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ABSTRACT
The Chloride Flat mining district, located approximately
one and one-half miles west of Silver City, Grant County,
New Mexico, was an Important producer of silver during the

,

seventies and eighties of the past century.
About one mile west of the district the pre-Cambrian
basement outcrops and is overlain by a nearly complete sec
tion of easterly dipping Paleozoic sedimentary rocks.

The

formations and ages represented are: Bliss sandstone (Upper
Cambrian, El Paso limestone (Lower Ordovician), Montoya
limestone (Upper Ordovician), Fusselman dolomite (Silurian),
Percha shale (Upper Devonian), Lake Valley limestone (Lower
Misslssippian), Magdalena formation (Lower Pennsylvanian),
Beartooth quartzite (Upper Cretaceous ?), and Colorado shale
(Upper Cretaceous).
A line of post-Cretaceous intrusive bodies outcrops from
Silver City to Gomez Peak.

The igneous rocks at Chloride

Flat, manifested by sills and dikes in the Percha shale, are
probably related to these stocks.
Folding has been slight, mostly as monoclines, but a
few anticlines have been formed.
and steep-dipping.

The faults are all normal

Faulting followed the Intrusion of the

sills but preceded the intrusion of the dikes and the min
eralization.

Fractures parallel to and across the faults

have been formed in the limestone.

viil

The ore occurs as irregular bodies in the Fusselgian
dolomite and Montoya limestone beneath the Percha shale.
They are controlled by fissures and faults which intersect
to localize some of the large bodies.

Little ore has been

found south and east of the Baltic dike.
Supergene silver minerals form most of the ore.

Em-

bolite, cerargyrite, native silver, and argentite are asso
ciated with galena and oxidized lead and copper minerals,
and some smithsonite.

The principal gangue minerals are

barite, calcite, and iron and manganese oxides.
Estimates of production range from $3,000,000 to
$5,000,000, nearly all between 1872 and 1893•

THE CHLORIDE FLAT MINING DISTRICT, NEV7 MEXICO
By Lawson Pullman Entwistle

INTRODUCTION
Field Work
The field work on which this report is "based was done
throughout the summer of 1937 and during a short period at
the end of the same year.
The surface geology is confined to the more productive
part of the mining district.

During 1937 exploration work

was being carried on at the H76n mine; therefore special at
tention was given to this mine and the adjoining Breman mine.
Previous Work
Professor N". H. Winchell during his directorship of the
Geological Survey of Minnesota examined the mines at Chloride
Flat during the summer of 1872.^
The general geology of the Silver City quadrangle

1

Raymond, R. W., Statistics of mines and mining in the
States and Territories west of the Rocky Mountains for 1874,
pp. 342-344, 1874.

2

o
?
has teen described by Paigef and Graton made a reconnaissance
survey of the area for a government report on the ore deposits
of New Mexico.

Other published reports on the district are

mainly abstracts from the work of Paige and Graton.
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Scheme of Mapping^
In place of the usual scheme of sketching geology on a
topographic map, topography and geology were mapped simulta
neously by means of transit and stadia with a primary control
of triangulation and transit traverse stations.
Elevations were leveled in from an United States Coast
and Geodetic Survey bench mark located on the south side of
the Silver City-Cliff highway at its intersection with the
Chloride Flat road.
Solid lines are used to indicate precisely located con
tacts or faults, with a limit of error of three feet; other
less accurately located contacts or faults are shown by dots.
The less accurate the location is, the greater is the space
between the dots.
Where the formations are exposed only in prospect holes,
as with the Percha shale, the symbol MR(Dp) indicates that the
surface is covered with mantle rock but that the Percha shale
is known to be immediately underlying.

Where the Cretaceous (?)

hornblende diorite porphyry dike is probably within the vicin
ity but may not be exactly under the areas marked as such,
the formation symbol is questioned, as MR(Kdd?).

1l

Mantle rock

A more detailed description of the methods used is given
by Schmitt, H. A., Cartography for mining geology: Econ. Geology,
Vol. 27, pp. 716-736, 1932, and On Mapping underground geology:
Eng. Min. Jour., Vol. 137, pp. 557-561, 1936.

716 -j

G IL A

Chloride Flat
LVER CHA
,t SMI

IN D E X
t

Tyro nr

MAP

AFTER PAIGE IN SILVER CITY FOLIO
MODI FI ED

SCALE

: 125000

MAIN INTRUSIONS
MAPPED BY FVMGE
Late Cretaceous!7')

Tert/ary

PLATE I

10

is patterned In areas where the underlying formation is un
known.
The underground workings were mapped in part by transit
and tape and in part by string compass.^

All geologic plans

of mine workings are at waist-high elevations (three feet)
above the floor.
Location and Topography
The Chloride Flat mining district, approximately one
square mile in area, lies one and one-half miles west of
Silver City, Grant County, New Mexico (Plate l).

The area

is easily accessible by following the Silver City-Cliff oil
ed highway (U. S. Highway 280) one-quarter mile west of the
city limits to the top of the first ridge, thence turning
northward over the old grade of the Silver City, Pinos Altos,
and Mogo11on Railroad.

Heavy rains, frequent during the

summer months, often make the last mentioned part of the road
impassable.
Silver City is on a branch line of the Atchison, Topeka,
and Santa Fe Railroad, which connects at Deming with the
Southern Pacific Railroad.

The latter railroad connects

Deming with the El Paso smelter of the American Smelting and

5 For details of construction of a string compass and its
use see, Schmitt, H. A., On mapping underground geology: Eng.
Min. Jour., Vol. 137, p. 560, 1936.

11

Refining Company.
The mining district lies in a "broad, flat valley formed
"by the erosion of the soft Percha shale.

It is flanked on

the east and west by north-trending ridges of limestone and
dolomite, the east slopes of which conform to the dip of the
sedimentary rocks.

The ridges to the west form a part of

the Silver City Range (Plate I and Plate XIa).

At an ele

vation of 6 ,3 0 0 feet the valley divides, the south drainage
entering the San Vicente Arroyo about six miles northwest
of Whitewater Junction; the north drainage becoming a part
of the Silcer Creek system, a tributary of San Vicente Arroyo.
The Continental Divide, one mile west of Chloride Flat,
attains at Bear Mountain, which is five and one-half miles
to the northwest, a maximum altitude of 8 ,0 5 0 feet.

Water Supply and Vegetation
All water for mining operations, since there is no per
manent water —

even the deepest mine workings are dry — ,

is hauled by truck from Silver City.
Over the valley is a sparse growth of short grass and
cacti of several varieties.

The ridges are moderately cover

ed with plhon, cedar, juniper, creosote bush, and several
other varieties of small shrubs common to the semi-arid
regions of the southwest^all intermingled with cacti.
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PLATEH

SEDIMENTARY ROCKS
Introduction
The general attitude of the overlying, exposed, and
underlying rocks is shown on Plate II.

The average strike

of the sedimentary rocks is N 20° W and the dip, 20° ME.
A columnar section with brief descriptions of the formations
is given on Plate III.

The thicknesses and descriptions of

the several formations have been compiled from the writer’s
observations supplemented by those of Paige.0

Because of

complex faulting, detailed areal mapping would be necessary
to obtain complete and accurate sections of the formations
outside the area mapped.

That is beyond the scope of this

paper.
Pre-Cambrian
Paige mentions "minor ill-defined schistose and quartzltlc masses which are metamorphosed ancient sediments"^ as be
ing exposed in the Silver City quadrangle.

The rock at the

base of the section shown on Plate II is a granite and is
described under Igneous Rocks, page.30.

6 Paige, Sidney, U. S. Geol. Survey Geol. Atlas, Silver
City folio (no. 199), pp. 3-6, 1916.
T Idem., p. 3»

15

Upper Cambrian
Bliss sandstone
The oldest of the Paleozoic sedimentary rocks is the
Bliss sandstone, consisting predominately of reddish brown
sandstone, in places quartzltic.

In many places a yellow

ish quartz pebble conglomerate marks the base.

Thin-bedded

glauconitic sandstone In which Paige found Bllllngsella coloradensls (Shumard)® is characteristic of this formation in
southern Hew Mexico; but it is not mentioned by Richardson^
in the type section of the Franklin Mountains near El Paso,
Texas.
Bllllngsella coloradensis marks the base of the Copper
Queen limestone (Upper Cambrian) at BIsbee, Arlzona.l®
The sandstone changes to a dirty brown color and becomes
limy, thin-bedded, and cross-bedded commonly near the top.
Fucoid markings are common.
Although Graton’s section^ shows 1,072 feet of Cambrian
west of Chloride Flat, Paige states that the formation nowhere

® Op. cit., p. 4.
^ Richardson, G. B., U. S. Geol. Survey Geol. Atlas, El
Paso folio (no. 166), p. 3» 1909.
Stoyanow, A. A., Correlation of the Arizona Paleozoic
formations: Geol. Soc. America, Vol. 47, p. 470, 1936.
Lindgren, Waldemar, Graton, L. C., and Gordon, C. H.,
The ore deposits of New Mexico: U. S. Geol. Survey Prof. Paper
68, p. 3 0 2 , 1910.
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exceeds 180 f e e t T h e

thickness of the Bliss sandstone

shown on Plate II Is 180 feet.

Lower Ordovician
El Paso limestone
The El Paso limestone, of Lower Ordovician age, is com
posed of gray limestone, in part magnesian, and in part sandy.
The lower section becomes less sandy as the distance from
the underlying Bliss sandstone increases.

The upper limit

of the El Paso limestone can be distinguished from the overlying Montoya limestone only by the faunal change.
Paige collected a suite of fossils that represents
Beekmantown age.

The writer found several specimens of

a straight Nautiloidea in the upper magnesian limestone. .
One section of 665 feet one mile west of Chloride Flat
on the Continental Divide was measured by Paige who states
that the maximum thickness of the formation is probably
about 900 feet.^

Paige,,Sidney, U. S. Geol. Survey Geol. Atlas, Sil
ver City folio, (no. 199), p. 3» 1916.
13 Idem., p. 4.
14 Idem., p. 4.
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Upper Ordovician
Montoya limestone

•

The Upper Ordovician formation is the Montoya limestone
As previously stated, the contact with the Lower Ordovician
is not one of lithological change, and the overlying Silurian
dolomite evades recognition without fossils.

Mining, at the

Providencia mine, has been carried into the Montoya limestone.
Table 1 gives a measured section in the southeast quarter
of section 3 2 , Township 17 South, Range 12 West.

Table 1
Measured section of the Montoya limestone
Fusselman dolomite (Silurian)
Montoya limestone:
Feet
1. Massive pinkish gray dolomite, weathers
drab.gray and slightly pitted.
45
2. Gray dolomitic limestone with red chert
nodules.
10
3* Reddish limestone, when wet shows irregular
yellowish green areas.
45
4. Well-bedded gray dolomitic limestone, usually
weathers white, with numerous favosold corals. 78
5* Gray dolomitic limestone with red chert
nodules.
17
6. Gray cherty limestone, fosslliferous
7
7• Alternating bands of gray dolomitic limestone
and red chert. A well exposed persistant bed
(Plate XII, fig. 1).
55
8. Gray dolomitic limestone with poorly preserved
fossils, crinoid stems common.
60
El ^aso limestone (Lower Ordovician)
15
Some writers prefer to call the Montoya limestone, as
well as the El Paso limestone, a dolomite; see Dunham, K. C.,
The geology of the Organ Mountains: New Mexico School of Mines,
State Bur. Mines Min. Res. Bull. 11, pp. 42-45, 1935•
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V

The Favosites aspera Lambe, In bed 4, resist weather
ing better than the limestone and stand up as semi-circular
nodules, in many places six inches or more in diameter
(Plate XIII, fig. l).

The other fossils identified by the

writer are from bed 6; they are mostly fragmentary, but well
preserved.
Streptelasma sp.
Raflnesquina alternate (Emmons)
Platystrophia cf. P. acutilirata (Conrad)
• Plectambonites sp.
Rhynchonella neenah Whitfield
Paige included Favositea aspera in the Lower Ordovician
although it is a typical Silurian species.
fossils are however of Richmond age.

The remaining

In the examined area

the typical Richmond fauna, as found in bed 6, is not asso
ciated with the Favosites aspera as intimated by Paige;
therefore it seems more logical to include beds 1 to 4 (in
clusive) in the Silurian.

As the Montoya limestone in the

section under consideration represents only a small part of
the strata exposed in the Silver City quadrangle, Paige's
statement may be true for other localities.
Darton^-7 found Favosltes cf. F. venustus in the Fusselman dolomite in Luna County, N. Mex.

Since this species is

Op. cit.., p. 4.
17 Barton, N . H ., Geology and underground water of Luna
County, New Mexico: U. S. Geol. Survey Bull. 618, p. 31»
1916.
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younger than the Pentamerus beds In the Silurian, it cannot
be compared to F. aspera.

Silurian
Fusselman dolomite
The Fusselman dolomite, drab gray, pitted with consid
erable iron content, is the important ore horizon at Chloride
Flat.

Pitting seems to be characteristic of this formation.

The Montoya limestone weathers much smoother than the Fussel
man dolomite and the few depressions in the former are more
in the form of crossing grooves.

The writer believes that

this pitting can be used as a guide in field mapping.
The fossils are radically different from those in the
Montoya line stone; however, most of the fossils in the Fussel
man dolomite are found near the top of the formation.

All

the fossils are pentameroids of which Gypldula sp. was the
only genus identified by the writer although others are
probably present.
The formation has a probable maximum thickness of 75 feet;
in the northeast corner of the area it is at least 45 feet t
thick but, because of faulting, is not completely exposed.
In previous reports the Fusselman has been termed a
limestone, but an analysis made by the writer shows it to be

20

dolomite}®

according to Van Tuyl's classification.^

The

procedure followed in the analysis was similar to that outlined by Hillebrand.

20

The insoluble content is low, an

average of eight samples taken at- widely scattered points
showing 0.52 per cent.

Table 2
Analysis of Fusselman dolomite
Si Op ..... . ..
AlpO-j ........
^e2^3 Plus FeO
lEnO ........ .
M g O ..... .
C a O .........
C02 .......
HpO- ........

(a)
0.64
0.84
2.48
0.08
17.75
32.08
44.88
0.92
99.67

(b)

21.9
30.4
47.7
100.0

(a) Sample from north side of arroyo, 300 feet,
S 70° W from northwest corner of Grand Center mining claim.
(b) Theoretical composition of pure dolomite

TO
Also called a dolomite by K. C. Dunham, op. cit.,
p. 43.
Van Tuyl, F. M., The origin of dolomite: Iowa Geol.
Survey, Vol. 25, pp. 262-264, 1914.
Van Tuyl prefers the
term dolomltlc limestone for even a pure dolomite rock.
20
Hillebrand, V/. F., The analysis of silicate and car
bonate rocks: U. S. Geol. Survey Bull. 700, pp. 271-274,
1919.
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Upper Devonian
^ercha shale
Gordon^ named the Percha shale after Percha Creek,
Sierra County, where outcrops of dark blue to black shale
rest on the eroded surface of the Fusselman dolomite.

The

valley of Chloride Flat was formed by the erosion of the soft
Percha shale where it lies dlsconformably on the Fusselman
dolomite and is overlain conformably by the Lake Valley
(Lower Mississlppian) limestone.

Only in mine workings

or deep cutting arroyos are exposures of the shale found.
The lower half of the formation is gray to black car
bonaceous, thinnly laminated, non-fossillferous shale, with
sparsely scattered pyrite crystals or small balls of red
iron oxides.

Red fissile shale (Plate XIX, fig. 2) with

many reddish, sandy limestone lenses predominates in the upper
section.

The limestone lenses are small, usually not more

than one foot in length and four inches in thickness.

The

red shale also contains two gray fosslliferous limestone beds.
Many finely preserved fossils are found near the contact with
the Lake Valley limestone.
A sill of diorite porphyry which locally splits into
two members is present in the gray shale.

Only a little

epidote and hornblende have been'developed on the contact.

21
Gordon, C. H., Lower Paleozoic formations in New Mex
ico : An}. Jour. Sci., 4th. ser., pp. 390-395» 1906.
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In the strongly mineralized areas the gray shale has
been oxidized red;.in some places all the iron has been re
moved, so that the resulting product is a white clayey mat
erial.

In some parts of the mines and on the surface of

the Providencia mining claim the shale has been brecciated
and silicified to a hornfels.
A measured section near the ,,76M shaft, shows the form
ation to be less than 500 feet thick (Table 3)•

Table 3
Measured section of the Percha shale
Lake Valley limestone (Lower Mississipplan)
Percha shale:
1. Red fissile limy shale, fosslliferous
2. Gray fosslliferous limestone
3* Red fissile limy shale
4. Gray fosslliferous limestone
5* Red fissile shale
6. Red fissile shale with lenses of reddish,
sandy limestone
7• Red fissile shale
8. Gray fissile shale
•
9« Diorite porphyry sill
10. Gray to black carbonaceous fissileshale

Feet
53
2
40
3
25
40
50
140
25
110
488

FUsselman dolomite (Silurian)

An analysis of the gray shale from Hermosa Gamp, Sierra
22
County has been published by Graton
and is reproduced in
Table 4.

22
Lindgren, Waldemar, Graton, L. C., and Gordon C. H.,
The ore deposits of New Mexico: U. S. Geol. Survey Prof.
Paper 68, p. 6 7 , 1910.
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Table 4
Analysis of shale accompanying the ore at Hermosa Camp
(Analyst, George Steiger)

Si0p ............. 49.13
AlgU-z ........ ••••• 13.92

TlOg .......
ZrOp .......

FepOz .............
FeO ............
M g O ...............
C a O ...............
Ha20 ..............
K o O ...............
HpO
.............
H20 4 ...............

ecu ......... ........

o.77
1.87
5.11
8.73
0 .2 0
4.25
1.52
a4.68

6 .9 3
0 .0 3

.........
b Io 5

....... .
S r O ....... .
FeSo ...... ..........
n ....................

0 .8 6
P.nn
1 0 0 .9 2

a The figure for water at 100° 4 is toohigh by the amount
equivalent to hydrogen combined.with carbon and organic mat
ter. There is no method by which the true amount of water
can be determined in this combination.

About 15 per cent of line is present at Hermosa camp,
which seems to be higher than the amount present in the
gray shale at Chloride Flat.

The lack of barite and the

presence of pyrite are the same as at Chloride Flat.
The following fossils have been identified by the writer
from beds 1 , 2 , and 4 .
Zaphrentis sp.
Fenestella sp.
Splrorbls sp.
Schizophoria striatula var. australis Kindle
Productella hillsboroensls Kindle
Productella laminatus Kindle
Productella spinigera Kindle
Camarotoechia endlichi (Meek)
Camarotoechia contracta Hall 7
Leiorhynchus n. sp.
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Meristella barrisi Hall ?
Athyris colora&ensis Girty
Spirifer notabllls Kindle
Spirifer whltneyi var. animasensis Kindle
Cyrtia cyrtiniformic (Hall and Whitfield)
Naticopsia ? (Isonema) humllis Meek
Orthoceras sp.
Unidentified coiled Natiloidea
These species are also found in the Upper Devonian
section of the Ouray limestone of Colorado and have been
described by Kindle.*
23

A similar suite of fossils has been

collected by Stoyanow from the Lower Ouray formation and the
Martin limestone in Arizona.2^
Since paleontological evidence of age is found only in
the upper beds, the entire thickness may represent a greater
range than Upper Devonian.

Barton states:

A few fragmentary fossils were collected from
the black shale a few feet above the Fusselman ledge
near Dog Canyon, on the west front of the Sacremento
Mountains, but they could not be determined. Mr. Kirk
recognized one of the brachiopods as Meristella or
some closely allied genus, almost.' ' certainly Devonian.25
Stainbrook^ later collected in the same general locality
and stated that the fauna greatly resembled that in the
Independence shale (Middle Devonian) of Iowa.

23
Kindle, E. M., The Devonian fauna of the Ouray lime
stone: U. S. Geol. Survey Bull. 391, 1909.
2^ Stoyanow, A. A., Correlation of Arizona Paleozoic
formations: Geol. Soc. America, Vol. 47, pp. 484-505, 1936.
25 Barton, N. H., A comparison of Paleozoic sections in
southern New Mexico: U. S . Geol. Survey Prof. Paper 108,
p. 46, 1 9 1 8 .
2^ Stainbrook, M. A., A Devonian fauna from the Sacre
mento Mountains near Alamogordo, New Mexico: Jour. Paleon.
Vol. 9, pp. 709-714, 1935•
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Lower Mlssissippian
Lake Valley limestone
Lying conformably on the Percha shale is the Lake
Valley limestone, pure,massive, and gull gray (Ridgeway
C0 I

035

Elate LIII) with red or gray chert bands, nodulesr and

lenses near the base (Plate XII, fig. 3 )•

The limestone,

being much harder than the underlying shale,forms prominent
ridges.

In the upper part of the formation crinoldal lime

stones are common.
The Fierro limestone of Paige
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has been divided into

the Lake Valley limestone and the Magdalena formation, the
latter of Lower Pennsylvanian age.

The type locality for

the Lake Valley limestone is at Lake Valley, Sierra County,
N. Mex.^8

A measured section given in Table 5 starts about 300
feet north of the point where the Percha shale - Lake Valley
limestone contact crosses the old wagon road from Chloride
Flat to Silver City (Plate IV).

^7 Paige, Sidney, U. S. Geol. Survey Geol. Atlas, Sil
ver City folio (no. 199), p. 5, 1916.
OR

Lindgren, Waldemar, Graton, L. C., and Gordon, C. H.,
The ore deposits of New Mexico: U . S. Geol. Survey Prof.
Paper 68, pp. 229-231, 1910.
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Table 5
Measured section of the Lake Valley limestone
Magdalena formation (Lower Pennsylvanian)
Feet
, Lake Valley limestone:
1. Gray fossillferous limestone.
22
22
2 . Concealed.
3* Massive gray limestone.
20
4. Concealed.
20
5* Light gull gray crystalline limestone,
weathers white.
74
6 . Light gull gray crlnoidal limestone, weathers
white.
47
7. Gull gray massive limestone.
21
8 . Dark gray crlnoidal limestone.
42
9. Dark gull gray crystalline limestone.
10
10. Concealed.
26
11. Massive gull gray limestone with red and gray
chert bands.
41
12. Concealed.
26
13. Massive gull gray limestone with red chert
nodules.
43
14. Interval occupied by a dike.
22
15« Massive gull gray limestone with bands of red
and yellow chert.
42
1 6 . Concealed.
27
17* Massive gull gray limestone.
84
18. Massive gull gray limestone with red chert
bands, few fossils.
10
19. Gull gray limestone, less chert
13
20. Gull gray limestone with lenses and bands of
red chert, zaphrentoid corals numerous.
43
21. Gray oolitic limestone, fossillferous
2
Percha shale (Upper Devonian)

The following fossils were found in the Lake Valley
limestone
Lonsdalela n. sp.
Zaphrentis sp.
Syrlngopora sp.
Leptaena rhomboidalis (Wilckens)

657
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Lower Pennsylvanian
Magdalena formation
The Pennsylvanian west of Silver City, 89 feet thick
in the section measured, is thinner than in most parts of
the Silver City quadrangle♦

In the Central mining district

the Magdalena formation is divided into the Syrena and Oswald©
formations.2^

The exposures west of Silver City, which pro

bably represent the Oswaldo formation, are gray shaly lime
stone with occasional chert nodules.

Fossils are scarce.

The Magdalena formation is the host rock for the ore at
the Sherman mine, about one-half mile west of the New Mexico
State Teachers College.

At the Sherman mine thin shale

partings are prominent in the limestone.
Upper Cretaceous
Beartooth quartzite
The Beartooth quartzite lies on the eroded surface of the
Magdalena formation.

To the west and south of Silver City there

is an overlap of the Beartooth quartzite on older formations.
At Camp Fleming, six miles northwest of Silver City, silver
ores have been mined in the Beartooth quartzite where it overlies
the Fusselman dolomite.3®

To the south, in the Little Burro*
0
3

Spencer, A. C ., and Paige, Sidney, Geology of the
Santa Rita mining area, N. Hex.: U. S. Geol. Survey Bull. 859,
pp. 22 -2 6 , 1935.
30 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H.,
The 6re deposits of New Mexico: U . S. Geol. Survey Prof.
Paper 6 8 , pp. 304-305, 1910.
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Mountains, the Beartooth quartzite rests on the pre-Cambrian
rocks.
West of Silver City the formation consists of 15 feet of
basal pebble.conglomerate overlain by 95 feet of variegated
pink and white, fine-grained quartzite.

At other localities

thin shale beds are common.
Paige^2 and others regard the Beartooth quartzite tenta
tively as Upper Cretaceous because of its lithological sim
ilarity to the Dakota sandstone.

Barton^ has found fossils

of Comanchian age in a basal Cretaceous sandstone (Sarten
sandstone) in the Deming, N. Mex.^ quadrangle; and he regards
the Beartooth quartzite as Lower Cretaceous.^
Colorado shale
More than 1,000 feet of Upper Cretaceous shales and sand
stones with local limestone beds overly the Beartooth quartzite.
The shales are intruded by several quartz diorite sills.

The

lower section has been correlated with the Benton shale and
the upper section with the Mancos shale.^ 3
*
5

False, Sidney, U. S. Geol. Survey Q-eol. Atlas, Silver
City folio (no. 199), p. 5 and maps, 1916.
22 Idem., pp. 5 -6 .

33 Darton, N . H., U . S. Geol. Survey Geol. Atlas, Dem
ing folio (no. 2 0 7 ), p. 6 , 1 9 1 7 •
3^ Darton, N. H., "Red beds" and associated formations
in New Mexico: U. S. Geol. Survey.Bull, 794, pp. 38, 342, 1923.
35 Paige, Sidney, op. cit., p. 6.
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Quaternary
Consolidated alluvium
Cemented mantle rock which consists of small fragments
of red cherty limestone similar to the Montoya limestone
covers a small area west of the Providencla mine.
Several low ridges are formed hy semi-consolidated
alluvium in the northwest corner of the area where a hetero
geneous mixture of igneous and sedimentary rock fragments
are partially cemented by a caliche-like material probably
derived from the limestone in the alluvium.

There is little

doubt that this area is underlain by Percha shale; but,
since there are no prospect holes through to the shale, the
area has been mapped as alluvium.
Unconsolidated alluvium
Up to fifteen feet of fill, which has been derived from
the Percha shale and surrounding limestones and igneous rocks,
covers the entire valley of Chloride Flat.

The cover extends

up the east slope of the valley to the Lake Valley limestone
with exposures of the underlying shale in deep-cutting arroyos
and prospect holes.
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IGNEOUS ROCKS
Introduction
The town of Silver City is built in part on a small
stock-like intrusion porphyrltic in texture and inter
mediate in composition.

A line of intrusives is exposed

from Silver City to Gomez Peak, thence westward to a larger
body at Pinos Altos (Plate l).
rounding country the intrusions

At Gomez Peak and the sur
break through the Upper

Cretaceous (Colorado shale) sedimentary rocks and are in
part covered by sedimentary and igneous rocks that have
been tentatively dated as Tertiary by Paige.^

These

facts place the main intrusion in age between late Cre
taceous and early Tertiary, or Laramide.
A sill of diorlte porphyry in the Percha shale and
several narrow hornblende diorlte porphyry dikes in the
shale and Pusselman dolomite are the only igneous rocks
within the area mapped.
The pre-Cambrian rock at the base of the general sec
tion (Plate II) is a pinkish porphyrltic granite containing
abundant phenocrysts of feldspar, quartz, and hornblende.

Paige, Sidney, U . S. Geol. Survey Geol. Atlas, Silver
City folio (No. 199) , pp. 9 - 1 0 , 1916 .
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Diorite Porphyry Sill
The diorite porphyry sill, varying from 15 to 75 feet
in thickness, is confined entirely to the gray member of the
Percha shale.

On the H76n claim it lies 110 feet above the

base of the shale.

A few hundred feet to the west of the

area mapped, on the Close Call claim, the sill is about 10
feet above the Fusselman dolomite.

The sill splits into two

members on the Emma, Hidden Treasure, Mary Belle, and Senator
mining claims.
Megascopically and microscopically the rock-varies in
appearance and texture, with little change in original
mineralogical content.

Hydrothermal alteration of the rock

minerals has been so widespread that fresh specimens were un
attainable.
The typical rock has a fine-grained groundmass with
phenocrysts of feldspar and less abundant hornblende
(Plate XIV, fig. 1 ).

The phenocrysts are generally about

0.5 millimeter in length.

The usual color is gray, but in

many places extensive chloritic ' alteration of the mafic
minerals gives the rock a greenish caste.

East of the Mary

Belle shaft the sill is altered to a light yellow-brown rock
consisting mainly of iron oxides and clay minerals.

Some

specimens show appreciable quantities of interstitial cal
otte and small, well-developed cubes of pyrite.
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Silicification is moderate where the Volcano fault cuts the
sill in the northeast corner of the area (Plate IV).
The approximate mineral composition of the sill is
given in Table 6 .

Table 6
Mineral composition of the diorite porphyry sill.
Essential minerals
Alteration minerals
Accessory minerals
per cent
per cent
Sericite
Andeslne
55
Calcite
5
Hornblende
25
2
Chlorite
Apatite
1
Biotite
,
6
Epidote
Pyrite
Iron oxides
1
Orthelase
5
Sphene

Microscopically about 70 ;per cent of the rock minerals
are phenocrysts set in a groundmass which seems to be entirely
feldspatlc, now altered to sericite.

Phenocrysts of orth-

clase in Carlsbad twins, and plagioclase about andeslne in
composition make up about JO per cent of the rock.

The

phenocrysts average 0 .2 5 millimeter in length and 0 .1 2 milli
meter in width.

Serlcitization has been so strong that

generally only the crystal outlines have been preserved.
Brown hornblende phenocrysts averaging 0.25 millimeter
in length and 0.08 millimeter in width make up 25 per cent
of the rock.

In one section a single hornblende crystal is

about 5 millimeters long.

Strong alteration to chlorite is

usual, but in some sections epidote is the main product.
Calotte, along the cleavage cracks in the hornblende, is
associated with epidote and chlorite.
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No fresh biotite is present in any of the sections, but
much of the chloritlc alteration appears to be after this
mineral, especially where the chlorite assumes a shred-like
texture.

Biotlte averages 6 per cent of the rock.

Apatite, occurring in small needles approximately 0.08
millimeter in length, is the most important of the original
accessory minerals.
A brownish, transparent mineral with a high index of
refraction and high interference colors is included in the
hornblende.

The grains, although too small for positive

identification, may be sphene.
Pyrlte cubes, averaging 0 .1 0 millimeter on a side, con
stitute as high as 5 per cent of an individual slide, but in
an average of all the slides, hearer 1 per cent.

Some iron

oxide has been developed from the alteration of the mafic
minerals.
In composition and texture, the rock is between a monzonite porphyry and diorite porphyry.

As the thin sections

indicate that the original composition was about 55 per cent
plagioclase, approximately andeslne in composition, 31 per
cent mafic minerals mostly as hornblende, and 5 per cent
orthoclase, the name diotite porphyry is chosen.

The classi

fication can be tentative only, since all the specimens col
lected are much altered.
About 350 feet west of triangulation station N, the sill
changes in color and texture to a dense violet groundmass
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with phenocrysts of greenish feldspar and hornblende, a few
books of blotite, and interstitial calcite (Plate XIV,fig. 2 ).
The size and percentages of the various minerals .are-.ap
proximately the same as the dlorite porphyry, but because of
the change in texture the rock can be named andesite porphyry.
Hornblende Dlorite Porphyry Dikes
The most striking feature of the dikes is the large,
well-developed, hornblende crystals, which often attain a
length of one centimeter.

Their prominence warrants the ad

ditional mineralogical prefix.

The ground mass is fine

grained with much chloritic alteration which gives the rock
a greenish color.

At a small exposure of a dike in the

FUsselman dolomite the rock has been strongly altered to
hematite red.

All original minerals have been destroyed.

In the exposures phenocrysts of feldspar are not common.
'

The approximate mineral composition of the dike is

given on Table ?•
Table 7
Mineral composition of the hornblende dlorite porphyry dikes
Essential minerals
per cent
Andesine
60
Hornblende
30

Accessory minerals
per cent
Quartz
"5
Calcite
3
Pyrite
1
Apatite
)
Sphene
1
Zircon
)

Alteration minerals
Sericite
Chlorite
Epldote
Kaolin
Iron oxides
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Under the microscope the fine crystalline texture of the
groundmass is obscured by sericitization.

The most notice

able difference between the andesine in the dike and in the
sill is the ratio of the length to width of the phenocrysts.
In the sill the ratio is roughly 2 to 1, whereas in the dike
the ratio is nearer 3a to 1.

The andesine in the"groundmass

and phenocrysts approximates 60 per cent of the total rock.
The hornblende phenocrysts are large with euhedral out
lines.
1.

The ratio between the length and width is about 7 to

Alteration to epidote is more common than to chlorite.
All the quartz is crypto-crystalline and in narrow vein-

lets cutting all the other minerals except calcite, many
grains of which are often surrounded by quartz.
All the thin sections are dusted with red iron oxide
powder which has been derived from the alteration of the
hornblende and pyrite.

Small quantities of kaolin are pre

sent in some sections.

Apatite, sphene, and zircon occur in .

small amounts.
In one section the sericlte and chlorite are oriented in
such a manner as to give the rock a trachytic texture, but
this is uncommon.
Age Relations of the Sills and Dikes
Although there is no conclusive evidence that the ig
neous activity at Chloride Flat is later than post-Devonian
in age, the main intrusions '~ from Silver City to Gomez Peak,
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some of which are within one mile of the district, may be
dated as late as post-Upper Cretaceous.
The sills, which were intruded into the shale before
faulting and mineralization, are older than the dikes.

The

Baltic dlkeccuts through the sill on the Emma mining claim
(Plate IV).

The sills may represent an early expression of

the magma intruded into the incompetent shale; the dikes, a
later expression intruded along faults younger than the
sills.

Mineralization might have been contemporaneous or

slightly younger than the cross-cutting Intrusions.
At the Boston Hill mining district, immediately south
of the Silver City intrusive body, the mineralization is
very similar to that at Chloride Flat.

Manganese and Iron

oxides predominate with minor amounts of silver at
Hill.

Boston

These two district, and the Sherman mine, all grouped

around the Silver City Intrusive,strongly suggest that this
magma was responsible for the mineralizing solutions.
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STRUCTURE
Regional Structure
The mining district lies on the western edge of an
intruded synclinorium, the axis of which starts near Pinos
37
Altos and passes through a point southeast of Central*
In a roughly triangular area west and north of Silver City,
containing approximately 75 square miles, the.Paleozoic
sedimentary rocks have "been cut into a mosaic by innu
merable steep normal faults*
The major faults strike in a general northwesterly
direction.

Smaller cross-faults strike northeast, and a

second system of small faults and fissures have a general
eastwest trend.
The folding is broad and open, commonly monoclinal, and
in part accompanies faulting.

Around the intrusive masses,

as at Gomez Peak, the sedimentary rocks have been domed by
the rising magma.
Local Structure
Bhultin#
Only the smaller faults, which strike east and northeast,
^ Paige, Sidney, U. S. Geol. Survey Geol. Atlas, Silver
City folio (no. 199), PP* 10-11,1916.
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are within the area mapped.

For convenience the faults have

"been named by the writer after the mining claims on which
they are best observed.
The Volcano fault is a steep dipping, normal fault, \
varying in dip from 7 0 ° to 9 0 ° northwest, with a maximum ver
tical offset of 110 feet on the northwest side.

The Percha

shale is repeated, and its soft character forms a small,
shallow valley flanked on both sides by Ehsselman dolomite.
To the south, toward the Chidago mining claim, the offset
rapidly decreases because of compensating branch faults,
which cut through the shale under a cover of mantle rock and
reappear on the surface on the
in the Fusselman dolomite.

opposite side of the valley

The fault is difficult to trace

to the south, where both walls are dolomite, and the rapidly
narrowing breccia zone is soon lost.

To the northeast, to

ward the Senator mining claim, the fault can again be seen
where it displaces the diorite porphyry sill.

In the inter

vening span it passes through the Percha shale, which is
covered by mantle rock.

,

Numerous shallow prospect holes have been dug along the
fault, but there is no indication that any ore was mined.
To the west and approximately parallel to the Volcano
fault, the Chicago fault has dropped the Percha shale and
formed a flat several hundred feet wide.

The fault is only

slightly mineralized, and little prospecting has been done
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on it.
The Bremen fault can he seen best In the workings of the
Bremen mine on the 145-foot level (Plate IX), where the shale
has been dropped about 20 feet on the south side.

The fault

la nearly vertical and contains an average of six inches of
gouge.

A fault which Is probably the Bremen fault, or a

branch of it, is well exposed in a pit in the northeast cor
ner of the Rescue mining claim and again where it cuts the
Fusselman dolomite in the southwest portion of the same claim.
Several large stopes in the mine are adjacent to the
Bremen fault, but no stoping seems to have been done on the
fault itself.
The "7 6 " fault offsets the diorite porphyry sill on the
surface about 35 feet vertically with the northwest side
down.

On both the 85 -foot and 145-foot levels of the ,,7 6 M

mine the same fault can be traced.

On the upper level be

neath the shale a good sized ore body was localized, and on
the lower level about one foot of mineralized breccia is
present.
Several small faults, which vary in strike from north to
east, are exposed on the surface and in the workings of the
Providencia mine.

Isolated parts of all these faults have

been productive.
The Baltic dike was injected along a fault which has an
offset of about 25 feet vertically.

Folding
The Lake Valley limestone and the upper section of the
o
Percha shale dip about 30 ME, while the underlying gray
Percha shale and the
in dip.

Fusselman dolomite average about 18°ME

About 500 feet east of the contact between the Lake

Valley limestone and the Percha shale the former assumes a
dip of 18° to form a monoclinal fold.
The Fusselman dolomite flattens in dip to about 10° ME
to the west of the contact with the Percha shale, but again
returns to the general dip of the sedimentary rocks, 18O-20°
ME, within a few hundred feet to form a terrace.
The dip of the Fusselman dolomite in the foot-wall of
the Volcano fault has been reversed locally to about 30° Yf
to form a small open anticline.
Fissurlng
Marrow mineralized and unmineralized fissures are pre
sent throughout the Fusselman dolomite and Montoya limestone.
The fissures roughly fall into two groups: (l) those parallel
to the main northeast faults, and (2 ) those striking in a
general east-west direction.

Many of the ore bodies are lo

calized by these narrow fissures.
PHYSIOGRAPHY
The present surface features depend on three factors:

41

(l) the presence of a soft shale, (2 ) the dip of the sedi
mentary rocks, and (3 ) faulting.
The Percha shale is underlain and overlain by limestones
or dolomites resistant to weathering; thus the shale readily
forms valleys.

Where faults have dropped the shale enough

to allow repetition of the formation, flats and shallow val
leys have been formed.
The mountains are asymmetrical in cross-section with
the east slopes closely conforming to the dip of the sedi
mentary rocks.

Changes of as little as 10° in dip are ex

pressed on the dip slopes of the limestones.

ALTERATION OF THE FUSSELMAN DOLOMITE
Samples of fresh Fusselman dolomite, of dolomite in the
foot-wall of a stope in the ,,7 6 M mine, and of dolomite con
taining barite and ore were taken and analysed by the con
densed method of limestone analysis as outlined by Hllle38
brand.
Soda and potash were found to be present qualita
tively.
out.

The quantitative determinations were not carried

The results of the analyses are given in Table 8 .
The analyses agree, in general, with observations in

the mines and petrographic evidence, but a few small dif
ferences are noted.

The lack of silica in all stages of3
8

38 Hillebrand, W. F., The analysis of silicate and carbonate
rocks: U. S. Geol. Survey Bull. 700, pp. 271-274, 1919.
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lateration is not quite so apparent as the analyses indicate.
A thin section shows that a small quantity of quartz was in
troduced at the time of mineralization.

Observations in the

mines show considerable quantities of quartz crystals which
line vugs in the dolomite.

Sllicifloation is moderate along

the mineralized fissures in the McEwen winze in the "76"
mine.

Table 8
Analyses of Fusselman.dolomite
(Analyst, L. P. Entwistle)
•;
SiOp......... ...............
Al^O.,..... ........... ...... .
nlup Fp O-.,.T$*#«.......
MnO...................
MgO.................. .
CaO.... .............. .......
N a.^0 nl ur Tf A..........
COp....... 7.................
Bad..... ..............
H 25-r .........................

(2 )
0.28..
0 .1 7
6 .9 0
1.80
9.99
38.70

(3)
0.75
0 .1 5
2 1 .6 0
2.65
9.05
28.87

0 .9 2

42.47
None
None
0.48

32.69
2.53
I .3 2
0.24

99.67

100.79

99.85

(1 )
0.64
0.84
2.48
3 2 .0 8

44.88

(1) Sample from north side of arroyo, 300 feet S 70 ° W from
northwest corner of Grand Center mining claim.
(2 ) Three feet in the foot-wall of stope on 145-foot level,
shaft cross-cut, "7 6 " mine.
(3 ) Sample of recently mined ore from ore pile on dump of
"7 6 " mine.

In both the wall rock and ore there is a sharp increase
in the iron as well as in the manganese content, which seems
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to be in part a replacement of the magnesia in the dolomite
molecule.

In the last stage of alteration calcite appears to

be replaced as shown by the sudden decrease in lime with but
a slight change in magnesia.
Barite is present only in the ore stage of alteration;
however, observations in the workings indicate that barite
does in some places penetrate into the wall rock for a short
distance.

ORE DEPOSITS
The presence of silver ores in limestone or dolomite un
derneath the Percha shale or other shale beds is common in
southwestern New Mexico.

Ore deposits of this type have

been reported at Kingston, Lake Valley, Hillsboro, Hermosa,
39 40 41
and Tlerra Blanca in Sierra County, * *
Cooks Peak in
Luna County.

^

and Georgetown, Lone Mountain, and
40 41
Chloride Flat in Grant County.
These mining camps have

39

Harley, G. T., The geology and ore deposits of
Sierra County, New Mexico: New Mexico School of Mines, State
Bur. Mines Min. Res. Bull. 10, pp. 90-110, 125-184, 1934.
Lindgren, Waldemar, Graton, L. C., and Gordon, C. H.,
The ore deposits of New Mexico: U. S. Geol. Survey Prof. Paper
6 8 , pp. 267-271, 275-282, 288-289, 305-305, 319-320, 1910.
41
Lasky, S. G., and Vtootton T. P., The metal resources
of New Mexico and their economic features: New Mexico School
of Mines, State Bur. Mines Min. Res. Bull. 7> np. 52, 56-57,
80 , 102-106 , 1933.
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produced approximately $2 5 »0 0 0 ,0 0 0 since 1 8 7 1 •
Deposits in the

Fusselman dolomite and Montoya lime

stone have produced about 90 per cent of the silver from
Chloride Flat; the remaining 10 per cent was mined from the
Percha shale immediately overlying ore bodies in the dolo
mite.
In the dolomite the ore is confined to fissured zones.
In most places the faults have not been productive.

The

northeast-trending fissures have yielded most of the ore in
the northern part of the district, especially in the Breman
and

m7 6 m

mines, whereas the east-trending fissures contained

smaller ore bodies.

The intersections of the two fissures

systems is an especially favorable location for large ore
•bodies.
According to Mr. J. H. Bell,
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the east-trending fis

sures in the Grand Center, Baltic, and Tight Squeeze mines
have been as productive as the northeast.
Ground preparation is important in the localization of
ore.

The dolomite, being more brittle than the shale, has a

tendency toward brecciation when faulted.

Breeolation allows

free passage of ore-bearing solutions or vapors.

Oral communication, December 1937

The shale
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when faulted forms an impenetrable gouge which acts as a dam
and forces the mineralizing solutions to travel through fis
sures and cracks in the dolomite.

The active mineralogical

nature of the dolomite reduces the acidity of the solutions
and allows the deposition of the minerals as sulphides.
Another minor feature that localizes some of the ore is
43
the gentle undulating erosion surface of the dolomite.
44
According to Mr. Bell,
some ore was concentrated on the
gentle peaks of the surface.

In some places the ore has

been followed into the Percha shale for a short distance,
generally not over three feet, where it has spread out as a
shallow cone over the underlying ore body in the dolomite. In
the shale the ore, which contains silver and copper minerals
only, is found in the laminations.

The change from rich ore

to barren shale may take place within a few feet.
Many of the fissures in the dolomite greatly resemble
tension cracks.

The ore bodies are often distinctly wedge-

shaped in cross-section and narrow rapidly from several feet
to a thin seam.
The fact that mineralized faults occur and offset the
diorlte porphyry sill signifies that the ore deposits are4
3

43 Noted by Professor N. H. Winchell and published in
Raymond, R. W., Statistics on mines and minerals west of the
Rocky Mountains for 1874, p. 343, 1874.
-•
44
Oral communication, December 1937•
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younger than the sill intrusion.

The hornblende diorite

porphyry dikes are also younger than the sill and seem to be
more nearly related to the mineralization; possibly both the
dikes and the ore solutions followed the same channel.

It

dmu'Xd be noted that practically no ore has been mined on the
east side of the dike.

If the mineralizing solutions are

genetically related to the dike intrusion, it would have been
necessary for the solutions to travel down the dip of the sed
imentary rocks, or away from the area of release of pressure,
to form ore.bodies to the east.

Unfortunately, the only work

ings which have encountered the dike were in too poor a con
dition to be entered.
The proximity of a large intrusive body at Silver City
strongly suggests that the igneous rocks at Chloride Flat are
connected with this intrusion.
The lack of guiding hypogene ore minerals for estimating
the temperature of the ore solutions makes it almost impossible
to assign the deposits at Chloride Flat to a definite class
according to Lindgren’s classification.

Barite, the most

Important gangue mineral, may occur over a wide range of tem
perature s^5 t46 and is of little value in classification.

4-5 Emmons, W. H., A genetic classification of minerals $
Econ. Geology, Vol. 3 , p. 618, 1908.
^ Butler, B. S., Primary (hypogene) sulphate minerals in
ore deposits: Econ. Geology, Vol. 14, pp. 582-583, 607, 1919«
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Lindgren has classified the Lake Valley ore deposits as meso47
thermal.
MINERALOGY
Introduction
The Chloride Flat ore deposits ov/e their commercial value
to supergene silver.minerals.

Lead was an important consti

tuent for smelting during early operations, but only one car
of lead ore was ever.shipped from the district.

Copper min

erals are conspicuous but not abundant in many of the speci
mens from the Bell collection.

Only rarely were copper min

erals seen in the workings visited.

The presence of oxidized

zinc minerals was discovered by the writer.
Barite.is the most striking of the gangue minerals.
Calcite, hematite, and pyrolusite, are important.

Except

for occurrence in vugs, quartz seems to be uncommon.
The vein minerals of the district are given in two sets
of tables, one in which the minerals are in alphabetical or
der (Table 9 ) and the other in which they are classified by
metals and origins (Table 1 0 ).

Lindgren, Waldemar, Mineral deposits, 3 rd. ed.,
p. 6 5 8 , New York, 1928.
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Table 9
Alphabetical list of vein.minerals
from Chloride Flat
Actlnolite var. Mountain Leather ...Ca(Mg,Fe)^(SiO_)A
Angle site ..............
PbSO*
Argent it e ..................................... AgpS
B a r i t e .... ............................
BaSO^
CaCO?
Calcite ..................
Cerargyrite ..............
AgCl
Cerussite .....................
PbCCU
Chrysocolla ... ......................... CuSiO,.2Hpu
Covellite ................
CuS
Ag(Cl,Br)
Embolite ................
G a l e n a ...................................
PbS
Goethite .................................. Fep0,.H90
Goslarite ............................... ZnS04 ?7 H ^0
CaSOY.GHgO
G y p s u m .....................
Hematite ...................................... Te_u_
Jaroslte ............... .
K2 0 .FegO,.4S04 .6HpO
Limonite, a mixture of hydrous iron oxides-5
^
Malachite ......................
CuC0,.Cu(0H) 2
Pearceite ................... ....'........&Ag-S.Asps|
Plumbojarosite .......
PbO.FepO-z.4 sO4 .6 HpO
Pyrite ...................................
FeSp
Pyrolusite ......................................MnOP
Q u a r t z .......................
SiOP
Silver (native)................
Ag
Smlthsonite .................................. ZnCO-z
Sulphur (native)................
S
Wad, a mixture of hydrous manganese oxides
Zlncocalcite ............................ (Ca,Zn)CO^
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Table 10
Vein minerals at Chloride Flat,
by metals and origin
Ore minerals
Silver:
Hypogene:
Argentiferous galena
Supergene:
Argentite
Cerargyrite
Erabolite
Pearcelte
Silver (native)
Copper:
Supergene:
Chrysocolla
Coveilite
Malachite
Lead:
Hypogene:
Galena
Supergene:
Anglesite
Cerusslte
Plumbojarosite

Zinc:
Supergene:
Goslarite
Monheimite
Smithsonite
Zincocalcite
Iron:
Hypogene:
Pyrite
Supergene:
Hematite
Goethite
Jarosite
Limonite
Monheimite
Plumbojarosite
Manganese:
Supergene:
Pyroluslte
Wad

Gangue Minerals
Native:
Supergene:
Sulphur
Oxides:
Hypogene:
Quart z
Supergene:
Quartz
Carbonates:
Supergene:
Calcite

Silicates:
Supergene:
Actinolite var. Moun
tain Leather
Sulphates:
Hypogene:
Barite
Supergene:
Gypsum
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Silver Minerals
Argentiferous galena.
The galena contains important quantities of silver, but
no definite silver minerals could be identified under the
microscope.

Prom a large specimen of altered dolomite con

taining galena, taken.from the Volcano mining claim , two
polished sections were made and examined for silver minerals
but none were found.

Prom the remainder of the specimen

pure galena was removed.

Some alteration to anglesite had

taken place so that only cleavage fragments showing bright
faces were segregated.

By using a one-half assay-ton

sample enough material was obtained to assay for silver.
Mr. Frank Rutledge of the Arizona Bureau of Mines reported
that the galena contained 54.96 ounces of silver per ton.
Argentlte

Ag^S

Argentite occurs associated with pearceite as an al
teration product and with malachite and embolite (Plate XV,
fig.'l).

Porous masses of argentlte, altering to embolite,

are found in small vugs in dolomite.

Spongy masses sur

rounded by malachite and embolite may indicate a lag in the
oxidation of silver sulphide compared to copper sulphide.
Cerargyrlte

AgCl

Cerargyrite is not abundant in the specimens examined.
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The simple test of exposing all horn silver specimens to
sunlight was used.
minerals do not.
green in color.
Embollte

Cerargyrlte discolors; other horn silver
On a fresh surface the cerargyrlte is gray

The occurrence is similar to embolite.

Ag(Cl. Br)

Some of the horn silver specimens that had not dis
colored after exposure to sunlight were tested ifora bromine
and iodine.

A few showed a very weak iodine test and all a

positive reaction to bromine.

Although possibly other of

the silver haloids do occur, those tested are near to em
bolite.
The embollte occurs in yellowish green to gray olivegreen waxy masses; in the dolomite it is confined to vugs
andj in the shale, to the laminations.
isometric crystals are common.
but a few octahedrons were seen.

Rounded and distorted

The cube is the usual form,
Although some of the spec

imens were collected over fifteen years ago by Mr. Bell,
they still retain the "drug-store" odor so aptly described
48
b y Burgess.
Embollte and cerargyrlte were probably precipitated by
the chlorine and bromine in acid surface waters which first
dissolved argentite or some other silver-bearing mineral as4
8

48

Burgess, J. A., The halogen salts of silver at Wonder,
Nevada: Econ. Geology, Vol. 12, p. 593, 1917•

52

sulphates.

49
VThen Graton

examined the district in 1905» cerar-

gyrite v/as the only horn silver mineral found.

The mineral

specimens on hand represent mining over fifteen years later,
and it seems logical to assume that some of the mining was
carried on at greater depths than at the time of Graton*a
visit.

The later predominance of embolite over cerargyrite

suggests the possibility of zoning of the silver haloids.
Vertical zoning from the chloride at the surface to the
bromide and finally to the iodide has been described at
Wonder?^ and at TonopahP^ Nevada, and at Chanarillo, Chile.
Pearcelte

8Ag_S.As.S_

Only one specimen taken from the dump of the "76" mine
shows Pearcelte, which occurs in narrow veinlets, about one
millimeter wide, in the laminations of gray Percha shale and

Lindgren, Y/aldemar, Graton, L. C., and Gordon, C. H.,
The ore deposits of New Mexico: U. S. Geol. Survey Prof.
Paper 6 8 , p. 304, 1910
50
Burgees, J. A., The halogen salts of silver at Wonder
Nevada: Econ. Geology, Vol. 12, pp. 539-593* 1917•
51
Burgess, J. A., The halogen salts of silver and asso
ciated minerals at Tonapah, Nevada: Econ. Geology, Vol. 6 ,
pp. 13 -2 1 , 1911 .
52
Moestra, Hi A., Ueber das Vorkommen der Chlor-Bromund Jodver bindungen in der Natur, Marburg, 1870, p. 47,
cited by Lindgren, Waldemar, the occurrence of the halogen
salts of silver - Discussion, Econ. Geology, Vol. 13, pp. 225
226 , 1918 .
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in narrow fissures which cut across the bedding (Plate XIV,
fig. 3 ).
The mineral is white on a polished surface, moderately
53
soft, and readily yields a black metallic powder
when
gouged with a needle.

Under polarized light there are four

well defined extinction colors — .cream, greenish blue,
green, and light purple —

which show the veins to be com

posed of small interlocking grains of pearceite averaging
about 0.20 millimeter in diameter.
54
agree with those given by Short.

The standard etch.tests

Microchemical tests give good copper reactions in
addition to silver and arsenic.
made Van Horn ^

The presence of copper

suggest that the formula be written

8 (Ag,CuJgS.ASgS^.

Pearceite generally has been assumed to be a supergene5
*
3

53 c. M. Farnham(Determination of the opaque minerals,
p. 97, New York, 1931) claims that pearceite gives a carminered powder and shows brick-red Internal reflections.
This
does not agree with the specimen in the reference collection
at the University of Arizona or the specimen collected by the
writer.
•
5^ Short, M. N . , Microscopic determination of the ore
minerals: U . S Geol. Survey. Bull. 825, p. 83, 1931•

mineral^*57»58 tut in a few localities it has been described
as hypogene59>60

No evidence can be shown at Chloride Flat

to indicate conclusively its age, but the mineral is assumed
to be supergene.
The pearceite in the microphotograph on Plate XIV, figs.
3 and 4, shows the mineral to be altering to argentite and
covellite.

The small quantities of other copper minerals

present at Chloride Flat may be derived from the oxidation of
copper-bearing pearceite.
Silver (native)

Ar

The reducing action of the carbonaceous shale atocoUhtsL
for the formation of native silver from argentite or other
silver minerals.

The silver occurs as thin plates in the

lamination of the shale (Plate XIII, fig. 2).

A minor quan

tity of native silver is found in argentite and malachite.*
9
7
5

%§ Emmons, W. H., The enrichment of ore deposits: U. S.
Geol. Survey Bull. 625, p. 278, 1917.
57 Lindgren, Waldemar, and Loughlln, G. F., The geology
and ore deposits of the Tlntlc mining district, Utah: U. S.
Geol. Survey Prof. Paper 107, P* 179, 1919.
5® Whitehead, W. L., The Veins of Chanarillo, Chile:
Econ. Geology, Vol. 14, p. 34, 1919.
59 idem., p. 25Burbank, W. S., Geology and ore deposits of the Bonan
za mining district, Colo.: U. S. Geol. Survey Prof. Paper 169,
p. 67, 1932.
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Copper Minerals
Chrysocolla

Cu S1 0 3 .2 H 20

A minute quantity of chrysocolla was found in silicified
dolomite in the McEwen winze.
Covellite

CuS

Covellite occurs in narrow veins cutting pearcelte, as
an alteration product.

It is also present in microscopic

needles in anglesite (Plate XV, fig. 3), as well as along
the cleavage cracks in the accompanying galena.
Malachite

CuCO^.Cu(0H)2

Many of the specimens from the Bell collection are coated
with green botryoldal masses of malachite which occupy cav
ities in anglesite and cerussite.

In places malachite is

covered with a thin layer of a yellow, earthy mineral, presum
ably plumboJarosite.

Malachite is commonly under a coating

of embolite and argentite.

In some specimens barite is

stained green or incrustated with bright yellowish green
malachite.
At the bottom of the McEwen winze in the M76w mine sev
eral small vugs in silicified dolomite were lined with deep
green acicular crystals of malachite.
Copper Is confined almost entirely to the southern end

of the districtf^

and this was indicated by the scarcity

of copper minerals in the Breman and "7 6 * workings visited.
Lead Minerals
Galena

PbS

Hypogene galena carries important amounts of silver
(see page 50).

Usually the galena is coarse grained, yieldoccurs

ing cleavage fragments readily, and in most places^as resid
ual nodules coated by concentric layers of oxidized lead
minerals (Plate XIII, fig. 3)»

One specimen from the M76M

mine dump contained galena disseminated in small crystalline
fragments through dolomite.

No galena or other lead minerals

were found in the shale.
Angle site

PbSO/,

Cream to dark gray anglesite in adamatine layers is the
first oxidation product of galena.

In some specimens

anglesite penetrates galena along cleavage faces (Plate XV,
fig. 2 ); in others the surface of the anglesite has a waterworn appearance.
Cerusslte

PbCO^

When enough carbon dioxide is available in the surface
waters, the lead carbonate will form.

The cerusslte is white

in color and associated with both anglesite and galena as

Bell, J. H., oral communication, December 1937 •

finely crystalline coatings or in compact concentric layers
Plumbo laroslte

PbO.2PegCy.4SO^ .Sl^Q

Plumbojaroslte occurs as a yellowish brown to canary
yellow earthy incrustation on other lead minerals and on
embolite.

The microscope shows the incrustations to be

composed of small hexagonal or rounded plates.

The canary

yellow variety gave a micro-chemical test for both copper
and silver and may be closer to beaverite (CuO.PbO.FegO^2S0^.4Hg0) than to plumbojaroslte.
Zinc Minerals
Go slar 11e

ZnSO;,.7E?0

An efflorescence of delicate white needles of the hydrous
sulphate of zinc line the walls of the McEwen winze in the
w76"

mine.

Morihelmlte

(Fe. Zn)CO^

A brownish red variety of smithsonite containing iron
was found in the same vug as the pure zinc carbonate.
Smithsonite

ZnCO-*

Smithsonite was found in rude gray crystals with curved
faces which lined a vug in the dolomite on the 85-foot level
of the

w 76 m

mine.

A slight calcium test was obtained.
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The extent of the zinc mineralization is unknown, "but practically
all the oxidized minerals will give a microchemical test for
Zincocalcite (Zn,Ga)($3 ) is more common than smithsonite•

zinc.

Iron Minerals
Pyrite

FeS-p

Pyrite has "been observed only in the shale and away from
ore.

It is as small cubes in the laminations.

Pseudo mo rphs

of limonite after pyrite were found in strongly altered

dolo

mite with lead minerals.
Goethlte

FsgQ^.HgO

Striated needle-like crystals of goethlte were collected '
from the Volcano mining claim.

The mineral lines openings

in the dolomite and is cut by later quartz (Plate XV, fig. 4).
Goethlte has been formed from the hydration of hematite.
Hematite

FeoCfe

The red earthy variety of hematite is abundant through
out the dolomite; in some places the dolomite has been almost
completely replaced by this mineral.

A hard, compact variety,

altering to goethlte, occurs on the Volcano mining claim.
Jaroslte

K9 O.2 Fe9 Ol.4 SQb.6 H9 O

Jaroslte occurs in yellow brown earthy incrustations
ciated with plumbojarosite, barite, and other minerals.

asso

Limonite, a mixture of hydrous iron oxides
The gossan found on the Provldencia mining claim Is a
box-work of silica and yellow to red-brown iron oxides; the
latterare termed here as limonite.
Manganese Minerals
Pyroluslte

MnOg

Earthy, bluish gray masses of pyroluslte are common
lining vugs in the dolomite.

It was noted that all the vugs

containing embolite or argentite had a coating of pyroluslte.
Pyroluslte is also found in radiating groups of acicular
crystals.
Wad, a mixture of manganese hydrous oxides
Much of the manganese oxides are hydrous and are grouped
under the mineral wad.
Gangue Minerals
Sulphur (native)

S

A small quantity of native sulphur was found on some
weathered black shale collected on the "7 6 " mine dump.
or not the mineral occurs in the mines is unknown.

Whether
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Quartz

SlOg

Quartz exists in two ages; hypogene, which was deposited
during the early sllicification o'f the dolomite, and supergene,
which lines vugs in dolomite as c rystals formed on chalcedonic
quartz.

Quartz has also been found cutting goethlte and

deposited on Mountain Leather.
Calclte

CaCO-T

Crystals of calclte lining vugs or open fissures are
common.

One vein in the -Lake Valley limestone contains mas

sive, cleavable ferruginous calclte.

The goethlte from the

Volcano mining claim is in a matrix of calclte (Plate XV,
fig. 4).
Actinollte

Ca(Mg. Fei^fSlO^),,

Mountain leather, a variety of actinollte, was found lining
a fissure in dolomite at the bottom of the McEwen winze.

The

mineral is in white, tough sheets covered with chalcedonic and
finely crystalline quartz.
Barite

BaSO^

Barite is one of the few hypogene minerals found in
abundance.

It occurs in coarse white blades which in places

are one centimeter in width and 10 to 12 centimeters in length.
Where copper carbonate is present, it stains barite yellowish

green.

No barite was found in the shale.

Gypsum

CaSO;,.2H 0 O

Rude twisted and curved white crystals of gypsum pro
trude from the walls on the 85 -foot level of the "7 6 " mine.

MINERAL DEPOSITION AND OXIDATION
Little is known of the primary ore; galena, barite,
pyrite, and some of the quartz are the only minerals that are
conclusively hypogene.

The meagerness of supergene copper,

lead, and zinc minerals suggest that the hypogene ores were
these
also low in content ofA metals.
Even the order of deposition of the few hypogene min
erals is obscure.

The quartz seems to represent an early,

weak mineralization; in one thin section a single blade of
barite cuts and is later than quartz.

In a few places galena

is on blades of barite; generally the two minerals are isolated
by strongly altered dolomite, which contains much iron and
manganese oxides.

One specimen shows pyrite crystals, now

represented by limonite pseudomorphs, on barite.
Possibly there were three periods of mineralization, (l)
the introduction of silica, (2) of barite, and (3) of sul
phides.

The evidence for this order, or even periods, of

mineralization is recognized to be meager.

More information is available on oxidation, but even
in that zone interpretations cannot be complete without a
better knowledge of the hypogene mineralization. Early re62
porta
of the Silver Flat district state that commercial
silver ore was found within 12 feet of the surface.

Galena

was collected by the writer within a few feet of the surface
on the Volcano claim and within 30 feet of the surface on
the Grand

Center claim.

These facts indicate that the zone

of complete leaching was very shallow and possibly missing
in some places.
The oxidation of lead, zinc, and copper sulphides to
carbonates or sulphates by acid waters at normal tempera
tures and atmospheric pressure has been reproduced in the
laboratory by many investigators.

Zinc, and usually copper,

sulphides first form soluble sulphates, and they in the pre
sence of calclte are precipitated as carbonates.

The re

sultant gypsum from this reaction, which can be regarded as
soluble in considering ore deposits, moves out of the area
of reaction to a large extent in a limestone or dolomite en
vironment.
With simple oxidation lead sulphide alters to lead sul
phate.

When enough carbon dioxide is present, which can be6
2

62 Raymond, R. W., Statistics of Mines and mining in
the States and Territories west of the Rocky Mountains for
1871, p. 286, 1872.
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derived from that dissolved in meteoric waters, or that lib
erated by the action of acids on carbonate rocks, lead car
bonate, which is less soluble than lead sulphate, forms.
The presence of jarosltes in the oxidized zbne indicates
that some sulphates were present in the surface waters.
The oxidation of the primary silver minerals to halides
presents a more difficult problem.

The behavior of the sil

ver halides in nature seems directly opposite to their be
havior in the laboratory.
The test of exposing a "horn silver" mineral to sun
light in order to determine whether the mineral is the
chloride or one of the other halides does not agree with the
reaction to light of the pure salts.

Precipitated silver

bromide discolors more rapidly than silver chloride; silver
chloride changes from white to brownish purple and then to
black, whereas the bromide changes from pale yellow directly
to black.

The fused silver bromide, however, will not be
zr-z
altered by light as fast as the precipitated salt. ^ Sil
ver iodide may be prepared to give a precipitate that is
very sensitive to light or one that will not be affected by
light.

In both preparations a solution of some silver salt

and a solution of potassium bromide is used; but to form
the salt that will not discolor, the silver solution is

Lletze, Ernst, Modern heliographic processes,p. 28,
New York, 1888.
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poured Into the potassium iodide solution.
Ltippo-Cramer^ found that by adding a small amount of
lead nitrate to a silver nitrate solution before precipi
tating silver bromide with potassium bromide the resultant
precipitate would be more voluminous, more nearTto pure white,
and more stable to light.
mide and not lead nitrate.

This effect was due to lead bro
Lead and mercury chlorides have

similar effects on silver chloride.

Zinc, copper, iron,aand

uranium salts have no effect on either the bromide or the
chloride.
This experiment may possibly be an explanation for the
failure of silver bromide to discolor on exposure to sun
light.

Ltippo-Cramer1s experiments were with amorphous pre

cipitates.

The crystalline form of the natural mineral and

the effect of the lead bromide may make the mineral even more
stable than in the amorphous form.

Since lead chloride would

also be present in the solutions, the failure of this com
pound to have an effect on cerargyrlte cannot be explained
from the work of lilppo-Cramer.
According to the solubilities of the silver halides

Op. cit., p. 28.
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Luppo-Cramer, Observations on silver haloid gels:
Z. Chem. Ind. Kolloide, Vol. 5* pp. 103-104. Abstracted by
H. Isham, Chem. Abstracts Am. Chem. Soc., Vol. 4, pp. 270271, 1910.
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the iodide would be expected to be precipitated first and the
chloride last.

The solubilities are:

Silver chloride

1.6

66

milligrams per liter at 18° C.

Silver bromide

0.107

M

M

m

Silver iodide

0 .0 0 3 5

"

»'»

m

m
m

In ore deposits the order of precipitation seems to be
reversed.

Moestra

first described the inverted order at

Chanarillo, Chile; and later, Burgess found that the same or
der existed at W o n d e r , a n d Tonopah,^ Nevada.'
Burgess stressed the Law of Mass Action to account for
the early precipitation of silver chloride and states:
The most obvious explanation seems to be that the
chloride was precipitated first because of the
great excess of alkaline chlorides in solution,
and that as the chlorine became reduced in quanti
ty it was partly replaced by bromine... The pre
sence of manganese dioxide and sulphuric acid with
the liberation of free chlorine may also have in
fluenced the order of reaction; or the fact that
the minerals were deposited in a crystalline form

^ Friend, J. N., A text-book of inorganic chemistry,
Vol. 1, p. 103, London, 1917»
67
Moestra, Fr. A., Ueber das Vorkommen der Chlor-Bromund JodverCbindungen in der Natur, Marburg, 1870, p. 47,
cited by Lindgren, Waldemar, The occurrence of the halogen
salts of silver - Discussion: Econ. Geology, Vol. 13,
pp. 225-226, 1918.
68
Burgess, J. A., The halogen salts of silver at Won
der, Nevada: Econ. Geology, Vol. 12, pp. 589-593* 1917•
69

Burgess, J. A., The halogen salts of silver and as
sociated minerals at Tonopah, Nevada: Econ. Gedlogy, Vol. 6,
pp. 13-21, 1911.
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and not as amorphous precipitates, may have modi
fied the results.'u
K n o p f d i s c u s s i n g the iodides, has shown that, since
the predominance of ferric iron in meteoric waters is great
compared to iodine, precipitation of silver iodide cannot
take place.

Any free sulphuric acid will react with any

iodides present to form hydrlodlc acid which is sensitive to
oxidation and will produce water plus iodine.
From the standpoint of the geologist "both re
actions (that due to ferric salt and that due to
free acid) are expressions of a single geologic
fact, namely, that the solutions circulating in an
outcrop of a vein are in an oxidizing environment
ahd that:in this environment the iodine ion be
comes supressed...In this zone part of the silver,
however, will be precipitated as chloride...
...the hypsometric order of silver halides is
determined by the fact that ferric compounds pre
dominate in the upper zones of oxidizing ore bodies
but become gradually reduced to ferrous compounds
as the solutions move downward.'2
Jtirgens°states that a complete conversion of silver
iodide into silver chloride is not effected with a ferric
chloride solution.7
3
2
1
0

70 Burgess, J . A., The halogen salts of silver and as
sociated minerals at Tonopah, Nevada: Econ. Geology, Vol. 6,
p. 15, 1911.
71 Knopf, Adolph, Occurrence of silver halides in the
oxidizing zone of ore deposits - Discussion: Econ. Geology,
Vol. 1 3 , pp. 622,-624, 1918.
72 idem. pp. 623-624.
73 Jtirgens, Alexander, The determination of hydrogen
iodide by-the distillation method and the behavior of ferric
chloride with silver iodide: Pharamacla, No. 5, 3 PP», 1926.
Abstracted by J. S. Reichert, Chem. Abstracts Am. Ghem. Soc.,
Vol. 22, pp. 4407-4408, 1928.
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The problem of transportation and precipitation of sil
ver halides cannot be solved from any experiments that have
come to the writer's attention.

Probably to get the correct

answer it will be necessary to work with solutions having
the foreign elements that are found in the associated ores.
Spectrographic analysis of silver halides may also be of
some aid.
Likewise, the presence of relatively large amounts of
bromine and iodine in many ore deposits in arid regions
raises the question of its source.
From analyses given by Clarke^ the rivers draining the
southwestern part of the United States show a larger haloid
content than those in other parts of North America.

The

soils in arid regions will also be richer in the soluble salts
which are lost through drainage in more humid regions.
Penrose?^ attributed the relative abundance of silver
halides in the southwest to the fact that in late geologic
time the arid nature of the climate caused a reduction in
the seas.

The closed basins thus formed effected the*
6
5
7

Young, J . W., The halogen salts of silver at Wonder,
Nevada - DlscosslOn: Scon. Geology, Vol. 13» pp. 224-225, 1918.
75 Clarke, F. W., The data of geochemistry: U. S. Geol.
Survey Bull. 770, p. 87, 1924.
76 Penrose, R. A. F., Jr., The superficial alteration of
ore deposits: Jour. Geology, Vol. 2, pp. 314-317, 1894.
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concentration of salts.

The more active period of chlorid-

ization occurred after the highly saline bodies evaporated
and surface waters charged with haloids.acted on the ore
deposits.
Cantu,7? after, much research, concluded that all mineral
waters containing chlorine also contained very small quan
tities of bromine and iodine.

He also found bromine and

iodine in organisms which Inhabited running and stagnant
waters which were located some distance from the sea.
Although no analyses of volcanic gases found by the
writer report bromine and iodine, it may be inferred, from
Cantu's generalization, that in gases containing appreciable
quantities of chlorine, as at the Valley of Ten Thousand
Smokes,78 these two elements may be present in very small
quantities.
Since after ore deposition at Chloride Flat there was
volcanic activity in the vicinity, as shown now by widespread
lava beds, the surface waters and small land-locked basins
could have been furtherc-enriched in the haloids.

The7
8

77 Cantu, L'Institut, No. 5S7V‘ 1845. Cited by Bischof,
Gustav, Elements of chemical and physical geology, English
Trans., Vol. 1, p. 3 4 9 , London, 1854.
78 Allen, E. T., and Zies, E. G., A chemical study of
the fumeroles of the Katmai region: Nat. Geog. Soc., Contr.
Tech. Papers, Katmai ser., no. 2, p. 142, 1923.
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volcanic eruptions which accompanied the extrusion of lava
were probably followed by torrential rains which could easily
take important quantities of the gases into solution.
No satisfactory explanation for the presence of notable
quantities of silver bromides and iodides or for the invert
ed order of precipitation of the silver haloids has yet been
offered.

Such an explanation would be an important contri

bution to the chemistry of supergene enrichment.
HISTORY79
The early growth of Silver City was stimulated by the
discovery of rich silver deposits at Chloride Flat and Sil
ver Flat in 1871 by John Bullard and others.
Although the United States demonetized silver in 1873»
silver mining enjoyed prosperity until 1893 when the mints

79
Information on history was obtained from the follow
ing publications $
Engineering and Mining Journal
Mining and Scientific Press
Raymond, R. W., Statistics on mines and mining in
the States and Territories west of the Rocky Mountains,
1872-1877.
Mineral resources of the United States, published up
to 1924 by the U. S.'Geol. Survey and after that date by the
U . S. Bureau of Mines.
Jones, F. A., New Mexico mines and minerals, p. 53*
Santa Fe, 1904.
Bell, J. H., written communication, March 1938.
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of India stopped the private coinage of rupees.

The price

of silver had been on the decline since 1873» "but the Indian
incident broke the market and contributed to the industrial
panic of 1893•

Almost overnight the price broke from 81 to

62 cents per ounce.■
By 1872 about 5*000 ounces of silver were being smelted
in Silver City each"week.

The first smelting was done in

crude adobe furnaces ea* fired by wood cut from the surround
ing country; the ores usually contained enough lead to allow
smelting without the addition of litharge.

The scattered

adobe furnaces were superseded about 1886 by a smelter built
in the south section of Silver City near the Silver City branch
of the Atchison, Topeka, and Santa Fe Railroad.

Some ore

was shipped to Newark, N. J.j for smelting; a shipment from
the Provldencla mine of 1900 lb. returned $752.55 net profit.
At the turn of the century base metals were being mined
in the area surrounding Silver City.

The business men of

the town were determined to have a smelter in Silver City,
and for this purpose they raised a fund of $2500 which was
offered to Johnson and Atkinson to move their copper smelter
in the Burro Mountains into town.

The offer was accepted

and the Chatham smelter was blown in during June 1904.

The

following year the Comanche Mining and Smelting Company re
built the old Silver City (Flagler's) Reduction Yforks which
had been destroyed by fire on July 2, 1 9 0 3 .

In addition a
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400-ton concentrating mill was erected to treat ores from its
own mines at Pinos Altos, Chloride Flat, and the Burro Moun
tains.

Although the original intention to build a railroad

from Silver City to Mogollon was never realized, a narrow
gauge line connected the smelter with Pinos Altos by way of
Chloride Flat (Plate I).
&
/frith two smelters in Silver City handling copper and
-

lead ores the demand for limy, siliceous ores as a flux was
heavy.

The mines at Chloride Flat could operate profitably

on a low silver market because of favorable treatment charges.
The smelter after going into receivership in October)
1907) was never re-opened, but mining continued on a small
scale until 1915.

The narrow gauge railroad was not torn

up until 1913•
The depression of 1921 again made the district attractive
to miners.

Ease metal prices had dropped; but the Pittman

Act, which provided that the government should pay $1.00
per ounce for silver,was j still in force.
to the El Paso smelter.

Ore was shipped

Because of the high lime content

the smelter charges were but $1.00 per ton, and 10-punce ore
could be mined vat,h a profit.

On June 2, 1923^the govern

ment purchases of silver under the Pittman Act ceased, andj
with the rapid fall in the price of silver, most of the
operations were stopped.
Until 1934 the district was idle.

In 1935 the Cardinal

Gold Mining Company did some geologic, work but no mining.
In 1937 the H. J. Byron interests of New York City started
exploration work on the H76tl mining claim.

Their principal

work was sinking a winze on the contact of the Percha shale
and the Fusselman dolomite from the 145-foot level.

They

also shipped to the El Paso smelter a few cars of low grade
ore from old mine fills.

Some minor shipments were made by

a few lessees who sorted dumps and mined some of the remain
ing low grade ore left in the mines.
In the Silver Purchase Proclamation of December 21,
1934 (affective A^ril 24, 1935

the government promised to

pay 77*57 cents per ounce for newly mined silver; This price
was responsible for the activity of the last three.years.
On December 31, 1937, however, the price was reduced to
64*64 cents per ounce.

With the possibility of a further

decrease, the search for ore has been discouraged.
The chart given on page73graphically shows the relation
between the yearly average price of silver, economic and
historical events, and mining at Chloride Flat.
PRODUCTION
Estimates of total production vary from $3,000,000 to
$5,000,000.

Probably over 90 per cent was produced during

the years of 1872 to 1893*

No accurate figures are avail

able for this period, but the writer believes that $3,000,000,
representing approximately 100,000 tons of ore, is a fair

YEARLY AVERAGE PRICE OF SILVER IN CENTS PER OUNCE

YEARLY AVERAGE PRICE OF SILVER

-MOST
MINI

PLATE VII
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Records show about 3 0 ,0 0 0 tons of ore valued at

estimate.

$200,000 produced from 1905 to 1914.

The third period of

production (1921-1923) is credited with about 18,000 tons
of ore with a gross value of $85,000.

During this period

one car of galena was mined from the Grand Center mining
claim.

The latest period (1934-1937) has produced only

about $8,000 in silver and lead from about 1,000 tons of ore.
The total of the above estimates of production of the dis
trict is 149,000 tons with a gross value of $3,293,000.
The iron-manganese production often credited to
Chloride Flat comes from a district about one mile to the
southeast, known locally as the Boston Hill mining district.

MINES AND PROSPECTS
When Chloride Flat was first discovered, the Intricate
network of irregular, narrow veins induced a change in the
usual method of claim location.

Instead of the locator

staking a certain number of linear feet along the vein,
claims were made 50 by 100 feet irregardless of the strike
of the vein.

Later these small claims were grouped and now

form some of the Irregular claims in the district.
In 1937 exploration work was re-newed in the "7 6 " and
Breman mines, which were the largest producers during the
days of early operations.

During the seventies and eighties

of the last century the Providencla mine was an important
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producer:

As the workings of the Grand Center, Baltic,

and Tight Squeeze mines are all conie cted, the three mines
will he considered in one group:
BRKMAN AMD "76" MINES
General
The Breman and "76" mining claims have produced most of
-

the ore mined in the district.

QQ

Bancroft

reported that up

to 1882 the "76" mine had produced about .§1 ,5 0 0 ,0 0 0 in sil
ver.

At the present time the H. J. Byron Interests of New

York City control the mine.
The surface plant at the mine, in 1937» consisted of a
hoist-house with a single-drum gasoline driven hoist, a com
pressor house with a Schramm portable compressor capable of
running two jack-hammers, a combined blacksmith and machine
shop, a powder magazine, and a three-room house.

All hoist

ing was done in buckets which had a capacity of about 300 lb.
Several shafts connect the underground workings with the
surface, so that the mine is well ventilated.

The only shaft

that could be entered in 1937 was the "7 6 " shaft, which con
tains a man-way and a single hoisting compartment.
The mines are developed by two levels, the 85-£oot and
145-foot levels.

These are not levels in the true sense in

Bancroft, H. H., History of Arizona and New Mexico,
Vol. 17, p. 748-755, San Francisco, 1889.
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that they wander vertically, with numerous sub-levels, as
the early miners attempted to follow narrow stringers of ore
In the dolomite, or to keep close to the contact with the
Pgrcha shale.
The Byron Interests under the supervision of Mr. W. E.
McEwen repaired and timbered an old shaft which bottomed on
the 85 -foot level.

The shaft, now known as,the

shaft,

was sunk to the 145-foot level;and a cross-cut 165 feet long
was driven to the southeast to connect with some of the old
deeper workings.

The McEwen winze, the dip of which varies

from 5° to 20°, was sunk more or less on the contact between
the Percha shale and the Fusselman dolomite.

The winze was

down approximately 450 feet on the Incline when work was dis
continued In the fall of 1937•

Several short headings were

driven on the larger fissures that were Intersected by the
winze.
The mines need little timbering; a few stulls are used
In some places to hold the shale back.

One stope on the

85-foot level was spiled and square-setted.

A few places

in the McEwen winze have been timbered with drift sets.
Except for a small quantity of rain water which drains
into the mines during the wet season the mines are dry.
Water is lowered for drilling.
The dolomite Is moderately hard, but a 4-foot round can
be drilled and blasted in the winze in an eight-hour shift.

A rr o n Point Stoo ft G

*0

fo r e m a n S h a ft

Q

o titz iis

B R EM AN & "76" MINES
CHLORIDE FLA T M IN IN G D IS T R IC T

G E O LO G IC
E levatio n s a t flo o r o f m e r k /n q i

PLAN

SCALE I INCH » 10 0 FEET

P LA TE IX

Hand-forged Carr-type drill bits were used, and drilling was
done with a 50-11). Jack-hammer.
An air hoist was Installed at the collar of the winze
for hoisting muck and lowering tools, water, and timber.
Mapping on the 85 -foot level was confined largely to the
workings northeast of the shaft.

To the east and south the

workings were safely accessible for a short distance only.
A cave-ln north of the station cross-cut on the 145-foot
level prevented mapping in that direction; to the south map
ping was carried into the Breman mine.

Many of the workings

having an untimbered shale back are still open but cannot be
entered safely.

Mr. McEwen®^ has estimated that the two

mines contain approximately 5 miles of workings.
Geology
The collar of the present working shaft, the
is in the Percha shale.

shaft,

The. shaft enters the Fusselman

dolomite at 65 feet below the collar.

The bottom is probably

in Montoya limestone, but no distinguishing characters could
be found.
On the 85 -foot level the shaft intersects a fissure which
strikes about M, 20° E*and dips nearly vertically.

A drift in

dolomite follows this fissure to the northeast, and, about

At

Oral communication, August 1957.
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150 feet from the shaft, shale Is exposed in the hack of a
large stope.

The shale is not offset by the fissure.

The

dolomite in the walls of the stope te:-strongly altered and
contains hematite, pyrolusite, and small amounts of barite.
The stope is localized at and near the intersection of the
northeast fissure with numerous east-west fissures.
The workings end about 300 feet north of the shaft, and
one branch connects with shaft A (Plate IV).which is now
caved.
A short cross-cut to the southeast from the stope men
tioned above cuts the ,,76M fault.

The fault has been follow

ed to the south only, and ore has been stoped on the inter
sections with cross-fissures.

In places the stoping has

been carried up to the shale.
The dolomite in the vicinity of the shaft has many vugs,
and it was from one of thetifc that specimens of smithsonite
were collected.
East of the shaft, .on the ”7611 fault, is a large timber
ed stope.

The workings continue south on the M76w fault

but could not be entered.
The station cross-cut on the 145-foot level was driven
through slighly to moderately altered dolomite.

Hematite and

pyrolusite are the main minerals of alteration.

Along the

entire length of the cross-cut the dolomite is fractured by
fissures having a general northeast trend.

A mineralized

fault, containing about one foot of breccia, was cut 45 feet
southeast of the shaft.

This fault correlates with the "7 6 "
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fault on the upper level.
The main drifts on the 145-foot level, 165 feet southeast
of the shaft, follow a long series of fissures, which average
due north in strike, and between 65° and 80° west in dip.
Ore has probably been mined, or narrow stringers followed,
along the entire length of the fissures.
Between 350 and 450 feet south of the station cross-cut
an important zone of cross-fissures and cross-faults inter
sects the main north-south fissures.

Mining has been carried

mainly to the west although the fissures can be seen in the
foot-wall of the main drift.

.Except at the intersections

of crossing fissures the stopes average 6 feet in width.

At

intersections stopes 12 or more feet in width are common.
Some of the stopes are 40 feet high with a dolomite back.
The workings turn to the southeast until they cross the
Breman fault, where the shale has been dropped about 20 feet
on the south side of the fault.

Large stopes are in both

the foot-wall and hanging-wall of the fault on the intersection
with ;east-west,;! fissures, but no ore seems to have been
found on the fault Itself although it has been followed both
north and south.
Several hundred feet south of the limit of mapping there
is a small tonnage of shale which carries between 10 and 50
ounces of silver per ton.

82

®2 McEwen, W. E., oral communication, July 1937;.
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A few thousand tons of ore containing about 10 ounces
of silver per ton®^ are scattered throughout the mine in
the form of old fills.
The winze encountered several brecciated and open faults,
but assays were usually less than 3 ounces of silver per
t o n . 84

Along the contact between the Percha shale and the

Fusselman dolomite near faults the shale has been silicified
and brecciated.

Where there has been no faulting, from 4

to 6 inches of red clayey material lies on the Fusselman
dolomite.
Recommendations for Future Exploration
Geologic predictions in mining are the result of a carefullevaluation of facts and interpretations, and for mines
in irregularly fractured dolomite interpretations cannot be
projected far into the unknown.

A narrow mineralized fis

sure often blossoms into a valuable ore body when Intersected
by cross structures.

Jo p fc ju ft

k/ complete,detailed geologic map of all

the working would be a long, tedious task, but would be neces
sary to get a complete pattern of the structural control.
The hopes of supergene enrichment on reaching the water
table is without foundation; since acid surface waters are
readily neutralized in the presence of an active gangue,such as

83 McEwen, W. E., oral communication, July 1937.
84 idem.
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dolomite, any silver minerals in solution would be re-precipitated by haloids in the surface waters.
The intersection of one of the mineralized fissures or
faults cut by the McEwen winze with the strongly cross-frac
tured zone exposed on the 145-foot level is a favorable lo
cality for ore.

Not more than 250 feet of drifting is

necessary to test this area.
The small tonnage of ore in the shale in the south end
of the mine would be difficult to extract profitably'at the
present price of silver.

The uneven grades of the drift

would put the labor charges^-aboyg profitable mining.

The

tonnage is too small to warrant the work necessary to bring
the drifts to grade.
With favorable smelting charges much of the broken low
grade ore convenient to the shaft could be shipped with a r=
small profit at the present market.
Providencia Mine
General
The Providencia mine was one of the early discoveries
of the district, but was worked out in a very few years.
Some of the ore was very rich; one report®^ shows that

Raymond, R. W., Statistics of mines’ and mining in
the States and Territories west of the Rocky Mountains:for
1874, p. 344, 1874.
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1900 lb. of ore shipped to Newark, N. J., for smelting rr.e'^rned
a net profit of $7 5 2 .5 5 *
The Providencia shaft is 80 feet deep, but an adit in
the Fusselman dolomite gives access to the workings.

The

mine is entirely in the Fusselman dolomite and the Montoya
limestone.
No equipmentt was on the property in 1937•
Geology
The adit passes through a narrow fracture zone and
about 120 feet from the portal enters the first strongly
mineralized dolomite.

The walls show important amounts

of hematite and pyrolusite, small quantities of barite, and
calcite and quartz lining vugs and fractures.

Many of the

stopes were worked to the surface and are on a line of north
east fissures.
One stope is on east-trending fissures and widens at
the intersection with north fissures.

A% some place in the

vicinity of this stope the mine probably enters the Montoya
limestone.

The bottom of the shaft and the lower workings

off the shaft are all probably in the Montoya limestone.
This reasoning is based on the assumption that the Fusselman
dolomite reaches a maximum of 75 feet in thickness.
The bottom of the shaft is in a fault which contains
from one to two feet of mineralized breccia.

The size of
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the openings indicates that some ore was probably mined.

In

the foot-wall of the fault the Montoya limestone is moderately
altered and contains some barite.
The workings wander westward and then northward where
numerous north and east fissures intersect and localize stopes.
The workings are connected with the surface north of the
shaft some unknown distance.

The poor condition of the mine

prevented further mapping in that direction.
The stope on fault "A*1 continues only a short distance
to the southwest.

Other surface workings are on fault-”A M.

The outcrop of the fault exposed at the bottom of the
Providencia shaft was found in an inclined shaft on the sur
face. "

The vein in the surface stopes to the southeast of the

main shaft can be traced 200 feet southwestward to a point
where the vein splits.

One branch turns sharply to the

west and can be traced for several hundred feet; the other
branch continues to the southwest for several hundred feet,
where it narrows to a few inches and is soon lost in the lime
stone.

At the junction of the above two veins is a prospect

hole in which is exposed limonltic gossan.
The surface stopes to the west of the Providencia shaft
are on east-trending fractures which are approximately on
line with the strongly cross-fractured zone in the Breman mine
on the 145-foot level.
North of the Providencia shaft where several faults and
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fissures come together, the surface rock is brecciated, silleified 'shale averaging three feet in thickness.

The shale

is very similar to that found near the faults in the McEwen
winze in the "7 6 " mine.
Grand Center, Baltic, and Tight Squeeze Mines
General
The surface of the Grand Center, Baltic, and Tight
Squeeze mining claims is dotted with more than 3 0 shafts
deeper than 10 feet.
ManuelITaylor in 1902 made an important strike on the
86
Tight Squeeze mining claim
(then a part of the Grand Cen
ter mining claim) and again in 1906 he made another important
strike on the Grand Center mining claim.^
In 1922 and 1923 the Bohemian Mining Company leased the
Grand Center and Mary Belle mines.

The company mined

slightly more than $75>000 in silver and lead.

The only

shipment, of lead ore from the district was made from the
Grand Center mine; one railroad car assayed 16 per cent lead
and 12 ounces of silver per ton.

88

Favorable smelting

charges at the El Paso smelter of the American Smelting and
Refining Company allowed mining of 10-ounce silver ore which

86 Bell, J. H., written communication, March 1938.

87 idem.
88 idem.
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contained 20 per cent lime.

The Grand Center mine is now

held under lease by Mr. Louis Green of Albany, Texas.
Geology
The main shaft, the Bell shaft, on the Grand Center
mining claim is approximately 126 feet deep,®^ and encounters
a dike very close to the point of contact between the shale
and the dolomite.

Some mining was done along the dike and

dolomite contact underneath the Percha shale, but the quan
tity extracted was not important.

The workings off the Bell

shaft are inaccessible, but much of the mining was done on
east-west fissures.
The workings mapped in the three mines are shown on
Plate X.

Although the fissures vary more in strike than

in the Breman and ”7 6 M mines, there are several general
north to northeast zones with some cross fissures.

Much of

the mining is confined entirely to the dolomite; only in a
few places in the workings visited do the stopes extend up
to the Percha shale.

Galena and considerable barite was

found in the walls of old stopes and drifts.
During the fall of 1937» before the workings were mapped,
a cloud-burst flooded most of the workings of the Tight
Squeeze and Grand Center mines.

The water, carrying with it

large quantities of mud and other debris; completely filled

89
For information regarding the workings off the Bell
shaft the writer is Indebted to Mr. J . H. Bell, written
communication, March 1938.
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some of the drifts.

The walls of the workings shown on the

map were covered with mud; consequently many fissures were
probably missed in mapping.
Other Prospects
The Mary Belle mine has been developed by a shaft of
unknown depth, but probably more than 175 feet since the
dump shows Fhsselman dolomite.
of the Baltic dike.

The mine is on the east side

The amount of ore mined was probably

small as no mention of the mine has been found in any re
ports.
Several surface stopes are on the Rescue mining claim.
No information is available on the production which was
appantly small.
The shafts on the Emma and Hidden Treasure mining claims
ore
are caved.
No knowledge of the^mined could be gained.
The Volcano mining claim has many surface stopes in the
Fusselman dolomite.

The stopes are on the intersections of

crossing fissures and are as large as 80 feet in diameter.
No workings deeper than about 25 feet below the surface were
seen, but probably the contact between the Fusselman dolomite
and the Percha shale was followed to some depth.

The num

ber and size of the surface stopes indicates that the Volcano
mine probably had an appreciable production.
The geologic conditions on the Volcano mining, claim, and
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on the claims adjoining to the north and south, are similar
to those in the main valley.

The Percha shale has been

faulted down, and the area is cut by numerous smaller faults.
On the Senator and Peabody mining claims a dike can be traced
for several hundred feet.

In the exposed dolomite on the

west side of the valley formed by the Volcano fault, there are
several open cuts and prospect holes along faults and fractures.
or ha ve not"

■

Whether fiaessmt. these have produced any ore is not known.
A

There are only two shafts which have penetrated the shale and
entered the dolomite; both are now caved.
The area on the Volcano and ajoining mining claims should
be tested more thoroughly before the district is abandoned
entirely.

CONCLUSIONS
The ore deposits a.t Chloride Flat are an example of the
small bonanza silver mines so prolifically worked late in the
19 th. century.

The economic possibilities are not within the scope of
a large mining operation, but the deposits can still provide
a living for lessees experienced in mining this type of ore.
Many small rich pockets undoubtedly will be discovered by the
persistant miner who follows narrow mineralized stringers in
the dolomite.
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The western part of the Volcano mining claim seems to
he a promising area to prospect as well as the Intersection
of the strong east-west fissure zone in the "7 6 " mine with
one of the fissures in the McEwen winze.
Although no workings have disclosed the primary ore,
the small quantity of valuable minerals in the supergene
ore makes the prospects unfavorable.

Plate XIa
Panoramic view of Chloride Flat.
The ridge at the sky-line is part of the Silver City
Range and is on the Continental Divide.

The view was

taken on the Lake Valley limestone and the camera pointed
to the west.

^ :3\'.

Plate XII - fig. 1
Banded chert and limestone bed in the Montoya limestone.

Plate XII - fig. 2
Percha shale
Red fissile Percha shale exposed in a railroad cut east
of the Chloride Flat road..

Plate XII - fig. 3
Basal cherty Lake"Valley limestone.

Plate XIII - fig. 1
Favosltes aspera from Montoya limestone.
Polished surface*
X 2.5

Plate XIII - fig. 2
Native silver in Percha shale.
Slightly enlarged.

Plate XIII - fig. 5
Residual nodule of galena with
concentric rings of anglesite.
X 2
From Bell collection.

PLATE XIII

Plate XIII - fig. 1

Plate XIII - fig. 2

Diorlte porphyry sill.

Andesite porphyry sill.

Groundmass of serlcitized feld

A dense feldspathic ground-

spars with phenoorysts of horn

mass with phenoorysts of

blende, pyrite, and.scattered

serlcitized andesine and one

iron oxides.

of hornblende.

Plain light.

Plain light.

X 40

X 40

Plate XIII - fig. 3

Plate XIII - fig. 4

Veinlet of pearceite in shale.

Enlarged microphotpgraph

of

Pearcelte is altering to argentite same velnlet of pesceite
and coyellite.

Shale is black.

Plain light.

altering to argentlte. Plain
light.

X 53

X 212
Symbols
lib
py
an
ap
sp
pe
ar
cv
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hornblende
pyrite
andesine
apatite
sphene
pearceite
argentite
covelllte

Plate XV - fig. 2

Plate XV - fig. 1
Argentite altering to embolite

Galena altering to angelsite

associated v/ith malachite.

along cleavage cracks.

Malachite first coats the in

from the same specimen that was

side of a vug and is covered

assayed for silver.

with argentite and embolitec.

light.

Galena

Plain

X 61

Plain light .
X 100

Plate XV - fig. 3

Plate XV - fig. 4

Covellite in angelsite and ga

Goethite in calcite and cut

lena.

by later quartz.

Microphotograph of a

light.

portion of the galena nodule
shown on Plate XIII - fig. 3 .
Plain light.
X 100
Symbols
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em
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ag
ge
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qt
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argentite
embolite
covellite
galena
anglesite
geethlte
calcite
quartz
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