more thin shaly limesitones with
abundent Orbitolina. The distinction bLeltween the San Vieente
limestone and the overlying Bufe limestone is not everywhere
sharp. The line as drawn on the map represents in gensral the
chanze from the slope on the thin-bedded San Vicente to the ¢liff
formed by the more massive Bufa. Orbitolins, although particu-
larly abundant in the San Vicente limestone probably occurs also
in 2 few thin-bedded layers thaib are interstratified with the
thicker bede in the lower part of the Bufa limestone.

The San Vicente limestone, as might be expected from its
appearance, is not so pure a limestone as the lLos ILamentos.
Composite samples were taken from the beds above and below

he massive middle member, which was not itself sampled. COrii-
chett and Ferguson's determinations on these two samnles were

ags follows:

Si0g GCGa0  ugO
Upper San Vicente limestone 3,90 B0.,6 0.14
Lower " " ¢ 4,20 49.9 0.12

Alumina was not determined but 1s probably higher in the
San Vicente limestone than in the los lamenbos limestone.
The San Vicente, however, 1s only slisghtly magnesian, practi-
¢ally no more so than the Los lanmentos limestone.

The thickness of the San Vicente limestone generally varies
from about 315 feet (95 to 152 mebters) to 500 feet. The steeply
upturned beds of this formation exposed at the head of San

Vicente Wash have an apparvent thickness of about 800 feet (244
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meters), There is possibly some repetition of the beds in this
locality due to faulting.

Bufe iimestone.~ The neme Bufa limestone has been applied

rather loosely in Hexico to any lilmestone that cuterops pro~
minently as a ¢liff along the crest of a wmountaln or ridge. It
probebly originated asg stratigraphic neme at Los ILamentos in
this way. The highest peak in the range, situated about 0.8
mile (1.3 kilometers) nowritheast of Los Lamentos is designated

on some maps &s La Bufs and as la Bufa is composed of the lime-

3

5‘;
;!
£

stone in question, thi [forés an opportunity to rebain a
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at Is locally in use and at the same time

to conform to the approved practice in nanming geologic for-

)

sively exposed stratigraphiec unit in the district. 1t occupies
the entire crest of the Los lamentos Range and is the prevail-
ing rock on the northerly slope whlch coineides in & rough and
generval way with the bedding planes; that is, broadly con-
sidered, it is approximaetely a dlp slope.
The Bufa is generally thick-bedded, falrly fossiliferous

and weathers buff or brown. In the lower 75 feet (22,8 mebters)
the beds range from 10 to 30 feet (3 to 9 mebers) thick. Above

these bthe beds are thicker and it iz the edges of these massive

o

5

(w-)a
'3

beds that appear in the imposing c¢liffs on the south side of E

&

#

labrador and Ia Bufa peaks. &8till higher in the formation the



beds are again thianner, as may be seen in the vieinity of the
pass between Fragua Canyon and Sonora VWash.

The original top of the Sufa limestone is net, so far as
k¥nown, exposed in the district. “n the northeast versant of

the range and on the north side of Lloisa Hldge the Bufa beds

J

are terminated upward by & surfacge o ercosion that passes under
the Quaternary wash. Between El Labrader Pealk and Buena Suerte
Mountain, the Bufa limestone is overridden, along the Sonora

thrust fault, by the younger Soncra limestons. The relations

I

appears to

18 ; not en .17 sar put the thrust surfac
here are nob entirely clesar bub the bthrust riage

cut obliiquely across the bedding of the Bufa. The Bufa also

,,'::

neayr El labrador Peak appears to have a part of its upper beds
missing and to be thinner than to the northeast of La Bufa Peak.
It appears probable, therefore, that the Bula was originally
thicker then is indicated by the beds now cxuposed in the Los
lamentos Range.

Corals constitute a large proportlion of the fossil remalns

in the Bufe limestone and in certaln beds are very abundant.

Helther they nor the assoclated molluscan shells, however, can

be readily collected and no attempt was made to obtain a re=-

presentative collection of the fossil fauna. Two specles of

Vola, however, were brought in, Vola quinquecostata (Sowerby)

and Vola irregularis Bbse, of which the former is generally

“

found in the VWashilta group and the latter in the Fredericksburg
group, ©f the Comanche., There were also collected a few speci-

mens of a large Imnatla [%; Lile pedernalis Roemer (?z] which
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‘occurs in the Trinlity and Fredericksburg group and has been
found at Bisbee, Arizona, and at many places in Texas, A

Iime, Idima mexicens Bbse, known from the Washita group in other

localities, was also collected from the Bufa limestone,
Yo chemnical analysis was made of the Bufa limestone butb
its generally close resemblance to the Los Lamentos limestone

kY

pure limestone with very 1little magnesia,
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As the original top of the Bufla limesbtone 1s not kmown
the full thickness of the formatlon can not be determined. It

imated that the tobal thickness of the Imown beds is ab

Soncra limestone.= The Sonora limestone, which is believed

to be the next formation stratigraphlically above the Bufa, de-

rives its name from Sconora VYash, on the northeast side of which
it is typically exposed,

The principal area of SBonora limestone lies between EL
Iabrador Feak and Buena Suerie Younitain, £ smaller area oce-
cupies the north end of Azteca Ridge,

The Sonora limestone is gonerally thin-bedded, compsect in
gray in color, and contains only scanty and poorly

preserved fossile. It thus had some resemblance to the Angela

or "plue" limestone and wes believed by Proscott to be identical

9 ]

vith that formetion. There are, however, distinet lithological
differences, and such fossils as have been found in the Sonora
indicate that it belonzs above the Dufa limestone rather than

bolow the Los lamentos limesbone.



Althouzh the Soncra limestone 1s generally thin~bedded
and in places shaly, cerbdain groups of beds are falriy resisge-
sent to erosion and form bluffs or c¢liffs. The topography of
ormation is on the whole relatively smooth in comparison
with that of the Bufa and Los lamentos limesbtones.

A Tew fossils were collected from the Sonora limestone
in the small ellipbtlcal area exposed by the road, near the aouth
ase of Buens Suerte Hountein, and supposedly near the top of

the formation. Among these Dr. Stoyanow identified Terebratulina

guadalupae Roemer {(?) which he states is usually found in the
Austin chalk (Upper Cretaceous) of Texas, although at Los La=
mentos it appears to be in the CGomanche. Yan the north side of
Sonora Vash, near its head, and just above the contact of the
Sonora limestone with the alluvium, a few unsatisfactory fos-
gils were found which Dr. Stoyanow identifled as Hodiocla sp.
He remarks thet nothing definite can be stated about the species
represented in this lot except that some of the specimens re-
semble certain groups of Modiols (Vorsella) described by leek
from the CUretaceous of the Gresat Plains. The evidence, such
as it is, supports the conclusion that the Sonora limestone is

"piue” limestons.

a younger formmation than the Angela or

As the original base of the Sonora limestone is not de-
finitely known, the total thickness of the formation 1s not
determinable., It is estimated that the known beds wust have
a thickness of at least 500 feet (152 meters),

Tlaxealo limestone.~ The Tlaxcals limestone, named from

&

the Tlaxcala mining elaim, on which it outberops, is exposed
w-% ¥ e b3 fise
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at the s=south

also bwo sm L that are referrsd

-

2 3 0 pm e T an e -3 e g B e o o ER
with some doubld to this formmbion. Une of these occcurs a% the

northwest end of the ridge thal extends along ithe northeast aside
of Sonora Vash., he other caps the narrovw castellated spur at
the northern end of Aztecs Ridge. These two smaller masses
directly overlie the Sonora limestone. The larger mass on Buens

Suerte Hountain prosunsbly has the sanze relationsihlp to the
Swnora but the contact 1s concealed my alluvial deposits,

In color and gencral appearance the Tlaxecals limesitone
closely rescmbles the dos lanenbtos snd Bufa limestoncs. It also
resermbles the younger Triste limestonre, presently to be des~

criosc. The practical iithological identity of these four lime-

catlion of the limestone in the many small areas that are wholly

5, - gy oy o

or partly surrounded by alluviunm the

mapped arca,., For example the limestone of the iittle h that

.

terminates the spur northesst of Sonors vash, is mapped as Tlaxe
cola limestone becsuse it overlios the Sonora limestone., It is

a

ver, from the neizhboring

indistinguishable lithologically, how
Bufa limestone only about 700 feet (2135 meteors ) away, on the
southwest side of :Sonoru Wash. The Sonora fault, as will be

shown later, is believed to separate these two bodlies of similax

limestone, ILdthologlically the limestone of the chain of lsland=-
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one in which is the Triste shalft, misht be Los Iamentos, Bufa,

Tlaxcala or Triste limestone. They are mapped, however, as

K

Trisbe because bthisg is the slanation In view of thelr

refarence ho

and wosure of the Triste on Suena Suerts Mountain,

%

. limestone is thick-bedded, ithe beds belng for

thiick, Fos-
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the most part from 10 t

sils, rals, are somne cup corals belng up

5

centimeters) lonz. Some beds conbain many
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shells, especially a form that was supposed in the Tisld to be
Vs e o e s, B oY . vid o s o 5L B W L s o T Py o e 1 2 i
Caprive. The fossils are not readlly separable from the lime-

no uU}.l@ *u.‘s-un was "‘sla‘:iﬁq
L1 = 4 omem <& 3
The thickness of &

. T D T 4 - o, 2
he Tlaxecala linmestone nas been extimsated

tc be at least 500 feet (152 metbers).
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Buena Sucrte limestone.- The Duena Suerite limestone, nanmed

around that im-
west sides., It
nderiies the

the Jan Vicente

n

“ P . e s o s b - % o o v T a0
and forms & relatively anooth slope betwesn the bLIulf

of the Tlaxcala limestone below and the imposing
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limestone above. Superficlally the relaticns of the three lime=-
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stones 1in Bucna Suerte are sunsestive of a repetit
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Lamentos, San Vicente ond Bufa limestones--the view that 1s held

between the San
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Pyrina parryl Hall Fredevicksburg and Vashita groups.
Cecurs at Leo n Springs near san Automia, Pilot Enob
(1fav1s County), Kent, Sierra Blance Peaks, and many

her loce J_E_t:t. >8 in Texas,

o hag a8 de=
cat value for

3
o
Pt
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=
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0
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Zipcens wacoensis (Roemer). This
flu;te zone of ccourrence and

L]

e &3

R /- RS IR /I
o

oy 3t

stratipgrarhic corrvelation. In Texas its position is
at the base of the Del Rio clays of the Lashita SrOupe
i% 1s been found in other localiitles in Texas, iIn
wrtheastern lMexico and on Vancouver Island.
4lectryonia cerinata (Lemerck}s 1In specles 1is
R £3 ¥ 5‘5 i ]

*”’i‘ ’Gi} one of

consplce
group. It

% oy s 4 : (.u,u g ¥ ¥ Fawa B Yk
has a W mé g@@g?a§h¢ta; u"&pr”b@

mﬁl@rcg, Cai&ga”za, Hexle
42 % - & % g e s o o i
The thickneose of the Buens Sfuerte limestone is estimated

ade @

- punmwdw 2 £ ks e o L
810 S00U70 iC‘O b 1 C(‘:ﬁ (..;.C»’U meners ) ™

and pde " T ; ey TS T o, LIy o o
Triste limesbone.~ The Triste limestone is named from
- - o e B b e Daun T 3 {5 ; 4 1 At
an oldep designation for Duena Sucrte Fountain, which appears
" 1 a £ 2 g 3 A ke £ Ty v
on sariier maps. The mountain is atill 1y known as
e ediom, Bl jmesain ey Mg k4 o1, melste mive P T S, T s N e e
LTLSLE LOUNUEL « ihe Triste mine, vhich is nmerely & prospect,

= -

8 i a 47 Tim . (L SRR SR
is alzo in the Triste limostone.

» L)
T +3 Ay
.!\. QIVIS wWie ¢f 1o Ll

uerte Hountain and

The older naize, meaning Sad or Penzlve llountain, is in keeping
with the mournful qi,nxf?“*hme of LOS Lomoncos. When, however,
a aining: claim was laid out over the mountein, it was evidently
xelt thet a more. cneer¢ul touch was needed, so it was called

Buensa Sm@rie ar Good Inick.
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Ho partlcular sbudy was made of the alluvial deposils that

)

surround the Los lLamenios Hangc. They are not deeply dissccbed
and counsequently are not well exposed. UThin where they lap up
on the mountain slopes, they dountless are wany hundreds of feeb
thick a few miles out in the valley. where penetrated by the
company’s well in Los Lamentos they appear, from the records, Lo
be aboub 250 feet (70.1 meters) bthick. 48 water Was 1ot reached
until the well was aboubt 1400 feet (426,77 meters) deep, the al=-
uvial depesits have no direct bearing on the water supply at
Los Lamentos, although they would have to be cousidered in any

search for undergsound water far out in the valley plains.

ald 3

Yhen the Harjorie tunnel broke into some caves at a point
about 1130 fect (344 meters) from the porbal or BO feet (15.2
meters) bevond the first burn and V50 feet (228.6 mebers)
vertically velow the surface, & number of bones were found which
have been described by G. F, Baton.l They include vertebrae of
a woll, of which the species was not definitely ldentified, leg
the skeleton of
a voung deer. These animals apperently fell or wandered into
these caves, or were perhans washed in, at a time when some

opening existed to the surface. ¢ trace of such an opening was

i
ol

Vertebraote fogsils Trom th ina brupcion: s dourn, of
Seience, ¢ ser., vol., 6, pp. 220258, 1923.
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3

found during the development of the mine, and it apparently had

been filled by natural processes long before mining began, pos-

]

gibly at the time when the ouberop of the ore became sealed over

o

with caleciurn carbonate.
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Broadly considerod, the Los Lewentos Range is & homocline

£ froax 20 to 25 de-

o
3
)
.
&
(o}
b
s
5
ot
jen
i
-t
W
o]
b

- e 1 oy o ey
of Comanche limsstonses with o zeno:

.

greas to the north northeast. That is, 1t is a Filted block in

e

which the beds in geonersl dip in one direcitlion at nearly the
game angle.

L

Snch & homocline mav conceival

h.J

w
ot

v vopresent either one 1imb
of an anticline of which the crest has boen erodsd away, or it
may be & tilted fault-block. On the supposition of antielinal
structure, nothing recognizable 28 the southern limb 1s known
South of Los ILamentos stretches a broad valley, some 7 or 8
miles (11 to 13 kilometors) wide, beyond which is the Filerro
Range. This range has not been examined close ai hand, but it

-
i

i of such an

é»:}h

does not apuear to corrsspond Lo the southorn
anticline as vauJe account for the sbruchbure of the Losg lamentbos
Range,

About 1.5 mile (2.4 kilometbtors) west of Los Lamentos and
south of the map
Invium. These are comnosoed of fossiliferocus limestone that ap=-

.

parently 1s nobt the Angels limestone, but which can not be

certainly identiflied with any of the other limestones of the
main range. 7The Tossils appear to be fragments of CGavnrina butb

-

no colliection was nade. The beds dip from 20 to 30 degress to
south 75 degrses west and do not therefore corrvespond In ate

titude to the beds of the main range. Thelir occeurrence suggests
the existence of an lwmportant fault under the alluvium, between

these hills and the Los lamentos Rance,
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& =
the

Cn whole, ths

P

evidenco, althoush by no neans

factory, points to the suggestion that the Los Lamenbos Ranze
ig a tilted Tault block, limited om the south or southwest by

zone that 1s now

the valley.

Cloger inspecbion of this supposed foault bLlock
certain departures from an idezl, simple homocline,

Happinzof the formations along the mouth front
renge shows the existerice of a low, btrensverse, ant
arch or buckle, with 1ts crest northeast of Los iam
vroximotely at the Erupelon mine, and trending abou
In conscguence of thls flezure the various belts of

from the Angels ba the Bufe, oubterop at successivel
elevatlions to the west and disappear under the all
Fragus vanyoh.

A pore styiking departurc from simplicity than

scribed is proscnted by the structure in the souths
part of the arsea, in the vicinitj of Is liexico mine
Viconte Wash, From Iragua Canyon easterly past Los
to the la iexico mine, the various limestones L»r

Lo the Bula, ocuitcrop as regular conbinuous belts in
beds dip regularly to the north at from 20 to €6 deg
of L& Liexico nine, however, this rogulerity ceases

"

a8 - " Aok F P 3%,
imestone dlsappears. At fa Eoxico wmine the
i . e . o = o pgsns o o NP TNy R N (e T P
strikes north and stands vertically. AL

San Vicente Lash the beds of the San Vieents limest

uried undey the ale

brinzgs out

icliral

wentos, ap-
t north,.
limestone,

;‘f‘ut..‘c’ QY

uvium ab

“ 2

that just
sostbem
and San
Lamentos
the Angela
which the
ces Hoxrth
and the
Los Ilaomecnbos
thie head of

ong also
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ip west Lfrom 656 to 75 degrees. Dast

£ the mine, in Juarez Ridge, beds supposed to be part of the

mestone, also strike north and dip west, generally ab

about OB degr

egrecs, In San Vicente Gulch, therefore, the Los

lamentos, San Viecente and Bufa limcsbones are not only sbeepl

ST
o gl
upburned but are actually overturned, so that the older for-

5 & v or TR B (P N S ” Ad e e P LI S i G T .
mations now overlie the younger. AC the head of the gulch th

thin fan Vicente beds are well exposed
from & gentle northerly dip, such as they have along the main
front of the range to a stecp wesberly dip, with & correspond=

‘s 5 Y ey 7 gy j T & Ao ) 7 . e -
ingly sbrupt change in strike. Along the 1

&

and show the actual change

phiere the dlp and strile change oo gharply there is considerable

& g Wi PO P - T RIS, IR xR Ty s e Tt gy B . . -
cruakhing and disturbance of the beds. From certain viewpoints,
the hods ooooor o have beon chars’iayr hoan throus 8 Py m'}. o £
Lod 4 ML jﬁ«/}/ \um J.da\-&’i. Lo Fraledd  moadsad [J -LJ [, v.ﬂ. |9 ddeols o ,3,\“ 4 uﬁﬂ. Co.z'l‘:i,u {t G...-
- 1T 3 “ £V e el = o o 3 £ L T " =
more than 90 degrees. Whe overlying massive Bufa limestone,

By v P o oy e R oyumy nAT e gy < g Iy e O T 1
qoWevelr, «oCo not slow 8 corrosponding 09N, ana TR0 onuy

38
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&
ot
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e
bt
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abrupt change

thrust

2 o &2 w5 I T | foe Su T [ S %o L N
in dip and strike nariks the position of a lov~ar

fault-=-the Juaregz fault (See Plate I). AL the head of San

Viceante Guleh and on the west slope of Jusreg Ridge the out-

(i)
§ete
i
)
o
I
&

crop of the thrust plan 1y distinet. Horth of Ia

Mexico mine, however, 1u is obscure, as Indicated by its
broken trace on the map, and in the massive Bula limesione on

the eact slope of Juarez Ridge all atbempts Lo trace it failed

In ecertain 1ight conditions, such &s& sometbimes occur in the
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late afternoon, the course of the Juarez fault over the slopes
can be recognized from a disbance, as from the road which lsads
from Los lamentos around the end of Juarez Ridge to the o0ld Los
Lementos mine. The best position for such an observation is a
poilnt on the road approximetely south of Le Hexico miﬁﬁ; a ghort
distance outside of the mapped area.

On the cast side of Juarez Ridge and in the vielnity of
the old Los leamentos mine, the massive character of the Bula
limestone makes it practically impossible to work out details
of structure wilthout the expenditure of more time than ecould
be spared for this arvea. It is fairly certain, however, that
the structure in general is that of a syncline overburned to=
wards the east (S8ee Plate I, section G G')., This structure
also, when once suspected, can readily be recognized from a
distance when the sun is in the »ight position. It is not so

plain to one who is actually traversing this steep and rugged

The faulbting and folding of this scastern part of the lLos
Lamentos Range, as just outlined, are consistent with what is
believed to be the mechanics of the process of deformation.
Barth stresses of unknown origin appear to have exeried a strong
thrust along approximately east=-west lines. Thils thrust was
relieved first by the folding of the limestone, the fold or
folds being overturned btowards the east. Iabter, 2 thrust-plane
developed and the whole Dlock of limestones that are characterw

ized by the low northerly dips was shoved for an unknown dis-
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ridge was recognlized 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 doubt, and still greater uncertainty
attached to the character of 1ts throw and its continuation
beyond the crest of the ridgs. It was supposed to have a
steep dip and to be identical with a feature Imown ag the
Sonora fault on the lower levels of the Ahumads mine. All
attempts to trace the fault east of the crest of the ridge in
a generally southeasterly directlon had failed. The suppo=-
sition had been advanced that the Sonora fault on the surface
met a north-northeast fault, known as the San Imils fault, on
the crest of the ridge, that both faults ended practically at
the point of meebting and that the triangular block between
them, occupied mainly by the Sonora limestone, had dropped 90
Teet (27.4 mebers) or so, like a wedge-shaped slice cut from
a cirecular cake, the Sonora limestone being thus inlaid into
the Bufe limestone at the point of the wedgse.

In the course of the work, da&bt as to this then current
explanatlion began to0 accumulate, The possiblity of the meeting
of two faults without elther extendlng beyond the junction was
admitted, but that neither strong fault should be traceabls
beyond the inter-section was regarded as improbable. Fallure
to find in the mine any structure that could satisfactorily
be identified with the Sonora fault increased the doubt. COCare-

ful examination of the surface along the supposed courses of
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the Sonora and San Iunils Taults falled to bring out any sat-
lsfactory evidence of thelr existence as steep normal faulis,
Where the San Inils fault was supposed to cub certain beds of
limestone these showed no displacement,

The Sonora limestone along 1its contact with the Bufa is
generally exposed in a line of bluffs or cliffs with fallen
blocks and talus along their bases. This feature alone sug-
gests a sapping actlon along the base of the cliffs and a
plane of structural weakness, such as a thrust famlﬁ would
cause. Such rock exposures ss are availlable along the east
side of the Sonora wedge show much fracturing and disturbance
such as might be expected in the vicinity of an important
thrust fault. On the south side of the wedge the contact
itself 1s conecealed by talus but here also is more or less
evidence of disturbance. The Sonora limestone itself, near
the point of the wedge, is strongly shattered and shows nmuch
veining with calclte. This iz a condition to be expected in
the lower part of an overthrust block,

On the whole, although the structure is not absolutely
demonstrable, I belleve that the evidence points definitely
to the coneclusion that the Sonora limestone has been thrust
from the north or north-northwest over the Bufa limestone.
This relation is indicated in section A A', Plate I. The
representation, however, is rather diagrammatic. The dip of
the thrust plene can be only roughly estimated, and its re-

lation to the bedding planes of the Bufa and Sonora limestones
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is conjechural.

The important practical consideration is that the Sonora
fault, by this inbterpresation, is a low-angel thrust which
i’eg well above the present mine workings and is not likely to
have any structural effect on the known ore mantas. If a shaflt
is ever sunk near the south base of the Buena Sucrte Hountadn
it will probably go through the Soncra thrust fault before
reaching the Los lamentos limestone and the known ore zones.

Towards the west, the Sonmora fault would probably cuterop
along Sonora Wasgh were it not covered by alluvial deposits,

To the north its course over Azteca Ridge 1s very obscure, and
its position on the map is there more or less eonjectural,

Although the district as a whole i1s not greatly faulted,
there are a few staé@ noymal faults of some importance. One
of these, named the Dos Amigos fault, crosses the main Los
lamentos ridge about a mile northwest of the town, This fault
effects an apparent throw of about 180 feet (45.7 meters),
the east wall having gone down, This displacement is plainly
visible from the roads that lead westward from Los lementos.
The dip of the fault is not known and the amount of throw men-
tioned is consequently only a rough estimate.

About one fourth wmile east of the Dos Amigos fault is a
similar fault, the Congreso, which splits into two branches to
the south. ‘The throw on this fault is in the seme direction
and apparently of about the same magnitude as on the Dos Amigos

Taulte
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The Agzteca faulit, exposed at the northern end of Azteca
Ridge is a strong dislocation that has dropped the Triste
limestone on the northeast against the Sonore limestone on the
gouthwest. Its throw must at least equal the combined thick-
nesses of the Tlaxecala and Buena Suerte limestones, or over
1100 feot (335 meters).

The Chihuahua fault, so far as exposed, is wholly within
the principal area of the Sonora limestone, The east side has
presumably gone down relatively to the west side bult the amount
of throw is not known,

The Buens Suerte fault, on Buena Suerte liountain, apparent-
1y hag a throw of from 150 to 3800 feet (45,7 to 60.9 meters),
the east side having gone down relatively to the west slde.

The San Vicente fault, at the head of San Vicente Guleh,
follows the bedding of the San Vicente limestone under the
Juarez fault but cuts across the beds above that thrust plane.
It apparently has & throw of over 200 feet, the west being the
down=~dropped side,

In addition to the faulbs of structural importance, the
limestones are traversed Ly a number of fissures along which
there appears to have been little or no displacement. Some of
these flssures are single, bub many of them are grouped as two
or more clesely spaced and nearly parallel fractures, consti-
tuﬁin@ a shéeted ZONE .

Such fissures are rather abundant along the face of the

Ios Lamentos Range in the vieinity of the Erupclon mine, and



some of the more consplcuous ones are indicated on the zeologiw
cal map. Some of them displace the limestone beds for distances
up to aboub 10 feet (3 mebers).

Although not structurally important, some of these frac--
$tures and fracture zones, as will be seen labter, have been in~
fluential in directing or controllin: the replacement of cer-
tain limestone beds by ore. At the surface, they themselves,
like the largér faunlts, are not strongly mineralized. They may
show consilderable calecite, as the cement of shattered limestone

-

or as velin material, and mey be slightly steined with iron oxide,

o

his zone of fracturing was prcebably & debermining factor in the
ercosional development of this ¢liff and is known in the Erupcion

mine as the "sideline fracture."
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OREBODIES

Introduction.== The main ore channel ©of the Los lamentos.

district is called the Erupclon-Ahumade lanto, The ore bodies
from the bottom of the mine to the surface Tollow the general
bedding of the Los lamentos limestone along or near the crest .
of a Tractured, broad anticlinal fold. The genersl trend of the
ore bodles is U 15 degrees v with a pitech to the north of 15-18
degrees,
To avold ambigulity a definition of terms hereaflter used are
listed,
Manto 1s a Spanish term for horigzontal veins or arﬁbwﬁies
that follow the bedding of the encleosing rocks. A
manto may then vary to follow any attitude the strata may
assume. In Kexiéo, the use of the term has been gen=-
erally restricted to an important group of limestone
replacenent deposits within the lexican Cordllleran
province., They are characterized by long, narrow ore

bodies and differ from the run, flat, or blanket deposiﬁ

in the rather constant ratio of length to width. The
mantos of the Los Lamenitos district have Deen complie
cated by another set of ore bodies that extend downe-
ward from the manto.

Sub=manto ore.-~ locally cal led deep-ore, refers Lo the

roots, or inverted mushroom shaped bodies beneath and
connected to a manto. (See Figure Wo, 3 ). These

bodies have yielded the bulk of the district production.



] LO \ L NTjos |L.g, '

l. Sulphide manto, hilos
and sub-manto ore,
2. Unreplaced lense of limestone,

FIGURE NO, 3A

o ' R |

ls Ore=bearing cave, calcite
sealed,

2e DBroken limestone blocks.

3¢ Bedded oxidized manto ore,.

4, Bedded oxidized sub=-manto ore,

5, Sulphide and semi-oxidized
hilos,

FIGURE NO, 3B
(FIGURES NO, 3A & B) IDEALIZED TRANSVERSE SECTLON

OF A MANTO AND SUB=MANTO ORE BODIES
BEFORE AND AFTER OXIDATION,
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Chimney=-- An ore body roughly elliptical in cross-section
which traverses the bedding of the enclosing rocks.

Hilo,== the Spanish word for thread; when applied to ore
deposits vefers Lo thin mineraligzed secams or veinlets.
In manto deposits, hilos are true mantos which are btoo
thin for commercial extraction, The use of the term
hes become in general restricted to the thin blankets
or beds, flaﬁking a thick manto section. The differ-
entlation of an hileo and manto in primary ore bodies
is arbitrary and depends largely on the grade of the
ore. {See Figure No.34). Thin hileos werec less sus=
cepbible Lo oxldation than thick mantos. Removal of
limestone beneath a manto by acid solutions generated
during oxidation lowers the oxidized ore relative to
the site of the primary ore body., This leaves the
partially oxldigzed hiles stranded above a manto, (See

Figure Ho. 3B).

Ore«-bearing (ave.--locally called shrinkaze cave, An "oree
- bearing cave" is the open space existing above oxl- |
diged manto and sube-manto ore., It is fermed by the
lowering of the oxidized ore during oxidation thru
removal of limestone beuneath the manto section by acid
solutions, and expedited by collapse which continued
until the roof became a stable arch, The site of the
primary ore is merked by the hilos which exbend ocut-

ward from the walls of an ore-bearing cave. Ore-~
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l. Ore bearing cave, calcite lined.
2. Broken limestone blocks .

3. Bedded oxidized 'manto! ore.

4, Bedded oxidized 'sub-manto! ore .

FIGURE NO. 4

IDEALIZED LONGITUDINAL SECTION OF A 'HMANTO'!' AND
1SUB-MANTO! ORE BODIES.



56

caves have a greater breadth than height.

Barren=-0ave.,-- commonly called Dry-cave, is a product of

oxidation. It marks a circulation channel durlng
oxidation. The form wvaries from a cavernous fissure

to large connected cave systems. The caves have greater
helght than width, They are usuwally barren, a2ltho oc-

casionally contaln some secondary iron and zinc. &

cavernous figsure or barren-cave system at some poind

iz in contacht with the ore body.
4 gemeralized longlibudinal section of a manto and the con-
nected sub-manto ore is shown In figure Mo, 4 . A generalized

transverse section of hilo, manto and sub-manto ore and thelr

relation before oxidation is seen in figure No, 3A. The dife
Terentilation of hilo and manto by oxidation is shown in figure
Ho. 3Be

Structural features divide the main ore body into a number

of sectlons that warrent description.

PROUPCION=-ANUNADA CORE CHANNEIL

The Erupciom~ﬁhnmadalere body outerops about 150 feet above
the base of the Log Ilamentos (Lower Fossil) limestone. The
horizon has proved to be very favorable for silverelead-zine re=
placement deposits thruout northern Mexico. Ofigin&lly the out-
erop was concealed by a calcareous crust or caliche, The only
suggestlon of Intense mineralization occurs in hard dense limon=-
itic seams conbaining fine stringers or disseminated galena whek

heals g N W8 B shear zone,
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of the manto followed a small, open NW fissure, lined with
calecite and a fow galena crystaels, This fissure or water ghane
nel intersected & large cave of the main manto system aboub
silzty feet from the surface, Subsequently ore found under the
limestone boulders on the {loor of the cave was in two places
mined to the caliche covering at the surface.

Limestone from a fresh surface near the outerop contalns
cavitles with bLox-work and outlines psaudomorphlc after py?ite,1
The ore body from the point of penetration 4o the surfsce was a
very irregular m&ntaw@‘ ‘ ‘ : 10 to 50 meters in width,.
Hear the top of the low ér@-bearing caves, thin hilos of galena
extend aﬁ*wafd.

The T 20 degrees W, and the N 50 degrees E fissures cube-
ting this ﬁgction are occasionally heavily mineraliged. Thé
manto~ore was very low grade with & large amount of black iron
oxide, Commerclal ore was extracted by sorting or busconing.
Lenses of good grade unmined ore probably remaln in the sides
of the caves; especially in the isél&teﬁ sections outside the
principal channels of oxidation., Surface leaching hag appar=
ently been an important Tfactor governing the locatlon of com=
mercial bodies in this section.

Escondido Cave Section.~-The succeeding seventy-five

-

meters north was an ideal manto, The ore followed the bedding

of the limestone with an elwmost equal piteh, altho the general

1, Blanchard, Rowland, & Boswell, P, F.-Econ. Geol., Vol, 20
1925



trend of the ore bodles is across the strike of the linrestons.
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The limecstone has a dip of 20 aegr%esﬁstxikﬁsA.ﬁ 25 degrees X,

Ore was stoped around and below the orlzinal cave and from
the Escondido, Candalaria,and San Felipe caves, (See Plate Yo.#),
The roof of the cave shows marked fracturing, by the NE and N8
fissures with the NS group apparently governing the trend of this
soetion, The ore was soft and Increased ‘Secnomic value DropoT~
tional to the depth from the oubterop,.

The manto reached a maximum width of 50 neters and a thick-

ness of 25 meters., lLenses of sandy carbonate (lead carbonate or

L
er
&

cerussite) ocourred in the ferruginous ore. The NS fissure

S

LO8

¢

bordering this section were well mineralized. Very thin hi

ccour high in the sides of the caves, altho the caves have steep,

=3
oo
<

1 o
ot
o
iy
s
=
[
2]
by
jelo
0
7]
5
I
o]
e
o

sub-mante ore is found assoeciate
form the side walls of the ore-bearing cave. The carbonate manto-
ore was underlain by & bed of very pure gypsum., Surface sube
sldence and caving have made the greater part of this section in-
accessible, |

Gypsum Pillar Section.-- The succeeding 125 meters north is

called the Gypsum=~Pillar section and ylelded the first notable
production of the Erupcion Mine. The ore was a hard, high grade,
lead ore veaching a thickness of 10 meters, underlain by a lean
gypsum laycer., The gypsum occasionally enclosed irregular bodlies
of high grade ore, The Gypsum~Pillar area averages 40 meters in

width, a decided increase over the sescbions previously described.



Several lenscs of rich plumbojarocsite have recently been extracted
from this arca, The hilos of plumbojarosite and galena roach a

maximoe thiciness of one meber.

th a skrong ¥N=8 frochture

e

Sub=-manto ore ocecurred assoclated wi
zone in the western part of the sechtion. A north-cast fault zone
wparks the northern liniit of the sectlon, Dissemlnated svhalerite
and galena occur in the limestone beneath the gypsum layer in the
southern part,. . - Enormous masses of gypsum and sulphur are
found in the southern part of the Gypsum~Pillar section,

YA Pleosure Zone Section,—- The norbh-sast fault gone limite

rypewn Plllar Sectlon i the southern component of a

wedge shaped fracture zone, the "A" Fiesurs Zome sectlon. The
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N 60 degrees
west, A voriical

imit. The bounding fissurse zonos apparently acted as lateral
feeders within the favorable mento horizen, during the mineral-
ization of the Boerrenda ore body (See Pla%e Ho, &)

The ore-bearing solutions wesw@a%i%la for ﬁhe deposits south
of the A" Pissure section undoubtedly traversed the zone, FHoww
ever, the oxidized ore and cross-section are radically different
from the normal, The loached ore within the section was very low
grade, the manto thin and the cross-section small compared to the
adjacent sections, OSub-manto ore is missing, tho, the enlarged
fissures below the section econbain secondary iron and zine. The
hilos are very immature.

Erupeion Sechion.w-- North from the "A" Plssure Zone Section,




60.

the ore body for 500 nebters has thoe typlcal mante form as to width

Fe 1

and trend, and is vory begular in character of ore, The width in-

creases from an averase of G0 zmebvers at the southern end of the

S
secfion bto 100 meters near the Sideline Fault Zone marking the

-y

the Erupeion section. The geuneral trend of this

g

cé

3 - e B e 5 8 £
northern limit of

unlt is I 30 degrees ¥, The depth of the ore in the southern 175
meters increases from & thin, rich bed on the east to a maxioum of
25 meters near the west 1limit with an average depth of 15 meters,
The ¥ 20 degrees ¥ fractures in the west part of the sectlon sct
as channels for the sub-manto ore,

The ore changed from & hard rich ore, underlain by gypsum on

-

the east side, to a soft, falr grade limonitic ore in tlhic western

part of the mento., Secondary zianc occurs in the fissurcs above

-, Ore-=bearing caves. attain & greater size in the

Lol
northern 125 meters of the Brupclion section. The ore of this

second northoern area also inereases in depth and changes in char-

£

acber from the east to the west side of the ore body.  Sub-mento

ore is found associated with the ¥ 10-15 degrees U fissures.
Barren caves are associated with a number of prominent NE fissures

whileh cut diagonally across tho seetion, In places, the deep, -

barren-caves contain loocse masses of hizh-grade ore and limestone
3 (\’\\

S

2

blocks, which were probatly washed or dropped into them from the
nanto above.

b

The sub-panto ore bodies assoclated with intersecting N and
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HE Pissures resgemble pipes or chimneys. These bodies sxtend to
150 feet below the manto ore. A longlitudinal crosa-sectlon {See
Plate Wo, 3} at first éza&a@ gives the impression of a decided
increase in thickness of the mante. The inereasing prominance

of sub-manto ore bodies toward the north produce this illusion.
The sube-manto bodies cross the bedding and at times penétrate the
Angela limestone. They do not ordinarily connect with other sub-
manto shoots., The ore is of the same chavacter as the manto ore
and the cmhalﬁgi@n iz resched that the ore minerals descended
from the manbo contemporaneous with the méanto depositlon. Ore-
bearing (shrinkace) caves were also Formed < Juring the oxidation
of sube-manto bodles. The bulk of the produetlon in the last 125

meters of the Erupcion secblon was ?r om the deep-ore.

Sideline Huevo Mundo lave &@atianﬁa* The Sideline Pault
m&r%é a peneral change in the character of the main ore body.
South of the fault, the mento is wide and thin, The caves are
low with a smooth, conbinnous hanging wall, Sub-manto ore occurs
with Increasing imporbance ag the Sldeline fanlt s spproached,
Horth of the fault, the larger caves are irregular in shape and
size, the mantos are thicker and Sg%wman%a ore 3veﬁwm inates.

The sectlion bounded by the Sid@&im@ fenlt on the south and
‘the Nuevo Mundo fault on the north is the most complicated ares
of the mine. The aim@rwlia@d area 18 roughly triangular in shape.
The width decreases from 100 meters near the Sideline Pault to 50
meters nesar the Huevo Wundo fracture zone. During the develop=-

ment, the Sideline fault was crogsed, and extraction proceeded in



a sectlon wiilch appeared to be a direct extension of the Erupcion
manto. %Shis ore body had a width of 40 meters and decreased from
a thickness of 5 meters in the west to a thin hilo in the east.

A gone of N 15 degrees W fractures with & small upward displace-
ment of the west Dlock, marks the western side of this stope. 4
barren-cave system was exposed just west of the N 15 degrees W
fractures which bound this manto on the east,

Before réachim@ the Nuevo Hundo fracture zone, a cave was
exposed in the raised block and was thought to be another barren-
cave. HExploration work soon proved that the supposedly small
barren~cave was in reality a part of the grealt system of caves
that extended both north and south of the point of penetration.
To the south, the caves ascended along the bedding to the Side-
line Fracture zone., The cave first penetrated was the Monte
Blanco cave. Drilling thru the chaotic limestone and secondary
caleitic covering of the floor of this cave disclosed the largest
bodlies of ore in the mine, The comnected cave system from the
lionte Blanco to the Sideline Fault is the largest discovered in
the district.

The Cueva en Linea, del Coyote, las lLeones, las Leonitas and
del Honte Blanco (See Plate lio, &) lie between the Sideline and
Buevo Mundo faults. Intersecting systems of H 15 degrees W and
He@l flssures are well marked iIn the roof of the caves, A huge
thickness of limestone blocks cover the thick loose manto ore
on the floor of the caves,

Altho the manbo and hilo ore was thicker than any before
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worked, they are less prominont than the large sub-manbtoe ore

bodies bencath the mantos or cceasionally to one side of
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manto avea., In two plaeces, the sub-mante bodies cxbend a feow
L * o & e i L. L x £ 1 2 b & S A

mebers Inte the ingela limesbone, The Cueve log Leonites 1z a

notable exemple of rich ore occurring in one of the deop cavos.
AR LM bwwke . the Cueva de LANGO on The widy
The west part of the trilanmlsr area has no exbension south
of the fideline fault. In the nefﬁhéfg portion, as the Muevo

¥undo fault is approached, both the menic and sub-méntc ore con=

tain rch more zine and iron, The increase in the zine and iron

content 1s probebly the result of leaching of the desp-ore body,
together with enrichment with the oxidlzed zine and fron. The

& i L 2 4 & VY 3 2 o L >
total length of this =sectlon is 200 meters and the ares has
32 = ® EN e b o o I, . = G < 8 - —— oy S 2 b
yielded tho largest tomnags extracted to dete from any unit of
"

egual length.

Huevo Mundo-Lons Tonm Section.~- The succesdling section north

of the Honte Blanco cave is bordered on the south by the Huevo

Vundo fault and on the north by the San Inis fasulb. The sectlon

BOF

1g 170 meters long and may be considered in two parts, The Huevo
Hunde cave forms the ac&ﬁlé?n segment; the Long Tom, the assopl~
ated Cueve la Crusz, and the B-l14 cave constitute the northern
part of the section.

Displacements, from a few Inches to & maximum of B0 fect,

-

are observed on the MNueve ¥undo Fault, The faulting was normal,
{See Plate Wo. 3).

The main ore body north of the Nuevo Wundo faulit steps to

PSS
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the west. The ore body exhibited the same feature at the Side=
line fault and it will be found repeated as the succeeding frac-
tured gonecs are crossed.

North of the Nuevo Hundo fault is the ore~bearing cave with
the same name., It has a very lrregular roof, well blocked or
jointed by intersecting fissures, The cave is over 150 feet in
height, The ore on the floor is in places covered to a thickness
of almost 100 feet Ly & chaolic accumulation of huge limestone
blocks. The cave is over 300 fect wide and 500 feet long, Hear
the back of the cave thin hilos extend out in both walls, The
primary body in this section was apparently wide and thin, The
thin, loose ferruginous ore surrounded the huge llmestone boule
ders which fell from the roof of the cave during the oxidation
pericd,

Subemanbo ore bodles are found assoclated with the Huevo
Vunde Tault zone at the inbersection with -8 fissures and one
large body occurs benestl: the centor sectlon of the cave associw

3

ated with a N-3 fissure., & barren~cave, beneath the manto near

the Iuevo Muudo fault, contains a heterogenéous deposit of angu-

I‘,.‘J

lar limestone fragments and low grade iron, lead and zinc ore.
Apparently the collapse of the thin limestone shell separating
the manto from the barren~cave allowed the material to tumble
or wash into the latter.

The northern end of the Nuevo llundo cave descends sbruptly
and connects with the long, narrow tortuous Long Tom cave., This

ore=bearing cave has a H-3 length of 100 meters and an average
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width of 20 webters, The actual length of the cave is consider-
ably Increased by the zilgzag course followed from the Nuevo Hunde
cave to the San Imis fault. The first 25 meters trend due north,
thence 8@ degrees W, a distance of 40 meters, and then again asg~
sumes a ¥-8 trend, a disbance of 75 meters to the San imis fault,
The Cueva la Cruz comnects with the Long Tém cave about 75 meters
south of the San Imnis fau 1t., This cave extends 30 meters to the
west and contains very rich, thidrbedded ore in the floor. The
Long Tom cave in contrast to the Nuevo bundo, contained a thiek
mento of high grade ore with a relatively thin cover of limestone
boulders, The hilos are prcmin@ni, especialily in the east wall
where along prominent fracturds it attains a thickness permitting
extraction of zones as far as B0 mevers away Ifrom the cave,

The manto thickness is almost constant from the lluevo Mundo
cave to within 30 meters of the San Iumis fault, The ore in the
final 30 meters of the cave decreases raplidly in thickness and
is well leached,

The sub=manto ore is generally directly beneath the manto
and 1is assoclated with ¥ 10 degrees W fissures, The 5~l4 cave,
hovever, is an important exeeptlon. It connects with the Long
Tom hilo near the eastern limit. This sub-manto ore body lying
sast of the Long Tom manto also folliows a N 10 degrees W trend,
The small sige of the opening into the b=14 cave and the factk
that the associated ore above the cave is only an hilo shows that
the large gquantity of ore within the cave can not have been de-

by mechanical movement during oxldation,

rived from



GB e

but musgt have been originally deposited as a sub-manto body. De=
position of the primary sub-manto ore contemporaneous with the
manto ore will be discussed shortly. The back of the cave is
just above the manto horizon and the £loor 5O meters deeper. The
ore of the b=14 cave was very irregular in grade, varying from a
high grade lead ore to a low grade ferruginous gzine ore., The ore
body et a distance of 50 meters below the main manto assumes the
manto form and appears to be one, However, it apparently ends,
Other bodies of sub-manto ore expand at this horizon indicating

that i1t is a favorable horlzon for replacement. PFarther to the

north a second important continuous manto may be found at this
stratigraphic position, or the upper mantc mey traverse the bed-
ding, viz chimmey and again develop a manto upon reaching this
lower sectlon of the Los lamentos limestone. The Long Tom cave
from the La Crug to the San Luls fault has sub-manto ore bodies
directly beneath the manto asscciated with a prominent ¥ 10 de=
greeg W Tructure zone,.

Barren~caves, with or without secondary material, are as=-
sociated with the manto and hilos, The manto rapldly decreases
in thicknéss and grade of ore as the San Imls fault is approached,
The Long Tom cave simllarly decreases in helght and size near the
fault. In the fracture zone it suddenly expands to form the Hojas
de Flata cave,

The Hojas de Plata Section.==~ The Hojas de Plata (leaves of

silver) cave is rather narrow, the width varying from 10-20 meters,

It is the most northern of the known large ore~bearing caves, The
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height of the cave docreases from a maximum of 40 meters near the
Tais fault to & minimum of 5 meters near the Sonora=Vanadium

(]l

kewise, the thiclmess of the chaotiec limestone

£

fracture zone.

s

covering decreases from a maximum in the south {o e minimum in

ey &

the north., The total length of the segtion

f
i

110 meters, The
general trend of the Hojas de Plata sesction is N 10 degrees W,
coincident with the trend of an asscelated Tracture gone, The
dip of both the cave and manto increased in the vieinity of the

34

Sonora-Vanadivn fault zone, that is, they descend to a lower

The manto and the large sub-panto ore boedies are assoclated

with a N 10 degree ¥ ore chamnel, The manto increases in thick-
ness and grades Lo the north.
The hilos are thin, high grade, well warked and somewhat

above the lavel of the manbto, DBoth sast and west of the cave

the hiles show small displacements along flssures N 10~15 de-

grees ¥, The hilos at the intersection of ¥ 10 degreses W fig=
sures with E<Y fracture zones expand bo form small, commercial
bodies of high grade ore, The hilosg are limited in lateral ex-

tent. In general, the thickness and exbent of the hilos appears
%0 boe reldbted o the manto, If the manto is thick and narrow,
the hilos are usually small and thin; and if the manbto is thin
and wide, the hilos are usuallw very thin and extend great dis-
tences away Ifrom the cave. However, the above statement does

not necessarily indicate a constant cross~sectional area of the

ore body as hold by Prescott.?

l. Prescett, Dasil E.&l.J.~--Vol, 122, Ho, 7, August 14, 1926.



A& barvenw-cave system is assoclated with the southern 40 -
meters of the Hojas de Plata section. These deep, barren-caves
oy water-courses, som@tiﬁﬁs contain small irr&gul&rvbodies of
secondary ferruginous om. © .no " .

Farﬁ&ef north in the $eatién, the manto is underlain by a
sub-manto ore channel associated with the U 10 degrees W frage-
tures that rapidly increases in thickness near the Sonora-Vanadium
fault zone. The northern boundary of the Hojas de Plata section
is the southern boundery of the N 65 degrees W fracture zone known
as the Sonorg~-Vanadium fault zone,

The sub=-manto ore unﬁ@rlyiﬁg the northern part of the Hojas
de Platae manto was = wvery ferruginous.> . These bodies extended
to the contact of the Angela limestone, The ore occurred in very
irregunlar stopes and the grade was erratie, The greatest depth
obtained by the sub-manto ore bodles was near the Sonora-Vanadlium
Fault zone where the N 10 degrees W fractures that govern the
trend of the Hojas de Plata sectlon intersect the N 65 degrees W
fractures of the fault mne,

Several small caves counbtaiuning highegrade ore were encounbtered
where the hllos wers vrogpvected from the main wmanto. This leads
to the assumption that other smell ore~bearing caves may be found
by following the hilos outward from the ore body, especially
where they are intePsected by the cross-fractures,.

The northern 1limit of the Hojas de Plata cave is marked by
g limegtone wall. Ore was found north of the fault at a depth
of 25 meters below the level of the manto in the Hejas de Plata
cave, This ore was different in character and occurrence from

the mants Orc.
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Sonora-Vonaedium Seotion.~= The ove bodies within the wide.

=

N 65 dogrecs W fracture zone, north of the Ilojas de Plata cave,

will be roferred to as the Sonora-Vanadium section. An extension
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nanto of the Hojas de Plata section, N 10 degrees V,
has not been found, and there iz apparently no north exitension

off gub-nanto ore Lo connect with the mantos south of the fauls.

The sub-manto ore encounbered in the Sonora~Vanadium zone

was firat thought te be the chimney feeder of the main manto,

The ore bodles terminated whon the fngela limestone was reached.
Development revealed ore north of the fault and indicated thatb
the ore body had again stepped to the west., However, the large
bodies disclosed by recent work in the Sonora-Vanadium zone
shove a general change in trend; apparently paralleling the fauld
zone., The longitudinal cross~section illustrates the regular
continnation of the manto ore throush this section (Plate No.3).
The main ore body mey conbtinue to follow the trend of the
Tault zone; nmay leave the zone and again assume the general W
10 degrees ¥ trend followed by the ore body south of the zone;
or may descend within the zone as a chimney. The fraeture zone
certainly offered a favorable arca to expect a chimney. ILater
the maln ore body was found to croas the northern boundary of
the fracture zone and to contimae as a manto, The large caves
found to the south are not developed north of the Sonora=Vanadl-
ur fault zone. This lack of larze caves sugpests a fluetuating

ground water level.

The deposit while tmw:re ging the Sonora«-Vanadium frachture



zone was characterized by vanadates and molybdates as important
ore minerals., These minerals are irreguler in their distribution

but seem to be confined to the fracture zone. The possible exw

el

planation of this conecentration of vanadium and molybdemunm in
this area will be discussed under "Oroe CGenesis.” At the time of
this study, no imporiant bodies of vanadiuvmenmolybdemum ore had
been found north of the Soncra-Vanadium fanlt zone.

The most important occurrence of the vanadatss and nolyb-
dates was within an area designated by Irs B. Joralemon as the

n
Vanadium Channel, which occurs within the wide Sonora Vanadium

fault zone, Some of the finest specimens of vanadates and

=

molybdates in the world have been collected in this ares,

The ore body reaches the present water level as it crosses
the Sonora-Vanadium section. This probably ropresents & bem=
porary level in which case the oxlidized ore may extend to a
considerable depth below the present water table, Iowever, if
the vanadiumwmalyb&eﬁum minerals are the result of concentration
and deposition at the water table, primary ore way exist within

& short distence pew the lowest workings at the present time.

BERBENDA HMANTO

The Berrenda ore body outerops at the surface and was at
first believed to be a second manto. .. oot bater work
indicates that it is a branch or off shoot of the main Erupclon=
Ahumada deposit, The triangular shaped fractured area previous-
ly referred to as the "A" Pissure zone, which forms the northern

1imit of the Gypsum section, has apparently acted as the feeder
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for the Berrenda mante. Should this be true, 1t was mineralized
thru the "A% Pissure zone within the favorable horizon and the
Berrenda sectlion may be assumed to connedt with the main manto
{1

in the vieinlty of the "4" Fissure section., Appareatly the

mineral bearing solutions followed 2 divergent paths westward
from the main manto, These channels mark the two sides of the
triangular "A" fissuve zone. The northern fractures apparently
formed the principal ore channel, the one in which a conaection
thru a ewmmeﬁai&i body may be expected. DBebween the limits of
the diverging "A" Tissure zone the Berrenda manto s aw s ip=
regular coww [ 100 meters in an east-west direction., The ore
averages about 4 meters iﬂ thickness and varies in width from

3

cens to aboubt 6 meters and widens where
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the manto is intersected by H 30 degrees W Lractures., Except

in the path of the feeding fissures the ore body pinches bo the
north. iilos are prominent on the north side of the mento and
almost absent in the south wall. The Berrenda manto was one of
the Tirst discoveries of the district. 1The charscher of the ore

is similay to the maln manto.

0=-30 CRE BODY

The 0=-30 ore body is a thin manto lying asbout 200 mebers
west of the main Erupclon-Almmeds mento. This body is peferred
to as the VWest Manto on the plan and gection. (See Plate Ho. 3.
It is badly fauvlited comparsd to the E@ﬁ@eianwﬁhamaﬁa deposit,

The general trend is N 15-85 degrees W, that is, paraliel to the
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Eripeion~fhumada ore body. The lmown length of this manto was

less than 200 moters at the tHime of this oxandnation. The north

end of the nmanto was Auwwwdlidly a2 foult. The greater part of this

1A

mante is not of & commercial width and thickness, altho at one

o

point where 1t is cubt by an Le0 frocbure 2 mexinum width of B0

mebers occurs, MNany of the shori sectlons between the crossw
fractures vielded only a thin seam of galena and lron oxide.
The ore 1s of a higher grade than the IDrupclon-Abumads ore body.

vhen the ore-trend is cub, by the cross~Iiractures, vugs and small

& vumber of transverse bunnels from the main workings cut
8 strong nineraliged freacture zone that is a direct projection

 the lmown ore trand of the Vest manto, Undoubitedly, there

ls an extension of this manto and it mey reasonably be assumed
5.
that thoe cross-section will increase to the north toward its

gource, The ovidence indicabes that this manto will not unite

with the BErupcion~Ahumada ore body south of

feult zone. Ibs atbibtude within, or north of the fault zone, is

purely hypothebtical, iThe Sonora-~Vapadimm fault zone may be the
site of the Jjunction of the two mantos, or the west manto may
be deflected to the norithwest as is the case of the Lrupcione

Ahumeda ore trend.

i)”‘r‘{:‘ fal ..a"“(:\f’“if"'
L3 ol A

Outeside of the main mineralized zone, the Erupcion-Ahumeda

wre channel, several strongly minerallgzed outerops oceur. The

&
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most important of these 1s the 'exmlcol!, a prospect near the
southern end of the range (Plate No. 2). A small tomage of.

"

ore had been shipped from this prospeect before the ore was lost

by faulting.
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FPRACTURE SYSTEMS
The fissures encounbtered underground in the Los Lamentos
district may be classifled into 4 groups or systems which have
definite characteristice and influence upon the control of the
mineralization, In the following table the flssures are grouped

according to their strike and srranged progressively acecording

tO age.
GROUP CLASS BECOWONIC CHARACTERISTICS
Most important group., Apparently
tensional cracks along axis of gentle
N IOW anticlinal fold, Governs trend of the
4 to mineralization. Channels for the
N 20w deep=-ore, Channels for dry-cave
systems.
Post-mineral movement,
Principal fanlt planes.
Caused spreading of the ofe body,
Be E - W Responsible for great irregularity in

cross section,
Pre-and postemineral novement.

Governsg in part the trend of the ore
channel (Sonora-~Vanadium).

Se ¥ 65 W Prominent fault planes.
Princinal chammel for the vanadiume
molybdenum mineralization,
Pre-and postemineral movement.

Important group of cross fractures,

Mein feeder to Berrends manto be=
4, W b0 E longs to this class.

Pre-and posb-mineral movement,
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The W 10 degrees ~ 20 degrees W fissures are the oldest
pre-mineral fractures of the district, They are apparently
tonsicnal cracks developed most prominently along the crest of
broad antielinal folds, The age of the fracturing is, there-
fore, contemporanecus with the folding., The Erupcion-Ahumads
ore body followed the fractured crest of such a fold, Certain
beds were less resistible to fracturing than adjacent sections,
Strong bensional fiaéargs developed during deformation may be
very prominent in brittle strata and inconspicuous in an ad-
jacent series, A combination of well fractured ground with
a deformed structure, governs the location of manto deposits,

The Los lamentos formation was well fractured by a zone
of W 10-20 degrees W tensional flissures that are rather incon=-
spicuous in the underlying Angels limestone and the overlyling
San Vicente formation. The fracturing is. also. prominent atb
several horizons in the Bufa formation.

This fracture gystem apparently was not subjected to pre-
mineral movement, altho, some minor poskmineral movement is ob=
served, The fissures also acted as channels for the deposition
of the sub-manto ore. Heawlly mineralized fractures at several
places have the appearance @f veins, This led some lnvesti-
gators to belleve the ore bearing solutions ascended in these
Tissures,

During oxidation, this fracture system was especlally

prominent and governsed location and trend of the barren-caves,
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The side walls of the ore-bearing caves are usually coinecident
with a fracture plans of this group. The fractures have been

tly enlarged Ly the oxidizing solutions.
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GROUP II

The BasbWest breaks form the second group in order of
tive. They include the most prominent fractures of the mineral
zone. The movement, altho small, in some cases was enough to
displace cerbain very favorable beds thra which nmineral=bearing
solutions ascended. When the frachbured zones were encountered,
the solutions were dammed for a time and thils caused a spreadw
ing of the ore body behind the fault. The ore bodies on op=
pogite sides of a faulbt may then show a radical change In cross-
section,

The fractures were subjeched to both pre-minerzl and poste
mineral movements, The most impoertant of these E-W fractures
encountered during mining are discussed briefly below,

A% Piasure Zone

The north side of the triangular shaped 'AY Fissure zone
is Tormed by a strong fracture of the E-W system, while the
southern margin is formed by a strong N 50 degrees E fracture.
A wery small pre-mineral displacement ocours along the EwW
fracture., Some of the fracbtures of the E-W system apparently
were channels for the ore-~bearing solutions vesponsible for the
Berrenda manto, Howsver, the ¥ 50 deprees E fissure along the
southern margin of the zone formed the most important channel.,

This triangular shaped area contained the lowest grade ore
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found in the mine., Apparently the entire gzone was subjected to
almost complete leaching during oxidation,

Sideline Feultb.

The 8ideline Pault zone belongs %o the E~W system and has.
a strike of # 80 degrees W with a dip of 75 degrees south. The
fault is not a single break but & strong zone of fissures and
slips, having & total width from 10 to 20 feet., The fissures
are well marked with a secondary iron and zine £illing. fThe
total throw found within the de?@lopaﬁ area varies from 20 to
5O feet with a down throw to the north making the Sideline fault
of the reverse order. There is evidence of both pre-mineral
and post-mineral nmovements. It marks a character change In the
main ore-channel, South, from the fault to the surfac@, the ore
vody is essontlally an ideal mento with sub-uanto ore developed
only in the viciniby of the fault, while to the north, the bulk

’

of the mineralization ccours in the so-called sub-manto ore
bodies, 4 regular hanging wall with low insignificent ore bear-

ing ceves oceur south of the fault while a magnificent system

of ore~bearing caves is developed to the north. Some of the

caves arc over 200 feet in height.
The ore-bearing solutions came from the north in the
Pavorable manto horizon and encountered & barrier at the fault

zone. This temporerily retarded the advance of the solutions
and widened the depositional area in back of tihe fault. The
golutions finally broke thru the fault zone east (100 meters)

of the general axis of the section norih of the faunlt. This

&

Q



stepping east of the ore body when encountering a prominent

il

3

sheay zone is repsated several times north of the Sideline
fault.

A remariable feature 1s the increase of the silver content
in & wide zone extending 50 meters both north and south of the
fault., The sheared area was apparently the chammel for hypokygene
'éilver enrlchment of the ore in 2 zone parallel to the faulb.

Tuevo Mundo Fault

The Muevo lhundo fault (Plate Yo, 3) has a general strike
of B 80 degrees E with an almost vertical dip. The faulting is
norpmal with the south block sheowinz & meaximum displacement of

50 feet, In contrast to the Jideline fault zone, the Nuevo Mundo

wide, The fissure ls partly filled with cellnlaer and black ox-
2 nuJmeLm‘ (V. & Lwsnlions : . -‘ v
es of iron, .. fragments, - : . The

e

. -
Tueve Mundo fault like the Sideline zone was a barrier o as-
cending ore~bearing solutions and ceused o spreadlng <f the de=
vosit below the fanlt., The manto stepﬁ@d te the east, 76 meters,
hefore penetrating the brealk,

Stopes in the vieinity of the fault conbaln an unusvally
high content of iron and zine. Ividently the fault was a promin-
ent channel for oxidizing solutions which, in the vicinity of the
fault, deposited secondary material whidk locally lowered the grade
of the ore.

San Inils Fauls.

0

The San Imis feult, 165 meters north of the Fueve Iunde fault,
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is another prominent E«W fracture. Altho no appreciable nmove-
ment was encountered within the developed ground, the fracture
was an Important pre-mineral breal, This break marks a decided
change in the eross section of the ore body analogous to the
previously discussed transverse frecture zomes,

Deposition of primary ore in the fracture extended Lo the
Angela limestone, Several sub-manto ore bodies are assoclated
with and extend north from the fanlt. The ore-bearing solutions,
responsible for the sube-manto ore bodies connected with the
fault, undoubtedly descended from the manto thru the fracture,

The ﬁan Eﬁis fault has a general strike of N 80 degrees E

with & dip of 80 degrees south, ZHast of the ore channel, it

Wiy

]

intersects the Sonora-Vanadium zone. The triangular block be-

=

&o«t

tween the two faults is upthrown with respect to the adjacent
blocks., The movement on the San Iuls was much less than on the

Sonora-VYanadiom fault,.

GROUP IIX
The ¥ 65 degrees W fissures form the third group in order
of time, Underground fissures of this group have been observed
cutting the &«W and the N 10-20 degrees W system. Pre-and poste
mineral wmovements of small magnltude ocour. The manto trend
within the Sonora-Vanadium zone and several sub-manto ore bodies
a@é gulded by the fractures of this system.

-
Sonore~Vanadium Pracbure Zone.

The Sonora=-Vanadlium frachbure gone is an intricately fractured

arca, about 60 nmeters wide, has a general strike of ¥ 60«65 de=
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grees W and an average dip of 75 degrees north. The fracture
zone, wherever encountered underground within the Los lamentos
limestone is well mineraliged., It cuts both the San Inls and
Huevo Mundo fracture zones cast of the main ore body. On the
surface, the fault can be traged for over 1500 meters by the

caleite £illed stringers. This fault zone should not be con=

fused with the Sonora Overthrust Fault already deseribed by

The fracture zone was first belleved to be the site of a
change from a manto to & vertieal pipe or chimney., The pre-
dietion by Kansome that the ore body would traverse the zone
without notable displacement or change in form is substantlated
by later work, Continued work showed the typleal manto form
maintaining a N 65 degrees W trend within the fault zone. It
is very probable that the ore channel nayth af the fracture
wone has a general W 15 degrees V trend.

- The most noteworthy feature of the Scnora=Vansdium zone
is the high vanadium end molybdenum conbtent. Outside of the

zone, vanadium and molybdenum rarely occeur.
/

GROUP IV

The ¥ 50 degrees E fissure system 1s the fourth in order
of time. It is & group that has been the site of both pre-
and poste-minerdl movements of small magnitude, Intersecting
fractures with the N 10-20 degrees W gystem are favorable
sites for small pipe feeders to sub~manto ore bodies,

A fractured gone of this group is the main chamel for
ore~bearing solutions responsible for the Berrenda manto. 1t

also forms the southern boundary of the TA' Fissure Zone sgection,
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The distrlct ylolds a recmykable guite of oxidiged lead
minerals, and, In & nwber of both the commoen and rare specles,
an oxecptionally Line orystallisation is developed. Sevoral
of the less common minerals vhich ave ordinarily msown
spoclmens, arc the chlef constibuents of the ore in some parte
of the deposits.

ﬁ@ﬁ&mﬁ&y‘ﬁrg Ve Py Pombag, of the United States Hatiomal
aseun, collected in the lLos Iamontos distriet, snd hieg paper
on the mineralogy is in prepavation, In view of this work,
the minoralogy will be only brilefly troated.

The following list Includes tho determined ore and gangue

minoralsy
w LIAT OF BINERALS -
Hative Minerals
‘ Selphay
Silver
Gnlodum mm ol
A,

Hﬁlﬂmiﬁﬁ
fakordte

%’@m
Lond Uinovals
T Galena
Anglesite
Corgssite
Thulfenite
Vanadinite
Deselodzite
fvramarﬁtlﬁ@
Jupho Jaroslito
Zino Tinﬂr%iﬁ '
mpm&; srite
lrozincite
Llenito
'ﬁaﬁ&ariﬁe
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Ircn Uinerals
Pyrite
Hematlie
Limonite
Gothlte
Jarcsite
Siderite

Gopper Hinerals
Halachite
Agurite
Brochantite (2}

Three primary sulphides, namely galena, pyrite,and
syhalerite have been identified., Distant from the main
oxidized ore channel, occasional disseminations of sulphides
have been found in dense unaliered 1&&@5%@5@. Fyrite also
oceurs sparsely disseminated thruout certain limestone beds,
but this is a common feature of limestone end is apparently
unrelated to the mineralization. aleng is the only sulphide
abundant in the ore~chammel, It is found as residual kernels
protected from complete oxidation by asnglesite and in a masg-
sive state in unoxidiged, thin, tight bhillos flanking the manto
ore bodiles

Anglesite, cerussite,and plumbojarosite are the chief
lead ore minerals. Almost pure beds of anglesite and cerus-
site (sand carbonate) occcur in the oxidized ore, %The angle-
slite may be assoclated with the gypsum beds and in some cases,
abundant enough to warrant profitable extraction of gypsum
layers., Both anglesite and cerussite are found enclosing

residual galena. Plumbogjarcsite is an imporient lead ore
&
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mineral, espscially asscciated with the iron oxide lavers.

The oxidized ore occurs in layers with iron oxide minerals
forming the major part of the volume, or as a heberogeneous
mizture of iron and lead minerals. The low grade iron oxide
bands conbtaining lead carbonate can be roughly separated from
the higher grade bands of lead minerals. The most abundant
iron minerals are hematlite, limonite, gothite,and jarosite.

The different oxides can usually be ildentified underground witlh-
out any trouble. Occurrence of éiﬁerite is rare and confined %o
very bight fractures. The iron oxide minerals form the bulk of
the oxidized ore:; have been deposited in the numerous fractures
traversing the mineralized gone; and have filtered into the porous
crystalline dolomite.

Hydrozincite, willemite and goslarite are the three idenbtl~
fied oxidized zine minerals; The hydrozincite generally occurs
in white, chalky masses alongz the floor of the oxidized ore bodies,
or as Pissure £1llings above and below the oxldiged ore, 1t isg
easlly recogized from the lnvariable earthy texture. Willamiﬁﬁv
occurs as minute crystals usually yellowish-brown in color; while
the third oxidized zinc wmineral, goslaribte, is found as incfus-
tations in fissures below the ore bodics. in comparison with the
lead and iron minerals, the zine minerals form MJ% u small pore-
tion of the oxldlzed ore. The greater part of the zlnc has been
carried away by eireulating waters during oxidation, unless the
ratio of sphalerite to the lead and to .the pyrite of the primary

ore was much less than gensrally belleved by other investigators.
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The -character of the-hiles -and the -absence of -large bodies of
gine ore-vLelew the mantes and- sub-mento ove bodles, leads the
writer- to -conclude the sphalerite was present in only subordinate
amounts in the prfm&ry ora.

Copper minerals are very rarve, Malachite, azurite and bro-
chantite (?) are the only three minerals identified, and occur
cceasionally on gypsum crystals,

Daring this work, native silver was found as wires and
flat plates assoeclated with the copper minerals and gypsum. *he
pregence of silver in la?gem quantitles was expected but in only
one stope was any silver mineral megascoplecally identifiled,

“he chiefl calcium minerals related to the mineralization are
caleite, dolomibe, ankerite,and gypsun. The caleltic incrus-
tabion of the open fractures, ore-bearing and barren-caves, has
already been discussed. Ankerite has been identified as coarse-
ly crystelline masses in the recrystallized beds of limestone
and dolomite.

Onk of the notable features of the distriet 1is the 1&#@@
amount of gzypsum and Tree sulphur found in the upper part of
the mine. The explanation of thelr genesis is a problem for
future study. Undoubtedly, the reaction of the sulphate oxi-
dizing solutions, as a result of the oxldation of the pyrite,
reacted with the limestone with which 1t came in contact, to
form caleium sulphates, The calclum sulphate was partly carried
away by circulation and pertly deposited within the ore body as

gypsum. ZThe assoclated bodies of sulphur are supposed to have



been -derived by the reduction of -the gypsun. Gypsum layers are

usually found witkin the bedded oxidia: thiaont the nine and
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forz large deposits In the bharren-caves.

Fulfenite, vanadinite, descloizlite, and pyromorphlte are
gonfined to the Sonora-Vanadium Fracture Zone. The oceurrence of
these minerals ocutside of the zone 1s so rare that it becomes a
curicsity. The wulfenite and vanadinite are so abundant at and
helow the water table that they form the chief ore minerals. The
consensus of opinion ls that /ﬂ no lybdenum and vanadium have
been leached from the galena and migrated downward during oxie-
dation and deposited as secondary minerals at the waiter table,
However, the resbtricition of these nminerals o a definite zone
within the Sonora-Vanadium frecbure zone suggesis a8 relationship
between the two and it may be that this occurrence represents a
second stage of miﬁe@alizatiﬁn with the Sonora~Vansdium gone as

N

the channel. Descloizite and pyromorphlte are cccasionally

found outside the Soncora~Venadium zone.
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-OXIDATION AND DOLOHITIZATION

"

The Erupciom=ihupada -ore body has been almost-completely-

=3

oxidized. - Only-sectlions of the thin hilos flanking the mantos
remein unaltered. The original character of the deposit has
been almost obliterated by the process.

The primary sulphide body consisted chiefly of galena and
pyrite with a subordinate amount of sphalerite. These oceur as
8 met&aematia‘replacam@mt in the limestone without prior devel-
opment of cavernous openings, Hesidual sulphides found In the
hilos, and investigation of the primary mantos of the Santa
Bulslia district,permits inference as to the character of the
original sulphide body. The original sulphide ore body was ap-
perently & rather confined and complete replacement instead of
a body of limestone thru which the sulphides were distributed
in a more or less disseminated condition.

Surface solutions subseguoently atéécked the sulphides with
the action accelerated by generation of aecid during the oxidation
ef the pyrite, In addition to changing the sulphides to sulphates
the resulting acld solutions readily attacked the limestone, 4
large amount of the iron sulpbate,which resulted from the first
step of the oxldation process,was carried away and redeposited
as oxldes in the innumerable fissures and open {ractures tra-
versing the mineral zone, while the bullk of the iron was de=
posited as oxides beneath the original sulphide bodies. The acid
gsolutions generated during oxidation attacked the limestone be-

neath the ore body and the removal of the limestone was accom-
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panied -by subsidence-of- the-mante seetion, .

~-&ine was very susceptible to oxidation and transportation,
A large quanbtity of the zine was btreansported by the circulating
waters and deposited wikth the iron in the innumerable fissures
snd fractured zones, The large bodles of oxidlized zine ore found
beneath the mantos of several districts in llexico is not a
character of the Loz Lamentos deposits. Here the oxidized zine
comuonly occurs above the ore bedies in the open fractures, suge
gestive of artesian conditions during oxidation., The zinc min-
erals, chiefly wlllemite and hydrozincite,are found along the
limestone footwall of the oxidized ore bodies and sometimes along
the hanging wall, or as irregular iqrw within the bedded oxi-
dized ore, A stvdv of the ores strongly suggests that the or-
iginal sulphide ratlo of the iron and lead to the zlnc was mch
greater than found in the sulphide zones of some of the other
manto districts. There is no evidence of large bodics of zine
ore ccourring beneath or near the lead ore bDodles in the area,

At first the galena readlly reacted with the acid oxidiging
solutions but the action was later ratmrﬁgd by a coating of the
oxidation products, The ga7eaa is replaced by steble pseudoe-
morphs of anglesite and cerussite, Rﬁb?&nal salena (often er-

s sccondary galenal is found from the

£

roneously refered to
lowest workings of the mine to the surface.

The acid solutions changed large quantities of the lime=
stone t0 ealcium sulphate and in this condition the calelum was

elther removed by the clrculating waters or redeposited in the



form of gypsum within the ore bodies and caves,

ORE~BEARING AND BARREN=-CAVES

Cave Pomnation

The aclds generated during oxidation vigorously attacked
any limestone with which they came in conbtact, In this manner
fissures were ﬂ@?rﬂﬁ@& forming open crevices and large volumes
of limestone were removed by m@actm&n and the circulstion from
beneath the original sulphide ore bodiss. The lathber was ac~
companied by contemporaneous subsidence of the ore leaving an
open space ebove., <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>