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MANGANESE DEPOSITS
IN THE PAYMASTER MINING DISTRICT,
IMPERIAL COUNTY, CALIFORNIA

By Jarvis B. Hadley

ABSTRACT

The manganese deposlts of the Paymaster district, in Impe-
rial County, Calif., extend along steeply inclined normal fault
fissures which cut Tertiary (?) volcanic breccia and fanglom-
erate,

The ore deposits are in part open-space fillings composed
largely of psilomelane, and in part fault breccla replaced by
psilomelane, pyrolusite, and manganite, Calcite and rock frag-
ments are the chief impurities. High-grade ore now exposed
averages about 40 percent manganese, and contains much barium.

About 3,000 tons of ore averaging 42 percent manganese was
produced from the district by hand-sorting in 1917-18., It is
estimated that nearly the same amount could be produced again,
largely from present workings. In addition, a few tens of
thousands of tons of milling ore, estimated to contain between
10 and 30 percent of manganese, are believed to exist in veins
one to three feet wide within one or two hundred feet of the
surface,

INTRODUCTION

The Paymaster manganese district 1s in the northeast corner
of Imperial County, Calif., 6 miles west of the Colorado River
and about halfway between Blythe, Calif., and Yuma, Ariz.

(fig. 59). The manganese deposits are in secs., 16, 18, and 19,
T. 11 S., R. 21 E. By road they are 42 miles from Blythe and
54 miles from Yuma. Paved road extends 17 miles south from
Blythe, and 10 miles northwest from Yuma. The remainder is
graded earth road, with the exception of 6 miles of unimproved
road extending from a point on the Blythe-Yuma road 2% miles
north of Midway Well to the district. The nearest shipping
459
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point, Glamis on the Southern Pacific Rallroad, 1s 32 miles by

earth roads southwegt of the district. Ripley, 35 miles north

on the road to Blythe, is on a spur of the Santa Fe Rallroad.
The only sources of water in the district are some natural

rock basins, which retaln several hundred gallons for a few
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FPigure 59,--Index map of southeastern California, showing location of the
Paymaster manganese district.

weeks after heavy rains. The nearest dependable source at pres-
ent 1s Midway Well, 8 miles frém the properties. A spring

% miles east-southeast of the Tolbard mine can be reached by
unimproved road, and a well 2 miles due south of the mine is

sald to have been used in 1917-18, Only the western part of the
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district, which includes the deposits in sections 18 and 19, was
mapped during this investigation; the fleld work was done in
February and March 1941, John S. Livermore ably assisted 1n the
field and in compiling the maps. ,C. H. Johnson of the Bureau of
Mines, United States Department of the Interior, sampled some of
the veins, and his results are used in this report. Helpful
_1nformafion was kindly given by Mr. V. B. Whedon of Beverly
Hills, Calif. F. C. Calkins and H. G. Ferguson offered many
helpful suggestions in the preparation of the manuscript.

Manganese deposits were discovered in the western part of
the district in 1916 and 1917, and were worked intensively dur-
ing 1917 and 1918, Production records from published sources
show that manganese ore produced in Imperial County, Calif.,

"amounted to 1,907 tons valued at $38,140 in 1917, and 1,241 tons

ﬁvalued at $46,900 in 191801/ Shipments from the Paymaster dis-
trict account for most of this. Hewett g/repor‘cs that 3,500
tons. of 42-percent ore were shipped. Shipments ceased late in
1918, and very 1little work has.been done since,

The properties have recently been consolidated under the
ownership of Mr. V. B. Whedon and assoclates of Beverly Hills,
Calif., No work was being done in February and March 1941, but
15 tons of high-grade ore was mined by lessees in 1940.

Sﬁall deposits occur on what are known as the Turtle claims,
in the eastern part of the distriét, but no ore is known to have

been shipped from them.
GEOLOGY

The rocks of the Paymaster manganese district consist of a
basement complex of schist, gneiss, and intrusive rocks, but

these are overlain by volcanic rocks, which in turn are overlailn

1/ California Min. Bur. Bull. 83, p. 39, 1918, and Bull, 86, p. 56, 1919,
_/ Hewett, D, F,, Ferrous-metal deposits, in Mineral resources of the
region around Boulder Dam; U, S, Geol, Survey Bull. 871, p. 85, 1936.
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by 1,000 feet or more of coarse fanglomerate., (See pl. 75.)
These rocks have been broken by many normal faults, at least
‘three of which have displacements of several hundred feet.
Others, of smaller displacement, contain the manganese deposits.
Slightly consolidated boulder-bearing gravel, younger than the
oré deposits, 1s widespread south and southeast of the area
mapped, and extends into the area as fill in old erosion chan-

nels in the fanglomersate,
Rocks

The basement complex consists of intensely folded schist and
gneiss cut by numerous dikes of fine-grained granite and by
dikes and sills of pegmati?e. These rocks make up the southern
part of the range borderiné:the district on the west (see pl. 75)
and appear also at the easf ﬁide of the district.

Dark reddish-gray andesi&e’ 600 to 1,000 feet thick, rests
with pronounced angular‘ﬁncbnfofmity on the basement rocks in
the western part of the districé. Much of the andesite 1s flow
breccla, and all of it is intensely fractured.

Coarse, indistinctly bedded, red fanglomerate occuples most
of the district.. It forms steep, irregular slopes, and massive
rounded summits distinct from the jagged;peaks and ridges typi-
cal of the region, The fanglomerate is ébmposed largely of sub-
angular fragments from a few inches to as much as 3 feet in
diameter, with a minimum of coarse, pebbly matrix. Volcanic
fragments predominate, and many are of the same type as the vol-
canic rocks now exposed, Other fragments, derived from the
basement complex, are also abundant. Lenses of coarse, cross-
bedded sandstone, a few inches to a foot thick, are common
throughout the formation but amount to less than 1 percent of
th® whole, The fanglomerate 1s well indurated and stands well

in the mine workings.
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The fanglomerate lies on an irregular eroded surface of the
andesite, The thickness of the fanglomerate in the district 1is
at least 1,000 feet and may be considerably greater. Its age,
like that of the andesite, 1s not definitely known; both are
‘probably Tertiary. On the southern and southeastern borders of
the area mapped, the eroded surface of the fanglomerate and
older rocks is largely buried under slightly consolidated, boul-
dery gravei. The gravel forms smooth conical hills as much as
100 feet'high, among which 1solated outcrops of the more resist-
ant fanglomerate appear. Simllar gravel is found in o0ld erosion
channels in the vicinity of the Tolbard mine, where it 1s seen
to be younger than the manganese veins.

Still younger material, unconsolidated, forms alluvial fans
and the bottoms of the major valleys in the district,

t
Structure’

. There are three principal faults; all of them normal, and
numerous subsldlary faults in thé district. Two parallel major
faults, trending north-noithwest, cut off the fénglomerate on
the west. The more westerly of these dips 50°-60° E, Along 1it,
the fanglomerate and underlying volcanics have been thrown down
at least 500 feet, bringing the fanglomerate.locally against the
basement complex. To fhe south, rocks of the complex lie on
both sides of this fault, which is marked by coarse fault brec-
cla from 15 to 50 feet wide. The stratligraphic displacement
along the eastern fault 1s at least 100 feet at the north, and
increases southward to at least 300 feet at Black Hill.

The third major fault trends approximately at right angles
to the other two and dips 50° SSE, It cuts off the basement
complex on the south and has a displacement of several hundred
feet,

The fanglomerate and volcanics are broken by hundreds of

minor faults, many of which are subsidiary to the major, normal

457348 0 - 42 - 2
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faults, The minor faults strike northeastward and dip 60° or
more elther northwest or sdutheast. On most of them the dis-
placement cannot be determined, but probably only a few have
displacements exceeding a few tens of feet., Most of them are
too small to appear on the geologic map (see pl. 75), but meny
are shown on the detailed map (pl. 76). Thé more persistent
fissures contain several inches to a foot of fault breccia.
Many of them, moreover, have been opened as a result of tension
for conslderable distances along their length, and contain peb-~
bles and sand fallen from the walls. The impression was gained
that the faulting occurred at rather shallow depth, possibly
before the fanglomerate became as well indurated as it 1s now,
Many of the minor fissures might be expected therefore to die

out at no great distance below the present surface,
MANGANESE VEINS

Extent and structure

The manganese deposits are veins and stringers in minor
fault fissures and assoclated fractures in both fanglomerate and
andesite, The major faults are not mineralized, and no manga-
nese‘deposits were found in the basement complex., The velns are
most abundant in an area of about one-fourth square mile in the
western part of the dlstrict, and in a much smaller area at the
Turtle claims in the unmapped eastern part, The western velns
are largely in fanglomerate; the principal eastern veins are in
andesite,

Individual veins generally range in width from 1 inch to
2% feet, although at a few places velns of greater width were
seen. Only a few velns extend more than two or three hundred
feet; but zones of branching or overlapping fissures, in part
mineralized, can be traced 2,500 feet. A good example 1is the

Tres Amigos vein (pl. 75). Narrow, parallel velns 5 to 15 feet
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apart are common, but are usually not spaced closely enough to
permit the mining of several velns as a single ore body.

In the fanglomerate, veins that are nearly vertical have
falrly well defined walls. Veins dipping about 60° commonly
have well-defined footwalls and gradational hangling walls, the
latter of which are considerably mineralized. ’

Post-ore faulting has taken place on nearly all the laréer
veins and follows closely the preexlsting fault fissures. The
fault surfacés are smooth and locally strlated,.more or less
parallel with the dip of the fault. They are surfaces of easy
separation, and have been extensively used by the miners in

breaking the ore.
Ore
Mineralégy and types of ore

The ore minerals are, in order of abundance: Psilomelans
(manganese oxide with barium, potassium, and water), pyrolusite
(Mnoz), and manganite (Mn203 with water), Coarse-grained white
calcite, finely divided cﬁrbonates, and chalcedony are the prin-
cipal gangue minerals,

The manganese oxides fill open spaces in fault fissures,
impregnate and replace fault breccia, and impregnate and replace
the fissure walls, Open-space fillings are composed principally
of psilomelane and subordinate manganite in the form of mammil-
lary layers (see fig. 60, A) 1/8 inch to 2 or 3 inches thick,
Some of the psilomelane layers are porous and contain coarse-
grained white calcite. This type of psilomelane 1s distributed
in the veins in well-defined lenses, which range from 1 to
12 inches in width and from a few feet to 50 feet or more in
length (fig. 61). Such lenses are common, and where wide or
numerous 6nough they constitute good ore. Many of them are too

narrow to be mined singly.
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Much of the psilomelane, especially that adjacent to post-

ore faults, 1s brecclated and cemented with pulverized oxides
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Flgure 60.--Types of vein materisl, A, Marmillary psilomelane on wall of

vein, sketched from hand evecimen, X %; B, Psllomelane brecela, x 3;
C, Tault breccia impregnated and replaced by manganese oxides, sketched
Trom hand specimen, x 4, Psilomelane (p); manganite (m); rock frag-
ments (r); celcareous matrix (c); voids (v).
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and carbonates, and commonly contalns more or less rock material.
Lenses of "psilomelane-breccia", many feet long, contain a few
percent to 25 percent of psilomelane fragments an inch or more
in diasmeter, mixed with rubble (figs.'GO, B and 61).

Most of the manganese deposits consist of mineralized fault

breccia, which contains a considerable amount of rock material
— Post-ore fault

Psilomelane breccia
(Fragments of psilomelane in fault
breccia or rubble)

Fault breccia impregnated
with manganese oxides

]

Fanglomerate

i o ., sfeet

Figure 61.--Disgrammatic sketch of typical vein structure,

in addition to the manganese oxides. The larger rock fragments
are coated with, and partly replaced by psilomelane, which has

completely replaced . some of the smaller fragments., Interstices
between fragments are filled by psilomelane, or mixed carbonate
and soft manganese oxldes (fig. 60, C)s 1Interstices in some of

the ore are coated with fibrous pyrolusite, or filled with whit
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calcite, Much of the mineralized fault breccia from veins in
the fanglomerate resembles the "pudding ore" of manganese depos-
its in fanglomerate in New Mexico.é/ In the andesite, fragments
in mineralized fault breccla are more completely repiaced, and
soft manganese oxides are generally more abundant than psilome-
lane, | '

The walls of fissures in the fanglomerate are commonly
impregnated with manganese oxides, but generally the amount of
manganese 1s small, " In andesite, however, the fissufe walls are
more éhoroughly fractured and contain many thin seams of manga-
nite and pyrolusite. In the main working on the southeast vein
on Black Hill, a fissure zone 12 feet wide has been extensively

replaced by manganese oxides.
Grade and distribution

A considerable quantity of ore shipped from the Tolbard mine

1s said to have contained 46 percent manganese, 2.5 percent s11-

4/

age ore probably contains more silica. Analysis shows that the

ica, and 0.5 percent iron.~ This ore was hand-sorted, and aver-
ore also contains much barium.

Ore mined from veins in the fanglomerate appears to have
consisted principally of lenses of psilomelane and "psilomelane
breccla", with some of the accompanying pudding ore. Most of'
the pudding ore apparently could not be hand-sorted to suitable
grade, and no other method of concentration was used.

The best ore is in the widest and most persistent fissures,
and most of it is in the principal veins at the Tolbard mine,
the Tres Amigos vein, and the two veins on Black Hill. A few
small bodies of high-grade ore are exposed at the surface in the

cluster of veins 1,200 feet S. 60° W. of the Tolbard shaft, in

3/ lasky, S. G., Mangenese deposits in the Little Florida‘Mountains. Iuna
County, N, Mex.: U. S. Geol, Survey Bull, 922-C, pp, 62-64,

E/ Jones, E, L., Jr., Deposits of manganese ore in southeastern Califbrb
nia: U, S. Geol, Survey Bull, 710, p. 207, 1920.
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two veins about 700 feet N, 60° W. of the shaft, and in the Tres
Amigos veln 1,100 feet north of the land survey section line,
The ore shoots as revealed in underground workings (see pl. 77
and figs. 62 and 63), do not show any consistent shape or trend.
The present distributlon of ore bodies appears, however, to have
resulted from three principal factors:

(1) Varisble intensity of the original mineralization was
presumably responsible for much of the unequal distribution of
the manganese in the veins and for the fact that the mineralized
fault breccia 1s generally richest where it 1s accompanied by
psilomelane lenses, It 1s this factor primarily that limits the
ore-bearing area, for conspicuous flssures extend considerably
beyond the manganese veins.

(2) Open spaces, now filled with psilomelane, have resulted
in part from separation of the fissure walls and in part from
movement along irregular fault surfaces. Whether open spaces
similarly coincide with changes in the dip of veins 1s not known.
Some steeply dipping fissures, that have opened partly as a
result of tension, like vein No. 1 at the Tolbard mine, contain
unusually wide and persistent ore bodiles.

(3) Displacements of ore bodies by post-ore faulting are
common but not conspicuous because the post-ore faults follow
the veins or cut them at very small angles. At many places
lenses of psllomelane within the veins have been cut off and the
width of the veins themselves materially affected by movements

along these faults,

Origin

Good evidence of the downward migrastion of manganese is
found in the Paymaster district in the form of stalagmitic
crusts of psilomelanevwhich coat veln walls and irregular sur-
faces within the veins. BSuch surfaces ére commonly covered with

vertical, upward-pointing cones of psilomelane as much as
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2 Inches high and 1 inch thick. The upper surfaces of fhese
cones are smooth and the lower surfaces arevrough and botryoidal,
They were formed presumably by solutions moving downward over
surfaces exposed to the air at’a late stage in the history of
the veins,

Apparently the veins have been enriched by supergene proc-
esses. Although no definitely hypogene manganese mineral or
other vein mineral was found, supergene enrichment is character=-
istic of this type of deposit. The presence of hypogene black
calcite, as well as white calcite, bearing manganese and iron in
similar deposits in the Little Florida Mountains §/suggests that
such material may also have been the original material in the
Paymaster district. A lower limit to the manganese—oxiae ore 1is
therefore to be expected not far below the surface, although

there 1s no evidence at present to indicate at what depth,
RESERVES

In estimating the reserves of manganese ore in the Paymaster
-district, two classes of ore méy be consldered:

(1) Submarginal ore bodies, of the type mined and shipped in
1917 and 1918, that could be hand-sorted to shipping grade
should yield a moderate tonnage. These have a minimum width of
6 inches and are estimated by the writer to contaln 40 percent
or more of manganese. Twenty such ore bodles are exposed. With
the exception of an ore body 150 feet long in the Tolbard mine,
they range in length from 30 feet to 90 feet. Their aggregate
length 1s 900 feet, two-thirds of which is exposed in the work-
Ings. It 1s estimated that known ore bodles of this type within
100 feet of the surface might yleld from 2,000 to 3,000 tons.
Prospecting for unexposed ore bodises of this type would be both
difficult and costly, for no rellable clues to thelr location

have been established.

5/ Lasky, S. G., op. cit,, p. 65,
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(2) A considerably larger tonnage of milling ore may be
expected. Veins from 1 to 3 feet wide aggregating 2,500 linear
feet are exposed in the district and are estimated to contain .
from 10 to 30 percent of manéanese. The amount of such ore in
the district probably does not exceed a few tens of thousands of

tons,
MINE WORKINGS

In the spring of 1941, underground workings on seven veins
in the western part of the district totaled 1,660 linear feet.
There were four shafts, with an average depth of 25 feet, and

many open cuts and prospect pits.
Tolbard mine

The most extensive workings are at the Tolbard mine, where
veins No. 1, No. 2, and No. 3 (see pl. 76) have been explored
along the strike for 415 feet, 375 feet, and 40 feet respec-
tively. On veins No. 1 and No, 2, oreghas been taken from over-
head stopes 20-40 feet high and from underhand stopes 5-15 feet
deep (pl. 77). These stopes are largely without timbering and
are inaccessible because of thelr steep walls. They range in
width from 4 feet to less than 1 foot, Most of them were opened
only to the width of the vein, the ore breaking along post-ore
faults at one or both sides. Aside from the stopes, the work-
ings consist chiefly of drifts along the veins. A crosscut from
the shaft on vein No., 1, 30 feet below the collar, lacks a few
feet of intersecting vein No. 2. Judging from the size of the
stopes, about 1,300 tons of high-grade ore have been removed by
underground workings from vein No. 1, and about 500 tons from
vein No. 2. Good ore 1s exposed at several places in the work-
ings on both veins, leading to the belief that several hundred

tons remain, principally 1ﬁ undeveloped ground below the drifts.



472 STRATEGIC MINERALS INVESTIGATIONS, 1941

Tres Amigos workings

About 100 tons of ore was taken from workings on the Tres
Amigos vein, 1,150 feet due west bf‘the Tolbard shaft (fig. 62).
The principal vein 1s offset § feet‘horizohtally by ﬁearly ven-
tical faults which cut the vein at small angles. The ore was
taken from a drift 100 feet long and from a small stope. About

70 tons of ore are believed to remain above the drift level,
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Mpure 62,--Plan and projection of workings, Tres Amigos vein,
Other workings on the Tres Amigos vein consist of three
drifts, 100 feet or less in length, a small open stope, and two

prospect shafts, 20 and 26 feet deep.
Black Hill

The south vein in Black H1ll (see fig. 63) has ylelded about
200 tons of ore from a drift 75 feet long, a stope 28 feet high,
and an open cut 43 feet long, The stope follows a zone 3-12
feet wide containing abundant fragments of andesite in a m;x-

ture of altered andesite and soft, brownish manganese oxides.
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The fragments are 8 inches or less in diameter, and much kaolin- ’
ized. Conslderable psilomelane is present in the drift and in
the open cut above. A composite chip sample g/taken at three
places in the drift, across an average width of 18 inches, gave

38,7 percent manganese,

~N
~ A
Open cut
-3 good ore

Lean ore across face

PROJECTION
EXPLANATION

v =] [s]

Psilomelane Fault breccia on wall Post-ore faults Location of

lenses impregnated with showing dip sample
manganess oxides
2? ' A1 'l A ol 2‘5 Feet

Plgure 63,-~Plan and projection of workings, south vein on Black Hill.
The upper drift on the north vein in Black Hill encountered
the bottom of & small body of high-grade psilomelane ore, which
was stoped to an open cut 17 feet above. About 20 tox;ls was
removed, and 10 tons is believed to remaih'. Anothef drift on
the same vein, 80 feet long and 47 feet lower, revealed slight

mineralization but no ore.

6/ Collected by U. S, Geol, Survey; enalysis furnished by Bureau of Mines,
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