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SILVIR CITY QUADRANGTE TERTIARY VOLCAHICS

Circle Mesa Breccia. Matrix red-brown to gray or tan. Clests

of gray volcanics, banded purple and grey and lesser red and

gray rhyolites or latites, and ‘dense buff tuff(?). Some btanded
purple clasts over 6 inches, but most clasts 1 inch or less across.

Felsite. Slabby aphanitic brown-gray , Cane Spring Canyon

rock. Felty mass of feldspar cryst- Latite Porphyry. Dense
allites with sparse small quertz and . [~ - }.. red-brown to purple
glass shards. Montronite on many chg - matrix with abundant
Jjoint surfaces, ZRelationship with -t andesine phenocrysts,
Cane Spring Canyon Latite Porphyry - ‘ minor small quartsz,

not elear in Silver City Quadrangle, biotite, and magnetites.
but appesars to be later in Circle

Mesa Quadrangle, Lo west.

Kneeling Nun {?) Tuff. Cray to purple rhyolitic ash-flow tuff
containing conspicuous. phenocrysts of quartz, potassium feldspar,
plagioclase, minor bilotite ard magnetite, and sparse glass shards.
Some eutaxitic structure. Appears disconformable over Sugarlump Tuff.
. - L3
Sugarlump (2) Tuff. Tdght-colored (white, gray, pink, and rad) tuff
and ash-flow tuff. Crystals of gquartz, sanadine, andesine, biotite,
and magnetite. 3parse medium-sized clasts of white tuff, purple, red-
brown, and gray volcanics and red-brown feldspar porphyry. Discon— -

~ formeble over Rubio Peak Formetion.

Rubio Peak {?) Formztion. Mainly red-brown, brown, and grey sand- -
stones, arkoses, and conglomerates. Conglomerates contain subangular
pebble to boulder sized clasts of red-brown, gray, and dark green
volcanics, cobbles to boulders of granodiorite porrhyry. Cross—
bedding and imbrication of cobbles indicate fluvial deposition on
surface of considerable relief. Interbedded thin groen gramulites
and shales, and white to creazm—colored and gray tuffs. Lovermost
unit (basal?) seen is a slabsy lavender tuff-brececia. Unconformable
on Cretaceous-Tertiary ondesites and andssite breccias.



[ ] ! _m
- _ o | a lose s i@
— I _ . 1 !
1 T - w d
_ I i _
{ .
- _ @ ! ! i
_ ) i
F ! _ i :
i JF H
! - d "
- | 2 | N . 8 "
_ L ® _ “
= _ . i
< H
E H
< .
T ! :
i . P Ll ——
- —— B e -+
: |
i :
P A ! ! t
\l“\\l-ll}l\\ \V H
— i X
) - - e _ -
i s Lo e ] w.uﬂ ™ & ™
4 M Vad — i I = 3 |
L L BN P " ] ™ .
. h N I = / !
[ . - 1 { i
. h. N f T T \ / |
— - TR z
Pt ra Y s N
-~ -
e e A BN SR i
N w5 ] ’ £ o~ ]
~~ \F RS ! H ~ o 4 .v
S i - ] e |
l\l\\l\.\ ot . ﬂ\\.l.r - ;! s 4 -
—_—— - w iV _
PN / m iy /
i
N ] c Bt e 2 ; i o
.o ' o &
e \ A1 8 _
.I.ms*.«i ~ o .
K : .
i
H
g 3 e e —t
a # i
B § B
L [
!
WO H
= s : “ ! ]
v = hd 1
.__\r/ P i
S
A\Mﬂ\“\\ { . m
P \
! . M !
IO i — e e et s e el e ———— o — i
} | - -t b 1
[ \ _
| i
| I
!
| i i
i i
\\I =~ _ ___.\v o }
rd 4 .ﬁ/.. //ﬂ/l:: r‘\?_/, // m - / \\._. - _ ..29 %
SR N S _ o
i - ™~ .m. \ - lu., // _
et i 2 l/;m\\r N ; RS \ =
3 } .
3 ﬁ\ , ,l....../ . et 3= |
[+ h@l \\\\ -
SEN s F .. _
2 5 T ||.._l
-
3 % O s ® ! 8 i 5

Geoogy by J &, Cunninghom, 1978-79

Map 30

IC

Geologi

ics in

Volcan

iary

f Tert

(New Mexico Bureau of Mines & Mineral Resources, 1974}

ision o

Rev

by John E. Cunningham



108°22'30"

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES

R 14 W, 20/

R. 15 W.

2°52'30" ;7

T.165.|

T. 17 5.

50/

47'30" =

i Jr i

T.18 5. |

=

e
P

T

A DIVISION OF NEW MEXICO INSTITUTE OF MINING & TECHNOLOGY

17'30"

rd Ffjw‘ b
"f-'_Sllu'urﬁ:ny_: Q g

m%-'\w‘erwmm \B“\ \
ankg % /7

J’E‘Jr‘__:j—_v .

e i

s
=

e Y =t — A 4

il

GEOLOGIC MAP 30

108715

LY
b

lehie [
% AN L&
i \’-' ST
—1] 'I L

| 32°52/30"

EXPLANATION

Sands and gravels with cfasts of all ofder rocks; semiconsoli-
dated

7 o
al o
q
I % : =
Freshwater limestone Breccia o
Ql: Dirty white color, east of Boston Hilf "l'_"
Qb: Anguwlar to subangular fragments of dolomite, quartz | o
T. 16 S.diorite, and manganiferous iron ore, cemented by caliche; | D
| 1 17 s found at Boston Hill 2
|
I
TQal I
I
Alluvium |
|
1

CTve

Rhyolite, latite, tuff, andesitic breccia Breccia
Tvr: Phenocrysts of quartz, pink and white feldspar, sanadine,
biotite; clasts of white tuff, dark volcanics, Beartooth Quartz-
ite, and plass shards; light cofars: white, buff, pink, lavender,
light gray, red brown, purpfe

Th: Breccia. Large to small, angular to rounded fragments
of meiamorphosed Paleozojc sedimentary rocks, mafic dike,
and quartz diorite in a matrix of quartz, feldspar, and hydro-
thermal minerals.

i Ty:t

Sandstone and conglomerate
With clasts of andesitic voleanics, mafic dikes, intermediate
stocks; mostly drab colors, but some green, white, purple

Intermediate stocks
Tqp: Gray matrix with medium to large, euhedral to sub-
fiedral white andesine phenocrists, smafler hornblende, quartz
diorite porphyry
Tgp: Eighty Mountain-Gomez Peak stock has some farge
evhedral to subhedral pink orthoclase prophyroblasts, grano-
diorite porphyry

Wafic porphyry dikes
Gray to grepn matrix with conspicuous farge ewhedral horm-
blende phenocrysts, some with smalter hornblende, medium
feldspar; weather yelfowish brown

Pyroxene porphyry
Gray pyroxene andesite with plagioclase and augite pheno-
erysts; from Jones and others (1970)

I
|
I
Andesites, andesite breccias, and dacite :
Dark colors: gray, purplish gray, greenish gray, dark grajp- |
green, black; phenocrysts of hornblende and white 1o gray |
andesine |
I

|

i

|

|

|

Andesite porphyry, Bear Mountain laccolith

Dense purpfish gray matrix with hornblende and white ande- |

sine phenocrysts

Hornblende andesite porphyry
Medivm-grained black hornblende and white plagioclase
phenocrysts in fine-grained greenish-gray matrix of quartz
and potassic foldspar; from Jones and others (1970).

Ke

Colorado Formation
Mixed lithologies of impure sedimments: arkose, sandstone,
shale, limestone; light to dark, but generaily drab colors;
thickness not determined due to spotty nature of outcrops,
but must exceed 1000 ft

Kb

Beartooth quartzite
Thick-bedded white to gray sandstone with minor interspersed
congfomerate beds; iron stain; 155 ft o

-

47!3Dr! IPG

Oswaldo Formation
Medivm-gray crinoidal limestone and mudstone with brown
chert bands; surface often mottled; to 175 ft -

Lake Valley Limestone
Gray crinoidal fimestone consisting of four members; lowest
407t is alternating massive limestone and sfabby shaly partings
fAndrecito); Alamogordo has 20 ft of massive light-gray cliff-
forming cherty limestone overfain by 270 ft of similar but
R thinner-bedded limestone; Nunn is darker, coarsely crisstalline,
T.17 5. 50 ft; Tierra Blanca is light gray, crinoidal; 105 ft o

T.18 S, -

Percha Shale
Dpb, Box Member: Light-gray to buff, containing gray lime-
stone nodufes and fenses, 135 ft thick, grades intoe Dpr
Dpr, Ready Pay Member: Gray to black fissile shale, 290 ft
thick e

-

Fusselman Dolomite
Dark brownish-gray, slabby to massive dolomite; pitted sur-
face and vugs common; mottied color in southern portion
de to manganese stain; 700 ft -

r ’— 3 %

Cutter Dolomite
Light to medium brownish-gray sublithographic dolomite; 40

ft
Aleman Formation

Alterpating bands (1 to 3”) of mediuvm-gray, fine-grained
dolomite and pink to gray chert; 60 ft

MoniuyP Group

Second Value Dolomite

s 32°4R" Medivm-gray, fine-grained, silty or sandy dolomite (Upham

32745 &
10B°22
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GEOLOGIC MAPAND SECTIONS OF SILVER CITY QUADRANGLE, NEW MEXICO

INTRODUCTION

Although Paige’s Silver City Folio has stood the test of time in
most respects, subsequent refinement of rock unil descriptions snd
more defeiled maps now permil more precise mapping. The present
study was carried out during the summers of 1969 through 1972 under
the nuspices of the New Mexico Bureou of Mines and Mineral Resources,
angmiented durdng the 1969 season by o resenrch grund from Western
New Mexico University, Measured sections and stratigraphic studies of
the Bliss, El Paso, Sceand Value, and Oswaldo formations were mode
by David V. LeMone of the University of Texas at El Paso. Thanks are
also due Jacques R. Rennult of the New Mexico Bureau of Mines and
Mineral Resources for his petrographic studies of several thin sections
of the brecein in the northeast corner af see. 30, T. 17 5., K. 14 W.

REGIONAL SETTING

The Silver City quadrangle i located in the trunsition zone be-
iween 1he Colorado Plateau and the Basin and Range provinces, and is
purt of the Gila block (Trauger, 1965), an elevated area diverging from
{he Texas lineament. Although the structure in the Silver City quad-
rangle appears relatively simple, o complex tectonic history is recorded,
including long, essentially uninterrupted, subsidence and sedimentation,
followed by several episodes of uplifi, warping, and igneous activity.

STRUCTURE

The Silver City quadrangle is on the west limb of a synclinarium,
the westernmost exiension of which is seen in the Big Burro Mountsing,
while its castern limb is bounded by the Pinos Altos and Cobre Moun-
{ains. This trough has been broken by o number of foults, some of
which result in repetition of the rocks units, One such fuult occurs in
the southwest portion of the quadrangle, bordering the western flunk
of the Silver City Runge.

The dominant structural festure of 1he quadrangle is, therefore,
a monocline, the crosion of which hes resulted in the exposure of o
complede sequence of rocks from Precambrian to Tertiory. The non-
conformity between Precumbrian granite and metsmorphics and {he
Bliss Sandstone (Caombrinn and Ordovicion) flanks the Silver City Range
1o the southwest, and wherever seen is ¢ flat regular surface. Successive
Palevzoic formations crop out in sequence to the northeast, although
numercus faults undoubtedly couse apperent thickening and thinning
of some units as well as the more conspicuous offsetling of contocts.
Bedding attitudes in the Paleozoic sequence are esseniially parallel, with
all the strata tilted 20" {0 30° NE, although disconformities are pre-
sent between the El Paso and Montoya, the Montoya and Fusselman,
and the Lale Valley and Oswaldo formations. The ususl hintus beiween
Pileozoic and Cretaceous sedimentation is present, and the Beartooth
Quaurtzite lies with an angular vnconformity on all units from Permion
to Precumbrian in the general aren, althongh only from Pennsylvanion
ta Ordovician (Montoya) within the quadrangle. The Bewrtooth-Colo-
rudo contuet appears to be pradational and conformable.
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The Paleozole and Mesozole sediments have been folded, offset
by a lurge number of foults, and intruded by dikes, sills, stocks, and o
least one lnceolith. The dikes increase in number and complexity of
pattern to the essl to form the conspicuous swirm in the Fort Bayard
quadringle. Mupping all the dikes in the eastern portion of the Silver
City quadrongle is not feasible: the larper or more casily {raced ones
hove heen mapped, as opposed o the overlay scheme employed on the
Fort Bayard quadrangle map, {o illustrate their trends and the divergeni-
convergen! patiern.

Cretnceous and Tertiory volesnics present an wnconformuble
cover over much of the northern: third of the quadrangle; scattered
remnants ta the south indicate that this cover was once more extensive.

HISTORICAL GEOLOGY

Precuombrian granite snd metamorphic rocks in the Silver City
quadrangle suggest a picture similar 1o, although less complete than,
that which Hewitt (1959) interpreled in the Big Burro Mountoing to
the west. The metnmorphics include meta-quartzite, melo-urkose,
quartz-micn schist, and quartz-mica gneiss, which correspond to Hewiit's
Bullard Peak series: rocks analogous 1o the luter Ash Creck series were
not seen. The Precambrinn scene, then, is one of nearshore sediments
incorporated within o granite batholith, und subsequently subjected to
prolonged erosion to produce o maturely weathered surface of low
relief.

The scas encroached upon the area in Upper Combrian time, re-
working the sunds left on the Precambrian gronite surface to produce
{he Bliss Sundsione, probably u§ a shore and nearshore deposit, as
suggested by the hematite content, crosshedding, brachiopod molds,
and glouconite. As the seas continued {o advance, clastic deposition
gave way 1o the nonclastic sequence from Ordovicion through Pennsyl-
yanian, with the El Paso-Montoya, Montoys-Fusselman, and Lale
Valley-Oswaldo disconformities, and the Cable Conyon Sandstone rep-
resenting short-lived fluctuntions und withdrowals. The Percha Shale
may indicate instability nearhy, with uplift and erosion of a deeply
weathered surfuce.

A thin deposit of red brecein on north flank of Bear Mountuin
contains {ossils of bath Pennsylvanian and Permiun aspect, suggesting
uplift at the close of the Pennsylvanion, stripping of Paleozoic strata,
and exposure of Precambrian bosement.  This uplift appedrs to have
been centered on the Big Burro Mountains where erosion was deepest,
with Cretaceous rocks now lying on Precambrion granite; in the Silver
City aren the Bearlooth Quartzite {Upper Cretaceous) lies on Upper
Ordoviclan dolomite through Pennsylvanian limestone.

Renewed subsidence in the Upper Cretaceous resulied in deposi-
tion of the Beartooth Quartzite: crossbedding and plant remains in the
Beartooth indicate o neprshore environment. The sens confinued 1o
advance, depositing the varded lithology of the Colorado Formation.
Ocensional ripple murk in Colorado beds indicate that the seas remained
shallow,

Uplift of the aren mnd igneous activity al the close of the Cre-
taceous hernlded the Laramide orogeny. In the Silver City repion this

resulted in tiltng, faulting, and a variety of igneous activity, both ex-

trusive and intrusive. The sequence of igneous aclivity is nol immedi-
ately appurent from the map patterns, but can be worked out in con-
junction with the resulis of the Fort Bayard study. The first upwelling
of magmn apparently resulted in the intrusion of intermediole con-
cordant plutons—the andesite porpliyry laccolith at Bear Mountain and
the quartz diorite sill which underlies the Cleveland mine (unpublished
repor! by Harrson Schmitt and Olef Rove, 1931, entitled Final Report
Cleveland Unit Examination and Exploration of 1928-1931).

These plutons infloied and bowed up the sedimentary section,
resulting in structurally controlled hills from which the uppermost
sedimentury rocks were stripped by erosion. Thus, when the andesites
and andesite breccins were deposited, they rested on the Colorado
Formation in topographic lows, bl covered the Beurlooth Quartzite
and Qswaldo Formation an topographie highs as the Cleveland mine
aren. The andesites may be fairly conrse groined in places (for example,
the Cleveland mine), and thus appear plutonic, bul field relations in-
dicute thot flows having diverse {exture and o resistance 10 erosion are
resting on 1he older sedimentary rocks, On the northeast flank of Bear
Mourlain, conglomerate with andesitic clasts rests on the Benrlooth,
fhe Oswaldo, and the laccolith, suggesting that the andesites ance
blanketed that grea os well. Additional evidence of o Tormerdy more
extensive andesitic cover is supplied by the andesite brecein in Silver
City; and the andesitic muss south of the Little Walnut picnic area
(sections 1 and 10, northenst corner) probably represents ane of the
conduils Tor the volcanics, because the sedimentary rocks are steeply
uptiled around the cast side. The smull plugs in the nartheast comer,
lnbelled Kpd and Tpe from the Fort Bayard quadrangle map, could
also be conduits, becnuse Jones and others (1970) note that although
the plugs intrude andesite breccia, similar rocks are found as fragments
within the brecein.

Following 1he extrusion of the andesite, regional exfension re-
sulted in exiensive fractures along which the mafic porphyry dikes (and
minor §ills) were emplaced (Jones and others, 1970). Most of the dikes
are shown within the Colorado Formution, probably due to two fac-
fors: 1) greater cuse of fracture of the Colordo, with the igneous rocks
acling as resistont bustions, and 2) the difficulty of trcing dikes in
voleunic terrane.

The last phose of intrusive activity within the Silver City quad-
mngle was the emplicement of the intermedinte stocks—the Eighty
Mountain, Silver City, and Coltage San stoclks (this latier appearing as
isolated cupolas within the Colorndo Formation in sections 20, 21, 28,
29, and 33, T, 17 8., R. 14 W.). Similarity of these bodies with nearby
stocks (Santa Rita and Pinos Altos stocks) supgest they were gmplaced
sbout 53 muy. wgo (lones and others, 1970). Subsequent to their
emplacement extensive crosion in an area of considernble relief stripped
olf much of the voleanic cover, especially where it wis thinner over the
old sedimentory hills, and deposited volcanic clostics ranping from
coarse sundstone to boulder conglomerate. Renewed igneous activity
produced the rhyolitic ows and pyroclastics now found s isolated
remnanis on {opographic highs appearing to cap everything else. Al-
thobgh radiosctive sge determingtions hove not been made, 1hese Tlows
and pyroclastics correspond fairly well in appearinee to nearby Oligo-
cene voleanics (Jones and athers, 1970).

Following the Oligocene volcanism, erosion was 1he dominani
force in the Silver City area, and apparently a westward-flowing drainage
piitern was established, possibly emptying inlo likes in the present-day
Mangns and Gila valleys: boulders of Colorado Formation are present
in ridge-top gravels in {the Silver City Ronge, considerubly wesl ol any
present Colorado exposures, A lode Tertiary age is postulated for this
drainsge system on the basis of Pliocene horse teeth found in o welded
fuff infercalloted with pediment gravels near ClLiff {two species of
Pliohippus, "Willinm S, Strain, personal communieation, 1973). If the
westward dirsinage hypothesis s correct, then Pleistocene (or even
Recent) upllift and eastward {illing disrupted that drainage to create
the present southward-flowing droinage in the southern {wo-thirds of
{he Silver Ci'ty quadrangle.

ECONOMIC GEOLOGY

Althowgh the Silver City aren hos been the seene of considernble
mining gctiwity in the post, only one mine is operating today within
the quadramgle—the Boston Hill, which has been producing mangan-
iferous iron ore since 1916, The ore includes a number of both hypo-
gene and sujpergene minerls of iron, manganese, copper, lead, and #dne,
witls {the iron and munganese oxides being of greatest cconomic impor-
tance, The imineralization waos localized by fractures and breceition in
the Paleczoiic dolomiles in combination with @ damming effect as the
fractures wiere absorbed by the incompetent Percha Shale. Primary
deposits weme lean, therefore, economic importance is dve {o secondary
enrichment.

The Chloride Flat subdistrict, which gave rise 1o Silver City's
name and rmuch of #ts early growil, is in reality a continustion of the
sume minerlizotion and structures found al Boston Hill. The basic
difference between the two is {the presence of argentiferous galens, the
primary sowree of the silver, ot Chlordde Flat. This difference probably
reflects mineral zonntion inasmuch as Entwistle (1944) concluded tho
the ore solwtions were derived from the Silver City stock. From the
first discovesry of silver at Chloride Flot in 1870 until 1937, $3,293,000
of are was produced, mostly in cerargyrite bt with some notive silver
and arpentite, Since 1937 production has not been significant.

Flemimg Camp, at Treasuore Mountain on the southwestern edge
of the map,, was worked during the 1880% and 1890°s, and produced
an estimated $300,000 of ore shmilur 1o that of Chloride Flad, the moin
differenice loeing localizotion in pockets in the Besrtooth Quartzite.
Lindgren amd others (1910) noted that slopes were reluted 1o the
bedding, therefore, stratigraphic control may be a factor here as well,
with some tveds fracturing more readily than others.

Other waorkings with manpaniferous mineralization were seen,
stch o those in sections 16, 17, and 18, T. 17 5., R. 14 W., but infor-
mation was mof available on them.

The Cllevelund smine, in the northesst comer of the map, contuined
ore of # comsiderubly different nature. The deposit was & metnsomatic
replacement of lead and zine lodes in Paleozoic limestone, This dif-
ference coulld be due either to zoning or to a relutionship witl the
Pinos Altos stock to the north rather than to the stocks Tound within
the Silver Clity gquadrangle,

Fulure discoveries of slver in the quadrangle seem rather vn-
likely, Certninly hidden badies similar to those deseribed do exist, but
{he smull, sporadic noture of the known deposits suggests that explora-
tlon for blind ore bodies of this type would be a high risk venture ol
best.

Probably the greatest potential for future discoveries in the
Silver City area is in @ search for hidden base metn] deposits. The
gundrangle is situated between the ore bodies of Sunta Rits and Tyrone,
both associoled with intermedinte plutons similar 1o those of the Silver
City quudrangle. In addition, the presence of minor copper, lead, and
zine with the Boston Hill-Chloride Flat deposits sugpests the possibility
of base metal concentrations reloted to the sume solutions bud depos-
ited with a different relationship o the stock. Hints of mineralization
are found in the stocks themselves: 1he Silver City stock has been sub-
jected to chlortization, epidotization, and sericitization; the Cottage
San stock outerops have also undergone some chloritizetion and epi-
dofization, and in places contain consideruble mugnetite and a hit of
pyvrite; and the Eighty Mountain-Gomez Peak stock has considerable
amoums of potash feldspur porphyroblasts on its eastern and western
Nonks, suggesting potash introduction, #nd in places hos underpone
some sericiiznion and sicificition. Away from the known ore bodies,
the sedimentary rocks do not exhibit conspicuous alieration or mineral-
izution, except for hematite stain along faults, snd sbundant alteration
minerals with minor chulcopyrite in and around the breccin in the NEY
sec, 30, T. 17 8., R. 14 W. Some exploration of these stocks and the
surrounding arcos hos been carred on by mining compunies. Although
the results are abviously not availuble, the potential of the Silver Cily
guadrangle does not seem exhausted.
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Dofamite Member); lowermost 3 to 20 ft s brown coarse
dolemitic sandstone Cable Canyon member; 105 fi _J

oo ] :

El Paso Dolomite
Medium-gray to gray-brown, often mottied, fine to coarsely
crystalline dolomite, sandy dolomite, and mudstone, lower
third i fuccoidal; upper two-thirds has lenses and nodules of
pink to gray chert; contains intraformational breceias, chan-

nel and mound structures, and, in lower beds, scattered
glauconite; 330 ft &

-

Bliss Sandstone
Red-brown and gray sandstone with interstitial hematite; basal
conglomerate grades to arkosic sandstone; beds of oolitic
hematite, dalomite; upper dofomite bed represents Cambrian-
Ordovician boundary; glauconite may mask hematite in some
beds; 225 ft -

Precambrian granite
Variable in grain size and colar, but most is medium- and
even-grained, pink, with quartz, erthoclase, and muscovite;
s0me (s coarse, gray, porphyritic, with biotite; contains pods
and dikes af aplite and pegmatite

Precambrian metamorphic rocks
Metaquartzite, meta-arkose, guartz-mica schist, and quartz-
mica gneiss; found as fnclusions in Precambirian granite, and
in one large area in southwestern quarter of map

-
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Contact, dashed where approximately located, dotted where
concealed

Fault, showing dip, dashed where approximately located,
dotted where concealed
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Strike and dip of beds
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Strike of vertical beds
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Freshwater limestone
Ql: Dirty white cofor, east of Boston Hilf
Qb: Angular to subangular fragments of dolomite, quartz

Breccia

)
= } Iﬂ T. 16 S.diorite, and manganiferous iron ore, cemented by caliche;

';.k T 17 s‘faund at Boston MHilt
TQal
Alluvium
Sands and gravels with cfasts of all ofder rocks; semiconsoli-

dated

St

Rhyolite, latite, tuff, andesitic breccia Breccia
Tvr: Phenocrysts of quariz, pink and white feldspar, sanadine,
biotite; clasts of white tuff, dark volcanics, Beartooth Quartz-
ite, and glass shards; light colors: white, buff, pink, favendar,
Ifght gray, red brown, purple

Th: Breccia. Large to small, angwlar to rounded fragments
af metamorphiosed Paleozoic sedimentary rocks, mafic dike,
and quartz diorite in a matrix of gquartz, feldspar, and hydro-
thermal minerals.

Tve

Sandstone and conglomerate
With clasts of andesitic voleanics, mafic dikes, intermediate
stocks; mastly drab colors, but some green, white, purple

Intermediate stocks
Tqp: Gray matrix with medium to farge, evhedral to sub-
hedral white andesine phenocrysts, smaller hornblende, quartz
diorite porphiyry
Tgp: Eighty Mountain-Gomez Peak stock has some large
euhedral to subhedral pink orthoelase prophyroblasts, grano-

diprite porphyry

Mafic porphyry dikes
Gray to green matrix with conspicuous large euhedral horn-
blende phenocrysts, some with smaller hornblende, medium
feldspar; weather pelfowish brown

Pyroxene porphyry
Gray pyroxene andesite with pfagioclase and augite pheno-
crysts; from Jones and others (1970

Andesites, andesite breccias, and dacite
Dark colors: gray, purplish gray, greenish gray, dark gray-
green, black; phenoerysts of hornblende and white to gray
andesine

Andesite porphyry, Bear Mountain laccolith
Dense purplish gray matrix with hornblende and white ande-
sine phenoerysts

|
|

Hornblende andesite porphyry
Medium-grained  black  hornblfende and white plagioclase
phenocrysts in finegrained greenish-gray matrix of quartz
and potassic feldspar; from Jones and others (1970).

Ke

Colorado Formation
Mixed fithologies of impure sediments: arkose, sandstone,
shale, limestone; light to dark, but generally drab colors:

but must exceed 1000 ft

Kb

Beartooth quartzite
Thick-bedded white to gray sandstone with minor interspersed

Po

Oswaldo Formation
Medivm-gray erinoidal limestone and mudstone with brown

Lake Valley Limestone
Gray crinoidal limestone congisting of four members; lowest
40 ft is afternating massive imestone and slabby shaly partings
fAndrecitol); Alamogordo has 20 fi of massive light-gray cliff-
forming cherty limestone overlain by 270 ft of simifar but
thinner-bedded Nmestone; Nunn is darker, coarsely cristafline,

118 s.

Percha Shale

sy

Fusselman Dolomite

Cutter Dolomite

ft

Second Value Dolomite

32745 =
10B°22'30"
Base from U 5. Geclogicol Survey

6500
o000

5500

R. 14 W.

aoog -

T500'
Tobo
6500
&000'

5500

5000 —

GEOLOGIC

INTRODUCTION

Although Paige’s Silver City Folio hos stood the test af time in
most respects, subsequent refinement of rock unit descriptions and
more detniled maps now permit more precise mapping. The present
study was earred out during the summers of 1969 through 1972 under
the auspices of the New Mexico Burean of Mines and Mineral Resources,
aupmiended during the 1969 season by a research grand from Weslern
New Mexico University. Measured sections and siratigraphic studies of
the Bliss, El Paso, Second Value, and Oswaldo formations were made
by David V. LeMone of the University of Texas a1 El Paso. Thanks are
also due Jacques R. Renaull of the New Mexico Bureau of Mines and
Mineral Resources for his petrogruphic studies of several thin sections
of the breecin in the northeast comner of see. 30, T, 17 S, R 14 W.

REGIONAL SETTING

The Silver City gquadrangle is located in the fransition zone be-
tween the Colomdo Plateau and {he Basin and Range provinces, ond is
part of 1he Gila block (Travger, 1965), an elevated area diverging from
the Texas lineament. Although the structure in {he Silver City quod-
rangle appears relatively simple, ¢ complex tectonie history is recorded,
including long, essentiully uninterrupted, subsidence and sedimentution,
followed by severnl episodes of uplift, warping, and igneous activity.

STRUCTURE

The Silver City guadrangle 1s on the west limb of a synclinorium,
the westernmost extension of which is seen in tae Big Burro Mountains,
while its eastern limb is bounded by the Pinos Altos and Cobre Moun-
twing. This trough has been broken by a number of faulls, some of
which resull in repetition of 1he rocks units. One soch faull oceors in
1he southwest porfion of the quadrangle, bordering the western flank
of the Silver City Range.

The dominant structural feature of 1he quadrangle is, therefore,
a monocline, the erosion of which hus resulted in the exposure of a
complete sequence of rocks from Precombrian to Tertiary. The non-
conformity between Precambrion granite and metamorphics and the
Bliss Snndstone (Cambrinn and Ordovician) flnnks the Silver City Range
1o the southwest, and wherever seen is a flat repular surface. Successive
Paleozoic Tormutions crop omt in sequence to the northeast, although
numeraus faults undoubtedly conse apparent thickening and thinning
of some units as well as the more conspicuous offsetling of contacts.
Bedding attitudes in the Paleozoic sequence are essentially parallel, with
all the sirain 4iHed 20" 10 30 NE, although disconformities are pre-
sent between the El Paso and Montova, the Monfoya and Fusselman,
and the Lake Valley and Oswaldo formations. The usuael higtus between
Faleozoic and Crelaceous sedimentotion is present, and the Beartaoth
Quartzite lies with an angular unconformity on all units fram Permian
{o Precambrion in the general aren, although only from Pennsylvinion
to Ordovician (Montoya) within the quodrangle. The Beartooth-Colo-
rado contact appears 1o be gradational and conformable.
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The Paleozoic and Mesozoic sediments have been folded, offset
by @ lurge number of faulls, and imtruded by dikes, sills, stocks, and ol
lenst one Jaccolith. The dikes fnerease in number and complexity of
pattern 1o the east to form the conspicuous swarm in {he Forl Bayard
quidrangle. Mapping all the dikes in the eastern portion of the Silver
City quadrangle is not fessible: the larger or more ecasily traced ones
have been mapped, o5 opposed to the overlay scheme employed on 1he
Fort Bayard quadrangle map, to illustrate their trends and 1he divergent-
convergend poitern.

Cretnceous and Terliury voleonies present an unconformable
cover over much of the northern-third of the quadrungle; scattered
remnunts to the south indicate that this cover was once more extensive.

HISTORICAL GEOLOGY

Precnmbrian granite and metamorphic rocks in the Silver City
quadrangle suggest a picture similar 1o, although less complete thon,
that which Hewitt (1959} interpreted in the Big Burro Mountains to
the west. The melamorphics include mela-quartzite, meta-arkose,
quartz-mica schist, and quartz-mica gneiss, which correspond to Hewitt's
Bullard Peuk series: rocks analogous 1o the luter Ash Creek series were
not seen. The Precambrian scene, then, is one of nenrshore sediments
incorporated within a granite batholith, and subsequently subjected 1o
prolonged erosion 1o produce o maturely weathered surface of Tow
relief.

The sens encronched upon the aren in Upper Combrion time, re-
working the sands left on the Precambrion granite surface to produce
the Bliss Sandstone, prohubly as o shore and nearshore deposit, as
sugpested by the hemaotite content, crossbedding, brachiopod molds,
and glauconite. As the seas confinued to advonce, clastic deposition
gave way 1o the nonclastic sequence from Ordovician through Pennsyl-
vaninn, with the El Paso-Montoyae, Montoya-Fusselmon, and Lake
Vialley-Oswaldo disconformities, and the Cable Conyon Sandstone rep-
resenting short-lived fluctvations and withdrawals. The Percha Shale
may indicate instubility nearby, with uplift and erosion of a deeply
weathered surfuce.

A thin deposit of red breceia on north flank of Bear Mountain
contains {ossils of both Pennsylvaninn and Permian aspect, supgesting
uplift ot the close of the Pennsylvanion, stripping of Paleozoic stinta,
and exposure of Precombrian basement, This uplifl appears to have
been centered on the Big Burro Mountains where crosion was deepest,
with Cretaceous rocks now lying on Precambriun grunite: in the Silver
City aren the Beartooth Quarlzite (Upper Cretaceous) lies on Upper
Ordovicion dolomite through Pennsylvanian limestone,

Renewed subsidence in the Upper Cretuceous resuled in depos-
tion of the Beartootl: Quartzite: crossbedding and plant remains in the
Bearlooth indicate a searshore environment. The sess continued 1o
advunce, depositing the varied lithology of the Colorade Formation.
Occusional ripple mark in Colorado beds indicate that the seas remuined
shillow,

Uplift of the aren and igneous activity a1 the close of the Cre-
tuceous heralded the Laromide oropeny. In the Silver Cily region this
resulied in tilling, foulting, and o varety of igneous activity, both ex-

{rusive and intrusive. The sequence of igneous aclivity is not immedi-
alely apparent Trom the map patterns, but can be worked oul in con-
junction with the resulls of the Fort Bayard study. The first upwelling
of magma apparently resulted in the intrusion of intermediate con-
cordant phrtons—the andesite porphyry loccolith s Bear Mountain and
the quardz diorite i1l which underlies the Cleveland mine (unpublished
report by Harrison Schmitt and Olaf Rove, 1931, entitled Final Report
Cleveland Unit Examination and Exploration of 1928-1931).

These phtons inflated and howed up the sedimentary section,
resulling in structurally controlled hills from which the uppermost
sedimentary rocks were stripped by erosion. Thus, when the andesites
and andesite breceiss were deposited, they rested on the Colorudo
Formation in fopographic lows, but covered the Beartooth Quarlziie
and Oswalde Formation on topographic highs as the Clevelind mine
ared. The andesites may be fairly coarse grained in pluces (for examiple,
the Clevelund minc), and thus appear plutonic, but field relations in-
dicate thet {Tows having diverse texture and o resistance 1o crosion are
resling on the older sedimentary rocks. On the northeast Tlank of Bear
Moumiain, conglomerate with andesitic clasis rests on 1he Beartooth,
the Oswaldo, and the lnccolith, suggesting that {he andesites once
blankeled thal arca as well. Additional evidence of a formerly more
extensive andesitic cover is supplied by the andesile breceis in Silver
City; and the andesitic mass soutly of {he Litile Walnut picnic area
{sections | and 10, northesst cormer) probably represents one of the
conduits for the volcanics, beciuse the sedimemtary rocks are steeply
uptilled around the east side. The small plugs in the northeast corner,
Inbelled Kpd and Tpe from the Fort Buyard quadringle map, could
lso bie conduits, because Jones and others (1970) note that althaugh
the plugs intrude andesite breceia, similar rocks are found as frapments
within the breccin.

Following {he exirusion of the andesite, regional exiension re-
sulted in extensive fractures along which the mufic porphyry dilkes (and
minor sills) were emplaced (Jones and athers, 1970). Most of the dikes
are shown within the Colorado Farmulion, probubly due to two fuc-
tors: 1} greater ease of fracture of the Colorado, with the igneous rocks
ucling as resistund bastions, and 2) the difficulty of fracing dikes in
voleinic terrane.

The Iast phose of infrusive sctivity within the Silver City quad-
ranple was the emplicement of the intermedinte stocks—the Eighty
Mountuin, Silver City, and Collage San stocks (this latter appearing as
isolated copolas within the Colorade Formation in sections 20, 21, 28,
29, and 33, T. 17 5., R. 14 W.). Similarity of these bodies with nearby
stacks (Sunta Rits and Pinos Altos stocks) supgest they were gmplaced
about 53 my. ago (Jones and others, 1970). Subsequent lo their
emplucement extensive erosion in an aren of considerable relief stripped
off much of the voleanic cover, especiully where it was thinner over the
old sedimentary hills, and deposited voleanic clostics ranging from
coarse sindstone 10 bouolder conglomerate. Renewed ipneous activity
produced the thyaelitic flows and pyroclastics now found as isolated
remnands on topographic highs appearing to cap everything else. Al-
(holgh radioactive ape determinations hove not been made, these Mows
and pyroclestics correspond Tairly well in appearimee 10 nearby Oligo-
cene volcanics (Jones ond others, 1970),

Following the Oligncene voleanism, crosion was the dominant
force in 1he Silver City aren, and apparently o westwird-lNowing drainuge
puttern was established, possibly enptying info lnkes in the present-day
Mingas and Gilo valleys: boulders of Colorado Formation are present
in ridge-top gravels in the Silver City Runge, considerably west of any
present Colorado exposures. A late Tertiary nge is postulated for this
drainnge system on the busls of PHocene horse teeth found in o welded
tuff intercaloted with pediment gravels near CLff (two species of
Plighipgas, William S. Strain, personal communication, 1973). I the
westward. drainoge hypothesis s correct, then Pleistocene {or even
Recent} mplift and eastward tilting disrupted that drinage to create
the present southward-flowing drainage in the southern two-thirds of
the Silver City quadrangle.

ECONOMIC GEOLOGY

Although the Silver City area has been the scene of considerable
mining nctivity in the past, only one mine is operating foday within
the quadrangle—the Boston Hill, which has been producing mangan-
iferous iron ore sinee 1916. The are includes o number of both hypo-
gene and supergene minerals of iron, manganese, copper, lead, and zinc,
with the iron and manganese oxides being of greatest economic impor-
tance. The mineralization was localized by froctures and breceintion in
the Paleozoic dolomites in combination with o damming effect ss the
froctures were absorbed by the incompetent Percho Shale. Primary
deposits were lean, therelore, economic importance is due {o secondary
enrichment,

The Chloride Flat subdistdet, which gave rise 1o Silver City’s
name and much of its early growth, is in reality a continuation of the
same mimeralization and structures found at Boston Hill. The hasic
difference between the two is the presence of argentiferous galeno, the
primary source of the silver, at Chloride Flat, This difference probably
reflects mineral zonation inusmuch as Entwistle (1944) concluded that
the ore solutions were derived from the Silver City stock. From the
first discovery of silver at Chloride Flai in 1870 until 1937, §3,203,000
of ore was produced, mostly in cerargyrite but with some native silver
and srgentite. Since 1937 production has not been significant.

Fleming Camp, al Treasure Mountain on the southwestern edge
of the map, was worked during the 1880% and 1890°, and produced
un estimated S300,000 of ore slmilar to that of Chlorde Flut, the main
difference being localization in pockets in the Beartooth Quarizite.
Lindpren and others (1910} noted that stopes were related 1o the
bedding, therefore, stratigraphic contral may be o foclor here as well,
with some beds fracturing more rendily than others.

Other workings with manganiferous mineralization were seen,
such as those in sections 16, 17, and 18, T. 17 8. R. 14 W., but infor-
mation was not available on them,

The Cleveland mine, in the northeast corner of the mup, contained
ore of a considerably different nature. The deposit was 8 metasomatic
replecement of lead and zine lodes in Poaleozoic limestone. This dif-
ference could be due either 1o zonming or 1o a relationship with the
Pinos Altos stock to the north riher than to the stocks found within
the Silver City quadrangle.
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Fulure discoveries of silver in the guedrangle seem rather un-
likely. Cerfainly hidden bodies shnilar to those deseribed do exist, but
the small, sporadic noture of the known deposits suggests that explora-
on {or blind ore bodies of this type would be a ligh risk venture at
best.

Probalily the greatest polential for future discoveries in the
Silver City area is in o search for hidden base metul deposits. The
guudrangle is situnted between the ore hodies of Santa Rita and Tyrone,
both associated with intermediste plutons similar 1o those of e Silver
City gquudrangle. In sddition, the presence of minor cupper, lead, and
#ine with the Boston Hill-Chloride Flol deposits suppests the possibility
of base metal concentrations related to the same solutions but depos-
ited with a different relntionship 1o the stock. Hints of mineralization
are Tound in the stocks themselves: 1he Silver City stock has been sub-
jeeted to chloritization, epidotization, and sericitization; the Cottage
San stock outerops have also undergone some chloritization and epi-
dofizition, and in places contaln consideruble mugnetite and a bit of
pyrite; und the Eighly Mountain-Gomez Penk stock has considerable
amourds of potash {eldspar porplhiyroblasts on its castern and western
flanks, sugpesting potosh introduction, snd in ploces hus underpone
some sericitization and silicification. Away {rom the known ore hodies,
the sedimentury rocks do not exhibit conspicuous alleration or mineral-
fzalion, except for liematite stain along fuults, and abundent alteration
minerals with minor chuleapyrite in and around the brecein in the NEY
sec. 30, T. 17 5., R. 14 W. Some exploration of these stoclks and the
surrounding arens has been carded on by mining compumies. Although
the results are obviously not available, the potentinl of the Silver City
quadrangle does not seem exhansted.
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El Paso Dolomite

Medivim-gray to grap-brown, often mottled, fine to coarsely
cristalline dofomite, sandy dolamite, and mudstone; lower
third is fuccoidal; upper two-thirds has lenses and nodules of
pink to gray chert; contains intraformational breceias, chan- ‘
nel and mound structures, and, in lower beds, scattered |
glauconite; 330 ft _J

-

Bliss Sandstone

Red-brown and gray sandstope with interstitial hematite; basal
conglomerate grades to arkasic sandstope; beds of oolfitic
hematite, dofomite; upper delomite bed represents Cambrian-
Ordovician boundary, glauconite may mask hematite in some

thickness not determined due to spotty nature of outcrops, |

conglomerate beds; iron stain,; 155 ft -

=

chert bands, surfoce often mottled; to 175 ft =

Dpb, Box Member: Light-gray to buff, containing gray lime-
stone nodules and lenses, 135 ft thick, grades into Dpr
Dpr, Ready Pay Member: Gray to black fissife shale, 290 fi
thick -

Bark brownish-gray, slabby to massive dolamite; pitted sur-
face and vugs common,; mottled color in southern portion
due to manganese stain; 100 ft -

.

Light to medium brownish-gray subfithographic dolomite; 40

L

=
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L=
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i Aleman Formation

.E Alternating bands (1 1o 3") of medium-gray, fine-grained
c dolomite and pink to gray chert; 60 ft

o

=

3 37°4%" Medium-gray, finegrained, silty or sandy dolomite {Upham
Dolomite Member); lowermost 3 to 20 ft is brown coarse
dolomitic sandstone Cable Canyon member; 105 ft i
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beds; 225 ft =

Precambrian granite
Variable in grain size and color, but most is medium- and
even-grained, pink, with guartz, orthoclase, and muscovite;
some i5 coarse, gray, porphyritic, with biotite; contains pods
and dikes of aplite and pegmatite

Precambrian metamorphic rocks

Metaguartzite, mets-arkose, quartz-mica schist, and quartz- |
mica gneiss; found as inclusions in Precambrian granite, and |
in one farge area in southwestern quarter of map _J
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