If you no longer need this publication write to the Geological Survey in Washington for an
official mailing label to use in returning it

UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGY AND ORE DEPOSITS
OF THE

LITTLE HATCHET MOUNTAINS

HIDALGO AND GRANT COUNTIES
NEW MEXICO

]
Prepared In cooperation with the

STATE BUREAU OF MINES AND MINERAL RESOURCES
OF THE NEW MEXICO SCHOOL OF MINES

9

GEOLOGICAL SURVEY PROFESSIONAL PAPER 208




V:t

UNITED STATES DEPARTMENT OF THE INTERIOR
J. A. Krug, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

Professional Paper 208

GEOLOGY AND ORE DEPOSITS OF THE
LITTLE HATCHET MOUNTAINS_

Hidalgo and Grant Counties
New Mexico

BY
SAMUEL G. LASKY

Prepared in cooperation with the

STATE BUREAU OF MINES AND MINERAL RESOURCES OF THE
NEW MEXICO SCHOOL OF MINES

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1947

- For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington 25, D. C.



CONTENTS
Page . Page
ADSELACE oottt 1 | Tertiary  (Miocéne?) rocks—Continued. '
INtroduetion ...t 3 QUALETNATY TOCKS.......coiiiiieeieeeeeee et et eaee s 37
Purpose and scope of the report.......... JRRRT 3 Basalt ... 37
Previous work in the Little Hatchet Mountains...... 3 High alluvium..... o 37
Bibliography ..o .. 4 Valley fill.........oiiiiiiiie e 38
Principal results of the present survey.... .. b Regional comparisons of igneous and mineraliza-
AcknowledZments ........oooeiiiniii e 51 tion  SEQUEeNCES.....ooiiiiii e 38
GROBTADNY v saenen 5 | Geologic structure...............cccccoovviviieiiiii e 39
Location and accessibility.... 5 Internal features of the Little Hatchet Mountains
Climate and vegetation .............................................. 7 FOlds oo 39
Surface FeatureS......covieceoveevoreeeeeereeeresereesnees S 7 : Age of folding..........cccooiiiiiiiiiiiiiiis 39
Water supply 8 Vista anticline and associated folds............ 40
Geologic FOrmations ........ccocococeieiieriiieien s 11 Howells Wells syncline and associated folds 40
General SUMMATY........cocoooieuieieiereeeeieeeeseeee e sserssesesssaeeens 11 Monoclinal block south of the Copper Dick
Summary of the sedimentary rocks... 12 fault ..o 40
SErAatigTaDPRY ..o 12 Drag folding against the Copper Dick fault 41
AB oot 12 Folding of the Miocene(?) voleanic rocks. 41
Correlation 15 Faults .....ccccovvennee RSRR RN e 41 |
Summary of the igneous rocks.a........coccccooeivrcrrrecerenn. 15 General principles............. o 41
Pre-Cretaceous TOCKS........ooicoiovoieieieeeeeeeeereeernennes 16 Summary of the faults............ 42
Magdalena limestone.... 16 Co.pper.Dick fault............. .. 42
Lower Cretaceous rocks........ .. 16 Miss Pickle fault.......... . 43
Bishee group.......ccccooeevrinina 16 Howells Wells fault.......... .
Broken Jug limestone... 16 National fault group..........cccooviiiiiiienns 44
Ringbone shale............. 18 Bedding-plane faults of the Eureka district 45
Hidalgo voleanics.................. 920 Interpretation of original conditions along the
Howells Ridge formation..... 2 Copper Dick and Miss Pickle faults.............. 45
Corbett sandstone................... .. 28 Structure of the stocks . 46
Playas Peak formation..........coocomomnee. 24 Size and shape.......... .. 46
Skunk Ranch conglomerate...........cccc........... 25 Depth of intrusion 47
Quartzite and limestone of uncertain age.................... 26 Method of emplacement...............oeees, 47
Orthoclase gabbro of Lower Cretaceous(?) age...... 26 Laccolithic or sill mechanism................ 47
Late Cretaceous or early Tertiary rocks................ 27 Forceful pushing aside of all walls...... 48
Diorite SillS.........oooooorooooooooeooeereooeeeeereeoe 27 Upward. punching..... . 48
Monzonite at Old Hachita 28 Piecemeal stoping................... ... 48
Sodic facies of the monzonite...........c..ccccooouue.. 28 Assimilation and replacement... o 48
Monzonite porphyry dikes of the Eureka area 29 . Conclusions ..., .. 49
The Sylvanite composite stock. ; 29 - Regional structural relations.......... s ... 49
Monzonite ... 30 The Lower Cretaceous geosyncline............. ... 49
Quartz monzonite 31 Origin of the Little Hatchet Mountains.............. 50
Monzonite dikes and sills of the Sylvanite area . 31 Relation between the Big Hatchet Mountains
Petrographic relations bétween the Sylvanite and Little Hatchet Mountains.......................... 50
and Old Hachita stocks 31 Interpretation of geologic history...............ccocoeiii b1
The Granite Pass composite stock... 39 Igneous metamorphiSm..........ccooiviviiiiviiiiiiie el 53
Porphyritic granite. ..o 32 Scope of the term................cc.ociiiiiiiiii ... b3
Aplitic granite 33 Contact metafnorphism of the invaded rocks 53
Seriate porphyritic granite.. 33 Distribution ...................... . 53
Lamprophyre and aplite dikes........................l....... 33 Character and zoning ... b4
Tertiary (Miocene?) rocKS..............cocoveeviierieenroniiieee oo, 34 In the sedimentary rocks.............. b4
Latite dikes and sills...... ST 34 In the Lower Cretaceous volcanic rocks..... 56
FISIE® oo 35 Relative age............... s 56
EXETUSIVE TOCKS oo 35 Internal alteration of the intrusive rocks ... b7
Pyroclastic TOCKS.........cocoooviieiiiceeie e 35 Assimilation and replacement................................ ... b8
Lavas ..., e s 37 Sedimentary rocks...........ccccooviiiiiii e 58
Granite along the Copper Dick fault...................... 37 Earlier intrusive rocks...................ocoooovioven 59
: III




1v CONTENTS
. Page i Page
Ore deposits.............ccccoviiiiiiii e 59 | Ore deposits—Continued.
Introduction and classification............ SO URORORRURUUTN 59 Turquoise deposits .........cccceriiiiiiiiiiiiiii 81
Mineralogy 60 | Practical conclusions.......................... .. 82
Gold 62 | History of mining and production......................... .. 84
Silver 62 | Mines and prospects............. e .. 8b
Copper 62 Eureka district....... 85
Lead ... 63 American mine......... U OO UUPPTUPSI 85
ZIANC ooovioiie e 64 | National group of claims.............cceeeeen. 87
Iron ... 64 Silver King mine : .. 87
Manganese 66 Eighth of March vein....................c 88
Arsenic ... 66 Copper King mine..............cccoooiiiiiiiiiine 89
Other ore minerals.. 67 King vein 89
Gangue minerals....... 68 King 400 mine... 89
Silicates ........cccocoeieens .. 68 King Gold claim........... e 90
Other gangue minerals..................c....o...ooon 71 Howard vein....................... 91
Order of depoSItION.. ... ....o.ococovioiiieeeeeeeeeeeeeee " 73 Hornet and Wasp mines... 91
Late Cretaceous or early Tertiary deposits.. .. 14 Miss Pickle tunnel......... 91
Deposits of the Sylvanite distriet ...................... 74 Silver Bell mine................co..cccviiieie e, 92
Types of deposits................c.ocoociiiiiin, 74 Sylvanite district ..o 92
Wall-rock alteration ... 175 Copper Dick mine 92
Distribution and structural features........... 75 Gold Hill (Hardscrabble) mine............................ 93
Deposits of the Eureka district .............................. 6 Ridgewood mine..................oocooiiiiiiii e 94
.Types of deposits .. 76 Green (Little Mildred) mine.. 94
Quartz-specularite deposits....................... 76 Creeper tunnels..................ccooiviiiiiiee 94
Sulfide deposits..................cccooii 76 Handear vein............. [T e 95
Causes of mineralogic variations... 76 Buckhorn mine 96
Wall-rock alteration.................. TR & Wake-Up-Charlie mine.............cccoooicinnncnn, 98
Distribution and structural features............ LT Clemmie MiNe€ .............c.oooiiiiiiiecce e 98
Zonal relations between the Eureka and Syl- Pearl (Monte Cristo) mine.... 98
vanite districts...........occooiiiiiiiie 78 Jowell vein........................ 99
Origin of the late Cretaceous or early Tertiary Bader property (Little Hatchet Mining Co.)... 99
deposits ... 79 Santa Maria tunnel.....................cccocoevniiis 99
Mineralization related to the Miocene (?) volcanic Faria workings ...
TOCKS oot . 80 Silver -Trail tunnel..
Placer deposits...........ccooviiiieeiiiiiie e e B0 | INA@X ..o



PLATE

10.
11.

12,
13.

14.
15.
16.

17.

18.

CONTENTS v

ILLUSTRATIONS
. Page
Geologic map of the Little Hatchet Mountains, New Mexico.................... T TR TURPRUPPRSPON In pocket
Isometric drawing of geologic sections of the Little Hatchet Mountains.... ... In pocket
Comparative stratigraphic columns showing distribution of fossil zones.. .. In pocket
Graphic summary of the igneous rocks of the Little Hatchet Mountains.. . In pocket

Geologic map of the main part of the Eureka mining distriet............cccooiiiiiiiiiii e In pocket
A, Panoramic view of east side of Little Hatchet Mountains; B, Rounded topography of the Hidalgo vol-
canics; C, View from Hachita PeaK. ...t rueeuiruesmsererseusrassasasenessesessesessessesssuessoessossis s ssssanssss s sesscoes
A, Miocene (?) breccia and tuff west of Livermore Spring; B, Weathered specimen of the basalt layer of
the Ringbone shale; C, Howells Ridge formation on back slope of Howells Ridge; D, Conformable contact
between monzonite of the Sylvanite stock and mectamorphosed beds of the Howells Ridge formation........ 24
A, Unsorted. bouldery conglomerate of the Broken Jug limestone; B, Basal conglomerate of the Ringbone
shale; C, Small anticline in the Ringbone shale; D, Photomicrograph of altered specimen of the Hidalgo 04
VOLCATIICS ... ittt oiet ottt e et e et tree e e e e e s 080 ue et et e et aeasee sheesse e easensbenseeesbeer e eaRe oAt be £ e bRt et b b et en et st
A, B, Photomicrographs of lighter facies of monzonite of the Sylvanite stock; C, Dike of quartz monzonite
cutting monzonite and in turn cut off by lamprophyre; D, Polished specimen of porphyritic granite of the
Granite Pass SEOCK ... et eaes st et sre s e et r e et bbbt re e et 40
A, Bouldery weathering of granite at Granite Pass; B, Photomicrograph of granite along Copper Dick
fault showing mierobrecciation; C, Small thrust faults in the Corbett sandstone; D. Folds in the Howells

RIAZe FOrMABION .. oo it sttt e b e sttt e b ke e et b e e .40
A, Apparent angular unconformity in the Howells Ridge formation; B, Plastic flow in limestone conglomer-

ate of Howells Ridge formation; C, Flowed marble of the Playas Peak formation.............ccccccoccooin 40
Map showing structural features of the Little Hatchet Mountains.............. e e In pocket
Sequence of events in the evolution of the major igneous and structural relations in the Little Hatchet

O I AITIS o oo e e e e e In pocket
Reconnaissance geologic map of the Big Hatchet Mountains ..., In pocket

Photomicrographs: A, Skeletal crystals of tremolite in marble; B, vein of garnet and epidote; C, Meta-
morphosed lamprophyre dike; D, Porphyritic granite of the Granite Pass stock; E, Lamprophyre cut by
veinlet of sphene; F, Ore from Little Mildred Mine............c...cooiiiiiiiiiiiiic e, 56
A, Photomicrograph of feldspathic quartzite from roof of Granite Pass stock; B, Photomicrograph of
granite of Granite Pass stock; C, D, Two stages in replacement and conversion of monzonite into quartz
MONZONILE ..ot et eeenerareteeeeeettteeeen et e e e e st e et e e e e ettt e e e s e e et e e e 56
A, B, Photomicrographs of polished specimens of ore from the Clemmie mine; C, Polished hand specimen
of ore from the American mine; D, Polished hand specimen of ore from the Creeper mine; E, F, Photo-
micrographs of ore from the American mine.......... e e JUT ST UPURPSUURPPI 72
A, B, Photomicrographs of specimens from the Miss Pickle tunnel; C, Tourmaline vein cutting monzon-
ite; D, Polished hand specimen of vein matter from the Wake-Up-Charlie mine; £, Photomicrograph of thin

section of vein matter from the Green (Little Mildred) mine................oliiiiiiii e 72
A, B, Polished hand specimen of ore from the Gold Hill mine; C, Polished specimen of ore .from the

Copper Dick mine ..............ccoiiiiiiecreneneee. e et 72
Claim map of Eureka and Sylvanite mining districts . ... In pocket
Map showing surface geology along the National and Eighth of March veins east of Old Hachita ..... In pocket
Geologic map of the vicinity of the King vein ... In pocket
Projection and geologic level plans of the King 400 mine ... .. In pocket
Geologic sketch map of the Gold Hill tunnels......................... .. In pocket
Geologic map of the Green (Little Mildred) mine.... PRSP RO PSRN PREPRO .... In pocket
Geologic sketch map of the Creeper tUNNEls . ... e e In pocket

Geologic sketch map of the Santa Maria tunnel . ... .. In pocket
Index map of New Mexico showing location of the Little Hatchet Mountains ..., 6
Map showing probable outline of rock exposures in the Little Hatchet Mountains before the present stage

of @rosion ... Bt e PR PNE 9
Hypothetical section at Hatchet Gap showing underground rock barrier that separates the ground water

of Hachita and Playas Valleys............... e e e e s 10
Graphic comparison of igneous and mineralization sequences in the Little Hatchet Mountains and in the

Lordsburg and Santa Rita mining districts ... e 38
Sketch map showing distribution of formations along the Howells Wells syncline ... 40
Diagram illustrating some terms used in describing faults ..., 41
Diagrammatic geologic sections illustrating how variations in direction of offset along a fault may ‘be

produced by variations in dip of the formations ... B 45
Idealized section showing possible derivation of the sill-like intrusive bodies of the Little Hatchet Moun-

tains as streamers from a deeper diSCOrdant MASS ... 47
Hypothetical sections across the Hatchet Gap fault ... ... 51
Field sketch showing relative concentration of epidote in the monzonite.at the contact of the monzonite and

quartz monzonite in the Sylvanite stock ............ ... B OO RSO REOUU RO O R RO PPORSUUPRUPRPRN 58
Diagram showing mineral succession in the Sylvanite and Eureka mining distriets ... ... 73
Diagram showing inferred original vertical zonal relations between the Eureka and Sylvanite districts.. 78
Plan of surface geology along the American vein and longitudinal projection of the mine workings... 86
Geologic map of the 60-foot level at the King Gold Shaft No. 2 ... . . e 90
Isometric sketch showing general geologic features at the Copper Dick deposit ... ...........cocccocieiinn. 92
Projection of the shaft workings of the Green (Little Mildred) mine showing apparent distribution and

grade of the ore shoots e e e e 95
Geologic sketch map of the Handear tunnel 96

Plan and projection of the Buckhorn mine ... 97



ABSTRACT

The Little Hatchet Mountains cover about 76 square miles
west of the town of Hachita in southwestern New Mexico.
The north half of the range, in Grant County, contains the
Eureka silver-lead mining district, and the south half, in
Hidalgo County, contains the Sylvanite gold-mining district.
The earliest metal-mining locations in the Little Hatchet
Mountains were made in 1871, but in the 67 years to 1937
only about 60,000 tons of ore was mined, having an estimated
gross value of .$1,260,000 or less. Most of this production
came from five ore shoots, the smallest of which, in the Syl-
vanite district, yielded 1,300 tons of ore, and the largest, in
the Eureka district, about 25,000 tons. The geological survey
of the range was made in cooperation with the State Bureau
of Mines and Mineral Resources of the New Mexico School of
Mines as part of a larger projected survey of the whole of
Hidalgo County.

The Little Hatchet Mountains, one of the familiar north-
ward-trending desert ranges of the southwestern_United
States, are completely encircled by valley fill. There is some
probability that the range is a fault-block mountain. In plan
the range is long and carrot-shaped—broad, low, and diffuse
in the Eureka half, compact, narrow, and rugged in the
Sylvanite half, the dividing line following the trace of the
Copper Dick f%ult. At one time the range appears to have
been surrounded by a gravel-covered pediment; this gravel in
effect separated the north and south halves of the range, but
current erosion is removing the gravel and restoring the
continuity of bedrock exposures.

Water is obtained from four small springs or from wells
in the surrounding valley fill. Depth to water ranges in the
mountains from 10 to 225 feet and in the valleys from 15 to
about 290 feet. The valley waters in general are suitable for
any uses to which they might be put in a mining camp, but the
mine waters are unsuited in the raw state for any but milling
purposes.

With minor exceptions, all the sedimentary rocks appear to
be of Trinity (Lower Cretaceous) age. The exceptions include
only the Quaternary alluvium, a few beds in the Tertiary
pyroclastics, and possibly one small isolated exposure of
uncertain age. Pennsylvanian limestone is exposed in an
isolated hill at the extreme south tip of the range and con-
stitutes a geologic link with the Big Hatchet Mountains imme-
diately south. Five disconformities have been recognized
among the Lower Cretaceous beds, but disconformities that
are strong in some places merge elsewhere into comfortable
contacts. One of the disconformities cuts out a measurable
thickness of as much as 1,600 feet of beds, one perhaps well
over 2,000 feet, and one over 5,000 feet. The Lower Cretaceous
rocks have been divided into seven formations to which local
names have been applied, the group being roughly equivalent
in age to part of the Bisbee group of southeastern Arizona.
In general, they are composed of beach and near-shore marine
deposits of shale, sandstone, limestone, and conglomerate, but
they also include several thousand feet of interlayered vol-
canic rocks, as shown in the condensed section:

Section of Lower Cretaceous rocks (Bisbee group) i the Little
Hatchet Mountains, New Mexico .

Formation Thickness (feet)
Eureka - | Sylvanite
district district
Tertiary volcanic rocks.
Angular unconformity.
Bisbee group:
Skunk Ranch conglomerate: Pre-
dominantly coarse red con-
glomerate and red shale; in-
cludes a volecanic member
locally ........ocooveviviiiiiee e 3,400 Absent

Section of Lower Cretaceous rocks (Bisbee group) in the Little
Hatchet Mountains, New Mexico—Continued

Thickness (feet)

Eureka
district

Formation

Sylvanite
district

Erosional contact.

Playas Peak formation: Fresh-
water shale and sandstone
overlain by massive marine
limestone and locally underlain
by coarse basal conglomerate....

Erosional contact (conformable
contact in Sylvanite district).
Corbett sandstone: Chiefly vari-
colored sandstone, in part
quartzitic ...
Howells Ridge formation: Lower
part red shale, mudstone, lime-|
stone, sandstone, and conglom-| 434t =,
erate; layer of volcanic rocks| &= hiit
locally recognizable. Upper| 1,100(2)-
part massive limestone.............. 5,200(7)

Erosional contact.

Hidalgo volcanics: Andesite and
basalt flows and subordinate
pyroclastic rocks; a 200-foot
sedimentary member interca-
lated at one horizon. Topmost|
part faulted from view........... 900-5,000+

Erosional contact.

Ringbone shale: Fresh-water
shale, and sandstone,locally in-
cluding a basal conglomerate;
upper part includes two vol-
canic members..............cccceevivneenne

Erosional contact.

Broken Jug limestone: Limestone|
and interbedded sandstone,
shale, and limestone conglom-
erate, but showing considerable
local variation. In Eureka dis-
trict includes two horizons of|
massive limestone.......................

Base of section concealed by
Quaternary fill.

800-2,000 3,000 or

more

1,600-3,000, 4,000

4,900 =

Absent

0 —650t Absent

5,000(?) 3,400 =

The total thickness exposed in the Sylvanite district is
about 15,300 feet. The total thickness in the Eureka district
ranges from 12,700 feet, obtained by adding minimums in the
above table, to 24,150 feet, obtained by adding maximums;
the actual thickness present in a continuous section in the
Eureka area, however, is from 17,000 to 21,000 feet, the thick-
est part of some formations overlying or underlying the thin-
nest part of others. :

The shore line of the rapidly subsiding geosyncline in which
the formations were deposited was near and at times within
what is now the Eureka part of the range. Fossil Orbitolina
are present in the massive limestone members of the Broken
Jug, Howells Ridge, and Playas Peak formations; Exogyra
quitmanensis and a large unnamed Pecten that Stanton says
is characteristic of Taff’s “Quitman bed” are present at two
horizons in both the Broken Jug limestone and the Howells
Ridge formation; and Douvilleiceras has been found at two
horizons in the Broken Jug limestone. These are Trinity
forms, and Stanton reported that he had “no hesitation” in
assigning the age of the Orbitolina-bearing limestones as
Glen Rose (late Trinity). Therefore the exposed thickness of
beds of Glen Rose age alone is as much as 17,000 feet. No
significant fossils have been found in the Skunk Ranch
conglomerate, but because of its geologic history and lithologic
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“character this formation is assumed to belong to the undery
lying Trinity sequence. .

Some of the formations resemble beds of Comanche age in
nearby regions, but the repetition of zones of similar fauna
and lithology, among other reasons, makes impossible any
regional correlation of individual sedimentary formations.
The Hidalgo volcanics are the equivalent of the early group
of volcanic rocks in the Lordsburg mining district nearby,
and they may be equivalent also to some andesitic rocks in
Arizona and in Sonora and Chihuahua, Mexico.

The igneous rocks include 22 varieties grouped under 18

" text headings and map units. In order of age they include (1)
the Lower Cretaceous volcanic rocks summarized above and a
small mass of orthoclase gabbro that may be related; (2)
diorite sills, later stocks of monzonite, quartz monzonite, and
granite, and dikes of porphyry, lamprophyre, and aplite, of
supposed late Cretaceous or early Tertiary age; (3) dikes and
sills of latite and felsite supposedly of Miocene age, later
Miocene (?) pyroclastic and flow rocks, latite dikes apparently
equivalent to some of the flows, and pods of granite along the
Copper Dick fault; and (4) small masses of Pleistocene basalt,
The mineralogic variations in the several rocks to the close of
the late Cretaceous or early Tertiary stage suggest an orderly
differentiation sequence. (See pl. 4.) .

Three stocks crop out—a small mass of monzonite near Old
Hachita in the Eureka district, a composite mass of monzonite
and later quartz monzonite at Sylvanite, 6 miles south, and a
composite mass at the extreme south tip of the range com-
posed of three varieties of granite of different ages. The
outcrop near Old Hachita, however, is interpreted as the
faulted-off top part of the monzonite-quartz monzonite stock
at Sylvanite. Before faulting, this Sylvanite-Old Hachita
stock lay sill-like, with generally concordant floor and roof,
at and near the top of the Broken Jug limestone for 7 miles
or more and tapered from a thickness of about 7,000 feet and
a width of 4 miles in what is now the Sylvanite district to a
thickness of about 2,500 feet and a width of 2 miles in what is
now the Eureka district. The composite granite stock, which
lies near the top of the sedimentary section, seems to be simi-
larly sill-like and wedge-shaped, though more stubby; its
thickness normal to the bedding is 1,100 feet. The two stocks
probably join somewhere below the surface as parts of a
larger discordant composite body that came up through the
Paleozoic and older rocks and broke into sill-like streamers
.upon reaching the generally thin-bedded Lower Cretaceous
formations. The Sylvanite-Old Hachita stock was injected
under a cover of at least 10,000 feet and made way for itself
by the combined methods of stoping, assimilation, igneous
replacement, and the laccolithic and sill mechanisms; roughly
three-fifths of the space occupied by the present outcrop at
Sylvanite was acquired by obliterating the sediments, and
two-fifths by pushing them apart. Conclusions regarding
emplacement of the composite granite stock are less detailed,
but granitization was a factor. .

Three broad folds trend northwestward to westward across
the range, all broken by later faults. These are the Vista
anticline- at the north end of the range; its companion, the
Howells Wells syncline, near the middle; and a monoclinal
block to the south, which is believed to have been the south
limb of a second anticline before faulting. These and the
subordinate folds upon their flanks are related to four stages
of folding— (1) some preintrusion tilting presumed to have
been the earliest expression of the Laramide orogeny; (2) the
main stage of folding, in the interval between injection of the
diorite sills and injection of the monzonite stocks; (3) drag
folding against the Copper Dick fault; and (4) folding of the
Miocene (?) rocks, in part along earlier fold axes.

The major faults are (1) the Hatchet Gap fault, which has
a s_tratlgraphic throw of about 25,000 feet or more and either
is itself a thrust fault that brings the Paleozoic rocks of the
Big Hatchet Mountains against the younger rocks of the
Little Hatchets or is related to such a fault; (2) the S-shaped
Copper Dick fault, traceable full across the range and having
a net slip estimated at about 15,000 feet; (3) the Miss Pickle
fault, a strike fault also traceable full across the range and
having a probable maximum net slip of about 7,000 feet at
15° from the horizontal; (4) the National fault, a transverse
fault having a net slip measurable probably in the low thou-

‘matter than others.

sands in a direction’ roughly parallel to the dip of the beds;
and (B) the Howells Wells fault, whose net slip is indetermin-
able but whose throw ranges from 450 feet or more on one
side of the fault, through zero at a hinge point, to about 1,000
feet on the other side. Five stages or episodes of movement
can be recognized, extending from preintrusion times, when
some bedding-plane faults related to the first stage of folding
were formed, to post-Miocene time.

The Copper Dick fault has duplicated the full sedimentary
section and the Sylvanite-Old Hatchet stock within it, and

"thus has counterfeited two separate centers of intrusion and

mineralization. This situation is the key to the geology of
the Little Hatchet Mountains and to appraisal of the ore-
hearing possibilities of the range. L

Each of the stocks is bordered by a ‘“contact-metamorphic”
halo, which is noteworthy for its zoning, for its extent, and
for the time relation between metamorphism and emplacement
and solidification of the igneous rocks. Much new material,
largely soda, was added to the contact zone. Sodic juices
began to collect in the Sylvanite-Old Hachita stock at a late
pyrogenetic or incipient deuteric stage and to escape into the
surrounding rocks at about that time; and there apparently
was an essentially continuous expulsion of metamorphosing
solutions from then until after emplacement of the satellitic
porphyry dikes. The ore deposits evidently were formed by
further accessions of the metamorphosing solutions directed
into the vein fissures as these were opened. Sodium was a
characteristic element throughout this sequence. .

The sequences of igneous intrusion and mineral deposition
in the Little Hatchet Mountains are similar to those in the
Lordsburg and Santa Rita mining districts nearby; indeed
the igneous history of the Little Hatchet Mountains is a.blend
of the igneous histories of the other two areas. Three periods of
mineralization can be recognized in the Little Hatchet Moun-
tains—the period of ore formation, which is immediately
related to the stocks, and two later periods, both trivial com-
mercially, related to the Miocene(?) rocks. In addition,
oxidation and erosion have given rise to turquoise deposits in
the Eureka district and to gold placer deposits in the
Sylvanite district.

In both the Eureka and Sylvanite districts the ore deposits

-lie within or near the stocks. The deposits are few, and the

veins are comparatively short and for the most part tight.
They generally lie along lamprophyre dikes in the Sylvanite
district and along .monzonite porphyry .dikes in the Eureka
district. The typical ores of the Sylvanite district contain
native gold, tellurides, and minor sulfides, principally arseno-
pyrite and chalcopyrite, in a gangue of vein silicates, quartz,
and calcite. -The ores of the Eureka district contain base-metal
sulfides in a gangue that is chiefly manganosiderite. Miner-
alogically, there are almost as many types of deposits in each
district as there are major prospects, but the diversity seems
due to the fact that at particular stages of deposition some
veins or parts of veins received a greater supply of mineral
Fifty-eight minerals, including both
hypogene and supergene, have been identified.

Each district shows three analogous stages of deposition,
and what can be determined of the mineral successions indi-
cates a close matching of many details. Wall-rock alteration
everywhere is meager. The Eureka and Sylvanite districts
were originally continuous, laterally one above the other in a
zone around the Sylvanite-Old Hachita stock, prior to the
major movement along the Copper Dick fault; and the
mineralogic details of the deposits, studied in the light of this
structural background, suggest a zonal distribution, with a
simple interfingering of the Eureka mesothermal deposits
above into the Sylvanite hypothermal deposits below.

The mineral possibilities of the range are appraised in a
special section of the report, and the conclusion is reached that
the supposed barren part between the Eureka and Sylvanite
districts contains a deep mineralized zone. Deductions are
drawn concerning the depth to the most promising parts of
this zone, the character of the ore in it, the size of the shoots,
and the structure and persistence of the veins. The possi-
bilities of future prospecting in the Sylvanite and Eureka
districts themselves are discussed briefly, and a few practical
comments are made concerning some of the mines.

Twenty-seven mines and prospects are described in detail in
the last section of the report.



Geology and ore deposits of the Little Hatchet Mountains,

Hidalgo and Grant Counties, New Mexico

By SAMUEL G. LASKY

INTRODUCTION

PURPOSE AND SCOPE OF THE REPORT

This report on the Little Hatchet Mountains of
New Mexico has been written with two purposes in
mind—to aid in understanding the ore deposits of
the range and their geologic setting and to present a
starting point for understanding the geology and ore
deposits of the general region.

The Little Hatchet Mountains are in the little-
developed southwest corner of New Mexico and con-
stitute one of the isolated desert ranges character-
istic of that part of the State. Most of these ranges
consist of barren volcanic piles of comparatively
recent (middle Tertiary) age, but at a number of
places fairly large areas of the older rock are ex-
posed. In such areas signs of ore_deposition invari-
ably have been found, and at some places mines have
been developed, but in only one, the Lordsburg dis-
trict,! have the mines been of commercial importance.
From 1904 to 1933 the Lordsburg district produced
ore valued at nearly $19,500,000, whereas the aggre-
gate production from all the other areas, which in-
clude seven mining districts, has amounted, since
their discovery in the 1870’s, to only about $2,000,000.

Available geologic knowledge prior to the present
report suggested that the ore deposits were related to
igneous activity and associated metamorphism of
probable late Cretaceous or early Tertiary age. The
low productivity of the region therefore presented a
problem of considerable mterest for the region lies
within a metalliferous province, most of whose
highly productive deposits seem to be of that geologic
age and affiliation. Moreover, it is only through the
accident of erosion that the known deposits have been
exposed, and it is conceivable that unsuspected de-
posits, hints to whose possible existence may be
obtained by study of the mineralized areas adjacent
to the Tertiary volcanic cover, may lie buried beneath
the Tertiary rocks. In addition, it had long been
suspected,? and the suspicion was recently confirmed
in the Lordsburg mining district,* that part of the
supposed Tertiary volcanic rocks of southwestern
New Mexico are really older and consequently may
be host to the ore deposits of late Cretaceous or early
Tertlary age rather than a cover over them.

ansk S. G., Geology and ore deposits of the Lordsburg mmmg district,
Hidalgo éoumy . Mex.: U. S. Geol. Survey Bull. 885

2 Lindgren, W'nldumr Graton, L. C.. and Gordon, C. The ore deposits
of New Mexico: U. S. Geol. Survey Prof. Paper 681\'}) 296 1910. Darton,
N. H., “Red beds” and associated form:mons in New Mexico, with an outline

of the geology of the State: U. S. Geo:. Survey Bull. 794, p. 62, 1928.

% Lasky, S. G., op. cit.

“reports.

Much of this general area lies in Hidalgo County,
and accordingly the cooperative agreement between
the Federal Geological Survey and the State Bureau
of Mines and Mineral Resources of the New Mexico
School of Mines was extended in 1934 to permit a
survey of the whole of that county, in accordance
with the policy of the State bureau of issuing county
The Little Hatchet Mountains were chosen
as a starting place for this enlarged project, even
though the range extends into another county, be-
cause they contain the largest of the mineralized
areas and have been more productive than the others
and because of the many requests for information re-
ceived by the Geological Survey and the New Mexico
Bureau of Mines. A preliminary visit was made to the -
range in August, 1934, and detailed mapping was

_started on September 19 of that year and continued

until December 14. The topographic base used con-
sisted of published quadrangle maps of the Geological
Survey on a scale of 1:62,500. Most of the period
from June 6 to August 6, 1935, was spent in remap-
ping critical and complicated parts on a larger scale
and in studying the accessible mines. During ‘the
second visit I was assisted by R. F. Pettit. Head-
quarters thereafter were established with the New
Mexico Bureau of Mines at Socorro, and short visits
were made to the Little Hatchet Mountains whenever
the need for additional information arose. )
The area mapped covers about 85 square miles and
includes, in addition to the Little Hatchet Mountains
proper, all the hills in the gap between the Little and
Big Hatchet Mountains and all that part of the
Coyote Hills included in the topographic base maps.

PREVIOUS WORK IN THE LITTLE HATCHET MOUNTAINS

The Little Hatchet Mountains were first visited by
an organized geologic survey in 1905, when Walde-
mar Lindgren examined the mines of the Eureka
district at the north end of the range in the course of
a reconnaissance survey of the ore deposits of New
Mexico.* Later, in 1909, J. M. Hill visited the
Sylvanite district in the south part of the range to
obtain further information for Lindgren’s report.
Lindgren and Hill classified a large part of the sedi-
mentary rocks of the range as of Paleozoic age but
thought some of them might be Cretaceous. They
observed the intrusive rocks and the associated con-

¢ See bibliography below for this and other references in this section.
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tact metamorphism, and Hill thought the mass at
Sylvanite was laccolithic; the granite at Granite Pass
he erroneously described as being faulted against the
sedimentary rocks north of the pass by a “fault of
considerable vertical displacement.” Neither Lind-
gren nor Hill did any geologic mapping.

In 1911 D. B. Sterrett of the Geological Survey
published an excellent description of the turquoise
mines of the Eureka district, and in 1913 the ground-
water resources of the adjacent Playas and Hachita
Valleys were studied by A. T. Schwennesen, also of
the Geological Survey. About 1920 N. H. Darton
prepared a reconnaissance geologic map of the Little
Hatchet Mountains to help complete his geologic
map of the State, which was published in
1928. Darton confirmed Lindgren’s and Hill’s belief
that some of the rocks might be Cretaceous by finding
‘Comanche (Lower Cretaceous) fossils, but he
ascribed most of the sedimentary rocks to the Mag-
dalena group of Pennsylvanian age. He believed that
the Comanche rocks included formations of both
Trinity and Washita ages, indicating them on his
map as “Sarten sandstone and underlying limestone”
and stating ® that the limestones ‘“resemble the
Mural limestone of the Bisbee and Douglas region,
Ariz., to which doubtless they are equivalent.,” He
suspected the truth about the late age of the granite
at Granite Pass, but failed to recognize that it is
part of a granite mass occupying the entire southern
tip of the range, for he mapped the dark granite
south of the pass as sedimentary rock of Comanche
age. 4

These reports, particularly those of Lindgren, Hill,
and Darton, have furnished the principal informa-
tion heretofore available concerning the Little
Hatchet Mountains. Other publications that include
information on the geology or mining industry of
the range are given in the bibliography below, which
is believed to be essentially complete.. Some informa-
tion has been published through more than one
medium or has been repeated in papers by later
authors, but all publications are cited for the con-
venience of those who may not have access to the
original or more complete reports.
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PRINCIPAL RESULTS OF THE PRESENT SURVEY

The chief result of the present survey, so far as the
Little Hatchet Mountains alone are concerned, is the
conclusion that the north or Eureka half of the range,
with its intrusive rocks and ore. deposits, is the
faulted-off upward continuation of the south or
Sylvanite half of the range. The displacement oc-
curred along a remarkable S-shaped fault whose net
slip amounts to about 15,000 feet; this fault, which I
have named the Copper Dick, is the key to most of the
problems concerning the geology and ore deposits of
the Little Hatchet Mountains.

A fault in Hatchet Gap that brings the Pennsyl-
vanian rocks of the Big Hatchet Mountains against
the Cretaceous or younger rocks of the Little Hatchet
Mountains may be of regional significance.

Another result, of both local and regional sig-
nificance, is the recognition that essentially all the
exposed sedimentary rocks, which have an average
aggregate thickness close to 19,000 feet, are of
Trinity (Lower Comanche) and, perhaps, of -late
Trinity (Glen Rose) age. The Little Hatchet Moun-
tains, therefore, expose a Comanche or Lower Creta-
ceous section, which, even though apparently con-
fined to part of the Trinity interval, is much thicker
than any Comanche section previously described. An
important corollary, from the viewpoint of the
miner, is that the ore deposits lie at a geologic
horizon thousands of feet higher than supposed and
thousands of feet higher than the Paleozoic rocks
that have been the most productive formations in the
principal mining districts of the province. Included
in the Trinity section are as much as 5,700 feet or
more of basaltic flows and breccias whose main part
appears to be a continuation of the early group of
volcanie rocks, locally called “andesite,” in the Lords-
burg mining district.

Several features of the igneous rocks and mineral
deposits in the Little Hatchet Mountains resemble
those of other mining districts in southwestern New
Mexico; for example, the igneous sequence is similar
to that of the Lordsburg district and almost identical
with that of the Santa Rita district, the Eureka dis-
trict in the north half of the range being a blend, as
it were, between the two. Several types of ore
deposits have been recognized in the range, and
mineralogic details suggest a similarity with the
tourmaline-copper deposits of the Lordsburg district
and with the bismuth-bearing deposits of the Apache

Hills, on the east side of Hachita Valley. A quartz-
lamellar calcite vein in the Tertiary volcanic rqcks
presumably belongs to the same period of mineraliza-
tion as the silver-bearing lead deposit in the Red Hill
district in the Animas Mountains on the west side of
Playas Valley, the silver-gold veins of the Mogollon
district, and the manganese deposits in the Little
Florida Mountains near Deming.

Other results include quantitative estimates of the
effectiveness of the several possible modes of intru-
sion in the emplacement of the stocks, a quantitative
statement of the minimum depth of intrusion of the
main stock, the conclusion that the pre-Miocene ( 7
igneous rocks may form an orderly differentiation
sequence, and the conclusion that there seems to be a
closer genetic relation between the ore deposits and

4 the igneous rocks now exposed than is ordinarily

observable.
There is reason to believe that the cause of the low

productivity of the range has been determined. New
prospecting ground has been discovered by the sur-
vey, and the distribution of this new ground, the
probable depth to the mineralized zone, the structure

" and persistence of the veins that may be present, the
. probable size of the ore shoots in them, and the char-

acter of the ore are discussed in the body of the

report.
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GEOGRAPHY
LOCATION AND ACCESSIBILITY .

The Little Hatchet Mountains are in the southwest
corner of New Mexico and about 15 miles west of the
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jog in the international boundary. The range is
southwest of the town of Hachita and extends-from
an east-west line 3% miles north of the town due
south for 16 miles; it occupies parts of the Hachita,
Big Hatchet Peak, and .Playas quadrangles and lies
partly within Hidalgo and partly within Grant
County, the county line extending due west through
the range near Howells Wells. (See fig. 1.) The

north half of the range, in Grant County, contains
the Eureka silver-lead-zinc mining district, and the
south half, in Hidalgo County, contains the Sylvanite
gold mining district.

The town of Hachita, which has a population of
202 (1930 census), is on the south line of the South-
ern Pacific Railroad. ‘A branch line for a long time
connected Hachita with Lordsburg, 38 miles north-
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o have been issued containing detailed geologic maps, on a scale of 1:62,500, or greater.

Shown also are the locations of other metalliferous areas in New Mexico for which Federal or State reports

(1) Lordsburg district, U. S. Geol. Survey Bulletin 885;

(2) Tyronne district, U. S. Geol. Survey Professional Paper 122; (3) Bayard area, U. S. Geol. Survey Bulletin 870; (4) Santa Rita area, U. S.
Geol. Survey Bulletin 859, (5) Mogollon district, U. S. Geol. Survey Bulletin 787; (6) Hillsboro district, New Mexico Bur. Mines Bulletin 10;
(7) Organ Mountains, New Mexico Bur. Mines Bulletin 11; (8) Socorro Peak district, New Mexico Bur. Mines Bulletin 8.
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west on the north line of the Southern Pacific, but it
was dismantled in December 1984. A 19-mile dirt
highway extends due north from Hachita to a junc-
tion with the oiled southern United States Highway
80 at a point about midway between Lordsburg and
Deming. Lordsburg and Deming are the commercial
centers of the area, and Lordsburg is the county seat
of Hidalgo County. State Highway 8, which is
largely a third-class unimproved road, passes
through Hachita, following the railroad westward
from Columbus to a junction with United States
Highwayv 80 near Rodeo, a mile from the Arizona-
New Mexico Line.

Several roads branch from the Columbus-Rodeo
highway and penetrate into different parts of the
Eureka district. Another road leaves the highway 2
miles west of Hachita and enters the range at
Howells Wells, extending thence westward through
a low pass in the range and down the west side into
Sylvanite. Ore from the main part of the Sylvanite
district is carried over this road, the distance to
Hachita ranging from 13 to 18 miles. Other parts of
the Sylvanite district are reached by a still more
roundabout road that branches from the Hachita-
Alamo Hueco road at Twelvemile wells, thence pass-
ing through Granite Pass and turning back into the
range to end at the Gold Hill mine, a distance from
Hachita of 21 miles. Most of the prospects are on one
or another of these roads or on branches to them, but
other prospects can be reached only by trail. '

Ores from the Little Hatchet Mountains ordinarily
are sent to the copper smelter of the Phelps Dodge
Corporation at Douglas, Ariz., 100 miles southwest,
or to the smelters of the American Smelting and
Refining Company at El Paso, Tex., 117 miles to the
east. Freight rates to Douglas ranged in 1935 from
80 cents a ton on ore having a value of $7.50 or less
a ton to $5.10 a ton on ore having a value between
$150 and $300 a ton. Rates to Douglas and El Paso
are identical for ore having a value of $10 or less a
ton, but for ore of higher grade the rates to El Paso
are consistently 20 cents a ton higher. A custom mill
owned by the Peru Mining Co. is situated at Wemple,
New Mex., near Deming. '

Power for mining operations must be generated
locally. Lordsburg is the nearest point at which an
electrical transmission line could be tapped.

CLIMATE AND VEGETATION

The Little Hatchet Mountains are in the semidesert
region of southern Arizona and New Mexico and
have the climate and vegetation characteristic of
that region. Numerous varieties of the common
desert plants and grasses are abundant in the valley
areas surrounding the range and are scattered over
its generally bare and rocky slopes. Scrub oak, cedar,
and. juniper grow locally in the mountains, here and
there thickly, but there is no large timber, and even
firewood must be hauled in. The entire country is
grazing land, which has supported large herds of
cattle and, in its northern part, small herds of goats.

The weather is clear and dry and is mild enough
for outdoor work to be carried on throughout the
year without material difficulty or discomfort. A
Weather Bureau station has been maintained at

Hachita since 1909, and according to its records?®
the average annual precipitation has been 10.96
inches, the range being from 4 to 18 inches. Only 30
to 40 days a year have more than 0.01 inch of precipi-
tation, and nearly half the annual total falls during
the months of July and August in afternoon thunder-
storms of short duration, a single one of which may
account for as much as 12 percent of the yearly total.
The rainy season begins abruptly; April and May
are by far the driest months of the year and June is
almost as dry. The average annual temperature at
Hachita is about 60°F. Temperatures above 100°F.
are common during the summer months and may
occur at any time from May to September, but the
nights are generally cool, and the dryness of the air
helps to make even the hottest days bearable. The
average summer temperature is between 75° and
80°F. The average winter temperature is around
40°F., but the thermometer may fall to zero, or a
little below, for short periods. The snowfall at
Hachita averages 5.3 inches a year.

Storms throughout the region are generally local,
a’'surprising feature to most newcomers. The hilly
and mountainous areas have more rain and snow and
milder summers than the valley areas, and in the
Little Hatchet Mountains the annual precipitation is
probably 3 or 4 inches greater than at Hachita and
the temperature several degrees cooler, particularly
during the summer months when even a small differ-
ence considerably affects the comfort and efficiency
of outdoor workers.

SURFACE FEATURES

The southwest corner of New Mexico lies well
within the Mexican Highland section of the Basin
and Range Province, a physiographic subdivision
characterized by isolated, northward-trending moun-
tain chains separated by nearly flat basins or valleys
that have been filled by detritus from the hills.”
(See pl. 6, A.) The Little Hatchet Mountains are in
the northern part of one such chain, which stretches
northward from the Mexican border for 60 miles
and includes, from the border north, the Alamo
Hueco (Dog), Big Hatchet, and Little Hatchet
Mountains, and the Coyote and Quartzite Hills. The
Hachita Valley (Spanish, hatchet), which drains
southward into Mexico, borders this chain on the
east, and the Playas Valley, a closed basin whose
axial part directly west of the Little Hatchet Moun-
tains is generally occupied by a shallow lake, borders
it on the west. The average altitude of the axial part
of Hachita Valley is about 4,400 feet above sea level
and that of Playas Valley a little less than 4,300 feet.

If detailed irregularities of the contact between
bedrock and alluvium are disregarded, the foot of the
Little Hatchet Mountains on both east and west
sides follows smooth lines that cut without marked
deviation across hard and soft rocks alike and across
all structural features, the eastern foot being quite
straight, the western foot gently curved and concave
to the east. In plan the range is long and carrot-
shaped—broad, low, and diffuse in the north half;

¢ Climatic summary of the United States, sec. 29, southern New Mexico:
U. S. Weather Bur., 1930. Also later records to October, 1935, )

7 Fenneman,” N. M., Physiography of western United States, pp. 379-393,
1931.
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compact, narrow, and rugged in the south half. The
natural dividing line between the halves follows the
trace of the Copper Dick fault, which trends west-
ward through the range a short distance south of
the Grant-Hidalgo County line. The part north of the
fault is cut down to a surface of late maturity.
Tongues of debris reach far into that half of the
range and cut the fringe into long spurs, and outlying
hills detached from the main mass are common. In
the higher parts of this half the topography tends to
conform to the structure, and this half in the main is
characterized by northwestward-trending ridges of
the harder rocks. The most prominent feature, and
one visible from a considerable distance in the valley,
is Howells Ridge, a limestone ridge that extends
from Howells Wells for 6 miles, its top, though
breached at several places, having a generally uni-
form altitude between 5,500 and 5,600 feet above sea
level. (Seepl. 6, A.) South of this ridge, at the west
edge of the range, is a jumble of naked peaks and
cliffs of Tertiary volcanic rocks (see pl. 7, A), which
constitute the sharpest topographic feature of the
north part as seen from the west. The highest point
of the north part, known as Playas Peak, rises
among these cliffs to an altitude of 5,863 feet above
sea level.

Northeast of Howells Ridge is a broad band of
rounded hills and ridges, generally low and essen-
tially all made up of old volcanic rocks. (See pl. 6,
B.) On the east, in the vicinity of Old Hachita, this
band is separated from Hachita Valley by a small
frontal chain of limestone hills and buttes, but to the
north and west it merges into low debris-covered
ridges that in turn fade into the debris-filled valleys.
The debris covering is very shallow in parts of this
area, and at one place in what appears to be the
valley proper bedrock is exposed only 2 or 3 feet
below the gravel. Drainage lines in this low area
largely disregard geologic structures. To the north
are the northwestward-trending voleanic ridges of
the Coyote Hills. : ,

The area south of the Copper Dick fault is nearly
triangular, tapering to a relatively sharp point at the
last hill in Hatchet Gap 10 miles to- the south, Its
compactness, ruggedness, and continuity of crestline
are in remarkable contrast to the generally low and
open nature of the north half of the range. Low
spurs of rock extend into Playas Valley at the
extreme northwest tip of the triangle as parts of a
dissected pediment whose rock-cut surface crops out

in shallow draws a considerable distance from the -

main exposure and beneath as little as 2 feet of
valley fill. At Granite Pass a broad rock-cut surface
merges srhoothly into the floors of Hachita and
Playas Valleys (see pl. 6, C), but in general the
south part of the range rises sharply above'the valley
fill on deeply ravined slopes that rise as much as
2,000 feet in a mile. Hachita Peak, just south of the
Copper Dick fault, is the highest point in the range,
having an altitude of 6,585 feet. It rises about 2,200
feet above the valley floors and more than 1,000 feet

above the general altitude of the north half of the.

range.  The crestline extends southward from the
peak in a sinuous line that lies a little nearer the east
edge of the range than the west. From Hachita Peak
the crestline drops quickly to Broken Jug Pass,

paralleling geologic contacts, but from there south
it cuts directly across them at a fairly even altitude
of about 5,800 feet, though breached along the soft
granite of Granite Pass to within 200 feet of the level
of the valleys. (See pl. 6, C.)

The two pediments mentioned above and the
debris-covered ridges of the north half of the range
are parts of an old and more extensive pediment that
may have completely surrounded the Little Hatchet
Mountains and that, in effect, isolated the north and
south halves. The shallow passes followed by the
roads from Howells Wells to Playas-Valley are along
arms of this old pediment, whose “knick line”’—the
line along which the surface of the pediment meets
the steeper slope of the hills—tends to follow the
4,900-foot contour. The rock-cut surface of the
pediment- was at least in part covered by a veneer of
gravel, patches of which still remain and are now in
the process of being washed away. The most con-
spicuous of these patches are shown on the geologic
map (pl. 1) as “high alluvium,” together with other
patches of “high alluvium” that indicate the debris-
filled arroyos of the associated drainage, which seems
to have followed much the same lines as the present
drainage but at a level 20 or 30 feet higher. A bench
in the surrounding valley fill, likewise being trenched
by the present drainage, borders a good part of the
range and forms a continuation of the pediment sur-
face. This bench is well shown in Hachita Valley
%pp}?site Howells Wells, where it is about 20 feet

igh.

A lJarger part of the pediment than at present,
perhaps most of it, was originally covered by the
high alluvium, and figure 2 is a map of the range
showing the approximate outline of bedrock ex-
posures before the old gravel began to be removed by
the present drainage, the edge of bedrock being
arbitrarily sketched, in general, at the knick line of
the pediment. Doubtless, more or less of bedrock was
exposed than this drawing indicates, but the general
situation must have been somewhat as shown, and
the Little Hatchet Mountains at that time evidently
consisted of a small desert range bordered on the
north by a group of isolated hills,

The clay filling of the arroyos that cut the high
alluvium, and of other tongues of valley fill that
penetrate deeply into the hills, is at places trenched
by rills and channels that have been carved in recent
years and that are visibly modified and enlarged
after every heavy rain. Some of these are major
arroyos of the area and follow the lines of old roads
whose ruts furnished incipient lines of drainage.

WATER SUPPLY

All water used in the Little Hatchet Mountains
and vicinity is obtained from four small springs or
from wells in the adjacent valleys. Much of it is
brought from Hachita, where the railroad has put
down two deep wells.

The springs include Howells Wells at the east edge
of the range and just south of the Grant-Hidalgo
county line, Cottonwood Spring at the west edge of
the range and northwest of Sylvanite, Livermore
Spring 1% miles north of Cottonwood Spring, and a
small unnamed trickle in the arroyo above the Green
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A. PANORAMIC VIEW OF EAST SIDE OF LITTLE HATCHET MOUNTAINS.

B. ROUNDED TOPOGRAPHY OF THE HIDALGO VOLCANICS.

View westward. American mine at extreme right.

C. VIEW SOUTHWARD FROM HACHITA PEAK.

Shows topography of south part of range and general parallelism between intrusive contacts and sedimentary bedding. The light-colored rock just beyond the ridge of Corbett
sandstone is the soft granite into which Granite Pass is cut, and the rough hills beyond are in the resistant porphyritic granite.
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FiGure 2.—Map showing probable outline of rock exposures in the Little Hatchet Mountains just before the beginning of the present stage of erosion,
which is removing the gravel apron from the old pediment,
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mine near Sylvanite. The water from Livermore
Spring and Howells Wells is palatable and pleasant
to the taste, but that from Cottonwood Springs is
very hard. All arroyos in the range are normally
quite dry except within a few feet of the springs.
They may become temporary torrents immediately
following one of the summer rains, as the rapidity
of runoff from the steep slopes and the comparatively
large area drained by each arroyo causes them to fill
sometimes to the brim, and become impassable
within.a few minutes after such a rain begins, but
they dry up within a few hours.

Though the water supply within the range itself
is insignificant, water enough for any purpose con-
nected with mining probably could be developed in
Hachita and Playas Valleys, as indicated by a test on
one of the railroad wells near Hachita from which
over }00 gallons a minute was pumped continuously
during a test run of 42 hours.® Pumping for 12 hours
at 90 gallons a minute lowered the water level 12 feet.
The well is 695 feet deep and cuts four. water-
bearing horizons.

The depth to water in the two valleys differs con-
siderably.® On the east side of Playas Valley it
ranges from less than 15 feet along the bed of Playas
Lake to a maximum of about 100 feet near Playas
station. At Pothook station, near the northwest

N W.

Approximate
altitude above
sea level

FEET

%he :lgejight of the water table in Playas Valley. (See
g. o. .

To judge from the few shallow mines and pros-
pects, water level within the Little Hatchet range
itself is comparatively shallow, although the depth
to water differs considerably from place to place.
Most wells and shafts at or near the edge of the hills
reach water at depths ranging from 10 to 35 feet.
Near Granite Pass a well in the granite about a mile
from the alluvium has water at a depth of only 10
feet. At the Gold Hill mine water lies only 30 feet
or 50 below the level of the ravine in which the mine
is located and at about the same altitude as the spring
above the Green mine just over the ridge. The
Wake-Up-Charlie shaft, in the monzonite above
Sylvanite camp, is dry at a depth of 100 feet, but
nearby at the Handcar tunnel, 300 feet higher in the
range at an altitude of about 5,700 feet, water is
encountered only 40 feet below the surface.- At the
Buckhorn mine, 250 feet still higher and in meta-
morphosed sediments, water lies about 225 feet below
the surface. In the Santa Maria tunnel at a point
750 feet south of Livermore Spring, water lies only
a few feet below the tunnel level, or as much as 75
feet higher than the level of the spring.

In the Eureka district water level seems to lie at
an altitude of 4,700 to 4,800.feet. It is 30 to more

Little Hatchet Mts.

4,300 <

4,200,

>y -1

!
4,100 u'

“Ficure 3.—Hypothetical section at- Hatchet Gap showing underground rock barrier that separates the ground-water bodies of

lg\nAe‘on rocks
——~ Buried rock ridge forming dam

1

) Hachita and Playas Valleys,

- After A, T. Schwennesen with geology modified by S. G. Lasky.

corner of the range, water lies at an average depth
between 20 and 30 feet and only a few feet deeper
than that in the wells at Hatchet Gap. In Hachita
Valley, as indicated by a series of wells along or close
to the axis of the valley, water lies at depths ranging
from 292 feet in the railroad well mentioned above to
111 feet at Hatchet Ranch 2 miles south of Hatchet
Gap, the depth to water from well to well decreasing
between 10 and 11 feet to the mile. At the north end
of the range the water level in Hachita Valley is at
essentially the same elevation as in Playas Valley,
but opposite Hatchet Gap the water level in Hachita
Valley is the lower by about 100 feet. Schwennesen ©
explains this difference by supposing—and my own
mapping supports his explanation—that the Big
Hatchet and Little Hatchet ranges are continuous
a short distance below the surface and that this
buried ridge dams back the ground water of Playas

Valley, preventing it from escaping through the gap’

into Hachita Valley. The top of the dam thus limits

8 Information from the files of the New Mexico Bureau of Mines and
Mineral Resources. X 3
? Schwennesen, A. T., Ground water in the Animas, Playas, Hachita, and
San Luis Basins, N. Mex.: U. S. Geol. Survey Water Supply Paper 422,
©pp. 106-124, 1918,
10 Idem, p. 122.

than 80 feet below the surface at the shafts on the
National fault zone (pl. 21) and is 105 feet below the
surface at the King 400 mine. According to Albert
Fitch, 10 to 12 gallons a minute were pumped from
tthe King 400 when he was operating on the 180-foot
level. The American mine, more extensive than the
King 400, is said to have pumped 125 to 150 gallons a
minute from.the 250-foot level, but it is further
reported that at that time several of the deeper
shafts in the area, including the King 400, were -
comparatively dry, filling to water level only when
pumping was stopped at the American mine. This
suggests that the American mine was draining the
neighboring country through-a system of fairly open
channelways, and if so, pumping plants of consid-
erable capacity may have to be installed if deep
mining is ever undertaken. ‘

The following analyses show the character of the
water from different places in the area. They are
indicative of the types available in connection with
possible mining operagions in the Little Hatchet
Mountains, including water for domestic purposes,
water for use in steam boilers or for cooling Diesel
engines, and water for use in mills of different design
that may be built to treat the different types of ore.
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Analyses of waters from the Little Hatchet Mountains and adjacent valleys, N. Mex.*

[Parts per million]

Sodium and

Magne . Chlor- . Total
No. Calcium sium potassium Carbonate Bicarbon- Sulfate ide dissolved

(Ca) (Mg) (Na+K) (COs) ate (HCOs) (S04) (ChH solids -

1 130 57 98 00 332 392 63 1,072

2 20 7.4 101 K 209 84 29 450

3 29 5.2 128 142 206 29 539

4 16 2.6 189 2146 145 44 3584

] ‘43 28 96 253 151 46 617

6 73 27 46 223 141 46 556

74 562 55 56 & 95 1,529 30 62,361

87 156 35 31 5116 319 77 8759
Y Analyses 1, 2, 3, 5, and 6 are from U. S, Geol. Survey Water-Supply ‘$pH = 7.0. i

Paper 422; analysis 4, from the files of the New Mexico Bur.
analyses 7 and 8, by International Fiiter Co.

3 Carbonate and bicarbonate not differentiated.

3 Includes 35 parts of SiO: and 6 parts combined Fe:0s and Al:Os.

Mines;

Two wells at Pothook station, Playas Valley. 2

Old Hatchet Ranch wells at Hatchet Gap, Playas Valley.

5 Reported as free COz and CaCOs; presumably all HCOa. ! {
¢ Includes 34 parts of SiOz, \ 4
7pH = 7.1, ¥
8 Includes 25 parts of SiOz. - '

3. Railroad well at Hachita, Hachita

V'\IIC) 4. Railroad well one mile west of Hachita, Hachltg Valley. 5. Eight-mile well, Hachita Valley. 6. l‘welve-mlle well, Hachita Valley; 7. American

mine, Eureka district. 8. Last Chance shaft, Eureka district.

W. D. Collins, Chief of the Section of Quality of

Water, of the Geological Survey, examined the sev-
eral analyses and reported as follows:
. The waters represented by analyses 2 to 5, inclusive, would
generally be classed as satisfactory for all ordinary uses, but
if used for feed for boilers operating at high ratings they
might require some attention to prevent foaming. The water
represented by analysis 6 would be classed as satisfactory for
most uses, although the hardness is sufficient to be objection-
able for use with soap. This water should be softened for use
as boiler feed. The waters represented by analyses 1 and 8
would not ordinarily be classed as unsuitable for drinking on
account of their mineral content. Neither of them would be
considered fit for use with soap or for use as boiler-feed water.
Even after treatment for the removal of scale-foaming sub-
stances these waters would not be suitable for boiler use
because of the large quantities of sodium salts that would be
left after the treatment.

The water represented by analysis 7 would generally be
classed as unsuitable for any use that is at all affected by the
dissolved mineral matter except possibly for drinking by stock
or for irrigation. It would be impossible to treat this water
so as to make it suitable for boiler feed.

Mr. Colling’ statements concerning the use of the
waters as boiler feed apply in general also to their
use in Diesel engines. Thus, to judge from the
analyses of the water from the American and Last
Chance shafts, the mine waters may be considered
unsuited in the raw state either for domestic -use or
for use in power-plant boilers or Diesel engines. The
valley waters, with the possible exception of that in
the vicinity of Pothook, are suitable for domestic
use but only moderately more suitable for the other
purposes than are the mine waters. Copies of the
analyses, together with descriptions of the ores, were
submitted to the Federal Bureau of Mines, and the
staff of its Metallurgical Division reported that,
except for the danger of pipe lines becoming plugged
by incrustrations, all the waters should be suitable in
the raw state for milling purposes, either in flotation
plants or in cyanide or amalgamation plants designed
to treat the native-gold ores of the Sylvanite district.

.

GEOLOGIC FORMATIONS

GENERAL SUMMARY

With minor exceptions, all the sedimentary rocks
of the Little Hatchet Mountains appear to be of
Trinity (Lower Cretaceous or Comanche) age, and

6516550—a7—2

most are as young as Glen Rose or late Trinity age.
The exceptions include only the Quaternary allu-
vium and a little material associated with the Ter-
tiary pyroclastic rocks, and possibly an isolated
exposure of uncertain age in Hatchet Gap. Magda-
lena limestone is exposed in the southernmost hill at
Hatchet Gap and constitutes a geologic link with the
Big Hatchet Mountains, which consist almost en-
tirely of Paleozoic rocks. Interbedded with the sedi-
mentary rocks of the Little Hatchet Mountains are
basaltic lava flows and pyroclastic material, and at
one place is a small body of orthoclase gabbro that
may be the intrusive equivalent of some of the lava.
These rocks and their structural relations are shown
on plates 1 and 2.

The Lower Cretaceous volcanic rocks and the en-
closing sedimentary rocks are intruded by diorite
sills and by later stocks. Three of these stocks are
exposed—a small monzonitic mass west and south of
Old Hachita, a composite mass of monzonite and
quartz monzonite at Sylvanite, and a composite
granite mass between Granite Pass and Hatchet Gap
—though the small cropping at Old Hachita appears

to be the faulted top part of the mass at Sylvanite.

Each of the three stocks is bordered by a contact-
metamorphic halo, and each is accompanied by its
satellite dikes; monzonite porphyry dikes are par-
ticularly prominent with the stock at Old Hachita,
lamprophyre dikes with that at Sylvanite, and aplite
dikes with that at Granite Pass. There seems to be a
closer genetic connection between these rocks and the
ore deposits of the range than is ordinarily observ-
able in mining districts.

The intrusive rocks of this group are broadly re-
ferred to hereafter as of late Cretaceous or early
Tertiary age, as a way of indicating only that they
are known to be younger than the Lower Cretaceous
formations and older than the Miocene(?) volcanic
rocks mentioned in the following paragraph. So far
as evidence within the Little Hatchet Mountains
alone is concerned, they may be any age from late
lower Cretaceous to early Tertiary, but by analogy
with the Santa Rita area,? which has an almost

* 1 Spencer, A. C., and Paige, Sidney, Geology of the Santa Rita mining

area, N. Mex.: U. S. Geol. Survey Bull. 859, 1935. Lasky, S. G., Geology
and ore deposits of the Bayard area, Central mining district, N. Mex.:
U. S. Geol. Survey Bull. 870, 1936.
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identical igneous history (p. 40), the oldest of the
group, the diorite sills, would seem to be at least as
young as late Upper Cretaceous.

A fringe of Tertiary voleanic rocks, chiefly frag-
mental, overlies the beveled and eroded outcrops of
the earlier formations at the extreme north and
west-central parts of the range, and the Coyote Hills*
consist almost entirely of such rocks locally inter-
bedded near the base with lenses of conglomerate.
These rocks are part of the Mexico-Arizona-New
Mexico lava field, whose age is generally presumed to
be Miocene. For southeastern Arizona and the ad-
jacent part of New Mexico an upper limit for their
‘age is given by the fact that the tilted voleanic rocks
are- overlain by valley fill that in> part is upper
Pliocene,? :

Dikes and sills of latite and felsite, all later than
the ore deposits, crop out at several places. Some are
probably later than the Miocene(?) pyroclastic
rocks, others are earlier, but all are believed to be
closely related genetically. Dikes of granite, ap-
parently younger than the Miocene (?) rocks, oc-
cupy places along the Copper Dick fault. -

Small masses of basalt, presumably representative
of the Pleistocene flows, cut the Miocene(?) rocks,
and the entire bedrock assemblage is surrounded by
alluvium of Pliocene to Recent age. Isolated patches
of gravel, which indicate an alluvial fan of probable
late Pleistocene age, appear here and there within
the range.
~ In the following pages the geologic formations are

described as consistently as possible in chronologic
order, but in the paragraphs immediately below, the
sedimentary and igneous rocks are summarized
separately. The igneous metamorphism of the rocks
is described in a separate section. (See pp. 55-61.)

SUMMARY OF THE SEDIMENTARY ROCKS
STRATIGRAPHY

The Lower Cretaceous rocks have been divided in
this investigation into seven formational units, to
which local names have been given.!®* These are, in'
ascending order, the Broken Jug limestone, the
Ringbone shale, the Hidalgo volcanics, the Howells
Ridge formation, the Corbett sandstone, the Playas
Peak formation, and the Skunk Ranch conglomerate.
Their aggregate exposed thickness ranges from
17,000 to 21,000 feet, with the base of the section
covered by valley fill. The formational limits were
placed as uniformly as possible at disconformities 14
or at horizons of prominent lithologic change, each
formation representing a particular set or cycle of
depositional conditions. Five disconformities have
been recognized, but only one'is continuous through-
out the area. Deposition appears to have taken place
along and near an oscillating shore line so that a
disconformity representing the removal of a con-
siderable thickness of older rocks at one place be-

13 Knechtel, M. M., Geologic relations of the Gila conglomerate in south-
eastern Arizona: Am. Jour. Sc., 5th ser., vol. 31, pp. 81-91, 1936.

13 Lasky, S. G., Newly discovered section of Trinity age in southwestern
New Mexico: Am. Assoc. Petroleum Geologists Bull., vol. 22, pp. 524-540,
1938.

14 As uscd here, the term disconformity is defined as an unconformity in
which the beds above the erosion surface are parallel to those below.
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comes a conformable contact at another. (See pls. 3
and 13(1).) )

With the exception of the Ringbone shale, Hidalgo
volcanics, and Skunk Ranch conglomerate, the same
sequence of rocks crops out in the southern part of
the range as in the northern part, the formations
having been duplicated by the Copper Dick fault.
The area north of the fault is here called the Eureka
section and the area south of it the Sylvanite section.
The Hidalgo volcanics are missing from the Sylvan-
ite section because of one of the disconformities (see
pl. 13(1)) ; the Ringbone shale is missing because it
was deposited in a local basin that did not extend to
the south; and the Skunk Ranch conglomerate, or its
offshore equivalent, is missing because it has been
cut out by one of thestocks. Plate 3 shows the com-
parative stratigraphy of the Eureka and Sylvanite
sections, and the table on page 13 summarizes the
general stratigraphy of the range.

“The total thickness of the Lower Cretaceous for-
mations listed in the above table ranges from 10,200
feet, obtained by adding minimums, to 26,525 feet,
obtained by adding maximums. The actual total
thickness exposed in a continuous section in the
Eureka area, however, is from 17,000 to 21,000 feet,
the thickest part of some formations being opposite
the thinnest part of others (see pl. 13(1) ), and in the
Sylvanite area the actual total exposed thickness is
about 15,300 feet. The aggregate thickness of Lower
Cretaceous volcanic rocks is as much as 5,700 feet.

AGE

The fossils collected from the different formations
are listed in the accompanying table, and the geo-
graphic distribution of the collections is shown on
plate 12. The ammonites included in the list were
studied and described by Prof. Gayle Scott,!® and
the rest of the identifications were made by T. W.
Stanton, J. B. Reeside, Jr., and L. G. Henbest of the
Geological Survey.

Plate 3 shows the detailed stratigraphic distribu-
tion of the different forms. The general assemblage
seems much the same throughout the sequence, but
with a repetition of particular forms at several
horizons, accompanied by a repetition of zones of
similar or identical lithology. There are four zones
of massive limestone—perhaps of reef origin (p. 52)
—containing crowded colonies of ‘the foraminifer
Orbitolina, the mollusks Toucasia and rudistids, and
perhaps less commonly the large gastropod Tylo-
stoma; four coquina zones containing Ezogyra
quitmanensis Cragin and a large unnamed Pecten;
two horizons containing the ammonite Douvillei-
ceras; repeated but less distinet and less critical
zones with the gastropod Turritella,; and two-or three
zones containing fresh-water mollusks and fossil
wood. The significant forms identified are Ezogyra
quitmanensts, the large unnamed Pecten, which

Stanton says is characteristic of Taff’s “Quitman .

bed,”’1¢ Orbditolina, and the ammonites Douvilleiceras

and Trinitoceras reesidei Scott.’” These are Trinity

15 Scott, Gayle, Cephalopods from the Cretaceous Trinity group of the
south-central United States: Texas Univ. Pub. 3945, pp. 969-1106, 1940.

8 Taff, J. A., The Cretaceous deposits [of El Paso County, Texas]: in
the Texas Geol. Survey Ann. Rept., pp. 714-738, 1891. )

17 Scott, Gayle op. cit.
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Sedimentary and other layered rocks exgﬁosed in the Little Hatchet Mountains, New Mezico

© Age Formation and member Thickness (feet) Lithology and remarks
i. Recent to Valley £ll. 836+ Generally unconsolidated gravel, sand, and clay filling the valleys
é Pleistocene. that surround the range. Some lake deposits.
3 ) )
El . ) . Unconsolidated gravel perched above present arroyos and forming
& Pleistocenc. High alluvium. 0-204 a thin apron over comparatively large areas. Related to an old
X drainage level 20 to 30 feet above the present one.
Angular unconformity,
Lava flows. 3004 Latite and quartz latite flows.
Tertiary (Miocene?), X ’ Rhyolitic breccias and tuffs, including some ‘‘welded’ material.
Pyroclastic rocks. 200-1,700 Includes minor layers of volcanic sand and gravel and, locally,
lenses of conglomerate.
Angular unconformity. :
Crotaceous (7). Quartzite and limestone of uncertain 0-275 Patches of white quartzite and overlying sandy limestone capping
age. the Granite Pass stock in the isolated hills at Hatchet Gap.
y 2,100+ Only in the Eureka section. Chiefly red and maroon conglomerate
& q43 - with a matrix of red sandstone and shale. Includes much clay
2 4 o.-é‘a‘ Volcanic o shale, mostly red, and some soft sandstone. In upper part the
‘a EEES member. 0-200 2 boulders seem to be Paleozoic, but in lower half only Lower
= ﬁm S8 (Map unit) s Cretaceous rocks were recognized. At one place contains a layer
= of augite basalt. .
500-1,100
——Disconformity > -
X Predominantly green and brown fresh-water shale and light-colored
Playas Peak formation. 800-3,000 - sandstone and grit; locally with basal conglomerate and capped
. by massive fossiliferous reef-like marine limestone.
. Disconformity (local)
Sandstone, partly quartzitic and massive, with subordinate thin
Corbett sandstone. 1,500-4,000 members of sandy shale. Several thin members of limestone in
X Eurcka section containing marine fauna.
2
& . Massive and thin-bedded black limestone and massive crystalline
a Top limestone 200-545 creamy-white limestone; fossiliferous and reef-like in Eureka
member. —~ section, where this member is thickest and forms a prominent
3 s g S cliff.
~ 3 Y o
q 2 Bd S
3 2 & 58 8 - .
2 ‘g ° b . w Only in Eureka section locally. Chiefly augite andesite flows, else-
8 w 3 % g Voleanic o where purple volcanic breccia grading laterally into purple shale
< = ] B8 member. 0-400 s and volcanic grit. Varies stratigraphically from just beneath
3 -] E'- (Map unit)’ 3 top limestone member to about 150 feet below it.
5 -
g 600(?)-4,700 %= Commonly red beds of shale, sandstone, limestone, and conglom-
= . erate, interbedded and gradational.
—Disconformity-
od Only in Eureka section, where 900 to 5,000 ft. are exposed; top-
Az + most part cut out by fault. Almost entirely basic flows; some
I8 Sedimentary o pyroclastic rocks. Most flows basaltic, the rest andesitic. In
ok member. 0-2004- =4 upper part, locally includes a sedimentary member composed of
> (Map unit) v limestone, shale, and gritty or conglomeratic layers, with asso-
< ciated flow-streaked felsite; felsite-sedimentary horizon partly
cut out by disconformity beneath Howells Ridge formation.
——Disconformity
0—75 . . . .
2 " Only in Eureka scction. Black and green fissile shale, subordinate
S g Volcanic A sandstone, and a little black limestone. Fresh-water beds. In-
[ o8 members. 25-100 B cludes a basalt flow and a layer of andesite breccia, with associated
a3 (Map unaits) i tuffaceous sandstone and shale. Locally disconformable, with
41 basal conglomerate, on the Broken Jug.
0-4754
~——Disconformity (local)

Limestone, pure, shaly, and sandy, and interbedded sandstone and
limestone conglomerate; considerable local variation. In Eureka
area contains a persistent coquina bed and is commonly capped
by massive fossiliferous reef-like limestone forming a prominent

Broken Jug limestone. 3,400-5,000(?) bluff. Locally overlain disconformably by Ringhone shale, but
elsewhere the caprock grades laterally into conglomerate con-
- formable with Ringbone and disconformable with underlying
beds of Broken Jug. Base of formation concealed by Quaternary

valley fill.

Concealed interval
Carboni- Pennsyl- Magdalena limestone. 1,400 Fossiliferous limestone. Upper part contains fusulinids found else-
ferous. vanian. - where in New Mexico about 1,000 feet above the Mississippian.
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forms. Stanton reported that he had “no hesitation
in referring the several lots containing Orbitolina to
rocks of Glen Rose (upper Trinity) age,” and the
Douvilleiceras in this association apparently indi-
cates lower Glen Rose age.!®* Concerning the entire
assemblage, Reeside reported “all these belong to the
general Glen Rose fauna.” Consequently the entire
section from the Orbitolina zone at the top of the
Playas Peak formation to the lower Orbitolina zone
of the Broken Jug limestone is of Glen Rose age, and
the fact that Ezagyra quitmanensis zones are sand-
wiched between Orbitolina zones suggests that the
Glen Rose interval may extend at least down through
the lower Ezogyra beds of the Broken Jug limestone.
Inasmuch as no notable lithologic break is exposed
below the lowest Ezogyra beds, the basal beds also of
the Broken Jug limestone may be of Glen Rose age,
and they are presumed to be at least as young as
Trinity.

As indicated in the table on page 14 and on plate
3, the only fossils found in the Skunk Ranch con-
glomerate, above the Playas Peak formation, are
some algal deposits, which at present have no age
significance, but for reasons given in the description
of the Skunk Ranch conglomerate, it also is pre-
sumed to be of Trinity age.

CORRELATION

The repetition of faunas and lithologic units in the
Little Hatchet Mountains, the lateral changes in
lithologic character, and the fact that neither the
upper nor lower limits of the Trinity section are
exposed, or at least not identifiable, make any re-
gional correlation between individual sedimentary
formations of the Little Hatchet Mountains and
other formations of Trinity age impossible at
present.

The section is roughly equivalent to part of the
Bisbee group of southeastern Arizona, in that the
Mural limestone of the Bisbee group also is of
Trinity age,’ but the problem has turned out to be
more difficult than indicated by Darton’s statement
that his Comanche “limestones of the Hatchet Moun-
tains region closely resemble the Mural limestone of
the Bisbee and Douglas regions, Arizona, to which
they doubtless are equivalent.” 22 The limestone of
Comanche age that Darton recognized in the Little
Hatchet Mountains is the cliff-making Orbitolina-
bearing member at the top of the Howells Ridge
formation.?* That member does, it is true, resemble
the cliff-making Orbitolina-bearing Mural limestone,
but the other Orbitolina limestones in the Little
Hatchet Mountains are to all appearances identical
in lithologic character and fauna with the Howells
Ridge Orbitolina-bearing member, and any one of
them, or conceivably none of them at all, could
equally well be the equivalent of the Mural. .More-
over, other parts of the Howells Ridge formation
resemble both the Morita and Cintura formations 22

8 Sellards, E. H., Adkins, W. S., and Plummer, F. B., The geology of
Texas, vol. 1: Texas Univ. Bull, 3232, p. 260, 1932.

® Ransome, F. L., The Geology and ore deposits of the Bisbee quadrangle,
Ariz.: U. 8. Geol. Survey Prof. Paper 21, pp. 65-68, 1904.

% Darton, N. H., “Red beds” and associated formations in New Mexico:
U. S. Geol. Survey Bull. 794, p. 38, 1928.

2 Oral communication.

B Ransome, F. L., op. cit.

of the Bisbee group, one below the Mural limestone
and the other above it, and some reddish beds in the
Broken Jug limestone also might be duplicated in the
Morita and Cintura formations.

Darton’s “Sarten sandstone” in the little Hatchet
Mountains, in his map unit “Sarten sandstone and
underlying limestone” of Comanche age,? is the
formation called the Corbett sandstone in this report.
The reasons for dropping the name Sarten and
choosing a local name in its place are given in the
description of the Corbett sandstone. '

Correlation of the volcanic rocks of Trinity age
with pre-Tertiary volcanic rocks in neighboring
areas is discussed under the heading, Hidalgo vol-
canics. (See p. 21.) .

SUMMARY OF THE IGNEOUS ROCKS

The igneous rocks of the Little Hatchet Mountains
include 22 wvarieties, considering the pyroclastic
rocks as igneous, which are grouped under 18 text
headings and map units. The petrographic features
of these rocks, as determined from 6 chemical analy-
ses and 73 thin sections, are summarized graphically
on plate 4. Shown there also are the geologic ages
of the rocks and their age relation to the period of
ore formation and to later stages of barren minerali-

-zation; the form of the rock masses is noted with

their petrographic names. Except that the mon-
zonite dikes and sills have been placed next the
composite rock masses to which they are satellite, the
rocks are arranged in chronologic order as nearly as
information and the mechanical restrictions of the
summary permit. For example, there is no factual
evidence that the Granite Pass stock is later than the
stocks at Sylvanite and Old Hachita. Similarly, the
age relationship between aplite and lamprophyre
dikes is not invariable, nor is the exact relation be-
tween the felsite and all the latite dikes known. The
exact age and affiliation of the orthoclase gabbro
also are uncertain. 3

The chart as drawn shows a distinct petrographic
trend for the rocks of the Little Hatchet Mountains,
but it must be recognized that there is a weakness in
this picture in the assumed position of the Granite
Pass stock in the sequence; for if the Granite Pass
stock were placed before the Sylvanite and Old
Hachita stocks the orderly petrographic trend would
be broken. Assuming, however, that it is more rea-
sonable to place the granite later in the sequence
than the monzonite and quartz monzonite, rather
than earlier, then the rocks of the area would appear
to represent an orderly differentiation sequence, at
least as far as the close of the late Cretaceous or early
Tertiary stage; the right-hand side of the chart
shows a trend back toward the basic end, but, because
of the irregular sequence commonly shown by Ter-
tiary lavas and the fact that only the earliest of the
Tertiary rocks are exposed in the Little Hatchet
area, the significance of the right-hand side of the
chart is questionable. It should be noted that the
variations in the composition of the plagioclase feld-
spar roughly parallel those in the mineral content,
becoming progressively more sodic not only as the
proportion of felsic minerals as a group increases

% Darton, N. H,, U. S. Geol. Survey Geologic Map of New Mexico, 1928,
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and the mafics decrease, but also paralleling varia-
tions within the felsic group. There is also a pro-
gression of the mafic constituents from the augite-
olivine end to the biotite end, such as would be
demanded theoretically and as is supported by the
microscopic evidence that some later mafic minerals
were formed by reaction with earlier. The lampro-
phyre dikes are at variance with the orderly progres-
sion shown by the other rocks, but that is a charac-
teristic of lamprophyres in general.

The insert of plate 4. shows a comparison between
the mineralogic variations of the most important
rock masses of the Little Hatchet Mountains and
similar variations in the average rocks of the prin-
cipal rock clans.?* ‘Evidently the Little Hatchet rocks
as a group are low in the mafic minerals. Chemical

analyses suggest that a high P;0Os content also is a’

family trait for the rocks of the Little Hatchet
Mountains, for in all except two analyses of mon-
zonite the P,O; content is 2 to 3 times as great as in
Daly’s averages. A further family trait may be an
abnormal content of Ti0,, as indicated by most of the
analyses and by the general prominence of sphene in
all rocks, but there is some possibility that part of
Ehe '51‘1())2 was introduced during metamorphlsm (See
p. 57

Both the porphyritic granite facies of the Granite
Pasg stock and the monzonite facies of the Sylvanite
stock are in part the result of replacement of the
sedimentary rocks, but that fact would seem to have
no real effect on the situation depicted above, for if
only a minute portion of each of those rocks were the
result of igneous injection the petrographic trend
would still be the same. Some credence may be lent
to the possibility that the porphyritic granite is
entirely a replacement rock, but even so the picture
still would not be much changed.

PRE-CRETACEOUé ROCKS

- MAGDALENA LIMESTONE

The southernmost hill at Hatchet Gap is composed
of Magdalena limestone, of Pennsylvania age, faulted
against the Granite Pass stock at the north end of
the hill. The topmost beds of the exposure contain
fusulinids identified by L. G. Henbest as Triticites
beedei Dunbar and T. secalicus (Say). Needham 2
lists neither of these forms in his bulletin on New
Mexico fusulinidae, but he has told me informally
that the species T'. beedet suggests, in southwestern
New Mexico, a horizon about 900 or 1,000 feet above
the base of the Magdalena.

LOWER CRETACEOUS ROCKS
BISBEE GROUP

BROKEN JUG LIMESTONE
DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

The Broken Jug limestone, named after Broken
Jug Pass, west of Sylvanite, is the oldest formation
exposed in the Little Hatchet Mountains proper. It is

24 Grout, F. F., Petrography and petrology, pp. 88, 125-26, McGraw-Hill
Book Co., 1932.

% Needham, C. E., Some New Mexico fusulinidae: State Bureau of Mines
and Mineral Resources, New Mexico School of Mines Bull, 14, 1937,

present in both the Eureka and Sylvanite parts of the
range. In the Eureka section it makes up the chain of
hills and ridges that front the northeast corner,
beginning at a point about a mile north of Howells
Wells and extending northward to a point near Old
Hachita, whence it bends northwestward, the outcrop
widening as it does so. In the Sylvanite section the
formation occupies several square miles on the east
side of the range and forms the steep and ravined
scarp of the Copper Dick fault. It is cut off on the
west by the Sylvanite stock, and its resistant meta-
morphosed parts next to the stock are responsible
for the height of Hachita Peak. Inclusions or
pendants of it crop out at several places in the stock.

STRATIGRAPHY

The Broken Jug limestone is highly variable from
place to place, but in general the formation consists
of pure, shaly, and sandy limestone, interbedded with
shale, sandstone, and conglomerate. In places pure
limestone predominates, elsewhere shaly or sandy
limestone associated with considerable sandstone.
Conglomerate is prominent locally

The lowermost part exposed in the Eureka section
crops out on the ridge and pediment extending from
0Old Hachita eastward into sec. 31. On the south side
of the ridge and on the crest the beds consist chiefly
of sandstone, massive to thin-bedded and generally
limy or shaly, and containing streaks of chert con-
glomerate. Limestone and subordinate shale are
present. Northwestward along the strike the con-
glomerate becomes coarser and more abundant, lime-
stone pebbles appear, and the intervening sandy and
shaly beds are more limy. In the Copper King shaft
and on the Copper King and Esmeraldo claims
(pl. 20), the formation contains much red to greenish
mudstone or shale. Similar beds crop out just to the
north where the Hachita road meets the valley fill
(pl 5), and red soil at the east end of the Howard
vein indicates similar rock there.

North of the Hachita road the formation consists
largely of limestone conglomerate, individual beds
ranging from sandstone containing only a few small
pebbles of chert and limestone to tightly packed
masses of limestone cobbles and pebbles 4 inches or
less in diameter. Fragments of crinoid stems were
recognized in some of the pebbles. Included in this
part of the formation is an indistinet 80-foot coquina
zone, .and well above it is a second and stronger
coquina zone composed of oyster beds 2 to 10 feet
thick separated by less fossiliferous layers. The
upper zone is persistent and easily recognizable and
constitutes a useful horizon marker. (See pl. 5.)
Above the main coquina beds are several hundred
feet of fossiliferous Orbitolina-bearing limestone
that constitutes the top member of the formation
over most of the Eureka area. It forms the main hills
of this belt, including the Last Chance and Hornet
hills—the two limestone hills at the east edge of
sec. 1, at the Last Chance and Hornet claims—and
the more prominent bluff just north of Old Hachita.

The two small areas of Broken Jug limestone in
secs. 12 and 18 south of the Hornet mine are in a
higher part of the formation than is exposed else-
where, but their isolated position precludes any real
estimate of their exact stratigraphic position. The
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lowest part consists of Orbitolina-bearing limestone
like that forming the hills to the north; next above
are some shaly beds, including some red beds, and
then a thick section of oyster beds. Massive Orbito-
lina-bearing limestone overlies the oyster beds and
at one place is in turn overlain by more red beds.

The following measured section shows the charac-
ter of the formation in the vicinity of Old Hachita.

Section of Brokenm Jug limestone morth of King 400 mine,
Eureka district

[Begins at valley fill at cast end of King vein outcrop, on north side of
vein, and ends at point near NW. cor. sec. 361
Fect

Basal conglomerate of the Ringbone shale. )
Disconformity. .
Broken Jug limestone:
Limestone, medium to dark gray. Upper part mas-
sive, lower part thinner-bedded in layers 3 feet
thick or less. Orbitolina zones throughout.
Toucasia prominent locally in upper massive
part; ammonite horizon in lower thin-bedded
part. Includes.two diorite sills, respectively 63
and 160 feet thick on line of section, just above
thin-bedded part.............oiiii 769
CONCRAIEA ......covvviriiiiiiiee et 51
Sandstone, brown, generally limy. A persistent bed 11
Coquina zone. Oyster beds 2 to 10 feet thick, com-
posed almost entirely of large Exogyra as much
as 7 inches in diameter, interlayered with less
fossiliferous beds. Pecten zone. An excellent
horizon marker in the main part of the Eureka

AISErICE oo 189
Limestone, medium gray, in beds 1 to § feet thick;

argillaceous patches in upper few feet............ 39
Sandstone, light gray............cccceveviiiiiii e 14
Limestone, gray, with argillaceous patches.............. 42
Limy sandstone, gray, weathering buff............... 13
Conglomerate, white, fine-grained; mostly pebbles

of sandstone................ccc.coooiiviiii b
Limestone, gray, dense, weathering pitted and

brown; 6 feet of sandy limestone at base............ 38
Limestone, shaly, weathering brown, with purer

parts remaining as rounded gray patches............ 51

Sandstone, white to light gray, in beds about 10
feet thick; contains conglomeratic streaks and is
locally coarse-grained; very limy in places.......... 41
Limestone, gray, sandy, weathering buff................ 34
Shaly limestone, dark gray, dense; upper part

PUTET .ooiiiieiiiiiiii ettt ettt ee et e b e s atat e ae e saveennnaeas 27
Sandstone, gray, limy..........cvimimivieoreinnn. -12
Sandstone, white, coarse-grained, containing

streaks of conglomerate; pebbles include lime-

stone and gray to white chert............................ 9
Sandstone, gray, with limy and fine-grained con-

glomeratic streaks; basal 3 feet is a fine-grained

conglomerate; pebbles are limestone and chert.. 59
Limestone, gray, containing argillaceous patches

and stringers that weather out.........................oo. 32
Limy sandstone, dark gray..............cccoevviienionn. 50

Limestone conglomerate with subordinate chert
pebbles; matrix is sandstone and is subordinate
to pebbles. ..o

Limy sandstone, dark gray, weathering buff

Valley fill.

1,676

The thickness of the above section, exclusive of the
diorite sills, is 1,353 feet.
To the north of the limestone bluff north of Old

Hachita the Broken Jug limestone is largely covered"

with wash, in part by an apron of high alluvium, but
it appears to differ decidedly from the part to the
south. A bed of Orbitolina-bearing limestone crops
out here and there and apparently belongs to the
same member as that forming the bluff; it seems to

be only about 60 feet thick, however, and this rapid
thinning of the Orbitolina member appears to be
accompanied by an accordant decrease of limestone
in the underlying beds and an increase in shale. The
60-foot limestone bed is traceable northwestward for
more than a mile to a point near the hill east of the
Ringbone ranch on which the airplane beacon is
built, where it merges into a conglomerate bed. At
the road fork at the foot of the beacon hill this con-
glomerate bed is only 5 feet thick, but just north of
the fork it abruptly thickens to make up the whole of
the hill, as well as most of the isolated ridges north-
east. The small exposures at the north edge of the
apron of high alluvium also consist chiefly of the
conglomerate, which is doubled back on the north
flank of the Vista anticline. . :

In detail the beacon hill consists of conglomerate
layers interbedded with subordinate sandstone. The
basal part is unsorted and contains boulders as much
as 2 feet in diameter (pl. 8, A) ; the extreme upper
part contains bodies of massive Orbitolina-bearing
limestone as much as 10 feet across that seem to be
cementing material rather than foreign boulders.
Pebbles and boulders of Lower Cretaceous rocks only
were identified in the conglomerate. They are evi-
dently of local derivation and include limestone,
sandstone, and earlier conglomerate, many beds
being composed chiefly of one kind. The beds
forming the hill must aggregate at least a thousand
feet in thickness.

The Broken Jug limestone in the Eureka half
of the range is in part conformable, in part discon-
formable, with the next younger formations, a dis-
conformable contact at one place passing into a
conformable contact elsewhere. The conglomerate at
the beacon hill, though continuous stratigraphically
with the Orbitolina-bearing limestone that forms the
bluff at Old Hachita, is disconformable with the
underlying beds but interfingers with the sandstone
beds of the overlying Ringbone shale. To the south-
east, on the contrary, the limestone of the bluff is
separated from the Ringbone shale by a discon-
formity that cuts down at Old Hachita nearly to the
oyster beds. South of Old Hachita the disconformity
again rises in the section, and at the isolated expo-
sures south of the Hornet mine it forms the contact
between the upper oyster and Orbitolina-bearing
beds and the Hidalgo volcanics, which immediately
overlie the Broken Jug limestone in that part of the
Eureka area. The maximum relief of the discon-
formity, as indicated by the stratigraphy, may there-
fore be well over 2,000 feet; the height of one of the
;(f)ld hills on this surface was measured at about 325

eet.

The Sylvanite section of the Broken Jug limestone,
south of the Copper Dick fault, consists predomi- .
nantly of massive to thin-bedded shaly and sandy
limestone. Considerable light-colored limy sandstone
is present in the lower part of the exposed section,
and conglomerate beds like those of the Eureka
section are present throughout. The following sec-
tion illustrates the character of the formation in the
Sylvanite part of the range; not detailed in the sec-
tion are many generally thin sills and dikes related to
the Sylvanite stock and aggregating about 400 feet

_in thickness.
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Composite section of Brokem Jug limestone east of
Broken Jug Pass
[Begins at valley fill in sec. 30, at meridian 108°25’, dip 34°NW., and ends

at point near east edge of sec. 2, dip 54°SW. Lower two-thirds of section
measured by R. F. Pettit]

Feet
Metamorphosed maroon shale of the Howells Ridge
formation.
Disconformity (?).
Broken Jug’ limestone:

Limestone, black, sandy to shaly, with layers and
streaks of limy shale. Some layers intensely
metamorphosed. Includes a 13-foot bed of meta-
morphosed flow-streaked conglomerate 81 feet .
from the tOP......ccoooviiiioi e 349

Conglomerate, metamorphosed and flow-streaked ... . 26
Limestone, black, shaly, some parts sandy and light
gray, containing occasional layers of quartzite
13% feet or less thick in upper part. Upper 100

feet metamorphosed locally..................cccoovni 256
Concealed ................ccoioiiiiiiii 23
Sandstone, limy, and limestone, shaly and sandy,

interbedded ..o 44
Limestone, black and shaly with sandy streaks in

lower half; gray and sandy, passing locally into

limy sandstone, in upper half. Faint meta-

morphism in some layers. Lower half includes

_two conglomerate members, 11 feet and 26 feet

thick, in its lowermost part.......................... 620
Shale, black, sandy, including sandy limestone

layers 6 inches or less thick............................... 19
Limestone, black and shaly and with local con-

glomerate in lower part; dark gray and sandy in

upper part. Shaly parts partly metamorphosed.. 53
Sandstone, dark, in part brown and thin-bedded.... 117
Limestone, blue, containing a few chert pebbles...... 63
Sandstone, dark, shaly, containing, near the middle,

50 feet of cleaner brown sandstone overlain by

10 feet of blue limestone .......................... 232
Concealed .............. ... 218
Sandstone, brown’to gray; 1-foot conglomerate bed

NEAT CeNTET............c.oiviiiiiiiiiiii e 143
Conglomerate ............cccccooiiiiiiviiiieiiiieieieee 99
Sandstone, brown in lower part, blue-gray in upper

part, which passes laterally into conglomerate.... 78
Conglomerate ..............c.ccccooiiiiiiiiiiiieiiicieee e 130
Sandstone, nearly white to brown, limy in lower

75 feet; weathers yellow..................................... 727

Limestone, blue, sandy, including a 9-foot sand-
stone member in middle third......................... 60
Limestone, sandy, lower half blue, increasingly
sandy upward and grading into brown limy

sandstone at the top ... 231
Sandstone, fine-grained, limy............. NRTURTRORRRT 9
Valley fill. 3,396

As indicated in the section, the Broken Jug lime-
stone in the Sylvanite half of the range is overlain
-directly by the Howells Ridge formation, which in
the Eureka area is separated from the Broken Jug
limestone by the Ringbone shale and Hidalgo vol-
canics. No obvious disconformity was recognized,
however, and the contact was chosen at the first red
or purple beds of the Howells Ridge formation. It is
not considered likely that the Broken Jug limestone
as thus mapped includes any beds that could be
assigned to the Ringbone shale; conceivably the
upper part might be equivalent to the Ringbone, but
the first reasonable dividing plane is nearly 1,500
feet below the top as mapped in contrast with a
maximum thickness of only 650 feet for the type
Ringbone shale in the Eureka section. The known
lithologic variations in the Broken Jug limestone in
the Eureka area and its local conformable relation to
the Ringbone shale suggest that the Broken Jug and,
Ringbone formations might elsewhere be undiffer-

entiable, but it seems more probable that the Ring-
bone shale thinned out by overlap against the Broken
Jug limestone, as described in the paragraphs on the
stratigraphy of the Ringbone shale, and never ex-
tended this far south.

‘On the other hand the Broken Jug limestone might
properly include some of what is mapped as Howells
Ridge formation, for thin-bedded reddish sediments.
indistinguishable from parts of the Howells Ridge

. formation are present at several horizons in the

Eureka part of the Broken Jug. However, the hori-
zon arbitrarily chosen as the contact between the two
formations seems to be the most practicable one that
can be selected.

The total thickness of the Broken Jug limestone is.
not known, for the base of the formation is nowhere:
exposed. In the Sylvanite half of the range the
maximum exposed thickness, exclusive of a variable:
thickness of sills, is about 3,400 feet. In the Eureka
half the exposed thickness may be as much as 5,000
feet or more; the figure is uncertain because the beds.
in the lowest part of the formation, on the ridge and
pediment east of Old Hachita, are disturbed by
numerous small faults and tight folds whose net
effect is difficult to evaluate. Moreover, the figure

. may have to be augmented, depending on hidden

structure, by the thickness of beds covered by the
wide stretch of wash between the Hornet mine and
the isolated exposures to the south.

FAUNA

.Several lots of fossils ‘have been collected from
the Eureka part of the Broken Jug limestone. (See
pls. 3 and 12.) The most abundant and widespread
form is a large high-coned variety of Orbitolina, as.
much as a centimeter in diameter, which is present.
at several horizons throughout the extent of the
massive limestone members. It is particularly abun-
dant at the limestone hills near the Last Chance
claim and Hornet mine. The intervening parts of
the limestone, between individual Orbitolina hori-
zons, almost invariably contain large calcitized forms.
whose cross sections suggest a species of Toucasia.
and others whose cross sections indicate rudistids.
Speciments of Dowuvilleiceras were found at three
places near Old Hachita, apparently at the same
horizon in the lower part of the lower Orbitolina.
zone, and specimens of ammonites, including Beu-
danticeras hatchetense Scott n. sp., and Trinitoceras
reesidet Scott n. gen. n. sp.,?® seem abundant in a thin
limestone layer above the Orbitolina beds at fossil
locality 25. The main oyster beds, the marker hori-
zon, were found to consist largely of Exogyra quit-.
mamensis Cragin, accompanied at places by a large,
Pecten. (See pp. 12, 14.) The Ezogyra is also the
principal form in the upper oyster beds and is accom-
panied there, too, by the Pecten.

RINGBONE SHALE
DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

.The Ringbone shale, a formation named after the
Ringbone Ranch, near which it is best exposed,
includes all the beds between the Broken Jug lime-

26 Scott, Gayle, Cephalapods from the Cretaceous Trinity group of the
south-central United States: Texas Univ. Pub. 3945, pp. 696-1106, 1940,
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stone and the Hidalgo volcanics. It is recognizable
only in the Eureka section, and the main part of its
outerop forms a band about a mile wide crossing the
low foothills of the dissected pediment at the north
edge of the range. The northwest end of this band
passes under the fill of Playas Valley, but some

exposures crop out farther north at the edge of the

Tertiary volcanic rocks that constitute the Coyote
Hills. The outcrop narrows sharply a mile northwest
of Old Hachita, and from there southward to the
point where it thins out altogether near the Hornet
mine, the outcrop has an average width of only a few
hundred feet and lies between rocks sufficiently more
resistant to control the topography.

STRATIGRAPHY

As indicated in the description of the Broken Jug
limestone, the contact between that formation and
the Ringbone shale is conformable along the north
part of the Ringbone outcrop. Near the place where
the Ringbone outcrop narrows so abruptly, however,
the contact becomes disconformable and remaing so
to the southernmost point of the formation.

A basal conglomerate having a maximum thick-
ness of about 115 feet partly fills in the hollows of
the disconformity. (See pl. 8, B.) It is much like the
conglomerate member of the Broken Jug limestone at
the beacon hill near the Ringbone ranch and includes
pebbles and boulders of sandstone, earlier conglom-
erate, limestone, and coquina, all of which could
have been derived from the underlying Broken Jug
strata. Boulders a foot in diameter are common, and
some are as much as 214 feet across. The rest of the
formation consists of black and green fissile shale,
some of it containing vegetable debris, subordinate
fine- to medium-grained sandstone, and an occasional
bed of black limestone, the rocks ranging from com-
paratively pure types to various gradations. The
thickness of any single bed rarely exceeds 5 feet. As
seen along the ridges, the formation appears to con-
sist chiefly of sandstone, but that is because the soft
shaly parts are covered by sandstone talus, as proved
by exposures in intervening arroyos.

About 150 feet below the top of the formation is a
basalt flow, 10 to 50 feet thick, characterized on the
weathered surface by numerous large white laths of
labradorite, An;,. (See pl. 7, B.) These are set in a
dense black groundmass composed of about equal
parts of chlorite and microlites of labradorite. Some
residual biotite can be recognized, and one micro-
scopic grain of augite was observed in a labradorite
phenocryst. Slender needles of apatite, some skeletal,
having a ratio of length to breadth of 20 to 1 are
present. A foot or so of material that looks like
weathered debris of the basalt locally lies at the top
of this layer and merges into the overlying bed. A
little above the flow layer is an equally thick layer of
andesite or hornblende basalt breccia—perhaps in
large part an auto-breccia—and associated with
these two volcanic members are several layers of
shaly and gravelly sandstone containing - con-
siderable volcanic material in the form of rock
fragments and grains of feldspar. Opposite the
common corner to secs. 25, 26, 35 and 36 the beds
below the breccia layer are largely creamy porcel-
laneous shale containing a high proportion of

elongate grains of feldspar whose sharp corners
prectude any great amount of transportation. The
distinctive flow and breccia layers and the associated
tuffaceous beds seem faithfully to parallel a petri-
fied-tree horizon (pl. 8, C), and these several mem-
bers as a group constitute a serviceable horizon
marker in a formation otherwise without a distinc-
tive member. The two volcanic members are shown
on the geologic map with a special pattern. The
numerous outcrops are due to repetition by small
faults and by a multitude of small folds on the
warped flank of the Vista anticline. (See p. 42.) At
the place where the photograph of plate 8, C, was
taken, the flow layer is twice repeated within a
distance of 100 feet. The small elliptical patches
shown on the map are crusts of the breccia layer
generally lying in structurally protected places, such
as the hollows of the folds. The discontinuous out-
crop that parallels the top contact of the formation
for its full length is also the breccia layer. The other
stringlike outcrops are of the flow member.

The debris that covers the hills in this area and the
complex structure of the formation make it difficult
to determine the detailed stratigraphic sequence or
to obtain an accurate measurement of the thickness.
The maximum thickness is believed not to exceed 600
or 650 feet, a figure crudely determined by adding
the thicknesses, as estimated locally in the least dis-
turbed areas, between the base of the formation and
a diorite sill that parallels the base, between this sill
and the volcanic section, and between the volcanic
section and the top of the formation. To the south, in
the area underlain by the disconformable contact, the.
thickness is erratic because of.the irregular base, but.
in general it gradually lessens southward as the
formation laps against increasingly higher parts of
the old topography on the Broken Jug limestone.
The thinning out seems due almost entirely to such
overlap; there is some channeling at the top of the
formation, and cobblestones and pebbles of sedimen-
tary rock locally in the basal few feet of the over-
lying Hidalgo volcanics give further evidence of
erosion, but the amount of material removed pre-
sumably was small, to judge from the comparatively
constant interval between the top of the Ringbone
shale and its breccia layer. The southward thinning
out of the Ringbone by overlap evidently accounts for
the absence of the formation in the Sylvanite section.
As indicated by its fossils, the Ringbone shale is a.
fresh-water formation, and the shallow basin of
deposition presumably never covered the full area
now occupied by the Little Hatchet Mountains.

FAUNA

Fossils are scarce in the Ringbone shale. The few
collected were identified by Mr. Reeside. A species of
Physa having a crenulate shoulder, a fresh-water
form, was found in the isolated outerop between the
Ringbone ranch and Pothook station (fossil locality
1, pl. 12), and a few large crushed individuals of a
species of Physa were collected from a shale bed just
below the basalt member. The two collections may be.
from the same horizon. Fossil viviparoid gastropods.
were collected from a thin coquina bed at one place
bialci\g )the breccia member. (See fossil locality 2,
pl. 12. A )
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HIDALGO VOLCANICS

GENERAL FEATURES

Voleanic rocks of Lower Cretaceous age are pres-
ent only in the Eureka or north half of the Little
Hatchet Mountains. A few generally thin layers are
‘present in the Ringbone shale, Howells Ridge forma-
tion, and Skunk Ranch conglomerate, as mentioned
in the descriptions of those formations, but the main
eruptions followed deposition of the Ringbone shale.
The name Hidalgo volcanics is given to this thick
accumulation. It rests upon the Ringbone shale, and
beyond the limits of the Ringbone shale upon the
Broken Jug limestone, and is disconformably over-
lain by the Howells Ridge formation. The main
outcrop occupies a band, 15 to 114 miles broad, of
rounded hills and ridges trending northwestward
through the range (pl. 6, B), and numerous expo-
sures crop out in the pediment of Playas Valley over
a still broader area. An isolated exposure of similar
volcanic rocks forms an inlier in the Howells Ridge
formation at Howells Wells; it is indicated on the
geologic map as probably being part of the Hidalgo
volcanics but may be a layer in the Howells Ridge
formation, though at a horizon somewhat lower than
the known volcanic members of that formation.

The total thickness of the Hidalgo volcanics is not
known, for the topmost part has been dropped from
view by the Miss Pickle fault, which locally cuts out
the contact between the Hidalgo volcanics and the
Howells Ridge formation. The exposed thickness
ranges from 900 to 5,000 feet, the wide range being
due to the disconformities at the bottom and top of
the formation, the effect of the two being cumulative.
(See pl. 13 -(1).) .

The relief of the disconformity at the top amounts

- to at least 1,200 feet plus whatever thickness of
voleanie rocks is cut out by the Miss Pickle fault. In
the central part of sec. 34 a thin sedimentary member
in the Hidalgo volcanics is separated from the Miss
Pickle fault by 1,200 feet of lava, but in the southeast
corner of the section the base of the Howells Ridge
formation cuts across the lava down to this sedimen-
tary member, lying upon it thence to the southeast
as far as that member can be traced, perhaps about a
mile. The absence of the sedimentary member still
farther to the southeast may mean that the discon-
formity cuts still lower in that direction, or it may
simply mean that the sedimentary member has
pinched out. The disconformity at the base of the
Hidalgo volcanics accounts for at least 1,400 feet of
the thinning of the formation, for, as mentioned in
the description of ‘the Broken Jug limestone, that
disconformity has a relief that may be well over 2,000
feet, with only the lower 65 feet or so being overlain
by the Ringbone shale.

Although the thin volcanic layers of the Ringbone
shale, Howells Ridge formation, and Skunk Ranch
conglomerate in the Eureka area may be absent from
the Sylvanite section because of nondeposition, the
absence of the Hidalgo volcanics in the Sylvanite
section is probably due to removal by erosion before
the Howells Ridge formation was deposited. It is
hard to conceive that a volcanic formation covering
hundreds of square miles (see paragraphs below on
age and correlation) may be over 5,000 feet thick at

one place and contain hundreds of feet of pyroclastic
material, yet never have been deposited at all at a
point only 3 or 4 miles away. The probability is
strengthened by the known great relief of the dis-
conformity at the top of the formation.

PETROGRAPHY

The Hidalgo volcanics consist predominantly of
basalt and andesite flows. Some pyroclastic material
is included, and volcanic activity was interrupted at
one stage long enough for a little normal sedimentary
material to be deposited. The sedimentary member,
which consists of thin-bedded light-gray and red
limestone, red and green shale, and some gritty and
conglomeratic layers, is shown on the geologic map
and sections, plates 1 and 2, with a distinctive pat-
tern. At one place the bottom of this member appears
to grade into purple volcanic breccia, and its beds
are accompanied by thin flow-streaked layers of
brown and white felsite. The felsite layers continue
to the northwest beyond the limits of the sedimentary
member, and layers of volcanic breccia and of dark-
purple tuff, resembling some of the mudstone and
grit layers of the Howells Ridge formation, are

- interbedded with them. The position of the felsite

and tuff layers is shown on the map by the double
line of dip symbols along the continuation of the
strike of the sedimentary member.

The flow rocks constitute about 90 percent of the
formation. They range from greenish-gray to black
and are generally dense or faintly porphyritic with .
feldspar or ferromagnesian phenocrysts only a
millimeter or so long. Some rocks contain augite,
others hornblende, and augite and hornblende basalts
and augite and hornblende andesites have been rec-
ognized, but most rocks are transitional types; about
two-thirds of the specimens examined would be
called basalt if classified according to the composi- -
tion of the plagioclase. The feldspar ranges from
sodic andesine to calcic labradorite in different speci-
mens, and some specimens contain crystals zoned
within that range, the maximum zonal range ob-
served in a single specimen being from Ang; to Ang,.

Layers characterized by many phenocrysts of
shiny black hornblende, as much as an inch in length
and constituting as much as 50 percent of the rock,
are present at several horizons, particularly in the
lower part of the formation. ‘In some of the horn-
blende layers the accompanying feldspar is sodic
andesine; in others it is sodic or calcic labradorite
and the hornblende is accompanied by augite and,
in one specimen, by large phenocrysts of olivine.
Many of the hornblende crystals are ideally auto-
morphic whereas others are deeply corroded by the
groundmass. In thin section some are pleochroic in
shades of green, others in shades of brown. Locally
the hornblendic rock grades into a fine-textured

diabase.

Magnetite is a common constituent of all the rocks
and is extremely abundant as minute granules in the
groundmass and as corrosion borders to the ferro-
magnesian minerals. Apatite also is common, as both
stubby and needlelike crystals, and in some speci-
mens it is pale lavender or blue and is faintly
pleochroic; some grains are of phenocryst size.

The pyroclastic parts of the formation are pre-
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dominantly coarse-grained breccias of the flow
varieties and are similarly dark-colored. The frag-
mental character is not everywhere obvious, though
the faint outlines of the pieces are visible on close
inspection of the weathered surface. Several fine-
grained tuffaceous layers contain tiny granules of
basaltic rock in a matrix of calcite, chlorite, and iron
ore, and other tuffaceous layers are composed of
reddish and purplish andesitic material. At hill 5150
in sec. 2, just below the limestone-shale-felsite mem-
ber, the formation includes 350 feet of lithified tuff
containing small crystals of albite and fragments of
altered rock in a partly devitrified groundmass hav-
ing'characteristic ash structure.

Alteration of the Hidalgo volcanics and of the
other volcanic members of the Lower Cretaceous
section seems everywhere far advanced. The altera-
tion minerals consist chiefly of chlorite, calcite, and
epidote; and the almost universal presence of epidote
in these rocks may at some places be the only means
of differentiating them from Tertiary or Quaternary
volcanic rocks. A little sericite is present and is
prominent in the mineralized areas, and leucoxene
seems to be a common alteration product of some of
the hornblende. (See pl. 8, D.)

Following is an analysis of the freshest rock
specimen collected, an augite andesite. This rock
contains about 50 percent of phenocrysts of faintly
zoned andesine and 20 percent of yellowish augite,
each 114 millimeters or less in length, and several
percent of large grains of magnetite, all set in an
indistinet microcrystalline groundmass of feldspar
and magnetite, with possibly some glass.

Analysis of augite andesite from the fault saddle of
hill 5650 in sec. 88

[Contains calcite, chlorite, epidote and secondary quartz. Sp. gr., bulk, 2.802.
J. G. Fairchild, analyst]

Percent Percent Percent
Si00 e 66.46 Ca0 ............ .83 MnO ... 14
AlQ; ... 15.64 Na,0 ... 3.90 COy .o b7
FeQs ..o 6.96 KO ... 2.49 H.0 4 ... 1.50
FeO ............ 1721 TiQg ............ 1.79
MgO ........ 2.68 PiOs ... .62 100.29

Contact or igneous metamorphism of the volcanic
rocks is described under the heading of igneous
metamorphism.

AGE AND CORRELATON

The age of the Hidalgo volcanics is Glen Rose
(Trinity), the same as that of the enclosing sedi-
mentary formations.

The Lower Cretaceous volcanic rocks have been
traced beyond the limits of the Little Hatchet Moun-
tains and found to be equivalent to the earlier group

of volcanic rocks of the Lordsburg mining district,?”

and I have recognized them, in the course of brief
visits, in the Apache Hills on the east side of Hachita
Valley, on the pediment between the Apache Hills
and the Sierra Rica, and in the north end of the
Florida Mountains southeast of Deming. The pres-
ence of similar volcanic rocks at several horizons in
the sedimentary section in the Little Hatchets pre-
M Lasky, S. G., Geology and ore deposits of the Lordsburg mining district,
Hidalgo County, N. Mex.: U. S. Geol. Survey Bull. 885, pp. 9-14, 1938

vents, however, a more precise correlation at the
moment, though the great thickness of the older
volcanic rocks in the Lordsburg district and of the
voleanic rocks in the Florida Mountains probably
means that those rocks are the eQuivalent of the
Hidalgo volcanics. The Lower Cretaceous volcanic
rocks of the Little Hatchet Mountains may be
roughly equivalent also to some thin andesitic flows
in the Courtland-Gleeson region north of Bisbee,
Ariz., in sediments that Wilson 28 believes resemble
the Lower Cretaceous beds of other parts of Arizona,
but beyond this they cannot be correlated with any
other of the known pre-Tertiary volcanic rocks in the
southwestern United States, for those are of Upper
Cretaceous age.2? They probably can, however, be
correlated with some andesitic volcanic rocks of
Comanche age that crop out in Mexico near Sahua-
ripa, Sonora, and perhaps also with similar rocks of
uncertain age that crop out over an area of several
thousand square miles in adjacent parts of Sonora
and Chihuahua.3?

HOWELLS RIDGE FORMATION
DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

The Howells Ridge formation rests disconform-
ably upon the Hidalgo volecanics in the Eureka part
of the range but directly upon the Broken Jug lime-
stone in the Sylvanite part, where both the Hidalgo
volcanics and the Ringbone shale are missing. At
both places the formation is conformably overlain
by the Corbett sandstone. )

In the Eureka area the formation constitutes the
high cliff-capped ridge known as Howells Ridge,
which is the main topographic feature of that part
of the range and from which the formation takes its
name. (See pl. 6, A.) The cliff itself is cut from
massive limestone near the top of the formation, and
that member tends to form a dip slope on the back
side of the ridge. (See pl. 7, C.) The outcrop of the
formation extends southeastward through the range
from Playas Valley, where it forms low parallel
ridges separated by valley fill, and then bends back
to the northwest around the keel of the Howells Wells
syncline, on the south flank of which it is cut off
obliquely by the Copper Dick fault. The base of the
formation is exposed only for a third or less of this
outcrop length, most of its contact with the Hidalgo
volcanics being along the Miss Pickle fault. '

In the Sylvanite section the formation occupies a
band that rises out of Hachita Valley and extends
westward across the range to be largely cut off on the
west slope by the Sylvanite stock. The topmost part
of the formation caps the stock and extends through
to Playas Valley, and a discontinuous band of meta-
morphosed roof pendants forms a ridge across the

28 Wilson, E. D., Geology and ore deposits of the Courtland:Gleeson
region, Ariz::" Arizona Bur. Mines Geol. Ser. 5, Bull. 123, pp. 21-22, 1927,

® Paige, Sidney, U. S. Geol. Survey, Geol. Atlas 199, Silver City folio,
pp. 7, 12, 1916. Ross, C. P., Geology and ore deposits of the Aravaipa and
Stanley mining districts, Graham County, Ariz.: U. S. Geol. Survey Bull.
763, pp. 25-28, 1925. Taliaferro, N. L., An occurrence of Upper Cretaceous
sediments in northern Sonora, Mexico: Jour. Geology, vol. 41, pp. 12-37,
1933. Ransome F. L., The copper deposits of Ray and Miami, Ariz.: U. S.
Geol. Surv. Prof. Paper 115, pp. 56-57, 1919,

% King, R. E., Geologic reconnaissance of Central Sonora: Amer. Jour. Sci.
5th ser., vol. 28, pp. 81-101, 1934. King, R. E., unpublished manuscript,
based on field work in western Chihuahua, Mexico, in 1933.
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less-resistant intrusive rocks. Topographically the
formation is characterized on the east slope of the
range by parallel ridges of the hard beds extending
out from the crest line, which itself follows one of
the harder members for part of its course; but on
the west slope toward the stock the original lithologic
differences have been modified by metamorphism,
and the topography consequently follows a less defi-
nite pattern.

STRATIGRAPHY

The Howells Ridge formation consists of red beds
of mudstone, shale, limestone, sandstone, and con-
glomerate, including some coquinalike beds, overlain
by massive to thin-bedded limestone, which in the
Eureka section is the cliffi-making member. (See pl.
7, C.) Thin sections of sandstone studied while the
ore of the Miss Pickle tunnel was being examined
disclose only sharply angular sand grains, suggesting
a nearby source. Locally below the cliff-making lime-
stone—at places directly beneath it, elsewhere as
much as 150 feet below—is a layer of augite andesite
flows and purple volcanic breccia ranging in thick-
ness from 25 to 400 feet or more and grading in its
thinner parts into purple shaly mudstone and arkosic
volcanic grit. Where definitely recognizable as such
the volcanic layer is shown with a distinctive pattern
on the geologic map and sections, plates 1 and 2. The
two stratigraphic sections given below illustrate the
lithologic .character of the formation in the type
locality in the Eureka area; in the extreme western
part of this area the red colors described give way to
shades of gray and black, and the Orbitolina zone at
the top becomes thinner. .

In the Sylvanite section, the original distinctive
lithologic features are masked by igneous meta-
morphism, but in general the formation resembles
the type section in the Eureka area. The principal
difference seems to be that the top limestone mem-
ber, the Orbitolina-bearing beds of the Eureka sec-
tion, is only 200 feet thick and unfossiliferous. In
mapping, the top of the Howells Ridge formation was
chosen at the upper contact of this member. In the
Sylvanite area this everywhere coincides with the
base of the first sandstone member of the dominantly
sandstone section above, but locally in the Eureka
area there is a transitional zone about 50 feet thick.

A striking feature of the formation is the rapid
transition in the lower part from one kind of rock
to another within very short distances laterally, as
indicated in one of the measured sections below.

Section of Howells Ridge formation north of Howells Wells

[Begins at base of formation, SW. 1/4 sec. 12, T. 28 S., R. 16 W., where
the dip is 30° SW ., and ends in SW. 1/4 sec. 13, where the dip is 40° SW.]

Alternating beds of shale and sandstone of the Corbett
sandstone,
Howells Ridge formation:
Orbitolina zone:
Limestone, thin-bedded and black; beds aver-
age about 8 inches in thickness. Includes
9 feet of brown sandstone at base. Upper
few feet of limestone contains abundant
Orbitoling .....ccoocoooveveioee e 47
Limestone, black. Beds at base 2 feet thick,
grading upward to layers an inch or less
thick at top. Lower thick beds contain

. Feet

large scattered Tylostoma cf. T. mutabilis
Gabb
Limestone, massive, forming the cliffs. Lower
120 feet is black limestone; overlying part
is crystalline creamy-white limestone con-
taining scattered Toucasia (?) and, locally,

colonies of Orbitolina........................ccoeeii 2
. 545
Limestone, black, fossiliferous, similar to 96-foot
member below. Exogyra-Pecten zone. (U. S.
Nat. Mus. col. 17442) ... 17
Sandstone, coarse-grained, white, including a black
fossiliferous shale member in upper part........ 42

Limestone, thin-bedded, black, fossiliferous. Euxo-
gyra-Pecten zone. (U. S. Nat. Mus. col. 16963
and 17441) ..., 96 .

Shale, black, containing thin layers of limestone;
members 11 to 14 feet thick and separated by
subordinate beds of limestone or sandstone.........

Shale, green, limy, alternating with thin-bedded
quartzitic sandstone; limy nodules 1 inch or less
in diameter in the shale ... . 70

Quartzite, medium to coarse-grained, in beds 10
inches to 2 feet thick; includes a few conglomer-
ate 'beds 2 feet or less thick. ... 4

Shale, fissile, red to green, including a few lime-
stone and sandstone layers 1% feet or less thick 49

Sandstone, thin-bedded, gray; beds 4 inches to 1%
feet thick, with pebbly partings and a few
arkosic conglomerate layers. Includes at the base
3 feet of white limestone with argillaceous mark-

162

INES e 21
Conglomerate ..............ccccccooviiieeiiieieeeeeieeeeenen 14
Sandstone, white to gray, with red shale partings.. 38
Shale, red, containing sandstone and conglomerate

lenses ... 24
Migs Pickle fault, cutting out part of the forma-

ion.
Sandstone, white, with thin red shale partings........ 23
Limestone, sandy, red to gray.....................c.ccc..... 90
Conglomerate alternating with white to red sand-
SEONE ..o 60
Disconformity. 1,325

Hidalgo volcanics.

The total thickness of the above section, given as
1,325 feet, does not include an unknown thickness cut
out by the Miss Pickle fault. )

Section of Howells Ridge formation near northwestern end
of outcrop in the Eureka area
e weat of W 3654 wnd cads 1n SIWS 34 henr 35h pickle faule at first
Corbett sandstone.
Howells Ridge formation:
Orbitolina zone:
“Limestone, thin-bedded, black, fossilif-
erous. Abundant Orbitolina................ 140
Limestone, massive, dense to crystalline
creamy white. This is the cliff-

making member of the formation.
Scattered Toucasia (?).......................... 335

Feet

475
750 (?)

Concealed. Thickness majr be considerably in
error because of doubtful structure......... ..

Limestone, gray, with argillaceous streaks and
lenses in lower third and containing occa-
sional ‘layers of sandstone, conglomerate, and
shale in overlying part. Measured thickness
unreliable because of doubtful dip..................

Limestone, red, in part shaly, alternating with
thick beds of conglomerate; basal conglomer-
ate member 110 feet thick............................

636 (7)
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Sandstone, red to white, red shale, and con-
glomerate, interbedded and changing ab-
ruptly and erratically from one to another
within the same layers ..................... ..o ...

Shale, red, alternating with red to creamy thin-
bedded limestone; 20 feet of conglomerate at
the base ... ... oo

Limestone, sandy and shaly, interbedded with
subordinate sandstone and with limy and

~ sandy shale; erratically red to green, and
containing limestone members in which the
argillaceous streaks and patches are red,
green, or brown. Lithologically extremely
variable in individual members ...

Conglomerate, bouldery, with sandstone cement
in general but with shale cement here and
there. Cobbles as much as 5 inches in diam-
eter and slabs as much as a foot long and 4
inches thick; include sandstone, limestone,
older conglomerate, gneiss, granite, and
felsite ...

Limestone, dense, creamy-white; darker and
variably shaly in top part ...l

Shale, dark red to light green, containing layers'
of white limestone 6 inches or less thick.
Discontinuous 3-foot layer of white sandstone
At tOD o) M 27

Partly obscured by debris, but all seems to be
light-gray shaly, limestone ......................... . 250

4,017 (7)
Miss Pickle fault, cutting out basal part of the for-
mation. ] .
Hidalgo volcanics.

780

167

257

126
115

The full original thickness of the Howells Ridge
formation is unknown and at present indeterminable.
In the Sylvanite section the present  thickness
amounts to 5,200 feet, including a known total of
300 feet of monzonite sills. This thickness was
measured at the edge of Hachita Valley, as far as
possible from the Sylvanite stock in order to mini-
mize the effect of sill prongs from the stock and of
possible deformation due to the intrusion. How-

ever, many members of the formation show con--

siderable flow distortion (see p. 48),.and conse-
quently the original thickness must have been dif-
ferent from that now shown. It is not possible to
evaluate this difference because the plastic flow of
the beds is widespread, and the lithologic variations
within the formation make it useless to compare the
thickness of a less distorted part of particular bed
with a more distorted part to determine the degree
of compaction.

In the Eureka section the original thickness of
the Howells Ridge formation is nowhere exposed,:

chiefly because a strike fault, the Miss Pickle
fault, cuts out part of the formation. The maxi-
mum thickness measured was about 4,000 feet (see
measured section above), all in the hanging wall of
the fault. The disconformable base of the forma-
tion crops out in the footwall of the fault a little
southeast of the line of that measured section, as
shown on the geologic map (pl. 1), and the relief
of the disconformity there exposed amounts to
about 1,200 feet, which, added to the measured thick-
ness, gives an approximate total of 5,200 feet. This
total, however, is not reliable, even though it agrees
with the thickness measured in the Sylvanite sec-
tion, hecause the Miss Pickle fault masks the full
relief of the basal disconformity and because the
measured thickness is itself uncertain.

What appears on the map to be the full thickness

of the Howells Ridge formation is exposed along
the crest of a minor fold on the south flank of
the Howells Wells syncline, but it amounts to only
1,100 feet. The difference between this and an ap-
parent thickness of the order of 5,000 feet elsewhere
is altogether in the lower part of the formation, for
the limestone member at the top is of normal thick-
ness. Distorted layers in the lower beds indicate
that part of the section may have been squeezed
out, but it is difficult to conceive of 4,000 feet of beds
having been removed in that way. More probably,
either the volcanic rock underlying the section is
only a local layer within the Howells Ridge forma-
tion, such as is found elsewhere, and the full thick-
ness of the formation is not exposed; or else the
abnormal thinness, if real, is due to original deposi-
tion on a high part of the old erosion.surface on the

| Hidalgo volcanics.

FAUNA

Fossils have been found in the Howells Ridge
formation only in the Eureka part of the range.
(See pl. 12.) The most prominent, and perhaps the -
most useful, fossil horizon is the limestone at the top
of the formation, which, except in its cliff-making
feature, is identical with the Orbitolina-bearing beds
of the Broken Jug limestone. As in that formation,
the Orbitolina are accompanied by calcitized Tou-
casia. (?); and a gastropod identified as Tylostoma
cf. T. mutabilis Gabb was collected at one place in the
Orbitolina zone. Two FEzxzogyra-Pecten zones are
present beneath the Orbitolina-bearing beds north
of Howells Wells at the place where one of the de-
tailed sections given above was measured ; their ex-
act stratigraphic position, as well as that of the
Tylostoma, is shown in the measured section. A
boulder containing species of corals was picked up
at the Ezogyra locality, evidently having fallen from
the cliff outcrop of the Orbitolina-bearing beds. A
full list of the fauna is given in the table on page 16.

CORBETT SANDSTONE

DISTRIBUTION AND STRUCTURAL FEATURES

The Corbett sandstone, named from the Corbett
Ranch at Granite Pass, lies conformably above the
Howells Ridge formation and is overlain in turn by
the Playas Peak formation along a contact that is
conformable at some places but disconformable
elsewhere.

In the Eureka area, the outcrop occupies a band
of variable thickness lying along the flanks and keel
of the Howells Wells syncline and bordering the
fishhook-shaped outcrop of the underlying Howells
Ridge formation. The width of the outcrop ranges
from a thin edge, where the formation is sliced off by
the Copper Dick fault, to a maximum of 2 miles
where the beds are duplicated in the trough of the
syncline. The low pass followed by the road' from
Howells Wells to the Skunk Ranch lies largely
across the Corbett sandstone, and bordering the
pass are rounded hills and bench-like ridges of the
sandstone that form part of the dissected pediment
described on page 8. Beyond the pediment the hills
and ridges in the Corbett sandstone are similarly

rounded but higher.
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In the Sylvanite area the formation occupies a

strip extending nearly at right angles across the.

range just north of Granite Pass. It is limited on
the north by the underlying Howells Ridge forma-
tion and on the south partly by the Playas Peak
formation ‘and partly by the Granite Pass stock.
Whereas in the Eureka area the formation forms
low hills surrounded by higher ground, in the Syl-
vanite area it forms relatively high hills surrounded
by lower ground. This difference in the Sylvanite
area is due to the ready erosion of the adjacent parts
of the Granite Pass stock and of the top limestone
member of the underlying Howells Ridge forma-
tion, which is thin and soft there but resistant and
cliff-making in the Eureka area.

STRATIGRAPHY

The Corbett sandstone consists chiefly of sand-
stone, in part quartzitic and massive, and variably
colored black, brown, and white. Ripple marks and
cross bedding are common, and some beds show a
marked variation in coarseness in thin laminations.
The formation contains a fair proportion of beds of

sandy shale alternating with the sandstone and

ranging from 1 to 15 feet in thickness, as well as
several shaly and sandy limestone members in the
eastern part of the Eureka area.

The contact between the Corbett sandstone and

the underlying Howells Ridge formation was chosen

at the sharp break between the continuous limestone
section at the top of the Howells Ridge formation
and the essentially continuous sandstone section of
the Corbett. The upper limit of the Corbett sand-
stone is generally just as.distinct. In the Eureka
area it is a disconformable surface marked by the
basal conglomerate of the overlaying Playas Peak
formation. As measured from the topographic map,
the thickness of the Corbett near the central part
of the outcrop in that area amounts to 3,000 feet,
but near the western end of the exposure the Playas
Peak formation cuts down across the sandstone and
the thickness is only 1,500 feet. In the Sylvanite
area the basal conglomerate of the Playas Peak for-
mation is missing, and the Playas Peak and Corbett
formations are conformable, the thickness .of the
Corbett being 4,000 feet.

AGE AND CORRELATION

Fossils identified by J. B. Reeside, Jr., as Trigonia
sp., Tylostoma sp., Protocardia sp., Arctzca cf. A.
medwlzs (Conrad), and Neithea ocmdentalzs (Con-
rad) were collected at locality 33 (pl. 12) from a 1-
to 2-foot bed of limestone just above the transition
zone between the Howells Ridge and Corbett forma-
tions, and species of Turritella and Nerinea were col-
lected from a 1-foot ostreid-bearing limestone bed in
the section immediately overlying (locality 32). None
of these forms is reported to have any critical age
significance, but the age of the Corbett sandstone
is nevertheless established as Trinity because of its
stratigraphic position between the Howells Ridge
and Playas Peak formations, both of which carry
Trinity (Glen Rose) faunas.

‘N. H. Darton has told me that what I call the Cor-
bett sandstone is the formation that he correlated
with the Sarten sandstone in his map unit, “Sarten

sandstone and underlying limestone,” of Comanche
agé.3! The Sarten sandstone, however, in its type
locality on Sarten Ridge north of Deming,?? contains
fossils that Stanton3? referred to the Washita group, |
stating that they show about the same faunal facies
as are found in the marginal deposits of southern
Kansas and near Tucumcari, New Mex., and that
Adkins 34 compares with. the Kiamichi fauna, which
he places in uppermost Fredericksburg.

PLAYAS PEAK FORMATION

DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

The Playas Peak formation is named from a high
peak in the Eureka area at whose foot the formation
is exposed. In that part of the range the formation

“occupies a V-shaped outcrop lying disconformably

above the Corbett sandstone and cupped within the
trough of the Howells Wells syncline. One arm of
the V, along the north flank of the syncline, is cut
off by the wash of Playas Valley and the other by
the Copper Dick fault, which brings the Playas Peak
formation at and south of Livermore Spring into
contact with the intrusive rocks and metamorphosed
sediments of the Sylvanite area. The formation is
overlain disconformably by the Skunk Ranch con-
glomerate, but at Playas Peak the contact and ad-
jacent parts of both formations are covered by Ter-
tiary volcanic rocks, from which they are separated
by an angular unconformity.

The upper part of the Playas Peak formation in
the Eureka area, for about one-third the length of
the outerop, is marked by a ridge of limestone curv-
ing around the axis of the Howells Wells syncline,
and a thick basal conglomerate tends to form a. paral-

lel ridge, but in general the formation occupies part

of a dissected pediment that flanks the sharp cliffs
of the Tertiary volcanic rocks. (See p. 8.)

In the Sylvanite area the Playas Peak formation
crops out only at the two ends of Granite Pass, the
intervening part being cut out by the Granite Pass
stock. The eastern exposure is a small triangular
patch of soft marmorized limestone lying b