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Plate 4, b. Part of the workings of the Michigan Sulphur and Oil 
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Sulphur and Oil Co.'s property. Rustler Hills in the background. 
GYPsite covering in the foreground. OPP. p. 46. 
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Plate 7. Banded gypsum at the entrance of the incline on the east 
side of the west hill. Grant Mines Property. Opp. p. 52. 

Plate 8, a. Cliff on Delaware Creek, about one mile east of Delaware 
Springs. May represent the transition beds between thel Delaware 
and the Castile Formation. .Alternating limy and shaly beds down 
to yellow sandstone at the water's edge. There are some 20 feet 
of finely banded limestone at the toP. OpP. p. 62. 
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shows in the foreground. Opp. p. 62. 

Plate 9. Map showing loca1tions of the Rustler Springs Sulphur 
deposits. Next cover. 

Figure 1. Sketch map of the Michigan Sulphur and Oil Company's 
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FOREWORD. 

Early in 1916, as a result of war conditions and the increased' 
demand and higher price obtained for sulphur, the well-known 
but neglected sulphur deposits of 'Vest Texas attracted the atten­
tion of promoters and com:iderable activity was aroused in their 
development. Many promotion companies were organized, 
mainly in the NOJ·th, and mnch stock was offered for sale both 
in northern states and in Texas. Inquiries regarding the depos­
its and the probability of their commercial development were 
received in thiR Bureau in such increasing numbers that it 
seemed desirable that. the Burean should make a detailed inves­
tigntion of the situation in Oulberson county and the adjoining 
region, and give to the publie, in the form of a report from this 
office, some reliable informatiolJ regal'ding the possibilities of 
t.he sulphur deposit.s t.here. 

In aceordance with tIlis de:,;ire, Dr. Emil Bose and Mr. E. L. 
Porch, Jr., geologists of this Bureau, were sent out early in 
November to make the necessary investigation. After having 
100ked over the field and advised wit.h Mr. Porch as to the 
work to be done, Dr. Bose, according to plans agreed upon, 
returned to Austin and the work was left in the hands of Mr. 
Porch,. who remained in the sulphur distri.ct until the latter part 
of December. Mr. Porch made 11 careful examination of as 
much of the ficld as the time· would allow. The results of his 
work are pl'el'>entcd in his cal'elully prepared report, which is 
herewith presented. 

Taking a general view of the many and detailed descriptions 
given by Mr. Porch of t.he physical conditions indicated by the 
occurrence of the sulphur itself, and judging by his descriptions 
of the different materials in which the sulphur is contained, one 
would appear to be justified in supposing that the original source 
of the sulphur is to be looked for at considerable depth in the 
underlying sediments and is most probably t.o be found in deep­
lying Permian and Pennsylvanian shales containing iron pyrite 
and plentiful organic matter, undergoing slow heating, either 
from imperceptible tectonic movements or possibly from the ex­
istence of intrusive materials not yet cooled to the temperature-
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of the rocks into which they have been forced. Owing to sueh 
existing temperature at depth, hydrogen sulphide and no doubt 
also other gases, are·, perlHll'S, slowly migrating through the 
overlying rocks up to the surface and arc quietly and slowly 
escaping at a great number of places in the region. It would 
be natural that gas escaping in this manner should follow the 
most pervious places in the underlying rocks. It would also 
be natural {hat accumulations of sulphur in the surface ma­
terial should be found to be generally dispersed surficially and 
that they should be found ncar the most pervious passages in 
the greatest abundance. 'rhe sulphnr in the surface materials 
and in such" chimneys" would represent that part of the escap­
ing gases whiCh has been oxidized and reduced before escaping 
into the atmosphere. The differences in the color of the mate­
rials in which the sulpll1lr is now l1cld apparently arc due to 
atmospheric reactions of oxidation and weathering. 'rhe ,dark­
est matrix, mmally lying deepest, as is so clearly sot forth by 
Mr. Porch in his descriptions, probably owes its dark color to 
the presence of organic material or to finely disseminated iron 
sulphirle, formed by the escaping gas. The brown and reddish 
matrix, which is fOllnd commingled with the darker material, 
but which in general overlies the latter, probably owes its coloI' 
to the oxidation of the iron sulphide present in the dark under­
lying material, and is merely a changed condition of this ma­
terial, caused by the more ready access of the atmosphere to 
its uppermost zone. Tho gypsite, which forms the surface ma­
terial, is no doubt a true mantle rock distributed by the agency 
of wind and water, being a mixture not only of transported 
material on the surfac0, but also of disintegrated brown and 
dark sulphur matrix in place, and of precipitates from the 
evaporation of ~round moisture, usually ~mown as caliche. 

If we take this view of the origin of these sulphur deposits 
We have a ready explanation of the quite general distribution 
of the sulphur in the surface materials. We can also expect that 
while the surficial material may be found to contain some 
sulphur almost evorywlwre, more or less snlphlll' will also be 
found extending down to considerable depths in places where' 
the rock has been sufficiently porous to afford ready eRcape of 
the gases. This deeper sulphur' would form what have been 



/ 

The RusUer Springs Su~phur Deposits 9 

\ called in other parts of the world, sulphur chimneys, and some 
such deposits should also be expected to exist in this field, 
although 'explorations up to this time may not have demonstrate( 
their presence. 

Austin, Texas. 
May, 1917. 

\ 

, \ 

J. A. UDDEN. 

) 



IN'I'RODUOTION. 

'rhe sulphur drposiis considered in this bulletin are located, 
with three exceptions in the northeastern part of Culberson 
Oounty, formerly part of EI Paso Oounty; the exceptions 
noted being in Reeves Oounty, about sixteen miles northwest 
of Toyah. All of the other deposits lie in the area induded 
between latitude 3]°_30' to 32°, and longitude 1040 to 104°-
30'. Their distances from o rIa, the nearest railroad station on 
the Pecos Valley and Northeastern Railroad, which is about 
forty-one miles northwest of Pecos, vary from fifteen to forty­
five miles, by automobile road. From Oarlsbad, New Mexico, 
it is fifty miles to the nearest sulphur deposit. 

The existence of sulphur in this section 'has heen known since 
1854, when it was noticed in the bed of Delawnrc Oreek, by 
William P. Blake, geologist for an expedition sent out by the 
United States War Depariment under the command of Oapt. 
John Pope. 

A sample taken at the. Delaware Springs contained 18.28 per 
cent. of free sulphur and samples of water from the springs 
were found to contain, among other things, considerable sodinm 
sulphide. * 

Dr. Geo. G. Shumard, under date of Sept. 25, 1855, in "A 
Partial Report on the Geolog'y of West Texas," Part II, Ohapter 
V, p. 92, mentions the spring at the head of Delaware Oreek as 
containing much hydrogen sulphide. In a paper by W. von 
Streeruwitz, on "Geology of 'rrans-Pecos 'rexas; Preliminary 
Statement," First Ann. Report, Geological Survey of rrexas, 
1889, p. 226, sulphur is mentioned as among the list of minerals 
noted in this region. 

In the Third Annual Report of the Geological Survey of 
rrexas, ]891, VV. F. Oummins stateR on page 165 of "A llcport 
on the Geography, Topography, and Geology of the Llano Esta­
cado or Staked Plains" that while camped at Oastile Spring, 
they spent two clays in search of a reported hed of sulphur, hut 

*Explorat!ons and Surveys for a Railroad Route from the Mississippi River 
to the Pacific Ocean. U. S. War Pepartment, 1853-4, Vol. II, cited in Uni­
versity of Texas l\i[inel'ay Survey, Bulletin No.2; Report of Progress for 
1901. Sulphur, Oil, and Quicksilver in Trans-Peeos T'exas, pp. 27-42. 
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were unable to locate same. On page 212, he speaks of a spring, 
highly impregnated with sulphur, and containing hydrogen 0;111-

phide, at the head of Delaware Creek. On page 221, he speaks 
of the flowing well at Toyah, 834 feet deep, which is reported 
as yielding water impregnated with sulphur and common salt. 

Prior to 1896, reports were made on this district by Dr. 
Eugeuc A. Smith, Director of the Alabama Geological Survey, 
and by Mr. John K Rothwell of Denver, ColOl'ado, Dr. Smith 
wrote a short account of some of the deposits for" Science." 
This ~vas published in Vol. In of that journal, No. 70, :lVIay 
1, 1896. 

'rho whole sulphur situation, in so far as it was known up to 
that time, wa" well summarized by Dr. Vvm. B. Phillips in the 
University of 'rexas JYlinCl'al Survey Bnlletin No.2, "Rcport of 
Progress fol' 1901; Sulphm, Oil and Quicksilver in '1'rans-Pecos 
'1'exas," pages 27-42. This report, unfortunately, has been out 
0[' print 1'01' a number of years. It contains the article written 
by Dr. Smith, for" Science," and also a report on the whole 
area, prepared especially for the Mineral Survey by Mr. K M. 

·Skeats of EI Paso, Texas. Mr. Skeats was the first to notice 
the presence of free sulphuric acid in the waters of this region. 

In 1903, Mr. Geo. B. Richardson, of the United States Geo­
logical Smvey, acting in co-opel'ation with the University of 
'rexas Mineral Survcy, did some 'work on these deposits in con­
nection with the general geologic mapping of this region, '1'ho 
results of his work were published in the Ul1iverRity of Texas 
Mineral Survey Bulletin No.9, November, 1904, "Rcport of a 
Reconnaissance in Trans-Pecos 'l'exas,' North of the Texas and 
Pacific Rnilway," pages 68-71, by Geo. Burl' Richardson. 

In the Manufacturers' Record, of Baltimore, Md., December 
7, 1916, there appeared an article on "The Sulphur Situation in 
Culberson County," by Dr. Wm. B. Phillips. 

In addition to the reports above emunerateu, a number of pri­
vate reports have been made on this district. Several of these 
have also been eonsulted in the preparation of this paper. 

The Present Study. 

I In all, about five and a half weeks were spent in exami.ning 
this district for the present report. 'ehis work was done in the 
fall of 191.6. All of the deposits where work was being done, or 
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whOle considerable work had been done in the past, wel'(~ studied 
in deLail, and all other sulphur oecurrences that could be located 
wero visited and examined. 

The deJlosiis were examiued 'with special reference to their 
physical characteristics, and to their geologic relations, and 
notes were taken on their relations to structure wherever this 
could be ascertained. 

Samples were taken from the variou.s deposits, with the view 
of securing some general information on the sulphur content of 
the deposits examined. 

The desirability of figuring tonnages where much work had 
bp.en done was considered, but it was found impracticable. on 
account of insufficient development, to accomplish any results of 
value in this direction. 

All points that might have any bearing on the possible origin 
of the sulphur were also carefully looked into, and considered. 
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The whole sulphur area is a plain sloping gently to the east, 
with the Rustler Hills, which trend slightly northeast-southwest, 
rising some two hundred and fifty feet above the general level 
of the gypsum plain on the west and the gypsum and alluvial 
fiats on the east. The area is thus divided into three unequal 
parts; a larger relatively fiat plain on the west, a hilly central 
belt, and a smaller part of flat plain to the east, 'eha term 
"plain" must be considered advisedly, for we find the land to 
have many low hills, mesas, and draws, or drainage channels. 
Some scattered hills in the western side of the area are as high 
as, or higher than, the main RusHer Hills. 

'The beds exposed in the area under consideration belong to 
the following geologic divisions, starting with the youngest: 

System Epoch 
Quaternary 

Cretaccons Comanchean 
Permo-carboniferous 

or Permian 
Permo-carboniferous 

Stnwt1tre. 

Series 
Hecent 
Pleistocene 

Rustler Formation 
Castile Formation 
Delaware Formation 

A consideration of the three lowest and most important forma­
tions ontcropping in this area shows that tho general structure 
is that of a monocline dipping gently to the northeast. Within 
this monocline, however, there are ma.ny local variations of dip 
forming appareJltly small and irregular anticlines, synclines, 
and domes in many places. 

'l'hese secondary structures are nsually small, and seem to be 
confined to the Castile and Hustler :B'ormations, as the Delavvare 
Formation, where observed, has quite a uniform and persist­
ent dip. 

It is believed that the majority of these structures is caused 
by lora] effects, probably by slumping of the upper beds, due 
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to the solution of the supporting gypsum beds below, or to the 
crumpling of the beds due to the swelling of the und·erlying 
anhydrite as it is converted to gypsum. However, it is impos­
sible to say without a much more detailefl study, whether some 
of these structures may not be due to real earth movements. 

Deep Explorations. 

The underlying rocks in this region are known only from 
some well records and from examinations which have been made 
of cuttings from two deep borings. Dr. J. A. Udden has pub­
lished descriptions of cuttings from 'l'roxcl 'V ell No.1, some 400 
feet deep. These desdriptions show the presence of gypsum, 
and of "red beds" at several depths down to the bottom of the 
boring.'r" In some of these samples, many foraminifera of de­
cidedly Cretaceol1s aspeet were noted. Dr. Udden h:1S suggested 
that thesc may represent fillingR of Comanchean material in 
caverns in the Permian Rtratn of limestone nnd gypsum. The 
Rctual existence of these fos"il" has lately been corroborated by 
their occurrence also in the muc11 deeper Troxel 'V ell No.2, 
drilled ncar the first well, as will be seen in the deflcriptions 
below. In this well the foraminifera were found about 400 feet 
below their place in the nrst well. 

DESCRIPTION OF SAMPLES FROM TROXEL WELL NO.2. 

Rustler Springs, Culberson County, Texas. Located near the south line 
of Section 21, Bloclt 110, Public School Lands, close to Troxel 

No.1. Drilled in 1915. Descriptions by E. L. 
Porch, Jr., and J. A. Udden. 

Feet 
Red sandy clay................................................ 85 
Greenish gray clay and some red clay. Some fragments of gray, 

compact dolomite ........................................... 150 
Dark gray and brownish gray limestone of very compact texture. 

Gypsum, quartz grains, fragments of chert and other quartz, and 
pyrite noted ................................•............... 235 

Gray dolomite of very fine texture. Pyrite, gypsum, rounded clear 
quartz grains and quartz crystals noted. . . . . . . . . . . . . . . . . . . . . . .. 240 

*Am. J01;tr. Sci., Vol. XL, August, 1915. The Age of the Castile Gypsum 
and the Rustler Springs Formation, by J. A Udden. 
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Feet 
Dark gray dolomite of fine texture. Effervescence in acid is ex· 

tremely slow. With this is some marl. Fragments of gypsum, 
many. There are some rounded grains of quartz and some 
quartz crystals. Much pyrite. No bituminous fumes noted .... 250 

Gray and brownish gray dolomite of fine texture. Considerable 
pyrite noted. Many rounded saud grains of clear quartz 
noted. There are also crystals of quartz. Label says: "Bot· 
tom of Unle". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 250 

White gypsum, of moderately coarse crystalline texture. The sam· 
pIe contains some double pyramidal crystals of quartz, the largo 
est 0.75 mm. in length ....................................... 255 

Mostly gypsum, with some anhydrite, white and gray, mostly mod· 
erately coarsely crystalline ................................... 350 

Mostly gray and brownish dark' gr~y dolomite of fine compact 
texture. In thin section it is seen to contain some anhydrite 
and is impregnated with pyrite, which occurs in exceedingly fine 
particles. The sample contains coarse rounded quartz sand and 
fragments of quartz pebbles. Much anhydrite present. ....... , 405 

Compact gray dolomite and white anhydrite. Bright yellow pyrite 
noted ....................................................... 4GO 

Anyhdrite and gray compact dolomite. Bright yellow pyrite and 
fragments of quartz noted ................................. 500 

White and gray anhydrite ...................................... 515 
White anhydrite, with some rounded quartz sand grains. Pyrite 

noted ....................................................... 540 
White anhydrite .............................................. 545 
White and gray anhydrite, some quartz sand, fragments of gray 

flint, crystals of gypsum, and pyrite ....................... 5GO·5:J5 
Anhydrite with some sand, some pyrite, and considerable cheri, 

which seems to have been in the [arm of pebbles. Most of the 
chert is dark ............................................. 55ii-560 

White anhydrite. Some flint present ........................... 600 
White and gray anhydrite. Some quartz, some pyrite, and some 

flint present ................................................ 625 
White anhydrite, with a few particles of calcareous material. . . .. 6::\0 
Gray dolomitic limestone centaining pyrite, anhydrite and sand ... 630 
Light gray dolomitic limestone containing anhydrite, pyrite and 

sand. Another sample consists of anhydrite ................. , 650 
Light gray anhydrite containing sand, pyrite, and a blaek mineral. 

Gave off a faint odor of bitumen when heated. An Endothyra 
was noted .................................•................ 680 

• Anhydrite containing a little sand .............................. 715 
Anhydrite containing eonsiderahle ealcareous material and some 

sand. On heating, a faint odor of bitumen was given off and a 
little sulphur deposited in the tube. Label says: "Gas"........ 735 
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Gray sandy limestone containing pyrite, fragments of pebbles of 
gray and dark chert, and gypsum. Endothyra noted, Gave off 

Feet 

the odor of bitumen on heating .. , ..... , , , , , . , .. , , . , .. , , , , , , .. 740 
Gray limestone containing chert, anhydrite, sand and pyrites. On 

heating, gave off faint odor of bitumen, and a little sulphur was 
deposited in the tube, Endothyra and Textularia noted, Label 
says: "Some gas" .. , ... , ., . , ... , , , ....... , ..... , , ,. , , . , , . , .. 745 

Gray limestone containing sand, most of which is below % mm. 
in diameter. Chert., anhydrite, and pyrite. On heating, a little 
oil distilled off .. , ... , .. , , , , , .... , , .... , , . , , , .. , ...... , , . . . . .. 757 

Light gray dolomitic limestone containing sand, fragments of chert 
pebbles, pyrite and anhydrite. Gave off odor of bitumen on be-
ing heated ", ..... , ....... " .... ",', ... " .... , .. ,', ... ,".. 795 

Gray anhydrite, quartz sand, some calcareous material, and some 
dark chert grains, . , , ... , , , , ... , , , , , , ... , , , , .... , , , .. , .. , , , .. 800 

Anhydrite, white, gray and yellow .... , , .............. , . . . . . . . . .. 810 
Anhydrite, and very dark limestone, ....... , , ..... : . . . . . . . . . . . .. 822 

Mostly white and gray anhydrite. Some very dark limestone, some 
, sand and some fragments of greenish shaly rock, .. , , , , , . , , , ... 828 
Yellowish and dark limestone with sand and very fin!'! gravel. 

Pyrite and anhydrite noted. SOme foraminifera like a Textularia 
with perforate walls was observed, and an Anomalina, well 
preserved ... , .... ,.,', ...... , ...... , ........ " .. ,"", ... ,., 837 

Limestone and anhydrite, both in very dark and in very light. gray 
shades, Some sand present. Foraminifera of the types of 
Globigerina and Textularia quite common, , . , ... , , , , .. , .. , , .. 843 

Dark gra'y and brown lime rock, some black chert, saud, and 
some anhydrite, Pyrite not.ed" ... ,", .... ,., .... ,", .... " .. 843? 

White and dark anhydrite and some limestone. Sand and pyrite 
noted. Textularia present .. , , ...... , "" ...... , ........ , . , , , " 850 

Anhydrite, mostly white, and some dolomite, Globigerina, Textu-
laria and a foraminifer like Anomalina noted, , ..... , .. , .. , , , ,. 857 

Like the preceding. Pyrite noted ..... , ........... , ....... ,., .. 857 
Light gray limestone containing chert, sand, pyrite and consider-

able anhydrite. Gave off the odor of bitumen on being heated. 
Endothyra noted, Label says: "Littlc gas and oil" .. , .. , , , , 940·943 

Anhydrite containing calcareous material and a little sand. Som8 
sulphur was deposited in the tube on heating ........ , .... , , ... 1030 

Light gray limestone containing anhydrite, and pyrite. Upon be­
ing heated, a little sulphur was devosited in the t.uhe, and a 
faint odor of bitumen was given off.' An EndoLhyra was not.ed. 
Label says: "Gas and little oil", , ...... , ....... , , , , .... , .1152-1154 

Gray dolomitic limestone containing considerable sand" most of 
which is below lh 111m, in diameter, and a black mineral, prob­
ably chert. Some oil was distilled off, on the material being 
heated .. "" ....... , .... ,",., .. " ... , .. ,.,., .... " ......... 1449 
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Dark gray limestone containing anhydrite, pyrite, sand, and a blade 
mineral. probably chert. Considerable oil was distilled off Oll 

17 

1<~eet 

heating the materiaL ............................. , .......... 1942 
Gray cherty limestone containing sand and anhydrite. Some oil 

was distilled off on heating the material, .... , ................. 19:;6 
Gray, argillaceous, dolomitic sandstone containing a considerable 

quantity of black mineral, probably chert. Most of the sand is 
below Va mm. in size. Considerable oil was distilled off on heat-
ing the materiaL ......................................... , .. 1962 

Gray, dolomitic limestone containing black fragments (probably 
carbonaceous material), pyrite, sand, chert and anhydrite. A 
little oil distilled off on heating ..................... : ........ 1982 

Gray sandy marl containing pyrite and a black mineral. Consid-
erable oil was distilled off on heating .......................... 1988 

Gray limestone containing considerable chert and sand. Some oil 
distilled off on heating' ......................... , ............. 1994 

Dolomitic limestone contnining pyrite nnd a blacle mineral. Most 
of the sand is below lis mm, in diameter. Gave off a little oil 
on heating ................................................ ,. 2006 

Sandy dolomite containing pyrite. Considerahle oil distilled off 
on heating ........................................ , ......... 2010 

Sand and clay containing a black mineral, probably chert, a little 
pyrite, and very little calcareous material. Gave off considerable 
oil on heating. Most of the sand is below lis mm. in diameter. 
An Endothyra (?) was noted ..... , ....... , .................... 2018 

Brown limestone containing pyrite, anbydrite and sand. Some 
sulphur was deposited in the tube upon heating, , ...... , , ..... 2028 

Brown limestone, containing some considerable sand, most of it 
below Va mm. in diameier, and a little chert. On heatin>;', it 
gave off the odor of bit umen. An Endothyra ('!) was noted, , .. 2035 

Argillaceous dolomitic sandstone containing anhydrite and pyrite. 
The majority of the sand grains are smaller than Va mm. Some 
oil was distilled off on heating ............................... 2041 

Gray, argillaceous, dolomitic sandstone, containing a blacl, min-
eral, probably chert. Some oil was given off on heating ....... 2045 

Gray, sandy, dolomitic limestone, containing a little anhydrite, 
pyrite and bitumen. A little oil was distilled off on heating. 
Water at 2045 feet. ............ " .................... , ....... 2052 

Gray, calcareous sandstone containing cheri, pyrites, and a green 
mineral. Most of the sand is below Va mm. Endothyra was 
noted. Some oil was distilled off on heating ... , , ...... , , ...... 2066 

Gray, sandy dolomitic limestone containing pyrite, cheri, and a 
little anhydrite. Gave off odor of bitumen on heating ...... " 2138 

Gray, sandy limestone. Most of tile sand is below Va mm. Some 
oil distilleli off on heating ........ , ...... , ....... , ............ 2190 
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Feet 
Blue-gray, sandy, dolomitic limestone; a little oil distilled off 

on heating .................................................. 2197 
Gray limestone containing some sand, most of which is below 

lis mm. in diameter. Some oil was distilled on heating ....... 2204 
Gray, sandy, dolomitic limestone containing a little chert (?). Gave 

off a slight odor of bitumen on heating ....................... 2230 
Gray, dolomitic limestone containing considerable sand, most of 

which is below % mm. in diameter, and a black mineral, frag-
mentary ........•........................................... 2236 

'rhe deepest exploration in the region is the Hllling-HoRs Well 
No.1 on the west half of Section 16, Block 59, in Heeves County. 
This extends to a depth of 4100 feet. In this boring, shale, 
gypsum, sand, some limestone, and red clay are reported from 
the nppermoRt thousand feet, and gYPRum, "nld heds" and sand 
an) reported for the next thousand feet. 'Phc beds below this 
arc known fl'om I-;nm[lles and their chal'acter has been summar· 
izec1 as below:'" 

"'Twen1:,v-three sample" represcnting the rockH penetrated 
from 2000 to 3000 f(oBt below thB surface, com:ist of an hydritB, 
in the main, intimately associated vvith more or le,<;s dolomite, 
and having mostly a thinly laminated structure, snch as is seBn 
in parts of the Gmldalnpian formation. Some fragments showed 
that this rock has in places been brecciated. 

"At 2700 feet there is some nearly pure dolomite. Near 2800 
feet there is a gray limestonB containing some foraminifera :md 
fragments 01 small shells and other fossils. In this part of the 
section the rock is otherwise uniform in character. Below this 
depth the samples from 3050 to 4115 feet consist of a rock which 
may be cle,;;eriiJed as dolomite cont:tining more or less fine sand, 
silt and clayey material. The range of variation in the compo· 
sition of 1his rock is from neady pure dolomite, containing only 
a small amount of siliceons material, to pure sand, as at 3100, 
3150, 3400, and 3;:;00 feet below the" surface. At variou:,: depths, 
this rock has been impregnatBd with mnch hituminolls material, 
so as to be black. Much of the other sandy dolomite is to a less 
degree impregnated with hydl'ocarbons, so that nearly all the 
samples from this part of the well will yield bituminous fumes 
and even drops of oil w 11 ell hB<1 ted in a closed tube. 

"A mixed sample of this black rock taken from five dilTerent 

"'Bulletin of the TJnivCl sHy ot T~xas) BUr8R.ll uf JiJconornic G8ology and 
Technology, No. 17, Malch 20,1915. Potash in tho Texas Permian, by J. A. 
Udden, pp. 46, 47. 
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depths was distilled to determine the hydrocarbon content, It 
was found to eontain 14.2 per eent. of volatile eombustible hydr'o­
earbons, This ineludes an amount of oil equivalent to 2,4 gallons 
per ton of the roek." 

The lower part of this boring undoubtedly extends a consider­
able distance into the Delaware formation. 

The Delaware Fonnalion. 

The age of the Delaware Mountain beds is lmoym to be lower 
and upper Permo-Carboniferous, They were not examined in 
any great detail for this investigation, JURt enough work having 
been clone to try to dciermine, if possibl e, their relation to the 
overlying gypsum bed.;;, The area eXDlllined lies just north and 
south of the Delawal'e Crcek. As seen here, the beds are pre­
dominanlly mmdstone, usually somewhat caleal'eous. Near the 
top there are occasional layers of shales and limestones, some of 
the shale being very much indurated ane! highly carbonaeeons. 

]"1'om the Delaware Mountains to the gypsum plains, the 
eountl''y is gentl,V rolling, with many hills scattered here and 
there, some of them flat-topped, clue to a capping of limestone, 
or pel'haps exhibiting what appears to be the typical form 01' 
erosion hills of the Delaware Formation where a hard capping 
is Jacking: fairly well-l'ounded hills with steep sides, with occa­
sional vertical cliffs where more massive oj' more I'eRistant b(~ds 
happen to be. Some 01 the hills al'e fair examples of wind­
carving. 

)\t a point some one mile ea,st of Delaware Springs, a diEf 
on the Delaware Creek, neady a hnndrpcl feet high, shows 'what 
is either the topmost beds 01 the Del:nvare or the lowest beds 
of the Castile Formation, Plate 8a, There are about twenty 
feet of thin-banded bitnminous limcstone, cavernous in places. 
Below tllis, down to a few feet above the wate1' level, there are 
alternating beds of impure lime::;tone ,md shale, some of the 
shales about in the middle of the section being sornewhat pur­
plish red in color, As a rule, th e shaly layers ha ve re~istecl 

erosion less than the limestone and are eut in deeper than this, 
leaving the top layers as an overhanging eliff in places. 

A yellowish, rather fine-grained, sandstone begins a few feet 
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auove the water level. '1'his is like a great part of the sandstone 
noted in the Dclrllvarc. This sandstone, irnced up tIl() river, 
varies from thin-bedded to massive, and is characteri7:ed hy 
muny nodules. These wO.1'e originally 'pyrite, but are noW 
weathered, where exposed, to limonite, although usually show­
ing some pyrite'in the center when broken into. 

In Decembcl', 1916, the uppermost flo'wing water in the Dela­
wal'e Cepek was a small sulphur spring auout ono mile oast of 
where the country road CI'osses the river. '1'hi8 water contains 
sulphur in a finely divided state, und issnes at or near the con­
tact between a dark blue indurated carbon Hceous shale and an 
overlying sandsi one. Several hundred leet of this formation 
occllr 111 the lower pal't of Troxel's well No.2. 

From the exposures secn 'it was impossible to tell positively 
whether the Castile Formation lies conformably 01' unconform~ 

ably on the Delawal'c, Imt they appear conformable. Geo. B. 
HidHIl'dson thinks that the tvvo formations are unconformable.* 

Castile }i'oTJuation. 

Ahhollgh the gl'e~l1el' part or it is covered with gypsite or 
gypsifel'ous soil, this formation as exposed may bo roughly di­
vided illto 1,,,'1'0 hells, an eastern and a western. The western 
belt is c:hmacterizeu by thin-banded gypsum, folded and con­
totted, and by gypsnm hills, capped by mo)'c resistant laycrs of 
finely laminated bituminous limestone. Theso hills somdimes 
contain a limestone core.:: '::' vVhite massive gypsnm also o,ccm's 
here. rrhe eastel'n section is clJal'acterized by massive beds of 
white gypsum, while some of the" red beds" exposed east of the 
Rustler Hills may probably be indudl'd her<', as in places there 
is typical Castile both belo'w and alJOve them. rrhe Castile Form­
ation probably reaches a thickness of approximately 2000 feet 
in the lIuling-Hoss Well No.1, while in the Troxel Wcll No.2 
the thickness is pI oua hly between 1500 an cl 1800 leeL. 

In expOSl11'('~, the ~YPSUlll is vcry mlV(~l'nOUS, and it is impos-

"The University of 'l'exa.s Mine!a! Survey, Bulletin No.9, November, ID04; 
Report of a Reconnaissance in Trans-Pecos Texas, north uf\the Texas and 
Pacific Hailwa.y, by G. B. Hkha.rdson; IHLgC 43. 

I 'See description of tho Grant 1'1 opel ty. 
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a l\1avcrick SpringR, looking northeast. ]iJrosion extending into the Castile 
Formation. Red beet matenals show on both sides of this draw, the 
small hill in the foreground b,,:ng partly composed of this material. 

b. Characteristically weathered and cavernous dolomite (Hustler'!) in the 
Virginia Draw near the Dot PIOSpcct. The hill ip the background is 
covered with gypsite. 
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n. D ip of t he b ed loek (!J1ne~ tone 0 .. limy dol o JlliLe) in til" Vng ima Draw, 
near t ho Dot Prosp ect. Ban k abo,e ("apiled by gyp~ite. Loolnn g we~t. 
nll~ tle .. hills in tll e c11~tanee. 

b. Gy psum bed~ changing UPWUI a Into gypsile in the '\Til giniu.. Draw HeRr 
the Dot Pr08pect. T h" g YPbum beds alO very mu ch blo\,en up. 
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sible to work out any real structure in it. In places, it looks as 
if it had been derived from limestone. Some sulphur occurs in 
the solid gypsum, but it has not been found in any considerable 
quantity, the most sulphur being in material of a later age. 

B1tsiZer Ponnation. 

The Rustler Hills in this area run practically from north to 
south, and form a wide and low dissected ridge, being cut 
through by many draws, running both east-west and north­
south. rrhese leave anum bel' of isolated hills and ridges by 
reaSOn of having- cut down through the Rustler to the underly­
ing gypsum. The greatest aggregate width of the exposed belt 
of the RU'ltler Formation is some sevml or eight miles. 

The greatest thiekness of this formation appears to he 
less than 250 feet. It consists typically of a brown gray 
dolomite or dolomitic limestone, containing, as seen at the 
extreme eastern and western exposures, east and west of thc 
Michigan prop'erty, slIlall white, button-like, ealcareolls nodules 
or inclusions, and a peculiar circular pitting', very uniform, the 
small holes sometimes being filled with calcal'eons material. On 
the hills overlooking the Michig'an property, there were noti.(~ed 
many weathered blocks of what waR apparently ordinary dolo­
mite, yet seeming to contain a large number of angular frag­
ments or dolomitic breccias. East of Troxel's well, this forma­
tion contains some beds of sandstone and eonglomel'ate, and 
?lso of pink dolomite. The pebbles of the eonglomerate are 
largely compoRed of flint, although an occasional one of dolom­
ite may be seen. In places, however, there is considerable dol­
omitic conglomerate. The flint pebbles appear identical with 
those now so wide-spread over this district, and it is very Ilk ely 
that these al'e derived from former extensions of the Hustler, 
both east and west, whi(~h have long since been removed. 

The Rustler in places is quite badly broken ·down, probably 
due to the slumping of the gypsum beneath. 

On the eastern side, in an area of about one square mile, dips 
were noticed varying from southeast to northwest, the general 
direction of the dips appearing to be to the northeast. In a 
distance of about one thousand feet east of Troxel's wen, start-
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ing near the well, dips having the following direetions wer e 
noted: east, south, west( n, east, almost south, and west (quite 
persistent), the last three occurring very close together. West 
of the well about five hundred feet there is a strong dip to the 
west. The Rustler is very thin at this point. 

From a study of t1le alternating beds in the logs of the two 
deep wells drilled in this district, it is believed that this forma­
tion may be a large lens, in and near the top of the Castile 
Gypsum, from which the overlying gypsum has been removed 
by erosion. 

Red Beds. 

Besides those beds described neal' Maverick Springs, some of 
which are in the gypsum, and some of possibly later origin, 
there is a patch of "red bed" material near the Toyah-Michigan 
road about twenty-seven miles from Toyah. It is not known 
just where this belongs, stratigraphically. 

There are no known beds of this age in the immediate vicinity 
of the sulphur deposits, in Culberson County, unless it be some 
of the conglomerates. Beds of this age occur just east of 
Cottvnwood Draw and neal' the I-Iuling-Ross deep well. Sev­
eral Comanchean grypheas were found in a conglomerate about 
two miles northeast of Toyah, showing the proximity of the 
Comanchean at the time this conglomerate was made. 

To this age belong'S most of the sur race cvvering east of the 
Rustler Hills, and probably most of the gypsite west of them. 
This is a gypsiferous material, resulting from the disintegration 
of the original formation. Within the area covered, these 
deposits consist of the gypsite mentioned, cvnglomeratic ma­
terial containing flint pebbles, clays, sands and some caliche. 
The flint and the dolomitic conglomerates may belong here or 
they may be older. The same may be said with regard to most 
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of the sulphur, for although some of this does occur in the un­
altered gypsum, it is present as a secondary ingrediwt. IVIost 
of it occurs in the altered and younger deposits. 

Both east and west of the Rustler I-Iills, there are many flInt 
pebbles mixed with the Oloil, plentiful enough in places to form 
local conglomerates. Some pebbles of volcanic material were 
noticed a few miles east of the Rustler Hills, but none was 
noticed west of them. rrhese pebbles were probably derived 
from the Davis Mountains. 

A pateh of stream bed or river conglomerate occurs in the 
bed of the Delaware Greek and in the small branehes running 
into this stream, about fonr miles caRt of Delaware Spring. 
This persists for about a quarter of a mile, and is probably 
recent in origin. It shows the characteristics of a ri vel' con­
glomerate, being very irregularly bedded, with lenses of poorly 
consolidated sand. It appears to be fairly resistant, anCl. is 
being cut into by tIle Delaware Creek. In one place a mush­
room-shaped rock was noticed. This conglomerate consists 
mainly of rounded pebbles of dark blue, fine-grained, hard, thin­
bedded limestone or dolomitic limestone, and consolidated sand, 
the cementing material being largely calcareous. Both pebbles 
and sand appeal' to be derived from the Delaware Mountain 
formation. One piece of the blue limestone noted had a cnp 
coral, and another piece, contained many ]'nsulina elongata ( n. 
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DESCRIprrIONS 01<' SULPHUR DBPOSI'l'S. 

Sulphur occurs in a number of localities in an oval krea ex­
tending from northwest to southeast~ as indicated on Plate 
9. This area has a length of about 46 miles and a width 
of about 22 miles. The bedrock C0nsists largely of the Castile 
gypsum formation. In the southeast end some of the Comanch­
ean outcrops are seen in close proximity to, if not directly un­
derlying, the sulphur. 

The larger part of the time spent in the field was given to a 
close examination of the individual sulphur dep0sits so far 
known from explorations which have been made at different 
times during the last thirty years. I shall here present de­
scriptions of these occurrences, beginning with the localities 
farthest southeast and proceeding' northwestward. 

Pit in Center of Section 34, Bloek 70.* 

This pit shows dark colored, porous and cavernous, soft rock, 
containing much finely crystalli7:ed selenite and a fair sprink­
ling of minutely crystallized sulphur deposited with the selemte. 
The material in the pit had a distinct disagreeable odor, sug­
gesting gaseous emanations. 

Pit in Sotdheasl Conler of Soction 13, Block 70.* 

An eight-foot pit, showing one and a half feet of surface soil; 
below this a pure white clay like deposit containing consider­
able gypsum, stained red with iron ill the bottom of the pit. 
On analysis this white clay-like 8U bstance showed considerable 
sulphur. (See p. 61 below.) 

The Johnson Prospect. 

This prospect represents, S0 far as is known, the east.erll limit 
of the sulphur deposits. It is located in Section 8, Block 59, 
Reeves County, and is about one and one-half miles northwest 

"Information on these two loeations was furnished by Dr. J. A. Ud(len. 



The Rustle}' Springs SnZp71!w Dcposds 

of the lluling-Ross deep well. There are a nllmber of wells, 
drilled for oil, on the east, so:utheast, and south of this property 
at distances varying from one-third to three-quarters of a mile. 
Several of these, shallow wells, have produced small quantities 
of a heavy oil. Oil is standing about thirty-five feet below the 
surface in two of these shallow wells located in the southwest 
corner of Section 9. 

Recent deposits resembling those found as a veneer over the 
Toyah basin, cover the surface in this vicinity. They consist 
of gravel, sand, gypsum, caliche and clay. '1'ho sulphur deposit 
is located in a depression, and the sulphur shows at the surface 
in many places. Two pits, each about ten feet deep, were put 
down on this property about a year and a half ago. At present, 
there are several feet of water standing in these pits, through 
which considerable gas is bubbling. I-iittle craters, perhaps a 
quarter inch in diameter, through which gas has bub hIed, were 
noted near one of the pits, and around these craters, thin layers 
of greenish-yellow substance, perhaps alum, had been formed. 
Fragments of brittle blue flint are present in some abundance. 

The sulphur has been deposited, along with considerable 
selenite, in small cavities and cracks. 'rhere are to be found 
several varieties of sulphur, such as a yellow variety, b0th 
amorphous and crystalline; an amorphous variety, at times 
showing conctmtric banded structure as if it had grown around 
a nucleus; and also a drab brown, irregularly thin-banded clay­
like sulphur, which is quite lustrous, when it is evenly cut. 

The containing rock 'is gypsum, containing silica. Some of 
this may have originally been limestone, now altered to gypsum 
by the action of sulphuric acid. In fact, the blue flint present 
may be the only part of the rock not affected by the acid, 

'l'he Kyle ProsJJcct. 

This property and the vicinity adjacent thereto represents 
the most northeasterly occurrence of sulphur in the district tlms 
far exploited. An area here is bounded on three sides by thl) 
Maverick, Virginia, and Salt Draws, and is elevated enough 
above the beds vf these draws to be locally termed a "dome", 
although it is likely that this so-called structure is merely due 
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to erosional effects and slumping, rather than to tectonic force:" 
'1'he Kyle is at the north end of this elevation, and is located in 
the northeast corner of Section 18, Block 45. It is about fifteen 
miles from Orla, and about thirty-five miles from Toyah. 

Around the Kyle, the surface is covered with allnvial gypsif­
erous soil or gypsite, with here and there a patch composed of 
fragments of the Rustler Formation, until about a mile west 
where the Rustler occurs in place. Red beds material in place, 
more or less mixed with the gypsiferous soil, occms as bands' 
from twenty to a hundred and twenty-five feet wide, following 
the drainage lines towards the draws, and seems to be wash 
material. Flint and quartz gravel is generally disseminated 
over the whole area, locally forming thin layers of conglomerate, 

Red beds outcrop in Hw banks of the Mavel'ick, Virginia, al1d 
Salt Draws, the thidmesses as exposed varying from 5 to 9 
feet. They arc (~oIllposed of red sandstone ilnd red clay, b0th 
containing white spots, disseminated throughout. These beds 
appear to be the uppermost part of the Castile gypsum. Their 
irregular nature is ~hovvn hy the fact, commnnicated by Dr. 
-Wm. 13. Phillips, that a well drilled iu the northeast corner of 
Section 1, Block 111, passed through forty-three aud a half 
feet of white-spotted red sandstone, and after passing through 
3 fed of massive white gypsum, under this, went 15 feet further 
in more red sandstoTIC". '1'he three feet- of massive ·white gypsum 
passed through contained a littlcc crystallized sulphur. At 
Maverick Springs inlVTaverick Draw, badJand topogrnphy is 
exhibited within a limited area, the heds being composed here 
of fairly hard red clay, containing the characteristic white­
spotting. 

On the east side of Virginia Draw, close to where it runs­
into Salt Draw, the seetion exposed from n0rth to south SllOWS 

the following beds: white Castile gypsum, dipping north; light 
gray massive limestone or dolomitic lim("stone, dipping east; 
gray gypsiferous sandstone, dipping south; and limestone 0[' 

dolomitic limestone, dipping s0uth. On the west side of the 
draw, there is an outcrop of white Castile gypsum, having a 
variable strike which is approximately N, 45° E., and a dip of 
about 20°, more or less, to the northwest. '1'here is a little red 
beds material on top of this gypsum. 
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The dips and strikes noted above seem to indicate that they 
represent the flanks of a local dome. Considerable work ha.s 
been done at the Kyle in the past, and at least two attempts 
were made to extract the sulphur from the rock. 'rhe remains 
of what was apparently a circular rock furnace, and a huge 
kettle with its accompanying stearn boiler, are still to be seen. 
The work done hel'e consists of an open cut, its greatest dimen­
sions being about 200 feet in length by 100 feet in breadth, and 
12 feet deep. There are also a numLer of scattered pits. 

The main exposure of sulphur-bearing material is in the south­
cenh'al patt of the open cut, where a face about 8 feet high is, 
exposed. This consists of siliceous, brown, porous, earthy, al­
though quite compact, material, containing many pebbles, grad­
ing into a gray-brown cOllglomerate in the highest part of the 
face. The conglomerate is quite hard and cOllsists of Hint 
pebbles cemented hy sulphur and siliceous material. Some of 
this is very rich. Small masses or boulders of gypsiJerous ma­
terial occnr in the tower pcut OL the exposure, no disseminated 
sulphur being noticed. in these. Imterally, the browu earthy 
material, carrying sulphur, hecomes in a short distance much 
lighter-colored; sulphur not showing in this part. Three kinc1s 
of sulphur were noted: a sulphur of a silvery or metallic II Istre, 
filling minute fractures or seams in the brown earthy material; 
a massive yellow sulphur, sometimes the color of sphalerite, and 
resin-like when broken, filling small cavities both in the brOvvn 
earthy material and in the eonglomel'ate, :IS impregnations, 
sometimes appearing to cement the pebbles in the conglomerate, 
and as incrustations at times an iueh or more thick; and a finely 
erystalli:6ed, lemon-yellow sulphur, erystalli7,ing in any open 
space on the containing ,material or on the amorphous sulphur. 
This crystallized sulpbur is Cluite generally distributed through­
out the darker portions of a brown, pOI'OUS, earthy material. 
'1'ho porous material, espeeially on being broken, gave off the 
odor of S02' very likely due to the oxidation of the sulphur by 
atmospheric oxygen. 

Two of the shallow pits nearby showed a little weathered 
sulphur occurring in porous gypsiferous material or gypsite. 

A pit put down by the West Texas Sulphur Company of 
Philadelphia, located about 200 yards northeast of the Kyle 
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open cut, showed some suJp}:lu1'. The pit is 18 feet <leep, I\nd 
was sunk in decomposed gypsiferous material, gray hrown to 
gray in color, and containing crystallized gypsum or seleniiB. 

A white and blue ehalky or talc-like material 011 the dump, 
apparently from near the bottom of the hole, contains a little 
greenish-yellow sulphur occurring in cracks with very finely 
crystallized selenite. Although this pit is located on an eleva­
tion there was some water standing in it. 

It was reported that a good showing of sulphur was encoun­
tered at 26 feet in a nearby pit. Drillings near here are re­
ported to have encounterd good showings of sulphur. 

East of here on the west side of Maverick Springs, there is a 
salt seep that has heen taken up as a sulphur claim. Incrusta­
tions of white to rusty brown colored salts arc now being de­
posited. The odor of hydrogen slliphide is apparent, and the 
water blackens steel in a very short time. No sulphur was 
noticed, although it is possible that some may be deposited along 
with the salts mentioned above. The nearby banks are cov­
ered with crystals of selenite, prQbably deposited by the waters 
draining into the draw. 

Open Gilt on Section U, Bloek 118. 

Northwest of the Kyle property, about two miles, and on the 
north side of Salt Draw, there is an occurrence of sulphnr in 
the form of bright yellow crystals assoeiai,ed with fl, small 
amount of selenite in massive gypsum. The quantity of sulphur 
appears to be very limited. Deeomposed red beds material out· 
crops just north of here. A stream of water, running through 
this draw, has deposited a quantity of selenite crystals below 
a small waterfall. 

The gypsum is cavernous and broken down on both sides of 
the draw but especially on the north side, where foJ' long dis­
tanees the gypsum is honey-combed on a large scale, some or 
the eaverns being quite large. and deep. 

Prospecting on Section 18, Block 113. 

Drilling 1'01' sulphur was being' conducted here by some 
parties. It was reported that they also intended to drill on 
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Sections 14, ::l3, and 24, in the same block. Sulphur is reported 
as heing on this section. 

Block .1.12. 

Samples have been examined of br0wn porous material con­
taining considerable sulphur, reported to have come from near 
the Culberson-Reeves county line. 

1'110 Do! Prospect. 

This property lies betvveen the Kyle and the Michigan, and 
is in the sonihwp::.;t cotner of Section 2 and the southeast corne'I' 
of Section 3, Block 111. It is located about 17 miles from Orill, 
on the south side of Virginia Draw. 

The formation here is ql1ite o;imilar to that around the" Kyle, 
except that dolomite or dolomitic limestone and conglomerate 
are more abundant. 

The Rnstler formation is practically continuous up to a point 
southeast of here, and a heavy exposure was noticed about lYJ 
miles east of here in the middle of Section 1, Block 111. 't'his 
is a dense gray dolomitic limestone, pitted with very peculial> 
circular holes, very regular in outline, somebmes filled with soH 
white to light"grllY calcareous material, perhaps standing out 
in the form of a button, and sometimes with calcite. The rust~T­
looking nodnlus of flint that arc q\litc (~haracteristic of the 
Rustler occnr here. '1'he beels dip west, just the opposite of 
the general dip of the main beels. 'I'his may be a natural dip 
with a syncline between this plnce and the l{nsUer Hills; it may 
be dne to a fault, or to incipient faulting caused hy the Slumping 
of the gypsum beds beneath, or to the expansion caused by the 
hydration of anhydrite. 

Several years ago some work wa.s done at the Dot, and there 
ate still to be seen several pits and cuts. One of the pits i~ 19 
feet deep, and the material on the dump, apparently taken tl'om 
the bottom of the pit, consists of badly decomposed gypsum, 
some of it iron-stained, containing some selenite and a little 
yellow sulphur. Nearby another small sulphur occurrence was 
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noted. Just southeast of the sulphur occurrences there Ilut­
crops in the gypsite a thin layer of dolomitic limestone, ap­
parently dipping to the southeast. 

Thin coatings of sulphur on gypsite or alluvial gypsum were 
notieed in two plaees in the Virginia Draw, just north of th~ 
Dot. Drillings near here are l'eported to have cneoulltereLl 
good showings of sulphnr. 

Near here, in the same draw, there is what appears to be 
three sides of the remains of a dome eomposed of dolomitic 
limestone and some flint; dolomitic secondary conglomerate, 
with the thin layer noticed at the Dot, possibly representing 
the fourth side of the dome. The rock composing this dome 
consists largely of gray brown, much-pitted or cavernous lime­
stone and dolomitie limestone, in plaees showing a netlvork of 
apparently secondary material in the cavities. This appear­
ance may have resulted from the partial dolomitization of the 
limestone or from the acid waters, as all of the drainage from 
the old Virginia runs this way; or probably from both these 
agencies. A similar material, less alter'ed, shows what are ap­
parently small cavities or eracks; due, perhaps, to the contrae­
tion ineident to the dolomitization of the limestone. Some of 
the very eavernous roek is evidently seeondary, as many quartz 
and flint pebbles are eontained in it. Small green streaks are 
also noticeable. These appear to he due to algae as the color­
ing material floats off when the underlying caleinm carhonate 
is dissolved out by dilute aeid. Minute growing mossy hands 
were also noted, dearly of vegetahle origin. 'l'hese may have 
influenced the depm:ition of the calcium carbonate over them. 
A short distanee to the west these heds beeome quite thin­
hedded and flaggy and soon plunge under the overlying forrri a-
tion. In plaees the limestone is crossed by small, nearly parallel 
fissures filled with banded gypsum, thcir strike bcing about 
N. 30° VV. The gypsum beds in the draw north of here are 
clipping to the northwest. On the east the sides 01 Virginia 
Draw consist of steep cliffs, espeeially on the north side, com­
posed of eavernous hroken down gypsum layers, and alluvial 
gypsum or gypsite. About one mile east of the DOL, red beds 
make their appearance on both sides 01 the Draw. 
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In the area under consideration there are many small cav­
-erns or sink holes in the gypsum, caused by solution. 

The Spann-lt"clch IIoldings. 

The east half, eighty acres, of the old Virginia (Cedars of 
Virginia) property is owned by Dallas people. It adjoins the 
Michigan Sulphur and Oil Company's property and lies in the 
northeast part of Section 16, Block 11l. ']'hcre are no outcrops 
here, the surface being quite level and entirely covered with a 
mantle of gypsiferous soil. The property is a half mile long by 
a quarter of a mile wide, and prospecting has been done by 
means of pits, seven to thirty feet deep, which are fairly well 
spaced. Their distances from the west line vary from one hun­
dred to seven hundred and thirty feet, and from the north line, 
from three hundred to sixteen hundred and forty feet. All 
measurements were furnished by Mr. P. W. Pelch. ']'here are 
fourteen of these pits, and sulphur is reported to have been 
found in all, except one which was not very deep. A fair sul­
phur showing was also strucl~ at a depth of about 3112 feet in 
,digging a camp cellar. Several of these pits were examined and 
may be descrihed as follows: 

Pit No.6, 1HlV2 feet from the west line and 521 feet from 
the north line, is 14 feet deep and shows brown friable gypsite 
containing small selenite crystals. Most of it is cong'lol11eratic, 
containing flint pebbles and altered pebbles and boulders. Some 
disseminated sulphur OCCUl'S in a two-foot band ncar the bot­
tom. It occurs in an altered, porous, conglomeratic material, 
containing much crystallized gypsum. 

Pit No.7, 210 feet from the west line, and 520 feet from the 
north line, is 10 feet deep. The first three feet from the top 
consist of gray brown gypsiferous earth and very porous grav­
elly gypsum, Below this is gray brown eonglomeratic material 
containing flint pebbles and pehbles and boulders of limestone 
altered to soft gypsite, up to several inches in diameter. This 
conglomerate is similar to that seen in Pit No.6, except that the 
conglomerate becomes dolomitic about two feet above the bot­
tom of the pit. At the bottom there is a black material con­
taining altered conglomerate in places, and this shows some 
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good sulphur. Sulphur also occurs in the gypsum just above, 
which is porons and altered, containing much crystalllzed 
gypsum. 

Pit No. 14, 6~J5 feet from the north line, is 7lj2 feet deep. 
The distance from the west line was not aseertained. Sulphur 
was struck at a depth of fom feet and continued to the bottom. 
The top foot and a haH consists of brown gypsiferous soil with 
white-gray patches, containing some pebhles. From here down,) 
there was brown gray, altered gypsiferous material, .conglom­
eratic with altered pebbles and flint, and containing consider­
able crystalli7.ed gypsum. The sulphur occurs as incrustations 
and crystals in cavities and er'eviees, and sometimes n l'OllJlcl the 
altered pebbles. 

Pit No.5, 100 feet fron1 tb(1 west line, and 770 feet from the 
north line, is 30 feet deep. This pit showed the follo~wing from 
above downward: 'l'op 8 feet, gypsiferolls soil; from 8 to 13 
feet below the sUl'faee, snlphuI' earryillg rock, containing in­
crustations and erystals of greenish-yellow sulphur, tllC lower 
part of which is quite dark, pl'obably due to the presence of 
organic matter, and also containing many altered pehbles and 
com;l,lcra ble crystallized gypsum; from 18 to 16 feet, eonglom­
erate; 19 to 20 feet, conglomerate; 20 to 2;j feet, earthy ('lny­
like material; 25 to ;,)0 feet, dark gray dolomitie conglomel'ate, 
containing pebbles varying in size from 'l'l- inch to 6 inchcs in 
diameter. 

Pit No.3, 355 feet from the west line, and 7G2 fe()i; from the 
north line, is 30 feet deep. ivY ark WilS stopped when the hard 
dolomitic conglomerate was eneouniered. An examinaiion of 
the dump of this pit showed the sulphur as yellow crystals a.nd 
inerLlstations, occurring in gray, altereel, gypsiEerous material, 
containing small flint pebbles; and in a very dark altered ma-
1e['ial, apparently largely reworked. According to M.r. F. W. 
]1eleh, there are several feet of eadl of these sulphur-bearing 
roeks. 

A flow of natural gas was eneountcred near the bottom of 
this pit (hydrogen sulphide was found in several of the other 
pits), in suffieient quantity to explode and hurn a man as he 
wns lighting fuses for blasting. 'rhis gas issues from a small 
cl'eviee, and is now walled off and cOl1duetecl through an open 
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pip(] to the surface. Sometime:s the gaR, when lighted, burn.s 
with a fiame REvel'al f(~et high, while at other times air is drawn 
into the pipe faRt enough to emit a faint whistling sound. In 
the table hclow (lrc g'iven certain observations on the flow of 
g;ll:) in this crtwice. 'l'hese were taken in the hope of securing 
some definite information on the relation of the gaR pressure to 
harometric conditions in the ntmosphe]'e. 

OfliiLllVNI'JO\'i ox FJ\HJH'R ClilR 'YELL, PFr :'<0. 27 

_Dat,,--I._~J'il:.': __ ~1~~~ Di],0-=-t~O!-=-~=-."'ir1<l.I_ __ _ __l'I~:' __________ _ 
Nov.?S 7:10 I). 111. 21.:10;";. W. \-V. strong. Ahnnt I ft. lOIlfJ,. I 

VUJlet hln;1 \\Itll OC(,H<"'I( nal tIIH:;P-" of lCri. 

Dec. 

2g D:10 p. m. 23.[),) I~. ",V. "\"\7, .-.tl()IIg. Extingnished. 
~~'1i 9 on fl. m. 25.90 N. W. mc{linm. Sw'k" HI WIth a \'\]] ",tlms:r IlOl...,e. 
29 1 4'00 p. m. ~5.00 N. lnild. Huckcd in. 
21:), 6.30 p. m. 25.00 Plartirullv none. SIl('kcc1 in. 
'K}', '0:80 II lJI. 25 'lO PrilcLwally (I(111r.. SllC'k('{l Ill. 

RO' 7'00:1. m. 238-/ \V. Vf'lV ':,11<],l1t ~m'k('d in. 
;,0 12:00 m. 2 •. 82:=1. shght. "\[ot mough to bnrn -tradlly. 
30 6'30. IJ. In 2;').70~. ~V. li~ht. VIOlet blue tLUll!", \\llh ,l I(\{hh:-.h LIlJ.!::;e 

3°1111'00 1'. HI. 20.mH. W. ,h~iJl 
DOOn.lll 2i()t'iS 'IV. \Y H<:;ht. 

l' 2::;0 V 111 2,) j;) ~ \V. 1I1ell1nm. 
1 a'co p. HI. 2"))4 R. \,V lll('tlill'tl, 

1 )0'20 Jl m 2"i.5"IR. vr. ;-,li"h1 

Rhout 2 ft. long. 
Ramc. 
UlllUfld "ltl1 ('rJ()J1('~.., name 
Bluned with colorlcF:s name. 
Samo. 
BurnE. "Hll fl, VIOlet hlw" ilalllo. 
C":-u,s bnrnmg, 1 ft. blne flulne. 2 6:.'iO P. 111. 25.55'1~' W , ahout 6 

1111 I PI.... , 
8:30 p. 111 23.5G S. W • about 4 Ga"! ont. 

I mIle,. 
~:OO a. 111. 25.5~IS' W. lIght. Gas bUlning, bl111" liallW ... ll,gllt tinge of 

:1 7:15 a. 1ll'12~,')f}S. ,f. light Gtll.~(\ll(~,\~~~Cl~f(~~vn. 
3 7:301 pIn. 2.:J.GOS. \V. 11 mile&. (~ab bUl'l1111g, 6 111('11 flnme, blur, lIght 

tmgc at rc{l and yrll()'y. 
(J.'<J.,) a. III 2') 50 R. ,V . ..,tJorH!, Bh!(' flalllP, (j lllt'hrf,. 
3:00 p. 2') jl t-I. V\r, mculUlll BlUl1S wllh :l '">mall ] oal'. 
6:115 p. In. ?'~.IJOR V\,T. lIwdlll1l1. \Youldn'L bml1. 

11:30 D. m. ~3.31 \V. l11{'dnllll "~()lll<1I1'L blllll. 
200 p. III 2:5.08 IS. 'iV. flUJllcd. 

ll'OOp.l11 25'.GlfifSht BllLllCtl. 
f1. 6:4':; a. 111 25.43lJ ractlCally llone. Btllned, btJonglv, blue nIllllOtlfil'll1 flnn1c. 

G JO a Ill. 25. t2 S. \IV light 13Ulncfl, I it. Hame. 
S 7'[GTLln 23.:118. \Ar'. h~ht. \\1 011 1l111 'L hill'll 
(} ~ 00 p m 1:2'1.39 S. \~r. H:sht. Dt1111ln~, :2 It. IIdmr., hlllQ, ",hO\Vlng of rod. 

]0 B 00 11. III 21.4') H. 'VV., "hong. WOUldn't bnrn. 
10 1 :00 p n1. ;Zr, G'.) ~ \V., high Ga<., clunv,", dowll 
10 11:1'1 P In I 2rJ.Gc) \1,1., VelV 1i~llt tLL'" ella"" down. 
11 12'201) 111. :Z0.77 Al IJot.,t W., rnc.dmm ,\Vouldn't blllll. 
1:) 1~ 50 p. IH. :?G. 14 ~ E. nlmoc"t E., Utnnc". 

h~l1t. 
1.11 2 00 p. m'l 
1°

1

' 11:00 P. 111 I 25.·JOA1lllOqj lV., 
I strong. • 

fnilly 

\\'irlll Jl'\'f!I'-,rd itg dllPf'tiOli aIlllo:-.L 180°, 
and Uw gas f>tlll bm liN\. 

Ihunhlg, 11111C, b0111cthlW.-, lodrlish. 

----

From these dat.a it S('lelllS to me t]ujt(~ evident that the flow 
of gas is directly dependent all vaJ'ialions in bnrometri.c press­
ure. rrhe hig hest hn rom ctric pres:';lll'e l'ueonled was on N ove11l-
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bel' 29th and 30th, awl dm'ing these days there was a flo woE 
ail' into the pipe frolll which the g;Lll escaped. Immediately 
when the harometer began to fall, on the 80tb, the flow of gas 
set in again. On the 1st, 2nd and 3rtl of December, the atmos­
pheric prcssure was constant and low, and during this time 
the gas continued 1,0 iiow. On the (jth the atmospheric pressure 
vvas falling and un that date the fiow of gas was strong. On 
the 8th the pressure was the lowest recorded during the time of 
the observaLions, and we would naturally expect a flow, but it 
must be remembered that the pressure had been low during the 
two preceding days and much gas had then escaped. The fail­
nre of the fiow on the 8th may readily he accounted for as the 
result of exhaustion of the ::mpply, for the gas had heen quite 
"teadily flowing for the last week. It will also he notcd that 
there was only one ohsm'vation made at 7 :15 p. 111. and the 
absence of the gas flow may have been clue to a sudden incl'casn 
of pressure due to a surge of short duration at tl1e time of ob­
servation. At any rate, on tbe following day there was a Rtrong 
flow during quite low atmospheric prestmre. ']'hc gaR was again 
drawn clown from 1 p. m. to n :15 p. ),n. on the 10th, when 
pressure was relatively high, and rising. The supply of gas is 
evidently small [mel the pressure conditions between the gas 
helow and the atmospheric pressure above are no c10nbt nicely 
adjustec1. '1'he small variations that seem difficult 1,0 account 
for on the basis of changing barometer no doubt could be readily 
accounted for, jf we had ful I information with regard 1.0 under­
gl'ound ('omli1ions aJi'ueting the richness of the gaseolls eontents 
of the ground, anel regarding the depth of the SOllree of supply. 
It is c('dainly safe to infer that the underground supply is 
constant, whatever variation there may be in the flow. 

A hole was drillec11416 feet north of the northeast cornel' of 
this property on one of several other claims controlled by thig 
same company. The summarized log of this boring was fur­
nished me by :Mr. F. YIf. Welch, and is as follows: 



Ct, HU'tl.IU plant fo1' extl acting Rulpll1ll', Rus­
LIe]' Hills in the l),Tck8,lollnd, lVIH:hn!,:1ll ::-4\11-

]11nl1' and 0,1 Co. 

0. Contact bet\veen c1al k, deeornposl'll, 
cavernous, gypsifelolls sulphur-bear­
ing 111aiellal and the overlying gyp­
site, a f-h01'i c1i:-,-Lancc al>ovu line 
(lravvn Lo sl1o,v lIoxul'e. lv1:ichigan 
S'lllplnn' and Oil Co. 

PLATE 3 
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SUMMAR'{ OF T.OG OF HOLE ,,"0.1, DALLAS OLAIM NO.2 

Depth 

1'1 1'OIll '1'0 
rimy gypSUIO_ ________ __ ______ _ _ _____ _ ____ __ __ __ ____ __ ________ __ ____ __ __ ____ __ _ 0 
Brown gyDSUID_________________ _ _______________________ 4' 
Gray gypsum_~_______ _____ ____________ _ _________________ 15 
Fine graveL _________________________________________________________________ 16 
J,igllt yelluw gypSU1Il _________ .. ____ . ________________________ . ________ . ______ 18 
Dark yellow gy1-lHUltl___________________ __ _________ _ . _______ . __________ 19 
J~ight yellow gypsllm _______________________________________________________ 20 
Gray hard gyps\lnL ___________________________________________________________ 26 
Yellow gyp;sum(?)_____________ _ ____ .. __ ._. ________________ d:J 
Hard strata, one fooL to ;)9'_ _ ____________ . ___________ . ________ . __ . __ 38 
Sort brown gypSUln ___________________________________________________________ 40 
Brown gypsum(?) _________________________________________ ~ ___________________ 4l 
Sandy gypsum, smell of gU6 ____ .. _. ____ . __ ._ _ _______ .. ______ 44 
Gray sanl1stone_______________ _ _________________ .. ________________ 15 
Yellow Randy gypsun1(?), <.,11owmg bullJl1UL _______________________ ~. ________ 18 
Light yellow glay gYPSUlll( i) _____ .. _____ . _____ . ____________________________ ,,0 
Or ay gypsum (1) _______________________________________________________________ 31 
Light yellow gypsum(?) (lontalll111g .;;1!I]JhuL ________________________________ ')6 

,1' o,c 
Gil 15 7 
7 16 1 
I 18 g 
n 19 7 
7 ,20 8 
8 !26 1 
1 '33 8 
8 !.lS 6 
U 110 4 
4 41 3 
3:4-1 (} 

U 14& JO 
JO 48 

~ ji~ ~ 
57 

'J'11e bailing..., 'H'I€" 1110 into a ,~han(nv Pit, alHl allowed to S(~t LIe <-11H1 halflcn. A 
piece 'HlS then broken out and es:amiuerl. 

The 110~dinUs and lYorks 0t' the Ilhchigan BUlphll1' and Oil 
Companlj, 

rrhis company owns the wC'st llfllf of the old Virginia prop­
erty, 80 ael'CS located in the noi'theast part of Section lG, Block 
111. The holdings lie just east of the main Rustler Bills, and 
are situated in Hn indenLation formed by the foothills of the 
Rustler and the main hills lIu,n1.ioned. above; a ~onsiderable 

part of the foothills to the southeast being present only as 
isolated remnants of tlle ridge. 'J'he property is drained by 
the Virginia Draw, which runs to the northeast, uniting with 
the Salt Draw between the Dot and the Kyle properties. 

A considerable amount of development work has been done, 
and sulphur is (~xposed in many places. Most of the work has 
been done in and around a depression in the c«'nt1'al and south­
ern pflrt of the north forty acres, DeVelopment has been by 
meum: of open ('uts, pits and shaHR. It is rcported that dl'illin~d 
on this property have eneount cred sulphur at g]'eater depths 
than have been reached by the shafts. With th exception of 
several shafts, one of which attained a depth of 43 feet, and 
many shallow pits, the work has been eoncentrated in two 
areas. An open ent has been made in the northern part of the 
sunken area and several· open ents and drifts have been exca-
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Figure 1 ....... Sketch map of the Michigan Sulphur and Oil Com­
pany's property. 
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vated in the southern and southwestern part of the same 
sunken area. This sunken area covers about 12 acres and drains 
to the northwest. Its surface is from 4 to 10 feet below the 
level of the surrounding country. It is covered with light gray 
gypsiferous soil containing many flint pebbles and it is harren 
of any plant Efe; whereas the surrounding area supports a 
scanty growth of yeso grass and a few junipers. I:nflammable 
gas has been eneountered in sevcral of the workings. 

The sulphur-bearing rock, as mined, is hauled to a loading 
platform, where it is 10auHu into special double-compartment, 
east-iron ('ars having perforatcd sides and bottoms. Pour of 
these cars at a time arc rnn into the retort, whieh is then filled 
with steam at sixty pounds pressure. '['he retort consists of a 
horizontal iron cylindcr, 30 fect long by 6 fret in diameter. 
One end of the cylinder is hinged, and the bottom slopes to a 
drain at the other end. 'I'he steam melts the sulphur from the 
rock and it drops through thH perrorations in the cars, flows 
down the inclined bottom to the drain, and out through the 
drain into a vat where it is allowed to harden. This steaming 
process takes some two and a half hours or more, ckpending 
upon the porosity of the sulphur-bearing rock. After a vat 
has become filled, the sulphur is broken into bloeks. These 
have been staeked hack of the retort house, and in DHeember 
the pile ~was estimated to contain ahout two hundred and fifty 
tons of snlplmr. Since then, forty tons or this has heen shipped. 
It is reported that ~I second retort has bcen recently installed. 

The aeeompanying slceteh map shows the locations of the 
various Cllts, pits and shafts. 

R.rplanalion of Nnmbe1"s on JJfap. 

(1) Pit about twenty-five feet deep, dump consists of gray 
gypsiferous earth containing no sulphur. 

(2) Sulphm pile. 
(3) Retort house, containing retort and two boilers. 
( 4 ) Dump for the steamed rock from the retort. 
(5) Charging platform where cars are loaded beforc going 

into the retort. 
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(6) The deepest working on the property, and in fac t, in t 110 
whole district; shaft about 18 by 12 feet, and 43 feet 
deep. From the bottom of the shaft shown in this 
sketch there are four drifts running approximately 
north 20 feet, eat-;t about 10 feet, south 50 feet, and to 
the west about 15 feet. '1'he sulphur showing is con­
tinuous on various parts of the 'Nalls from top to boHom. 
The sulphur oceurs as masses, incrustations, and dis­
seminated crysta.ls in the typical brown, porous, earthy 
material and altered black material. The black bands 
included in the brown material make many irregular 
bindings. The black material containing the most sul­
phur commences at about 20 feet below the surface. It 
is very cavernous and includes within itseLl' sm allleIlfles 
of limestono 01' limy dolomite. 

'1'he black-banded condition extends to the elld of tho 
south drift, the sulphur content becoming leRS as the 
diBtance from the shaft increases. It extends also to tho 
end of the norfh drift for a distanee of at leaHt twenty 
feet. '1'he black-handed material pitches to the west 
under a mass of limestone or limy dolomite that a.ppeal's 
just within the west drift. It continueB also into the 
east drift. In places this black material is conglom­
eratie, and in other plar.cs is clay-like, somo of it heing 
quito white and plastic while moist; having an acid 
taste; but ha1'CloJ1inQ,' after being exposed. to thn air for 
a few hOUl'S. The dump from this t-lhaH containR mnch 
altnred da.rk eonglomeratic material. 

(7) Dump for the steamed r()(\k from the retol't. 
(8) Open cut, running east Dnc1 west, Dnd having a maximum 

depth of about 12 feot ncar the foot 01: a beneh at the 
oxtreme wostern rnd 01: Lhe rut, thee bRIwh beiug about 
six leet higher than the remainder of iho cuL. 

Two drifis, working to tho n01'th, had just been startoc1 
from the north side of the cut at the time of my visit, 
and i11e sulphur showing on both sides may lw COilRid­
ered as commoncing at the easternIllost o~ these driHR, 
wJlich was ill only ,auont 1 feet, allcl as continuing to 
the west ond oj' the cuL. 1-J ere the lower one and n hnH 
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feet consisted of a black and white mottled matorial, 
hard in places, in other places clay-like, cavernous, con· 
taining loose material in th(' seams, and also black sec­
ondary selenite. Sulphur OCCllrs as illcnlstations in the 
cavities. The liue of contact between this black ma­
terial and the brown material occurring above is sharply 
marked, lmt is irregular. The brown Jayer ]?ersists 
upward for ahout fOllr feet and then gradually merges 
into a gl'ay gypsiferous earth, which persists to the sur­
face. The brown material iR conglomeratic, containing 
rounded p(~bblefl of flint a.nd blaek quartz. What was 
once pcb hIes anCL small boulders of dolomite or limestone 
is now altered, wholly or in part, to gYPRite and gypsum. 
The physical charaeteristicR of the brown laye!' arr much 
the same as those of the d:Hker layer below, for it con­
tains inclusions of the dark material. The sulphur occurs 
in the Silme manner and mnch black gypsum is present; 
bui. iL is not. (juite so cavernOUfl. 

The second drift, a few fect west of the one just de­
sC/ribed, shows similar conditions to exi8t, the main 
difference being that the lille oJ: demarcation between 
the black and hrown layers is not so distinct, due 
to the fact that the brown material contaills many 
more altered boulders and much morc altered ma­
tcrinl, is more cavernous and Inssured, and contains 
more sulphur than it did in t.he first drift.. Inel'us­
tations or sulphur vvero noted occurring WIth clay­
like material and in an altered pebble, probably once 
limrstone. Botween thi;; deift and the bench, starting 
at ihe hoUom of the cnl, there is one foot. or Llack ma­
lerial exposed. This contains eOl1siderable snlpllUl', both 
as disseminni.ca CJ ysials and a'l inCl'llR1:1t.ions. 'rho layer 
is ,'lOHl()WlWl eOJlglol1l8'J'fliie, roninining flint pebbles, and 
W:1S app:ucntly :It 011e time 11lllch more cOllglomeratic, 
as the ontlinrR of fonnel' limestone pebbles are still 
visible, now flltCl'ecl to n gl'ay or black gypsiferons ma­
terial. This layer can lw tl'Hcecl arollnd the faee of the 
bendl into the oppo:o;ite ,<wllth 8i(le :It the bottom O[ the 
rut., where iL is overl:lill 1)7 hl'o'wn, pOl OUR, .\'('t fll1ite 
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ha1'(l, earthy and somewhat conglomeratic malll'ial, 
containing "mall quartz and fiilltpebbles, ana, m;­
pecially neal' the bottom of the cut, patches and ~rnan 
layel'~ of very dark conglomerate, most of which is 
altered. Some of the pebbles have sulphur depo::;ited 
withiu theIll. Hoth the dark alt(wed conglomnate alld 
the brown earthy material conhlin considerable slllphlll', 
both crystalline and massive, generally dissI'1llill<ltec1 
throughout. Some o[ the crystalline sulphur is gl'ecnish­
yellow. On the 11o]'th side of the ent the line of eOlllart 
between the layer of dal'k altered conglol1lCl'ate and the 
layer of dolomitie conglomerate above it, whieh is ab­
sent on the south side of the cut jw;,t described, is quito 
iJ'l'cgnlar, and the slilphur eontent :,:eems to incl'easc 
Jlem' this contaet. 

This conglomerate varies in thickness from two to four 
feet, and cOllsists of fairly well-rolll1ded pebbles ancl 
boulders or brown, dad~ gray, and almost black dolom­
ite, sometillles il'On-stained, varying from one-eighth inch 
10 five inches ill diameter. The cementing material is 
very JrC(l11ently ('aleal'eous. rrhe conglomerate bccomcs 
thinner as the bench at the west end of the open eut is 
approached and contains very little sulphur. Above 
this thore ~u'e 1wo OJ' three feet of black deeompo:,:ed ma­
terial, uow more 01' less weathered and genomlly soft. 
l'he contact hetween this layer and the dolomitic COll­
glomel'ate b(~low is fail'ly well marked, but is very iJTeg­
nlnr. It is very caVPI'nous, and contains considel'ablc 
sulphur in leached out parts and cavities. The lille of 
demareation between this layer, whieh lies about fi.ve feet 
below the surface, and the top, light bl OWll, gypsij'{'rou~ 

H(;i I is al'lo fairly well marked, but irregular. POl'tion,,> 
of tho blaok material extend up :-;evend iuelil's into the 
soil. The exposed faee of the overlying soil shows here 
and thel'(~ a thin incrustatioll of badly weathered Nul­
phur, ill pla('('s pxtending lip to th(~ I:llll'lace. Ii also 
eOlltains some Hlllplllll' neal' the ('ontaet with the hlaek 
material. It is diffic1llt to say just what is the chief 
caUHe or causes of the well defined yet wavy Ol' irregular 
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contaets so ehara<'ieristically shown in tlH"se excavat}(lllS, 
rrileY al'(~ cvi(lelltJy not due to foJdiug. They are pl'oh­
ably due to l:wveral causes combi.ned. They may 1 epre­
sent the upper limit of the strongest action of ascClllling 
watel's, or the 10\re1' lilllit of surface leaehing. The 
darker, more nliered pnrt 0 [ the gronnd mny have had 
a higher lime or dolomite content, and may have been, 
theJ e10re, WOI'(" snbjeeted to alierutioll by gases amI 
,,'atel' solutiom;. Much limo iN present over all of this 
district, llot only ill limestones nnd dolomites, but n1so in 
altered ptbbles. This i8 true also 01 the cementing ma­
terial in ecrtain dolomite ('OIlS', 1 0111 el'ates awl also of 
some ealeareous tufa. '1'he dolomite pehhles and bonJ(l­
er;,: appeal' to h:lve resisted alteratioll by hydrogen fml­
phide and sulphuric acid much more than those com­
posed of limestone, Somf~ parts of the eongloment1c 
eOlltain sn1llllllr, III the parb where dolomite is the mORt 
persistent matprial, the fJlllI)llllI' ('ontcnt is smallest, in 
some CWlCH not appeal'ing at all. Yet in others, appal'­
Pnny (to the eye) just as dOHcly cemented, the p(~bhles 
01 the conglolllera! e ha ve been conRiclera bly altered to 
dalk gypsirerolls matel'ial, and 111u('h slllphnr may he 
pl'e8ent, generally between the pebbles and in joints, 
Sometimes in 1hp ollter edges 01 the pehbles themsel ves 
where llHleh leaching has taken plael', and even whel'e 
snlphur is present in or around dolomitic parif', it dis­
plays a sele<:tive relation towards materials that have 
lent themselves mOl'e readily to some altel'ation, The 
(lade ol'g"lli(~ material present may he the orga1lie cletritns 
from the aliel'ed limestone. On the north side above the 
bench, the line of C011t<1('t between the brown soil and the 
dark layel' lying' beneath it is not so wrll marked as 
Rome of the other eontaets, the brown alld black ma­
terials grading up and down slightly, '1'hi8 conditioJl 
contilllles until the end of the hendl is l'eaehed. 'I'he 
dark layer in this distance IR slightly rolling, rises about 
two feet, is cavernous and in some places has qnite a 
rieh sulphur (,Olltent. 

There is a sevell-foot pit at the western end of the 
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bench and the conglomerate below the upper dark la,yer 
shows up for about two fect in the side of this pit. He-re 
the dolomitic papt was either altered, or has changed its 
character, for it contains altered pebbles and boulders. 
In fact, it seems to be identical in some respe(;ts to the 
dark altered conglomerate undcrlying the dolomite con­
glomerate at the foot of the bench. The conglomerate 
in the pit also earries eomdde1'able sulphur. Opposite 
this pit, on the south side, this same conglomcl'ate ap­
proaches closer to the surface, and near its top is more 
01' less mixed with the brown earthy material. This 
mixed material contains consider.ab1e sulphur in places, 
and also some very ha1'(l boulders or nuclpj, which on 
being broken show much sulphur and metalli(~ slllphides, 
pl'obably pyrite. 

(9) Shallow open cut. The 10,,1'01' thl'pe [ept consist of brown 
earthy, hard conglomerate containing some dis~\'minatcc1 
sulp11111'. 11he npper three fc(~t consi:,;t of lightel' brown 
gypsifel'ous earth and appear to contain no flnlphuI'. 

(10) and (11). Seven-foot pits, exposing gray-brown, gypsifer­
OWl, eonglOlneiaiic earth from the surfacp down to neal' 
tIle bottom, whel'e there commences a black-gl'<lY, lIltm'ed 
con~lomerute carrying sor,ne sulphur, both C'J'ystalliz:ed 
alHl. kaolin-like, and sdenite. 

(12) S(~vcll-fooL pit. Dumps :,;how gray white, gypS[J'CI'OIIH ma­
terial, alld some much altercd nonglol1lerate. It is buclly 
weatherall and was plobably mU0h clarker when J'J·ckh. 
A little sulphur was lloticelt ill the conglomel'atic ma­
t0l'ia1. 

(13) Here occurs by far the best sulphur exposure i() he seen 
in this cut or in the three large irregular ('nt, immedi­
ately south of hpre, and this may be taken as a type 1'01' 
the J·est. The 011(0 exceptioll Doled was the eCCIII'] elll'() ill 
one 01' the other th['ee (~uts reiel'l'cc1 to, 0 I' ROrtlC' Rulphl1l' 
ill a more 1'1'i:1l>lp, whitc gmy, dcr.omposeLl gYllHifel'olls 
cArth. 

Starting at the bottom of thc ('ni, thEn e if> fl'om one io 
two feet of very rich snlplml'-beal'ing maim'ial ()xpos(O(l, 
similar to the c1epm;its oC('l1J'l'ing ;11., 16. '1'l1cl'c JS :d,,() 
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a. I'~ntlance to tne nOllllea~t dliLt at JG In Sl~etcll Incl.]). 
8ho\vlng contdcL bet,v88!11l18 dark, gYI1C;1l"Oi ous nla­
tA11al, tInct tl1 c bro\vn, e,,1.l ill y ll1aielldl above. Thero 
1~, H gl eat deal of kaoLin-lIke sulphur in the tlal'k 
111<11.011t1I. .. A picked Sa.lTI111e flom th8 oPlJoqte ~Hle 
of tlll~ drift coniamer1 G-l 4 POl' cent of free slllpllUl' 
::VIlChigan Sulphur anll 011 Co, 

b. Pal't. of the wOJl<ings of the Michigan Sulphur anll 011 Co, Looking 
nOl'th fl'0111 the center of the south line of the north J'Ol'ty ael e~J near 
the south edge oi the deple~~ell mea, Extl'action plant in tl" left 
backgrounf1, Photograph :I\1II1i:ol1 eel by Ml. J, G, Townes. 



The B1lstZer Springs S'UZpluw Deposits 

dit'iseminated crystallized sulphur, both in hard brown, 
gray, and black material, which is conglomeratic as at 8, 
'1'he brown and black mat.erial is more mixed than usual, 
black masses occurring in the brown material. In fact, 
ihis deposit displays the charaderistict'i or Loth 8 and 16, 
Some snlphul' of a silvery lustre was also noticed from 
neal' here, 

'1'he1'8 are a number of pits, varying in depth hom 
three to ten feet, scattered around these four cnts. Most 
of tho deeper ones show a little sulphur in their dumps, 
which aro badly weathered, 

(14) Gray brown, gypsiferous earth, and a darker brow11 rna· 
lerial are seen at this point. Three feet of tho bottom 
gTounu contains considerable sulphul', disseminatoli nn(l 
in seams, some of the scams being; three-fourths of an 
inch thiclc 

(15) On the north side of thiH open cut, the upper five feet of 
the section exposed consist of browll, black-spotted, com­
pact, earthy, gypsifel'ous material containing some sul­
phur quite generally disseminated, but sometimes more 
(:oncentrated in placeR, and there al'e many cl'ystah; of 
selen ite. 'rho lower tllt'ee feet consist of a mixed dark 
brown and black, gypsifel'ous matel'ial, apPHl'Cntl)' con­
taIning' more sulphur than the brown material above, the 
gellPral OCC1lrl'on(~e being TIl neh the same ill both places. 

'Tbe brown material ls conglomeratic in plac('R, COll­
ta illill~ pebblcll of fiill t and C]ual'iz, and altered pcbbleH, 
whi('h were pl'obably once limestone. On the south Ride 
of tllis cut thero is exposcd llludl tho same general eOIl­

ditiOll of t!lC brown and black mnterial, although it is 
1ll0l'e altered than the material above. It contains man~' 
acicular cl'ystalR of selenite, and sulphur as disseminated 
cJ'ystals, in sIllallmnssoB, and SOlllO fibrous banded laycnl 
up to an illeh and a hall in thiek11('l,;s. 'l'ho filJl'o\u, HearnN 

of the slllphul' arc at J'i!;ht angleR to the genernl di1'ce­
tion of t1Je erevices or Rolution chanl1 dB, These a ppcnl' 
to pitch tOvval'd the south at abont a sixty degree angle. 
'rlliR g(,lwral condiLion porsi::;Ls on holh sidell o[ [he C\lt 

west to the track, eX(~l'pt that on the sonth side the bl:iek 
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material comes closer to the surface, abou1 foul' feet of 
it being exposed. Here it has a banded and rolling' a1)­
pearance, and is cavernous. 

(16) 'l'here are three drifts here under about an 8-foot capping. 
At the entrance of the One nearest to 15 there is exposeJ 
a 4-foot layer of the black llwterial with a. well markeu, 
although irregnl?,r, contact with the hard, brow]], por­
ous material above. At the back of the driIt this thick­
ness decremlcs to about two feet. Considerable :-:eleni1e 
is scattered throughout the ground. Much of Lhe suI. 
phur in the lower part of the black material iN like 
kaolin in texture, It is present in well-defined, irregular 
Or wavy, bands or layers. In places, some of these bands 
have a fracture at right angles to their 101lgitudinal ex­
tent. Some bands are two or more inches in thickness. 
In the upper part of the black material, and in the lower 
two or thl'(~e feet of the brown material, thel'l~ a.l'e many 
eavities 01' open spaces, and many of these arc lined with 
beantifully crystallized sulphur. Some of the crystal­
lized sulphur is greenish-yellow. The npper IJart o£ the 
dark material is lighter than the lower part, and the su1-
p1mr in the brown material seelIlH to show 11 prcfprence 
for the browner, more altered, and more porous parts. 
The conditions outlined above hold true for the other 
two drifts. A white ef'floreseenee of salt was noted on 
tlle brown an d to a lesser extent on the blaek materia] 
at the back of the drift. This is most likely caused by 
surface seepage and evaporation. 

(17) 'rIle phYHieal eonditions exposed here m'e much the same 
as those described under 16, except that the sulphur 
showing, which is quite rich there, gradually diminishes 
in this c1iree"Lion 1Intil very little is present here. 

(18) A thl(~e-foot exposnre of the black material is {,xpoHl~d here, 
the sulphur showing up well again. Othm'wiHe, the' 
ground is similar to that at 16 and 17. 'rhis continues 
around wherever the cut is exposed all the way to 19 
and 20. The drift at 21 is on the contact between the 
black and browll material, which is almost dil'e(·tly ovel'-
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head practicn 11y up to 22, where the black can eli j iOll 
eitller stops or swings out of the al'iJt. 

The brown matel'inl here displays the mmnl chnrncleT­
iStiCR, uui it has herG much disseminated RLllphul', mId 
considerable hnnded sulphuJ', ef-lIJeeinlly ll('ar 111P contact, 
where it is quite rich, Some clishince before 22 is 
l'eachC'c1, sheets of tlw most beill1ii1'ully er~Tstalli~('a em­
ernld green tmlpllUl' start ill and pen-list to 22. 

(28) 'rhe brown maie1ial, with apparently a decreasing sulphur 
content, IJersist~1 to here. 

(24) Shnllow pit. The dump shows a little sulphur in a dark, 
altl']'()d, gypsiJc1'ons deposit, eOlltainiug selenite. 

(25) JJlke ~4. 

(2G) Slli\l't al)Ont 80 feet deep, eontainillg several feet ()[ water. 
J'l'iatel'ial on the dump sbows sulphur occunlllg as layers, 
incrustations and seam .fillings in white 01' gray friable 
material, and in the cavernous darker rock. 'rhe darker 
parts contain the greater part of the snlphul'. Some of 
the cavities in the dUl'kcl' llor'tiow:i ('ontain a thin lining 
that looks like wall, 

(27) '1',\"0 10-foot pits, in white or gnly friable, gypsiCol'oUS 
earth, containing' a v(~ry little snlplmr, apparently Crom 
neal' tho snrf:.we, 

(28) A low knoll or elevation, covered vYitll fragments 01' Hustler 
dolomite. 

Tho Georgetown Prospect. 

'1'his deposit it-: lora Led 011 a hill in NecLion 10, Block 1:3, some 
two and a 11a11' llliles sontbwest of Hu~tler SpI'ings, alld about 
one-half mile west of the main body of the Ruc;tkl' Hills: 
Rustler dolomite or dolOllli Lic limostone evidently once entirely 
covered this hill, as broken pieces are at present scattered all 
arou ucl. There a1'O mallY slllall hills in this Yicinity, at varying 
distanc~es frolll the maill I{ustler lIills. Practically all of these 
hills exhibit tho ronnded appearance clue to the preselll~(, of the 
liulCstone 01" dololllite. Evidently this has on(~e been present 
a'nd has lJecll l'ecently removed by erosioll. Some of' the gyp~um 
in the hill may have originally been lill1estOlw, later altcred uy 
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sulphuric aci(1. 'fhe odor of hydrogen slllphide is (}llile 118t'­

.ceptiblP. 

The showing here is good, and six shallow piti': and <mis con­
tain sulphur, some or it quite ri<~h. The pits are somewhat 
scattered, some of them being as mLlch as 150 feet apart. The 
occurrence of sulphur here is quite typical, occurring in white 
to gray decomposed gypsum, "which has the usual leached ap­
peal'unre. There is one showing near the top of the hill, the 
sulphnr l.ving just under a ledge of harder material. The ledge 
in ihis case may have acted as a capping against which the 
sulplllll> vvas retained. A test of a recent Julus, incrusted with 
sulphur, was picked up in this immediate vicinity. 

The Cooksey Prospect. 

This property is west of the R,ustler Hills and is located in 
Sections 10 and ]5, Block 114. By autorno]lile road to lhe 
1iichigan it is distant from that property about 7 miles; and 
From Orla, about 25 miles. 

Hills capped with the Rustler formation extend to within a 
short distance of this place, and small hills covereCl with rem­
nants of this rock extend some distance beyond. 'rhis, take'll 
in connection wit]} the abundance of dolomitic limestone or 
dolomitic p<"bbles present in the local conglomerates, shows that 
the Rustler dolomite or dolomitic limestone once covered this 
area, and has been removed by erosion. 

This vici.nity shows the same monotony of exposures as the 
area just east of the Rustler lIills, except that red bed matrrials 
are lacking. The sHriace around here is covered with alluvial 
gypsum or gypsite, with more or less fl'equent exposures of 
massive Castile gypsum and the patches of £ragmen tal Rustler 
mentioned above. Flint pebbles are abundant and widespread. 
Gypsiferous conglomerates are quite abundant, the pe"hlJles con­
sisting' chiefly of flint and dolomite or dolomitic limestone. A 
little sandstone is present at times. 

Oonsiderable work has been done here and an old retort is 
still standing, minus the lower part ufled for extracting the 
sulphur from the roek with super-heated steam. It is said that 
ahout 75 tons of very pure sulphur were produced. jl\10st of 
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a. TIustJer Hills, lookIng south from about the center of the Michigan 
Sulph ur and Oil Com])any'~ ])roperty Gypsite covonng in the fore-
grounc1. 

11. Be~t showing of sulph Ul' on the Oooksey Prospect. Brown earthy sili­
ceous 111UJ.81 ull overlaHl by a Lll1n Capl)lng of gypsite. J\ picked salnple 
flom hele containecl 'll.B pel cent of flee sulphur. 
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a. FUrlJl:1cC on the Cooksey Prospeet 
88irl to have produced 75 tonfl of 
sulphur; built about 1000. The foun­
dation of the furnace l'eRts on Cas­
LIle gypsum. Rustler Hills in ille 
t1istaneo, 

PLAT'E G 

b. 8Unldng 8'ee]). Looking to the northwest. A rusty brown inCl'llstation 
1I0\\l being deposIted here on the gypsite containod 3.2 pel' cent of froo 
sll11111ur. ~['yp:ical Castile g~vpsl1n1 QutCl'OPS in the vi(-'inity. 
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the work was done in an opc:n (mt, quite irregular in outlines, 
and running almost north and south; its greate~t dimensions 
being approximately 200 i'eet in length, SO feet in width, and 6 
feet in depth. In this open cut there are several pits, cuts, and 
trenches. The best exposure of sulphur-bearing rock is in the 
extreme northeastern part of the workings and consists of a 
bank about 25 feet long and G or 6 feet high. The sulphur 
begins to show beneath about three feet oi' gypsiferous earth. 
It is brown, porous and earthy, but quite hard, highly siliceous 
material. In sorne places it shows a conglomeratic nature, flint 
pebbles predominating. 'I'lie sulphur carrying rock 11as a max­
imum thickness of about G 1eet; the mineralization is not uni­
lorm, however, the upper two feet appearing to be the richest. 

Sulphur is present ns a variety 11a ving a silvery or metallic 
Illstre, filling small cracks and fissures. It is in part banded. 
Yellow sulphur, exhibiting all shades from lemon to g'I'eenish 
yellow, is generally crystalline here,. but also massive. It oc­
CUrs along seams or in somewhat porous places, and very f1'e­
quenHy crystallizes Oll the silvt'l'y sulphur, showing that it is a 
later deposit. A nearby pit exhibited a gray gypsiferous and 
sandy conglomerate, containing pebbles of flint up to 14 inch in 
diamrtf'r, and el'ystais of ~eienite. Towards the center 01 the 
open cut there arc several pits. The greatest depth reached by 
these pits beneath the original surface is not mueh more than 
twelve feet. The seetion exposed by these pits e0l1S1sts chiefly 
of brown earthy material, quite hard in places, except in the 
lowest parts, where there is some irrogniarly black-handed, 
partly el'Ystallized gypsiferous material, and conglomerate. 
Flint pebbles are plentiful in the conglomerate and it contains 
considerable sand. Some crystallized yellow and greenish yel­
low sulphur was present in the black-banded material. 

About 200 feet sOl1theast of here there is an exposure of what 
is apparently a vein of secondary gypsum, containing a little 
crystallized sulphur in crevices. 

The Stinking Seep Prospect. 

Stinking Seep, sometimes called Chemieal Springs, is prob­
ably located on Seetivn <14, Block 60, ahout 3 miles northwest 
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of the Cooksey. It is a small spring' highly charged with snIts 
and hydrogen sulphide, a11(l probably ROlne ;mlplmric acid. Al­
thong:h tho quantit~T of woter that .flows l]ere to the southeast 
iR not larg'e, yet a eonsiderable ar("<1 if.; inll11ellced hy it, jlldging 
fr~ml the la('}< of vP[(,ehltion in the imm8c1iate vicinity of the 
springs. 

Considerable nne sand was ]1otice(1 just rast of the spring. 
An olltcrop oE white mas'liv8 Castile gypsum oncurs at the eaRt 
em1 of the sprin~', the waters pasRing over it. Yellow incrusta­
tions oeem in abundance over the whole area that has been 
worked over by the spring waters. Just north of the spring 
heavy beds of masRive CaRtile gypsum onte]'op in the form of 
low hills, capped with white to brown granular limestone, prob­
ably of srconc1ary origin. Pour shallow pits in this vicinity 
shOll' a little su1lllmr. The sulphllr occurs aR crystals nnd in­
crustatiolls in friable decompot;ed gypsum, in small white areai:i 
that have apparently been leached by water. 

Deposits Near lFalker's Rctnell. 

A six-foot pit located in the southenst (,OI'lH'r of Section 4, 

Blo('k 109, shows decomposed white grayi~h gyp:mlll, at the 
surface, then typical brown, earthy, siliceous material to the 
bottom. Some small vertic-al seams of s111phur were notice<l in 
the sides oJ: the pit. 

In the Nouthern part oJ: Section 4, Block 109, there is a six­
foot pit sit11atod in the midst of a large white, leachrd area, 
some hundred f(oet in diameter. This pit expos(~S in the order 
named ty pieal gypsite at the sUI'rn ce, white to gray cl e(~Olnp()sed 
gypsum, then brown earthy material in one side, and more or 
less of the fille-banded gypSUlll. The handed gypsum ('ontains 
in pinees fragments of thin-hed(led, browll, ])itull1inom: lime­
stone, smaller fragments of which are also scattered throu!Sh­
out the decomposed gypsum. A little sulphur was noticed in 
one corner of tl1C pit. Considerable yellow sulphur, both 
crystallized and massive, is present throughout the small dump, 
from this pit, some fragments being quite rich. This is also 
the only place Hoted 1yhere sulpllllr occurs as a coating' 011 the 
bituminous lime~tone. rrhe limestone does not exhibit any 
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marked alternation and probably effected no selective action on 
the sulphur emanations, other than that it was the most conven­
ient area for deposition. 

There is a five foot pit about 150 feet northeast of the pit 
described ahove. The section exposed here is similar to the 
section exposed there, except that the thin-bedded bituminous 
limestone is lacking. Sulphur occurs in the banding in the 
badly decomposed white gypsiferous earth and in a brown 
earthy material. Besides the yellow sulphnr, both crystalline 
and massive, a little silver sulphur was also noticed. 

A fine showing of sulphur was noted in a three foot pit, whi(~h 
is probably in the southwest corner of Section 4, Block 109. 
The sulp11ur at this place occurs in gray brown gypsum, some 
of it apparently once banded, and also in brown, compaClt, earthy 
material. Massive handed sulphur, crystalline yellow sulphur, 
and massive silver sulphur are all present. There is more of 
the silver sulphur here than at any other place noticed. A 
somewhat concentric struClture is developed in places in the 
banded yellow sulphur. A two foot assessment pit located fif­
teen feet northeast of here, shows the effects of water action, 
but no sulphur. Fifteen feet west of the three foot pit, good 
sulphur is present just below the surface. 

On the southwest quarter of Section 9, Block 109, there is a 
good showing of rmlphur on the south side, where some stripping 
has been done, and also on the top of one of the low gYPF-um hilh, 
capped with limestone. These are characteristic of the west­
ern belt covered by the Castile gypsum. The limestone is quite 
similar to the capping at the Grant, a brown minutely banded, 
somewhat bituminous limestone, with layers, sometimes several 
inches thick, of hard, massive, dark brown and highly bitum­
inous limestone. 

The hill is badly broken down, and small blocks of the lami­
nated rock are tilted at all angles to their original position. 
Both the yellow and silvery varieties of sulphur' were noticed. 
The yellow sulphur occurs as incrustations or fillings, both 
crystalline and massive. A very little silvery sulphur occurs 
in small seams. In this hill the occurrence of the sulplmr is 
invariably associated with white, decomposed patches of gypsil'­
erous material appearing on the surface of the ground, which 
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look as if they might be leached by seepage. These patehol9 
vary from 20 to 50 feet in diameter, although they are not al­
ways circular in outline. The original banded layers can be 
traced grading into the white-gray, decomposed material. In 
some places harder layers have resisted erosion and form very 
small cliffs, from beneath which the watfr seems to have come, 
the hard layers perhaps preventing it from rising to the surface. 

In the northeast corner of Section 10, Block 109, there is a 
seven foot pit showing a foot of white gray gypsite at the 
surface, and below this brown earthy material to the bottom. 
'1'he lower two feet contain yellow sulphur, and yellowish green 
crystallized sulphur occurs in seams and open places. There 
are also streaks of silvery sulphur. 

The dump consists of white gray gypsite containing selenite 
and considerable weathered yellow sulphur is present, some of 
it being more than an inch in thickness. This sulphur on the 
dump probably came from the very top of the pit. Gas was 
noticeable at all of the sulphur exposmes in this vicinity, both 
H 2S and S02' 

At all of these exposures there was a bare leached area around 
the sulphur, with the ground white to gray in color and slightly 
sunken, apparently due to the action of circulating or stagnant 
water. These shallow depressions are more Or less circular or 
oval, from 20 to 100 feet in diameter, and arc characterized 
by a lack of vegetation. Some of these depressions were no­
ticed where there was, apparently, no sulphur at the surface. 

Prospects On and Near the Unive1'sity Lands. 

In the northeast part of Section 1, Block 46, and in Section 
7, Block 115, there are sulphur occurrences located on the west 
side of a hill whose longer axis runs approximately from north 
to south. The hill is largely composed of fine-handed gypsum, 
covered in many places with white to gray gypsiferous earth. 
Selenite is abundant in the gypsum. One mass of selenite 'was 
several feet across. This was seen on the western edge of the 
hill. Several ravines have cut their trenches into the hill, their 
courses varying from northwest to southwest. '1'he capping of 
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the hill consists of an altered limestone, quite cavernous and 
the crevices containing much stalactitic materiaL 

The sulphur occurs around the western edge of the hill in 
white, more or less circular or oval, areas, sometimes seen to 
be depressed below .the general surface of the land, 'l'hese 
have perhaps been formed by the action of moving acid waters, 
either descending or ascending, which have decomposed anJ 
worked over the gypsum and limestone, in the immediate vicin­
ity, The worked-over areas in this vicinity are small, gen­
erally not over 30 feet in diameter, 

The sulphur occurs as thin incrustations in the banding of 
thin-bedded gypsum, and in cracks in the same rock, It is also 
present as a closely granular form in white or gray gypsiferous 
earth, which contains in places much selenite, In places, sul­
phur is present as massive incrustations on broken or exposed 
bedding planes and other surfaces, Straight bands of sulphur, 
slightly elevated above the surface of the more massive incrusta­
tions in some places tend to enclose diamond shaped cavities. 
These may have been formed hy the solution of the gypsum, 
which was partly inclosed by the cracks filled with sulphur. 
Five claims have been filed on this land, covering all of the 
known sulphur exposures. 'rhere are five shallow cuts, two 
pits, and one pit and cut combined. 

No sulphur was noticed in any of the pits below the upper 
two feet. Hydrogen sulphide was perceptible at all of the open­
ings. Two of the pits contain standing water. On the edge 
of the pit in the combined pit and cut, in the inside wall of 
which a gypsum vein is discernible, there is a timber, probably 
placed in position during the progress of the work. This has 
been so completely attacked by acid fumes, that it is completely 
charred. 

The Grant Mines Property and Vicinity. 

There are three hills, all possibly the remains of a former 
hill, on the eastern section line of SClCtion 18, Block 61, Township 
2. These hills are interesting, not alone from the fact that there 
is a sulphur occurrence here, hut also because of the structural 
relations shown. The three hills may be more properly re-
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garded as two, and may be conveniently referred to as the I'ast 
hill and the west hill, the west hill having two peaks with a 
saddle between them. 

'rhe lower part of the west hill is composed of thinly banded. 
gray gypsum, the bands Leing from one-fifteenth of an inch to 
a half inch ill thickness. Between the bands there is a thin 
layer or parting composed of dark brown bituminous calcareous 
material. These thin bands are complexly folded. '1'he min­
ute folds are sometimes not more than a quarter-inch from 
creRt to crest. At times they flatten and give out both vertically 
and horizontally, amI then commence again. An incline in the 
east side of this hill exposes about 4.0 feet of this gypsum, and 
it is quite nniCorm throughout. '1'he only variation noticed was 
a variety having a Jittle sulphnr associated with selenite oc­
cnrring' as incrustations in minnte fissures and along the band­
ing. Tlle main beds exposed are alsl) folded, the folds heiw~ 
several feet wide from crest to crest. Both the minute and 
the more extensive folding may he due to the swelling ac· 
companying the hydration of anhydrite, and its recrystalliza­
tion into gypsum; or the finer folding may have been ripple 
marks orig'inally, which have been later intensified and dis­
torted by either the swelling incident to recrystallization or by 
pressure due to slumping. The larger folding may also have 
been caused by slumping. The very thin partings of bitumin­
OllS limestone probably represent the deposition at times when 
the sAlillity of the water was diminished by overflows. PI. 7. 

The upper part and capping of this hill is composed of a 
weathered, cavernous, somewhat bituminous limestone, very 
minutely handeu.; the bands are much distorted and broken. 
About half way up this hill there is a thin layer, apparently less 
than two feet thick, of hard, thinly-bedded limestone. It is 
finely crystalline, dark brown, highly bituminous, and the lay­
ers average a half ineh in thickness. It seems to be very little 
altered and is present on the sides of the east hill. Fragments 
of this limestone were traced fl'om here south about a quartel' 
of a mile, showing that it was formerly much more widely 
distributed. 

'1'he external characteristics of the east hill are much the same 
as th.:>se of the west hill, but here the resemblance ends. The 



Banded gypsum at the entrance of the incline on tl1 e east side of the west hill. Grant Mines Property. 
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work that has heen dono on both tho east and west sidos of this 
hill tends to show that ihe bill has a limestone oore and that 
solutions have been active in and around the outer layer 0[' this 
core. An open cut starting at the west base of this hill and 
extending eastward, passes through tho solid finely-banded 
gypsum, and into ahout live feet of gray brown, cavernous, 
crystallized gypSl1l11. The coniact between these two is vertical 
and is clearly defined. NeAt to the brown and cavernous crys­
ialline gypsum, eastwnrd, are about four feet of very line, fri­
able, white, siliceous material, containing some gypsum. rEhen 
there is about 15 feet of white, brown, and black-banded gyp­
sum, and limestone containing patches of selenite. This gyp­
sum is evidently altered limestone, for in places the two merge 
and it is impossible to see whero the limestone stops and the 
gypsum begins. This grades into more solid black gray lime­
stone, cavernous anc1 decomposed in places. Small fillings and 
incrustations of sulphur were noted in places, and some sulphur 
dust (small fragments) was taken from a small cavity In the 
working face. 

In thin section this limestone is seen to be composed of inter­
locking grains of calcite. It has the appearance of being con­
siderablyaltered. It also contains bituminous material. From 
the top of this open cut, the rock has been stripped toward the 
summit for some distance. The limestone exposed here is very 
finely bandec1, minutely folded; it is gray brown from the bitu-' 
men it contains. Many minute cracks and fissures, especially 
along the bedding planes, were noted, quite a few of them being 
wholly or in part filled with secondary gypsum. A little sul­
phur was also frequently seen to be deposited on the secondary 
gypsum. These fissures and small caverns were possibly caused 
by the same solutions that were active in forming the altered 
material in the open cut below, for they become less pronounced 
as the distance from the outer edge increases. About two-thirds 
of the way up the hill and a short distance north of the open 
cut, there is an exposure of sulphur occurring in decomposed 
friable, hrown gray or white, gypsiferous material. At this 
point considerable hydrogen sulphide is given off at times. 

At about the same elevation and just south of the line of 
the open cut, there is a natural shaft-like opening, said to be 100 
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feet deep and to have been lined in places with sulphur, which 
has been removed during some work done scveral yWl'S a,go. 
An incrustation of sulphur was noticed on the wall ju"t 
above the mouth of the shaft. There was also a vertical gyp. 
sum vein, about four inches thick, in the south wall. It con .. 
sists of decomposed earthy material. Sometimes the hydrogen 
sulphide issuing from this shaft is perceptible at a distance 
of fifty feet or more. 

On the east side of this hill and about two-thirds up its side. 
stripping has uncovered a good showing of sulphur-bearing 
rock, for a distance of about 40 feet. This deposit, where ex­
posed, has a thickness of about four feet, and certain parts of 
it are very rich. Directly in contact with the sulphur, the con· 
taining rock is white and altered, but a short distance away, 
where it has evidently not heen altered, by the hydrogen suI· 
phide, the limestone is practically identical with that occurring 
in the open cut on the west side. 

A few feet below this sulphur exposure an open cut has gone 
in far enough to show that the limestone is very similar to that 
in the 'other open cut. But the mineralizing action has been 
less intense around the outer edge. A lump of sulphur was 
noticed from this cut, and in places the cavities in the rock were 
lined with petroliferous material. 

Open Cut on Section 8, Block 61. 

The thin-banded condition of the gypsum persists northwest· 
erly from thc Grant, and a little white massive gypsum appears 
here and there on the surface. This becomes more calcareous 
as the base of the gypsum is approached. 

There are several hills northeast of .the Grant that have a 
similar capping of weathered limestone. In fact, between the 
north and south limits covered, this capping seems to be quite 
typieal for the western edge of the gypsum. 

About one mile nOl~th of the Grant, and probably on the 
extreme western edge of Section 8, is a shallow pit, showing 
some yellow sulphur in loose, decomposed, white to gray gypsite 
or gypsiferous earth. The odor of hydrogen sulphide is read­
ily perceptible at this locality. 
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Other Sulphur Lo,cations Reported. 

A number of other reported locations of sulphur were ob­
tained from authentic sources. These are on Sections 9, 10, 11, 
13 and 14, Block 111; Sections 5 and 24, Block 109; Sections 
10, 11, 18, 19, 22, and 23, in Block 115; Sections 15 and 16, 

. !Block 60, Tsp. 2; Sections 16 and 17, Block 61, Tsp. 2; Sections. 
48; Block 62, Tsp. 1. 
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TYPES OF SULPHUR. 

From t11e <1escriptions 01 the local deposits of sulphur occur­
ring in this field, it will be seem ihat some distinctions can be 
made of ditTenmt forms the sulphur deposits have assumed. We 
may group theo:e iuto a few general types, which cannot, how­
ever, be said to be distinguisha ble in every case, but which merge 
vory fl'oqurntly into each othor. A study of these types and 
their relrltion to the diffel'pnt kinds of matrix, or containing 
rock, is quite instructive and suggestive of the conditions under 
which mineralization has taken place. The most readily dis­
tinguishable types are as follows: 

1 ... Yellow crystallized sulphur is very common; especially 
when it occurs in association with brown, porous, siliceous ma­
terial, in which it is usually well disseminated, '1'he common 
size of the crystals is from a pin point up to about one-eighth 
inch in diameter. Some of the crystals in the massive gypsum 
may become much larger than this size. The color varies from 
resin-yellow to greenish-yellow. 

Occurrences of this type of sulphur were noted in the follow- ' 
ing locations: On Section 34:, Block 70; Johnson; Kyle; Section 
14, Block 113: Section 1, Block 111; Spann-Felch; Michigan; 
Georgetown; Cooksey; Stinking Seep; Section 4, Block 109; 
Section 9, Block 109'; Grant. 

2 ... Yellow massive sulphur is the most common variety of 
sulphur, forming the bulk of the deposits. It occurs in seams, 
layers and masses, ranging in thickness from that of a knife 
blade edge up to a foot or more. It sometimes exhibits banded 
or concentric layered structures, as if the layers had been de­
posited around a common center. The color varies from drab 
yellow and greenish yellow to very light yellow. 

Occurrences were noted at the Johnson; Kyle; Dot; Spann­
Felch; Michigan; Georgetown; Cooksey; Stinking Seep; Section 
4, Block 109; Section 9, Block 109; Section 10, Block 109; Grant; 
Section 8, Block 61; University Lands. 

3 ... Green crystallized sulphur occurs rather sparingly, the 
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Michigan being the only property where it was noted as occur­
ring in any abundance. The size of the crystals noted ranged 
from almost microscopic size to about one-quarter of an inch in 
diameter. The color ranges from emerald green to yellowish 
groen. 

This variety of sulphur has probably been deposited both 
from gases and gases in sol ution in water. The green color is 
probably dne to contained impuritics, although it is possible 
that physical properties also affect the optical qualities of the 
sulphur. 

Occurrences of this type of sulphur were noted at the Spann­
Felch; Michigan; Cooksey; and Section 10, Block 109. 

4 ... There is also a green massive variety of sulphur. Occur­
rences of this type are very rare, and form no appreciable por­
tion of the deposits I have found. It occurs in thin layers, and 
is of a yellowish grecn color. '1'his was noted at the Cooksey; 
Kyle; and Spann-Felch properties. 

5 ... One variety of sulphur is silvery white and massive. 
'1'his occurs frequently, but in small quantities. It occurs in 
some abundance near Walker's Ranch on Section 4, Block 109. 
It usually is found in minute seams, although in pl~ces masses 
several inchl:s thick were noted. It was seen at the Johnson; 
Kyle; Michigan; Cooksey; Section 4, Block 109; Section 9, 
Block 109; Section 10, Block 109. 

6 ... Last we can distinguish a cream-colored massive or kaolin­
like sulphur. This occurs only rarely, but is present in some 
quantity at the Michigan. It there forms masses or layers up 
to several inches in thickness. This type was seen only at the 
Michigan and the Grant properties. 

Kinds of Matrix Containing Sulphur. 

The surface of this district may be said to be almost every­
where covered with gypsite or gypsiferous earth. This surface 
material in part represents the weathered remnant of the orig­
inal sediments of gypsum, limestone, and dolomite or conglom­
erate, constituting the mantle rock and the bed rock of the 
region. In fact, in various places it can be traced, grading into 
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pure gypsum and limestone, and into brown earthy, silieeous 
material, evidently derived from the bedrock. 

Gypsile consists of gray brown to dirty gray soil, usually 
unconsolidated at the surface, but fairly compact at a shallow 
depth. }1~lint pebbles are spread over practically the entire area, 
and locally there are layers of conglomerate consisting of flint 
or dolomite pebbles, or of the two combi'ned. In places, consid­
erablc quantities of sulphur are contained in this superficial 
material, but it usually is not as rich in sulphur as the under­
lying materials to which it gives way when followed down­
ward. 

Over the entire district, with the possible exceptions of the 
extreme northwest and southeast extensions of the field, we find 
a brown, s1:Ziceous mater'ial underlying the gypsite veneer. By 
analysis this has been found to consist almost entirely of silica, 
but in places it contains also much selenite. It grades downward 
into a dark gypsiferous, cavernous and porous ground In 
places, these two materials are very much intermixcd. 'J'his 
deeper-lying brown material is conglomeratic in places, with 
usually flint pebbles or pebbles which probably were originally 
limestone, but now consist of gypsum or even of siliceous ma­
teriaL This soft ground contains much sulphur, both massive 
and crystalline, the crystallized sulphur being usually well dis­
seminated in all cavities. 

A dark ground is present all over' the district usually under­
lying the brown material.. It possesses many characteristics in 
common with the brown ground, but it contains much more 
gypsum than the brown ground and it il> less porous. It is 
typically a dark gray to black, compact pal'th, quite frequently 
porous, and even eavcrnouR; containing an abundance of gyp­
sum; both in the form of gypsite and selenite. It is very fre­
quently conglomc ratic, and contains beds or patches of dol­
omite and altered conglomerate, the altered pobbles probably 
having been limestone, now altered to gypsite. Much snlphur is 
present in this material, both massive and crystalline. More 
slllphur of masl:live texture occurs in thi" material than is found 
in the overlying brown ground. Crystallized sulphur is, as a 
rule, not so generally distributed in this ground. 
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Where the gypsum of the bed rock outcrops and has not been 
badly weathered, it consists of massive white alabaster. ']'his 
holds true everywhere with the exception of the extreme western 
belt, where the gypsum is divided into thin layers by limy, bitu­
minous partings. Both crystallized and massive sulphur occurs 
in this alabaster, but where seen, the occurrences were of no 
impo.rtance. 

The accompanying table has been prepared to more clearly 
elucidate the relations noted in the distribution of different 
forms of sulphur to different types of rock ana g-round in which 
the sulphur is lodged. 

'l'ABLE SHOWING, IN NUMBER m' 'l'IMFS OBSERVED TN 'l'HE FmLD, THll 
FREQUENOY OF ASSOOI~'rlON OF DIFFERI~"T TYPES OF SULPHUR 

WI'l'H DIFFERE\"1' KIND~ OF MA'l'RIX IN WliIOH 
THE SULPHUR OOOUHS. 

Kinds of Matrix 
1--------

'l'y pes of sulphur 
Gypsite siliceons Isifer0us, por- Massive 

Brown , Dark gyp- I 
material lous material gypsum 

Yellow, crystulli7.ed sulphur _______ --186 ~ --2
7
----1---

43
--- ------;-1 -

Yellow, massi ve sulphllf _________ _ 
Green, crystallized sulphur ________ -j 4 
Green, massive sulphur___________ 2 I l 
Silvery white, massive sulphur____ 7 I 
Crenm white, massive sulphl1r __ .. _ 

ChemicaZ Composition of the Sulphlw and of Its Matrices. 

SuZphur Analyses. 

The amount of time available for field work in this district 
did not permit of a thorough sampling of the deposits. How­
ever, a number of samples were taken in order to obtain a general 
idea of how much sulphur the better grades of the material 
carried. The analyses of these samples for sulphur are given 
below. 'rhree of the samples were tested qualitatively, for 
arclcuic, with nt'gative results. These analyses show variations 
between wide limits, und it is to he expedec1 that the individual 
deposits will vary in the same manner. It seems that all of the 
localities contain some rich pockets. 
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ANALYSES OW HA1\IPLF:S OF MEnTU,1 AND HIGH nR'l.DE SULPHUR onE, PROM 
~'II1C nU::-1'l'Um SPRINGS HULPIlTJR l"IELD. 

Analyses by J. E. Stul1ken. 

I 

Snlplmr' 
Sample content. in Arsenic 
J]urJlb~t' PCl" cent (QualitatIve test) 

--cb-- ---;;;uo- - Not t;sted--
o 40 GO "fot i",te,1 

74.00 Not te,ted 
J5.130 "fat tl'sted 

- 5 11.00 Not te,!",] 
-0 40.70 Not tesied 
-7 20.70 :--lone 

S ]2.70 )Tot tested 
() 51.10 ~one 

10 10.10 Not tc,teel 
]1 41.·JO )[ot tested 
12 3&.80 Not tc,teLi 
13 41.81) Koo tes!ed 
14 30.10 N at tested 
13 3.20 Not tested 
16 ml.4D Not tCbLed 
17 7g.~0 None 
]8 20.40 Not tested 

-----------------~--------------
*Hulphur extracted wiLh carbon bisulphide. 

LIST o~, SAMPLEH. 

1. Pickell sample of drab bro»n, irrcgulmly thin·banded, clay-like sulphur from the 
Johnson Prospect. 

2. Picl<eci sample of brown, earlhy mllterial from tbe main exposure at the Kyle 
Prospect. 

3. Picked sample of yellow conglomeratIc material from the main exposure at the 
Kyle l'rospect. 

4. Black gYPslferous material from the dump at pit No. 5 on the Spann-Felch 
Holciings. 

5. DaIk gypsiferous conglomeratic material from beneath the hard conglomerate layer 
on the north siue of 8 (see sketch map) Michigan 1:>ulplmr and 011 COlllpany. 

6. Picked sample of dark gypsiferous material from above the hard conglomerate 
layer rnentioned under sample No.5. 

7. M,xed blOwn and lJlack conglollleratic material from the southwest corner of 8 (see 
sketch map). Some of the black material contains metallic sulphides. From the 
Michigan Sulphur and Oil Company. 

8. Altered conglomerate from the north side of locality 8, marked on sketch map ot 
the lIiichigan Sulphur anci Oil Company property. 

9. Picked sample of black gypsiferous material from locality 16, marked on sketch 
map of Michigan Sulphur and Oil Oompany property. Contains cream-colored or 
kaolin-like and greenish yellow crystallized sulphur. 

10. Brown earthy material overlying the material of sample No. fr. 
11. Picked sample of brown earthy and black conglomeratic material from locality 

marked 13 on sketch map of Michigan Sulphur and Oil Company property. 
12. Pickeci sample of gypsite from the Georgetown Prospect. 
13. Pickeci sample of brown earthy siliceous material from the main exposure at thl 

Cooksey Prospect. 
H. Black banded gypslferous material from the Oooksey Prospect. 
15. Yellow incrustation now being deposited at Stinking Seep. 
16. Picked sam[,le of sulphur from near Walker's Ranch, probably in the southwest 

corner of Section 4, Block 109. 
17. Hample of massive sulphur from the east side of the east bill, Grant Mines 

Property. 
18. Hample of lI'ypsite from the University lands. 

Analyses were also made of several of the typical materials, 
with which the sulphur is associated. In the table below these 
analyses are brought together to facilitate comparison. These 
analyses show that the various deposits exerting, possibly, a se-
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lective action on the deposition of sulphur, may be roughly di­
viueu into three classes; siliceous deposits, gypsiferous deposits, 
and deposits containing much bauxite. However, no hard a,nd 
fast line can be drawn between the three classes. They grade 
one into the other. This is to be expected, as their composition 
depends both upon the natmie of the original seuimenis and the 
degree 01 alteration to which they have been subjected by the 
processes resulting' in deposition of Lhe sulphur. 

MINERAL ANALYSES o~, SULPHUH BE~RING DEl'OSI'lS FHOM THE Rl:S'J'l,ER 
SPHlNGS SULPHUR FIELD. 

;y. E. Stullkeu, Analyst. 

~ __ b ___ c_1 CD _C ___ f_ 
Silica _________________________________________________ 2.31 10.66 34.54'1 37.20 8.60 4D.34 
FerrIC oxidc ____________________________________ ._______ 0.15 0.08 IJ.44 0.27 0.32 0.16 
Alumina ______________________________________________ 1.95 33.48 1669 1.63 11.28 0.J8 
'l'itanie oxido__________________________________________ ______ ______ 6.67; _________________ _ 
Phosphol'uS pontoxidc ______________________________________ 1 ______ 'l'raeelTraec ------ -----~ 
Lime __________________________________________________ 31.72 2.50 G. 76 10.76 5.72 1.35 

~~~~~~a tJ~i~;;id~======~======~========================[ 2~:~~ __ ~~:~ i:~~ 3~:~~ l~:~~ __ ~:~~ 
Sulphlll', frcc__________________________________________ 3.1(, 13.35 1.70 LOU 22.011 40.00 
Sodium o'Cide___________________ _______________________ 4.80 6.14 0.70 0_34 1.21 _____ _ 
Potuesium oxide______________________________________ 0.08 O.lD 1.16 0.34 1 8: _____ _ 
Moisture _____________________________________________ 10.1~ 2.00 9.28 7.64 10.00 2.30 
Loss on ignition ______________________________________ ]6.04 31.25 10.50 1.40 20.1'1 0.'lQ 

'l'otal ___________________________________________ 09.66 99.DO 09.53 [00.08100.21100.51 

Bauxite present ______________________________________ _ 42.23 None 7.03 None 

(a) Drub-colored porous rock containing much selenite. Fl'Om the center of Section 
34, nIock 70. Sample taken by Dr. J. A. Udden. 

(b) Pme white clay like material containing consirlerable gy\mlln. From the south­
east corner of i:lection 13, nIock 70. Sample taken by Dr. J. A. Udclen. 

(c) Clay from the southeast corner of Section 13, Block 70. Sample taken by ;Y. A. 
lHHrtiIl, .Jr., Toyuh, Texas. 

(d) Siliceous gypsite. 'l'ypical rock flOm the Johnson Prospect. 
(e) Dark gY]lsilerous and conglomeratic material fl'ma bencath the har.1 conglomerate 

layer on the north side of locality marked 8 on tile sketch marl of the Michigan 
Sulphur and Oil Company property. 

(t) 'l'ypkal brown earthy material from the main exposure at the Cool,sey Prospect. 
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PROBABLE ORIGIN OF THE SULPHUR. 

The facts that hydrogen sulphide gas is encountered all over 
this area, that sulphur is being deposited at the present time 
from the oxidation of this gas in solution or otherwise, and 
that much of the crystallized .sulphur, judging by it" location, 
must have been deposited by gases; lead one to believe that this 
mode of deposition was of considerable, if not of primary, im­
portance in forming this deposit. The deposition of sulphur 
from this source seems to havo depended largely upon the poros­
ity of the inclosing material. It has been proved by Winograd­
sky that there are bacteria possessing the power to oxidize 
hydrogen sulphide to form sulphur.* Some of the sulphur, 
notably the light yellow kaolin-like variety, may be due to the 
deposition of colloidal sulphur from solution, since it has been 
proved that this can take place.'~* 

It is not a very easy matter, however, to say just what is the 
ultimate source of the hydrogen sulphide. There are no evi­
dences of volcanic disturbances in this district, and the nearest 
v?lcanic rocks are some forty miles distant, so it is not believed 
that the gases are due to dying vulcanism. Some of the sulphur 
may be formed by the action of hydrogen sulphide on calcium 
carbonate, which also produces gypsum. Some of the conglom­
erate beds, the pebbles in which were undoubtedly once carbon­
ates, now altered to gypsum and containing sulphur, in places 
perhaps as replacements, lend some force to this view. 

From the close association here of sulphur, gypsum, oil or 
bituminous material, it would seem possible, as advocated by 
most authors, that the sulphur has been formed from the reduc­
tion of gypsum by organic acids, but for the fact that this reac­
tion, with one exception, has never been satisfactorily demon­
strated in the laboratory under conditions approximating those 
Obtaining in the field. The one exception noted was an experi­
ment made by Hoppe-Seyler in 1886, using methane as the 

"The Origin ot Sulphur Deposits, by O. Stutzer. translated by W. C. Phalen. 
Economic Geology, Vol. 7, No.8, p. 742 . 

.. u. S. Geol. Surv., Bull 530: '''l'wo Sulphur Deposits In Mineral County. 
Colorado", by Esper S. Larsen and J. Fred Hunter; pp. 363-369. 



llNIVBllSITY 01<' TBXAB 

a, Cliff on De1a'ware Creek, about one 11111e ea<;1 of Deh-J,,"\val'e Spl'ings. }\/[uy repre<;.,eni 
the ll'ansiilon beds bet'ween the 11ela'ware and the Ca.",Ule Ji'Ol'lnation. Altel"nating 
lilny and shaly bed8 clO'Yll to yellolv ~allc1stone at the 'vater's edge. rrhel'e are 
some 20 feet of finely bal1l1cd limc~iol1e at ihe lOp, 

., . ...,.~~,.;:;, 
• ~ I ~. ~ ... -..... _ ("" ,~ • "" 

,_ I. "-,' I , t" ." 

• '.~ • ~. ,.. -., p' .... -: o;.~ 

Ll, Typical plain of the Delaware J<'Olmation, Looking easl £"0111 tIle lop of a lime­
stone-capped sandstune Iner;U, l~:dge of nle~a ~ho,vs in the f01'80TOUl1r1. 
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reducing agent. However, it has been shown that this reducing 
action readily takes place under bacterial influencc.* It wonld 
be practically impossible, without extensive researches, to gay 
just what part the reduction of gypsum, either with or without 
bacterial influence, has played in the formation of the sulphur. 

A study of the log of the rrroxel well shows that pyrite is 
abundant almost from the top to the bottom, while bituminous 
material is present quite frequently from 680 feet to the bottom 
of the well. Now, hydrogen sulphide may be formed both from 
the oxidation of pyrite and the decomposition of organic ma­
terial. Judging 'from the Troxel well section, there must be 
considerable quantities of both materials in the Castile Gypsum 
and in the upper part of the Delaware Mountain formation, 
and the hydrogen sulphide may have been derived from either 
one 01' both of these sources. Judging, however, from the faet 
that the pyrite is usually unaltered, and that the organic ma­
terial has been altered, either in situ or at greater depths, as the 
presence of oil indicates, it seems morc reasonable to suppose 
that at least the greater part of the hydrogen sulphide has been 
and is being derived from organic material. 

The physical natmc of the beds, through which the hydrogen 
sulphide had to pass, certainly exerted considerable influence on 
the deposition of the sulphur. It is possible that those be'ds 
lending themselves most readily to alteration now contain the 
bulk of the sulphur. The sulphur dioxide noticeable in a num­
ber of places is probably due to the oxidation of the sulphur. 

'I.'he1'e are other ways in which sulphur may be formed, but it 
is not believed that they were of sufficient importance to be con­
sidered here. 

*The Origin of Sulphur Deposits. O. Stutzer, translated by W. C Phalen. 
Economic Geology, Vol. 7. No.8. p. 738. 
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DEVELOPMIiJNT. 

It ill not known at exactly what date work started in this dis­
trict, but considerable prospe(~ting had been done prior to Dr. 
Smith's trip there in 1896. Much 01 the work spoken of in the 
older reports is inaccessihle now, due to caving 01 the ground; 
and the sulphur piles, formerly pre~ent around some of the pits, 
have either been washed away 01" have been oxidized to the 
gaseous state. Oonsiderable work has been done in this di'ltrict 
in the last two years. This later work has been more extensive 
and deeper than anything' done in the past. 

Many considerations enter into a discussion of the commercial 
possibilities of these depoHits. The district is still in the pros­
pect stage, but what has been shown up is surfieient to justify 
furthel' investigation and development. Just how deep the de­
posits extend it is at present impossible to say. The deepest 
workings in the district extend down about 43 fect. r1'here is 
good sulphur at the bottom of this deepest excavation and it 
probably continues for some distance further down. 'rhe only 
way to aseertain to what depth the deposits extend is to deepen 
the workings or to drill. 

It may be of some interest in this connection to mention the 
fact that two "vells drilled in the spring of 1916 by the Calumet 
and Arizona Mining Oompany on their property about 12 miles 
northeast of FOl't Stockton in Pecos Oounty, showed much dis­
seminated sulpllUl' in gypfmm down to a depth of 550 feet. Ont­
tings from these borings have been examined by Prof. O. L. 
Baker from whom the information has been obtained. These 
two borings are close together at a point where some fourteen 
years ago another boring was made to the depth of 1200 feet. 
In this boring considerable sulphur was encountered at depths 
between 200 and 600 feet below the sur£ace.':' These borings 
were made at a point 90 miles southeast from the sulphur fields 
in Oulberson Oounty. The finding of deep sulphur at this dis­
tance has, of course, no direct bearing on the depth to which 

·University Mineral Survey Bulletin 9, November, 1904, p. 65. "Recon­
naissance in Trans-Pecos Texas", by G. B. Richmdson 



The Rttstler Spril1gs Sltlph1lr Deposits 65 

sulphur may extend in Culberson County, but the circum­
stances of accumulation of sulphur in both of these places are 
probably related. "\Ve have at Fort Stockton, underlying the 
Comanchean, Permian rocks which are not far from being of 
the same age as the underlying formations in Culberson County. 
The source of the sulphur is probably some deeper underlying 
beds in hoth localities, as in many cases there is nothing on the 
surface to indicate the presence of the sulphur below. 

Sulphur is such a low priced commodity that a considerable 
tonnagc should be blocked out before any attempt is made to 
extract and market the product. This does not mean that a 
great deal of experimenting should not also be done in order 
to try to improve the present method of steam extraction. This 
process probably does not extract more than two-thirds of the 
contained sulphur.'*' As the deposits lie quite close to the sur­
face, the mining of the sulphur-bearing rock can be done very 
cheaply. 

Good water is very scarce in this region. A limited supply of! I 

water rather highly charged with mineral salts can be obtained) \ 
by drilling in various places, mostly in the beds of gypsum in I " 

the draws. \ 
There is no permanent fuel supply in the country. Local 

groves of juniper would furnish fuel for a limited period. Coal 
will sooner or latcr have to be imported. The cost of this coal 
at any of the properties east of the Rustler Hills would range 
from about $4.50 to $7.00 a ton, depending upon the quality. 
Up to date, only limited quantities of oil have been found in 
this region and it cannot be counted upon for fuel. 

'1'he distance from the nearest railroad is considerable, and 
it would not be feasible to build a branch line to the deposits, 
unless ~roduction on a very large scale was contemplated, be­
cause the sulphur would constitute practically all of the out­
going freight. 

With some work, the wagon roads ean be kept in fair concli­
tion, except when it rains, and motor trucks aud trailers may 
be profitably used. 

After the .war, tbe price of sulphur will probably drop to 

·E. G. Woodruff, U. S. Geo!. Surv. Bul!. 380, pp. 373-380. 
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somewhere near that point which it occupied before the war, 
and this fact should be remembered in considering future devel­
opment. 

It is hardly possible that the Culberson County sulphur can 
compete in the eastern market with the ]~ouisiana-Texas coastal 
deposits, and thus it appears probable that a western market will 
have to be found for any sulphur produced in West Texas. If 
one company could acquire control of several of the properties 
on which some development has been done, their chances of suc­
cess would be much better than the chances of smaller companies 
operating independentlY. 

In conclusion, I may say that in my judgment it will tqke 
the most economical and intelligent working and it will also 
require considerable capital to place any of these properties on 
.a paying basis. 
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WATER RESOURCES. 

Water is scarce in the entire field, and little has as yet been 
done to develop what water resources there may be in. existence, 
Natural underground waters are to be expected to be highly 
mineralized. Even surface waters, except after heavy rains, 
al'e high in solvent solids. For dscussion of earlier observations 
on this subject, the reader is referred to G. B. Richardson's 
Report of a Reconnaissance in Trans-Pecos Texas, Bulletin of 
the University of Texas No. 23. 'rhe following analyses show 
the quality of some samples of water collected in that region 
recently. The gTound waters contain more than twice the 
amount of solids found in the already highly concentrated sur­
face waters in these analyses. 

(Detcrminations given in parts per million) 

Ions determinec! 3 

Oalcium ______________ .. _______ _________ ____________________ 978 974 1263 
Magnesium ________________ . _____________ ... ______________ c___ 259 163 303 
Sorlium amI potassium (calculated as Sodium)__________ 2025 253() 599() 
Sulphate radich'___________________________________________ _ 2645 25!H 3039 
Bicarbonate radlcle ______________________________ .____________ lC6 117 4;;1 
Chloride radICle______________________________________________ 35!lG 4150 982fi 
Sulphur as Hydrogen Sulphide_____________________________ 32 Nonel 92 
~l'otal llissolved solids (Dried 1 hr. at 180' 0)------------1 10054 10538 21182 

I..FroIl! head of draw east of Lindsey's property. (Anal. 3137). 

4 

1148 
604 

8340 
3(;6~ 

398 
13780 

65 
27813 

5 

1384' 
AA4 

8538 
3886· 

3U7 
13631. 
"Noner 
?8008 

2 .. Running water in creek northwest of Maverick Spring, Culberson Oounty, collected 
by W. B. Phillips, Oct. 16, 1916. (Anal. 3J38). 

3 .. Water from a big deep pool in draw near roar! to W. B. Hicks' house, collected 
by W. B. Phillips, Nov. 17, 1916. (Anal. 3134). 

4 .. Watcr from seep below Maverick Spring; eollccted by W. B. Pllillips, Nov. 17, 
1frl6. (Anal. 3135). 

5 .. Water from a well in nortllwest part of Sec. 1, Block 111, Oulberson County, at 
depth of 23 ft. Oollected lly W. B. Phillips, Dec. I, 1916. (Anla. 3143). 
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	Figure 1. Sketch map of the Michigan Sulphur and Oil Company's property.
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	a. Maverick Springs, looking northeast. Erosion extending into the Castile Formation. Red bed materials show on both sides of this draw, the small hill in the foreground being partly composed of this material.
	b. Characteristically weathered and cavernous dolomite (Rustler?) in the Virginia Draw near the Dot Prospect. The hill in the background is covered with gypsite.

	Plate 2
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	b. Gypsum beds changing upward into gypsite in the Virginia Draw near the Dot Prospect. The gypsum beds are very much broken up.

	Plate 3
	a. Steam plant for extracting sulphur. Rustler Hills in the background. Michigan Sulphur and Oil Co.
	b. Contact between dark, decomposed, cavernous, gypsiferous sulphur-bearing material and the overlying gypsite, a short distance above line drawn to show flexure. Michigan Sulphur and Oil Co.

	Plate 4
	a. Entrance to the northeast drift at 16 in Sketch map. Showing contact between the dark, gypsiferous material,  and the brown, earthy material above. There is a great deal of kaolin-like sulphur in the dark material. A picked sample from the opposite side of this drift contained 54.4 per cent of free sulphur. Michigan Sulphur and Oil Co.
	b. Part of the workings of the Michigan Sulphur and Oil Co. Looking north from the center of the south line of the north forty acres, near the south edge of the depressed area. Extraction plant in the left background. Photograph furnished by Mr. J. G. Townes.

	Plate 5
	a. Rustler Hills, looking south from about the center of the Michigan Sulphur and Oil Company's property. Gypsite covering in the foreground.
	b. Best showing of sulphur on the Cooksey Prospect. Brown earthy siliceous material overlain by a thin capping of gypsite. A picked sample from here contained 41.8 per cent of free sulphur.

	Plate 6
	a. Furnace on the Cooksey Prospect. Said to have produced 75 tons of sulphur; built about 1900. The foundation of the furnace rests on Castile gypsum. Rustler Hills in the distance.
	b. Stinking Seep. Looking to the northwest. A rusty brown incrustation now being deposited here on the gypsite contained 3.2 per cent of free sulphur. Typical Castile gypsum outcrops in the vicinity.

	Plate 7. Banded gypsum at the entrance of the incline on the east side of the west hill. Grant Mines Property.
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	a. Cliff on Delaware Creek, about one mile east of Delaware Springs. May represent the transition beds between the Delaware and the Castile Formation. Alternating limy and shaly beds down to yellow sandstone at the water's edge. There are some 20 feet of finely banded limestone at the top.
	b. Typical plain of the Delaware Formation. Looking east from the top of a limestone-capped sandstone mesa. Edge of mesa shows in the foreground.
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