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Dear Sir : Ihave the pleasure of sending to you a copy of Bulletin
Xo. 3 of the University of Texas Mineral Survey. It deals with Coals,
Lignites, and x\sphalt Kocks and forms the third in a series of economic
publications relating to the mineral resources of the State. Bulletin No.
1 was on Texas Petroleum, and bears date of July, 1901. Bulletin No.
2 was on Quicksilver, Oil and Sulphur inTrans-Pecos Texas, and was

issued in February, 1902. The edition of these two Bulletins has been
completely exhausted and we have no more for distribution.

We are now preparing a special Bulletin on the Quicksilver District
of Brewster county, and hope to have itready by September. Mr.B. F.

Hill,Assistant Geologist, has this inhand and his report willbe accom-

panied by a topographic map of that district, prepared for us by the
United States Geological Survey, Mr. Arthur Stiles being in charge of
the field work.

Later in the year, possibly not before January, 1903, we expect to issue
a report dealing with the southwestern part of Brewster county and the
southeastern part of Presidio county, accompanying this also by a topo-
graphic map covering about 600 square miles of area.

The kind reception these Bulletins have met with,not only from the
technical but also and particularly from the general public, encourages
us to hope that this Bulletin willalso be found to be useful.

The change that has been wrought in industrial circles by the intro-

duction of fuel oil within the last year renders the publication of reliable
data concerning the other fuels of the State especially pertinent at this
time. We have not attempted to cover the entire field, but merely to pre-
sent the main features of a subject which is now attracting no little
attention both at home and abroad.

Very respectfully,
Wm. B. Phillips,

Austin, Texas, May, 1902, Director.
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LETTEE OF TEANSMITTAL.

Hon. Wm. L.Pratlier, President, The University of Texas.
Sir: Ibeg herewith to transmit a report on The Coals, Lignites, and

Asphalt Eocks of Texas, issued as Bulletin No. 3 of The University of
Texas, and as Bulletin No. 15, University Series.

This Bulletin deals with the composition of the various coals and lig-
nites mined in the State, and discusses, briefly, their relative value for
fuel purposes. This matter has not been investigated so thoroughly be-
fore and it is hoped that the information given willbe of practical use.
We have also investigated the occurrence and composition of the various
asphalt rocks of the State as thoroughly as the present situation seems to
demand. The different deposits have been described and many analyses
have been made. This work has not been done before and we trust that
attention will be turned to a material so well adapted for paving pur-
poses. Very respectfully,

William B. Phillips,
Professor of Field and Economic Geology

and Director of the Survey.May, 1902.



ANNOUNCEMENT.

The University of Texas Mineral Survey has a well-equipped laboratory at its

disposal, and is prepared to undertake all kinds of chemical investigations,

assays, etc. Prices will be quoted on application. Address all communications

to the Director.



INTRODUCTION.

The purpose in preparing this Bulletin was to present in convenient
form reliable data respecting the composition of the coals, lignites, and
asphalt rocks found in this State. For the most part geological consid-
erations have been given a secondary place, not because they are of less
importance, but in order to accentuate the economic situation with re-
spect to the utilization of the fuels and the asphalt rocks.

Mr. E. C. Brooks was commissioned by the Survey to collect certain
data from the coal and lignite mines and his report appears in Chapter L
The remaining portion of Chapter 1., as well as Chapters 11., 111., and
IV., were prepared by William B. Phillips, Director of the Survey. A
portion of Chapter IV.was prepared by B. F. Hill,Assistant Geologist.
Chapter Y.was prepared by Henry W. Harper, Professor of Chemistry in
the University. Nothing has been said of natural gas as a fuel, and for
the reason that itis sparingly used in this State, at Corsicana and in the
Beaumont field and at one or two other points. The value of natural gas
as fuel is so well known that itdid not appear to be necessary to discuss
the matter. At most, the value of the natural gas used in the State does
not amount to more than a few thousand dollars annually. It is known
to exist inseveral localities, and in places the pressure is from 200 to 300
pounds per square inch. Corsicana, Beaumont, and San Antonio could
avail themselves of this fuel, as they are conveniently situated with re-

spect to known fields.
The different woods, sawdust, etc., have not been considered in discuss-

ing the fuel question, because the inquiry would have led us in a direc-
tion not contemplated in the establishment of the Survey.

The fuel question is now attracting a great deal of attention in Texas
not only because of the development of large supplies of fuel oil, but
also and particularly because of the general interest in the industrial
progress of the State. Labor may be trained, but if there is no cheap
fuel, manufacturing enterprises are built up under adverse conditions
and industries already established are not as profitable as they could
otherwise be.

The lignite industry is not at present in an encouraging situation. It
has felt the competition of fuel oil much more rapidly and much more
keenly than the bituminous coal. Many mines that were in operation
last year are now idle, and those that are at work have had their output
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considerably reduced. Inorder to meet the competition from oil,lignite
is now offered for 50 cents a ton, f. o. b. mines, the lowest price ever
reached in the history of the industry. For the most part lignite mining
is carried on by individuals, or small companies, of limited capital.
Their fixed charges are comparatively light and the actual digging costs
25 cents a ton. They are advantageously situated with respect to trans-
portation and itis possible that the open freight rate (the maximum rate
fixed by the Eailroad Commission) would be diminished should the
necessity arise. Under these circumstances the lignite miners need not
despair. They have a fighting chance and this chance is improved with
each increase in the price of oil. There is a marked tendency among
some of the oil men to raise the price, and with each increase of 2^ cents
a barrel the comparative value of the oil as fuel is lessened. The lignite
miners could not do a better thing now than to arrange for the testing
of their product, under working conditions, in comparison with the other
fuels. The real efficiency of lignite as fuel has not been the subject of
an exhaustive investigation, and until this is done itwillremain a matter
of opinion. There are no data upon which to base an authoritative deci-
sion, for the calculation of the efficiency of a fuel through chemical com-
position can not always be relied upon.

In the preparation of this Bulletin, various authorities have been re-
ferred to and they are mentioned in the text. We were unfortunately
not able to consult the report on The Asphalt and Bituminous Eock
Deposits of the United States, prepared by G-eo. H. Eldridge for the
Twenty-second Annual Eeport of the United States Geological Survey,
1900-1901, as itwas not received until after we had gone to press. How-
ever, we have covered the ground in Texas with sufficient thoroughness.
Mr. Eldridge's report is extremely timely and valuable and it is to be
regretted that we could not quote from it.

William B. Phillips.

May, 1902.
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CHAPTER I.

COALS AND LIGNITES.

Location of Mines, Analyses, Etc.

In pursuance of the plan that was adopted for securing samples from
each mine in operation, Mr. E. C. Brooks visited all the localities at
which work was in progress during the month of November, 1901. He
secured, in person, samples from'each mine, measured the seams, and
obtained other important data, which appears in the body of his report.
Xo attempt was made to consider geological questions, or those relating
more particularly to stratigraphy. The purpose in view was merely to
secure samples inperson from each producing mine and to submit them
to analysis in order to ascertain the composition of each coal and lignite
mined in the State. The samples were drawn by Mr. Brooks in the
mine, and were then sent to the laboratory in tin cans with close fitting
lids, so as to avoid possible loss of moisture. When received at the
laboratory the samples were at once transferred to ordinary glass fruit
jars with rubber sealing ring and glass top.

During October and November, 1901, Mr. Brooks visited the follow-
ing mines and secured samples from each one:

1. Eio Grande Coal and Irrigation Co., Minera, Webb county.
2. The Cannel Coal Co., Darwin, Webb county.
3. The Carr Wood and Coal Co., near Lytle, Medina county.
4. The Bertetti Coal Co., near Lytle, Medina county.
5. The Maverick County Coal Co., near Eagle Pass, Maverick

county.
6. The Eio Bravo Coal Co., near Eagle Pass, Maverick county.
7. The Grlenn-Belto Coal Co., Bishop, Bastrop county.
8. The Worley Mine, Eockdale, Milam county.
9. The Black Diamond Coal Co., Eockdale, Milam county.

10. The Lignite Eggette and Coal Co., Eockdale, Milam county.
11. J. J. Olsen & Son's Mine, Eockdale, Milam county.
12. The Big Lump Coal Co., Eockdale, Milam county.
13. The Aransas Pass Coal Co., Eockdale, Milam county.
"14. The Central Texas Mining, Manufacturing and Land Co., near

Calvert, Eobertson county.
15. The Houston County Coal and Manufacturing Co., Crockett,

Houston county.
16. The Timpson Coal Co., near Timpson, Shelby county. -
17. The North Texas Coal Co. (Mine No. 1), near Alba, Wood

county.
18. The North Texas Coal Co. (Mine No. 2), near Alba, Wood

county.
19. The Como Coal Co., near Como, Hopkins county.
20. The Wise County Coal Co., near Bridgeport, Wise county.
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21. The Bridgeport Coal Co. (Mine Xo. 1), near Bridgeport, Wise
county.

22. The Bridgeport Coal Co. (Mine No. 2), near Bridgeport, Wise
county.

23. The Texas Coal and Fuel Co. (Mine No. 1), Eock Creek, Parker
county.

24. The Texas Coal and Fuel Co. (Mine No. 2), Eock Creek, Parker
county.

25. The Texas Coal and Fuel Co. (Mine No. 3), Eock Creek, Parker
county.

26. The J. S. Young Mine, Keeler, Parker county.
27. The Texas and Pacific Coal Co. (Mine No. 7), Thurber, Erath

county.
28. The Texas and Pacific Coal Co. (Mine No. 8), Thurber, Erath

county.
29. The Texas and Pacific Coal Co. (Mine No. 9), Thurber, Erath

county.
30. The Texas and Pacific Coal Co. (Mine No. 10), Thurber, Erath

county.
31. The Strawn Coal Mining Co., near Strawn, Palo Pinto county.
32. The Smith-Lee Mine, near Cisco, Eastland county.

Before entering upon a discussion of the analyses of the various coals
and lignites, Mr. Brooks' report will be given in full.

In explanation of the absence —for the most part—of geological and
stratigraphical data, except in so far as some mention was necessary,
itis to be remembered that this was not contemplated. Sufficient infor-
mation on these points was gathered by the former Survey, under Mr.
E. T. Dumble, 1888-1892, to enable us to avoid duplication of data.
For more particular information, the reader is referred to the reports
issued by Mr. Dumble and his associates between the years named above,
and to Mr. Vaughan's report on "The Coal Fields of the Eio Grande,"
U. S. G. S. Bull., 164.—

p

It is probable that a further and more detailed study of the Carbon-
iferous formation, especially in the counties of Stephens, Young, and
McCulloch, would be of considerable interest and value. The only coals
that could serve for coking purposes are from the Carboniferous, and it
may be that further investigation there would reveal commercial seams
of coking coal. But this is a matter for future consideration.

Mr. Brooks' report is as follows:
"The known coal (coal and lignite) bearing areas of Texas, where

fossil fuel exists in quantities of economic importance, if subdivided
according to age, would fall under the three heads of the Eocene area
of Eastern and Southern Texas, the Cretaceous area of Southern Texas,
lying wholly inMaverick county, and the Carboniferous area of North-
ern-Central Texas. The radical difference between the Eocene coals of
Webb county and vicinity, and the other Eocene coals of Texas, would
suggest the convenience of a different classification based on chemical
and physical characteristics of the coals. It is preferable, however,
to make the main basis of classification the age of the coal beds and the
enclosing strata, and to subdivide the Eocene coals into two general
classes. AllTexas Eocene coals not lying in Webb county and a very
limited adjoining territory, consisting of parts of Dimmit, Zavala, Mav-
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erick and Uvalde counties, are separately considered under the subclass
of Lignitic Coals of the Marine Eocene, the area just defined being
known as the Santo Tomas Coal Field.

Besides the coal in Texas embraced in the general areas referred to
above, it is known that Brews ter county, in the vicinity of Terlingua,
and Presidio county (San Carlos Field) afford coal beds. A further
occurrence of coal in Texas is recorded in "Mineral Resources of the
United States/ 1886, p. 349-350, as being one hundred and ten miles
east of El Paso, near Eagle Springs, El Paso county.

EOCENE COALS OF TEXAS.

1. Lignitic Coals of the Marine, Eocene.
A broad belt of low-lying territory borders the Gulf region of the

Southern States, attaining its greatest development in Texas, where it
reaches a width, along the Texas-Louisiana border, of more than two
hundred miles. Itperhaps exceeds this width in Southern Texas in a
line approximately paralleling the Eio Grande and stretching southeast-
erly to the Gulf. Throughout this coastal plain, Tertiary and Quatern-
ary strata occupy the surface, the latter being confined to the Gulf front.

Widely distributed throughout this area are lignitic deposits, their
presence in the more recent strata of the Gulf front being shown by the
deep well bored at Galveston, completed August, 1892, and in other
wells. Their presence in the basal members of the Tertiary, where they
attain their greatest development, is evidenced by numerous outcrops, for
the most part confined to the Eocene. In fact, according to Mr.Dumble,
the Eocene contains practically all of the lignite deposits in Texas that
are of economic importance. This Eocene area embraces, in whole or in
part, the following counties, according to the determination of the Texas
Marine Eocene by the Geological and Mineralogical Survey of Texas:
Bowie, Hopkins, Titus, Cass, Rains, Wood, Camp, Upshur, Marion, Van
Zandt, Smith, Gregg, Harrison, Henderson, Rusk, Panola, Navarro,
Anderson, Cherokee, Nacogdoches, Shelby, Limestone, Freestone, Hous-
ton, Angelina, San Augustine, Sabine, Robertson, Leon, Trinity,Milam,
Brazos, Madison, Grimes, Walker, Polk, Tyler, Jasper, Newton, Burle-
son, San Jacinto, Washington, Bastrop, Fayette, Caldwell, Guadalupe,
Gonzales, Lavaca, Wilson, DeWitt, Karnes, Atascosa, Live Oak, Bee,
Goliad, La Salle, McMullen,Encinal, Duval, Zapata, Starr, Webb, Mav-
erick, Uvalde, Medina, Bexar, Dimmit, Zavala, Frio, etc.

At numerous places throughout this area outcroppings of lignitic beds
can be seen. The location of many of these outcrops has been recorded
in Bumble's "Brown Coal and Lignite." An exhaustive list of these are
not recorded, however, their determination being a work of such magni-
tude, owing to their number and wide distribution, that, s*o far as the
writer knows, no record has been made purporting to contain them all.

Excepting in the Nueces or Santo Tomas Coal Field (which will be
considered later) bordering on the Rio Grande, these lignites are typical,
ranging in quality from very friable beds containing much hygroscopic
water and frequently high percentages of silicious and other ash-making
materials, to the more compact beds, many of which afford an excellent
quality of fuel for steam-making purposes. The stratigraphy of this



4 Texas Coals and Lignites.

region, while differing in details, may be said to consist of interbedded
sands, clays, sandstones, and, now and then, limestones. Speaking with
particular reference to East Texas, Mr.Dumble ("Brown Coal and Lig-
nite," 1892, p.' 124) says: "The following arrangement may be taken
as representing our present state of knowledge regarding the Eocene
series which contains the greater amount of brown coal.

Fayette Division ~\
Yegua Division > Brown Coal-bearing.
Timber Belt Division )
Basal Division.

BASAL DIVISION

Wills Point Section. —"The basal beds consist of a stiff laminated
clay, yellow, gray, blue or bluish-green in color, frequently interbedded
with seams and laminae of sand, containing many concretionary masses
of non-fossiliferous limestone, which are much cut up by veins of brown
crystalline calcite, and vary in size from a few inches to six feet in
diameter.

* * *
Interstratified with the clays and inclosed between

the upper brown clay and the lower dark blue division, there occurs a
series of beds of white fossiliferous limestone and brown and dark blu-
ish-gray sands.

* * *.''

TIMBER BELT DIVISION.

"The basal clays everywhere, from the northern part of the State to
the Colorado river, blend upwards into the sandy timber belt beds.
These form a large part of the Tertiary formation in Texas, and under-
lie the great region of the eastern part of the State. They are composed
entirely of silicious and glauconitic sands with white, brown and black
clays. The clays, however, are greatly in the minority, and the silicious
sands compose, by far, the greater part of the series. Lignite beds are
of very frequent occurrence, varying from a few inches to ten and twelve
feet in thickness.

* *
*."

YEGUA DIVISION.

East Texas Section.
—"Following the Cook's Mountain beds, there

comes a series of deposits made up chiefly of sands, sandy clays, clays,
and brown coals.

* * *
The principal bed underlying these sands

(gray, blue, and white sands, near Lufkin), and the one probably form-
ing the greater part of the whole group, is a heavy bed of dark blue clay,
changing to a dirty yellow, containing clusters of small crystals of gyp-
sum in great profusion.

* * *
The basal deposit of this group is

a dark blue. laminated clay/

FAYETTE DIVISION"

"To this division are referred the Fayette sands proper.
* *

*."
East Texas Section.

—
"The greater proportion of the deposits, where

seen, consists of gray sandstones interstratified with gray sands and gray
clays. * * *.}>

The dip of these strata is from l°-9' to 2°-52' to the southeast, which
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makes the lignite deposits included in them accessible for mining over
wide areas. These lignitic beds lie frequently in three beds available
for mining, as inparts of the Rockdale field. In thickness they range
as high as 24 feet, according to Mr. Durable. The thickest seam that
has come under the observation of the writer, however, is at the Manton
farm, in Fayette county, on the banks of the Colorado river, where a
section of 18 feet was seen. Exclusive of the Santo Tomas Field, the
following is a list of the localities in Texas where Eocene coal was being
taken out during the month of November, 1901, together with the aver-
age thickness of each seam where it is being mined:

A few other lignite mines, notably, the Texas Briquette and Coal Co.,
and the Yoakum Coal Co., of Rockdale, were producing earlier in 1901,
but the serious competition of Beaumont fuel oil, together possibly with
other causes, has caused them to shut down, and consequently they have
not been taken into consideration at this time.

LABOR.

Labor at the lignite mines in Texas is of different kinds in different
localities, being Italian at the Bertetti mine inMedina county, and Mex-
ican at the Carr mine, in the same county, and at the Glenn-Belto mine
in Bastrop county. In the Eockdale region both white and Mexican
labor is employed, while in Houston county negroes form a large pro-
portion of the laborers in the Houston County Coal Co.'s mine. At
the Timpson Coal Co.'s mine in Shelby county, and at the mines of the
JNTorth Texas Coal Co., near Alba, Wood county, white American labor
is largely employed. The only other character of labor used in the lig-
nite mines in this State is convict labor. This use of convicts near Cal-
vert, in the Central Texas Mining, Manufacturing and Land Co/s mine,
is peculiar to that mine. The operators of the mine expressed them-
selves as highly pleased with this labor. Principal among its advan-
tages is its regularity and promptness. As pointed out by Mr. McCas-
key, secretary, his company could count absolutely on the exact number
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of men employed being in the mine promptly at the opening of the
working day. This is an important consideration at any mine, but per-
haps the eoriditions at Calvert, where the larger part of the output is
taken by the H. & T. C. Ry., makes the regularity of output a matter
of exceptional importance.

The convicts average six tons of coal per day per man at Calvert.
According to information at hand, this is a larger production than is
obtained at any other mine, but itmust be remembered that the Calvert
seam is over ten feet in thickness and much thicker than this at places.
(A bore hole situated about three-fourths of a mile north of the shaft
shows a thickness of 14 feet of lignite.) But the fact remains that the
convicts worked under conditions such as exist at the mine near Calvert
are of exceptional efficiency. As to the cost of this character of labor
as compared with free labor, more will be said later. These convicts
are fed and clothed by the State, and are housetl in barracks at the
mine. Their terms of service range as high as fifteen years, and the
State employs guards, who accompany the convicts to and from the
mines. The men seem to be well disciplined, and attempts to escape
are reported to be extremely rare.

COST OF LABOR.

Unfortunately, no full and accurate information is obtainable show-
ing the cost of free labor. This information is not to be secured with
exact accuracy, since, owing to the scarcity of miners and the fluctuat-
ing demand for lignite, wages are variable. The writer was informed
in more than one instance that the price of digging coal differed in the
same mine at the same time. Xo attempt will,therefore, be made to
give these figures, which vary between limits, being less in summer than
in winter, and perhaps reaching their highest figure at the mines in
East Texas. While np attempt was made to gather information as to
the cost of labor, the following figures incidentally came under the obser-
vation of the writer. Perhaps 35^ may be considered an average price
paid for the digging of a ton of lignite. Touching this point, Mr. Ed.
Sterling testified, in the hearing on oil, begun August 3, 1901, before
the Railroad Commission, that he considered that a man could average
$1.50 per day at the Como Coal Co.'s mine inHopkins county. As this
mine had not been fully opendd up at the time of this testimony, and,
indeed, was not in operation as late as November 20, 1901, Mr, Sterling
must have been speaking^rom estimates. His seam, as measured by the
writer, is 7 feet and 1 inch thick. To earn $1.50 per day in this coal
at a rate of 35^ per ton, the miner would have to dig 4.285 tons. This
is a very moderate estimate of production for a day's work in a thick
vein, such as the one under consideration.

Further information as to the wages paid is given by the testimony of
Mr. J. J. Olsen, of San Antonio, on the same occasion. Mr. Olsen is
interested in the Rockdale field, his mine being known as the J. J. Olsen
& Son's Mine. The thickness of his seam of lignite is 7 feet, arid for the
mining of this coal he states that he pays 32^ per ton. Mh\ C. H.
Coffield, interested in the Lignite Eggette and Coal Co.'s mine, and in
the BigLump Coal Co.'s mine in the Rockdale region, testified that he
paid laborers 34^ in the spring and summer, and 40^ in the fall and
winter. The thickness of the seams in these mines is from 7to 7A feet.
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COST OP PEODUCTIOX.

The ultimate cost of producing a ton of lignite is even more difficult
to arrive at than is the average cost of labor in producing it. This is
easily seen, since the cost of labor is simply one of several factors that
enter into the cost of the product. Xo attempt, therefore, willbe made
in this discussion to analyze the average cost of producing a ton of lig-
nite. Only a few figures touching this point willbe given here. Testi-
fying before the Kailroad Commission at the oil hearing in August,
1901, Mr. J. J. Olsen gave the following information bearing on the
cost of production at his mine at Eockdale: "Output of mine, from
35,000 to 40,000 tons per year (average 37,500 tons). Xumber of acres
of coal land, 200; total cost of land, $6,000. Total cost of land with
improvements, $15,000. Cost of timber and other expenses (not speci-
fied what "the other expenses" were), 10^ per ton; other labor, about
25^ to 30^ per ton."

Mr. C. H. Coffield, of the Lignite Eggette and Coal Co., and the Big
Lump Coal Co., both of Eockdale, is somewhat more explicit in his tes-
timony. He states that itcosts. him, exclusive of interest on investment,
53§^ per ton of coal, f. o. b. mine. Of this, 34^ per ton is spent for
digging.* He estimates the cost at the BigLump mine to be $1.00 per
ton. This mine is newly opened, and a good deal of water is encoun-
tered."

As to the cost of producing lignite at Calvert Bluff, no figures are
at hand. The regularity of the labor, together with the low rate of 95^?
per clay per man that is paid to the State, would indicate a very low cost
per ton of coal produced. For digging at this mine, 15 8-10^ per ton
is paid. To this, in addition to other factors in arriving at the total
cost of production, must be added 10^ per ton paid as royalty.

THE LIGXITEMIXES.

The Can- Wood and Coal Co.
InMedina count}T, one mile south of the village of Lytle, is the lig-

nite mine of the J. S. Carr Wood and Coal Co. This mine is reached
by a spur-track of one-half a mile from the main line of the I.& G-.
X. By. The mine is entered by a shaft 60 feet deep, and the workings
have been extended to a distance of 1000 feet from the bottom of the
shaft. The pillar-and-stall system is used in the mine. The roof in
most places is a laminated, sandy clay. The mine has but little
water. The average thickness of the seam is 5-^ feet, and shows no part-
ings. Itis underlaid by a white clay. The mine is ventilated by a sys-
tem of air shafts of 3 feet diameter, situated at intervals of 300 feet
on entries. These shafts supply air without the assistance of machinery.

The output of the mine consists of lump and nut coal, the slack being
thrown on the dump. The proportions of these are about 80 per cent.
lump, 5 per cent, nut, and the remainder slack. A f-inch screen is used,
and the screenings are further separated by being conveyed to a revolv-
ing cylindrical nut screen of +.-inch mesh. This nut coal is used largely
to run the machinery of the plant. The lump coal is shipped to points
on the I.&G. X.Ey., the major portion going to San Antonio. At the

*
InMay. 1902, the price for digging was 25 cents per ton of 2000 pounds, and lignitewas

selling for 50 cents, f.o.b. mines.
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time of the writer's visit to this mine (October 31, 1901), the output
was seriously affected by the competition of Beaumont fuel oil. The
mine employs eighty men.

The Bertetti Coal Co.
This mine is situated one-half mile south of the Can Coal and "Wood

Co.'s mine, and is owned and operated by Italians. It is comparatively
new, and is operated on a modest scale. The main entry extends about
500 feet from the shaft. As is the case with practically all other lignite
mines in Texas, the pillar-and-stall plan of mining is used. The open-
ing is a shaft 50 feet deep. The lignite seam is 5^ feet thick, and is
overlaid by a laminated clay and rests on a white clay. Very little tim-
ber is used in this mine, even the shaft not being closely timbered.
Twenty-five men are employed, all being Italians. Mr. Bertetti is at
the head of the enterprise, and superintends the operations. The pro-
duct of the mine is about 80 per cent, lump, 5 per cent, nut, and the
remainder slack, which is thrown on the dump. Natural ventilation
supplies air.

Mr. Bertetti expressed himself as despondent over the outlook for his
mine, as fuel oil had reduced his output from two or three cars per day
to this number per week.

Glenn-Belto Coal Co.

The Grlenn-Belto Co.'s lignite mine is situated at the station of Bishop,
Bastrop count}', about three miles south of Savers, on the M. K. & T.
Ey. The president of the company is Dr. Lucket, of Bastrop. Mr. Ches-
ter Erhart, of the same place, is secretary, and Mr. John Belto, of
Bishop, is superintendent. This mine employs Mexican labor, for the
most part, fifty men being on the pay-roll. It is entered by a 50-foot
shaft. The seam is 4 feet thick, and is overlaid by laminated yellow
clay. The ventilation is by furnace.

The product is 90 per cent, lump, all coal which is rejected by a
screen being classed as lump. That part of the screenings which is
rejected by the second screen of inch mesh is classed as nut coal. The
product of this mine is marketed along the M.Iv. & T. Ry. and the H.
& T. C. Ey., points along the I.& G. X.By. also taking a part.

The Worley Mine.
The Worley mine is situated on a spur of the I.& Gr. X. By. 2400

feet east of the main line of this road, about H miles from Boekdale,
Milam county. The mine is owned and operated by Mr. A. I. Worley,
of Bockdale, and Mr. Joseph Worley is superintendent. The lignite
seam has an average thickness of 7 feet, and is overlaid by a sandy clay.
Very little timber is used. The shaft is 6x12 feet and 48 feet deep.
Twenty-five men are employed. The product is lump coal only, all
screenings being thrown away. As about 10 per cent, of the product
goes through the screen, the production of lump is 90 per cent,

of the total. The mine has natural ventilation. The product is shipped
to points on the I. & G. X. Ey. and the M. K. & T. Ey.

The Black Diamond Coal Co.

This company is operating probably the largest mine in Milam county.
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Itis situated at Vogel Switch, two and one-half miles northeast of Rock-
dale on the I.&G. X.K}\ The officers of the company are: President,
H. Yogel, Eockdale; superintendent, Gus Lorenz, Bockdale; secretary,
Gus Yogel, Eockdale. The thickness of the vein averages 6-| feet. The
mine is entered by an Bxl6-foot shaft, 62 feet deep, and is ventilated by
a 10-foot fan. The roof of the mine in places requires lagging. Water
is present in some parts of the mine, but no difficulty is experienced in
removing it. There are sixty-five men employed. This mine sells some
mine-run, but the amount is insignificant; of the remainder of the pro-
duct, 96 per cent, is lump and the balance is nut and slack. To secure
the separation of these coals a f-inch screen is employed, through which
all the nut coal passes, and the slack is separated from this on a second
screen of f-inch. The product of the mine reaches points on the I.&
G. X, Santa Fe, S. A.& A. P., and M.K.& T. Eys.

Lignite Eggette mid Coal Co.

This mine is 3000 feet southeast from the I.& G. N. By., on a spur,
and is about two and one-half miles from Eockdale. Mr. C. H. Coffield,
of Eockdale, is president, secretary and treasurer of the company, and
Mr. S. J. Taylor, of the same place, is superintendent.

The mine is entered by a 7x16 foot shaft, 50 feet deep, and is of con-
siderable capacity. The coal seam averages 7 feet in thickness, and is
enclosed between clay strata, the roof being rather sandy in places.
The ventilation is natural, and is facilitated by wind shields built over
the ventilating shafts. The main working shaft is the upcast. This
mine is owned by the same persons who control the Big Lump Mine,
three miles further from Eockdale. Owing to the fact that the market
for lignite has been seriously restricted by the competition of Beaumont
oil, the operators of the Lignite Eggette and Coal Co. mine have decided
to shut the mine down for a period and to ship entirely from the Big
Lump Mine. .When in operation, one hundred and forty men are
employed. Some mine-run is sold, amounting to one-third of the out-
put. The larger part of the remaining product is lump coal. The screen
used has spaces f inch wide between bars.

J. J. Olsen & Son.

This mine is three and one-half miles northeast of Eockdale, on the
I.& G. IST. Ey. Ithas been inoperation about seven years. Itis a pri-
vate enterprise, and since the death of Mr. J. J. Olsen, it is owned by
his son, J. J. Olsen, Jr., and the estate of J. J. Olsen, Sr., all of San
Antonio. Mr. John Eggwort, of Eockdale, superintends the property.
The seam averages 7 feet in thickness, and is enclosed by clay strata,
the upper one containing some sand.

Thirty-five men are employed. Entrance to the mine is effected by a
shaft Bxl4 feet, 56 feet deep. Ventilation is secured by furnace. Two
screens are used in sorting, the product, one with bars f inch apart and
the other with bars f inch apart. The lignite is shipped over the I.&
G. X,Santa Fe, and S. A. & A. P. railroads.

Big Lump Coal Co.

The mine owned by this company is situated five miles northeast of
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Kockdale, 3200 feet northeast from the I.& G. N. Ey. C. H. Coffield,
of Eockdale, is president, general manager and secretary, and Mr. S.
J. Taylor is superintendent. The seam is 7^- feet thick, and is enclosed
by clay strata. Entrance to the mine is effected by a shaft Bxl4 feet,
96 feet deep. Fifty men are employed. As a pump is required to keep
the mine clear of water, it is necessary to operate with some regularity,
and for this reason, Mr. Coffield, the owner, at the time of the writer's
visit to this region, had just closed operations at his other mine and
was fillingall orders from the BigLump Coal Co.'s property. An insig-
nificant amount of mine-run is sold at the mine. Of the remainder of
the product, 75 per cent, is lump, and 25 per cent, nut and slack. The
distance between screen bars is § inch on the first screen and \ inch on
the second. This mine ships over the I.& G-. jST., Santa Fe, and S. A. &
A.P. railroads.

Aransas Pass Coal Co.

The mine of this company is situated one-fourth mile from the main
line of the San Antonio & Aransas Pass Ey., three miles south of Eock-
dale. Mr. J. S. Perry, of Eockdale, is president of the company, and
his son, Mr.P. H. Perry, is secretary and superintendent. As is usual
with lignite in the vicinity of Eockdale, the seam is enclosed between
clay strata.

The mine is entered by a slope of about 2J inches to the foot, and
cable haulage up the slope to the tipple is employed. 'No provision is
made for the ventilation of the mine, itbeing considered that sufficient
air reaches the workings through the old abandoned works, through
openings formed by the caving of the roof, etc. One-third of the pro-
duct is mine-run. The remainder is run over a screen of \ inch between
bars. Allthat goes through the screen is rejected, and only the lump
is sold. Thirty-five men are employed at this mine.
Central Texas Mining,Manufacturing and Land Co.

This company is operating a mine on the Brazos river, six miles north-
west of Calvert. The property was formerly worked by the Calvert Clay
and Coal Co. The officers of the company are: President, Col. C. C.
G-ibbs, San Antonio; secretary, J. F. McKaskey, Calvert; superintend-
ent, F. Beatty, Calvert. These gentlemen were formerly operating at
McDade, in Bastrop county, but owing to the heavy flow of water
encountered in that mine, the work there was abandoned in July, 1901.

The seam of lignite being mined at Calvert willaverage 10 feet in
thickness. Three-fourths of a mile north of the shaft a bore hole shows
a thickness of over 14 feet. The following is a section of the seam at
the shaft:
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In room Xo. 11, east entry No. 1, the following is a section:

For the thickness of the coal left for a roof at this point, the writer
has the word of the sergeant of the convict guard, who, in the absence
of Superintendent Beatty, has charge of the mine.

Entrance to the mine is effected by a shaft 10x20 feet, 50 feet deep.
The dip of the seam is gentle, being about 2° to the southeast. Inorder
to facilitate the haulage of the coal in the main entry, a large engine
running a drum has been put in place, and the capacity of the mine to
deliver coal is largely increased. The output is practically all taken by
the H. & T. C. Ey., which mixes the lignite and McAlester bituminous
coal in equal amounts for use on engines. There are employed sixty-
four men (mostly convicts). The mine is ventilated by a fan of 18
feet diameter. Practically all of the coal sold is lump. The coal- is
broken down across the entire width of the room (16 feet), and a sur-
prisingly small amount of shattering is seen. Very little timber is used
except in the vicinity of the shaft. On the river bank, some 300 yards
from the shaft, can be seen the outcrop of the coal seam. At this out-
crop quite a large amount of coal was formerly taken out by stripping.
This field is known to be extensive, but its boundaries have not been
explored.

Houston County Coal and Manufacturing Co.
This mine, is located at the siding of Wooters, Houston county, three

miles north of Lovelady, and eleven miles south of Crockett. It has
been opened up less than two years. The president of the company is
Mr. A. H. Wooters, of Crockett. Mr. Gr. Q. King, of the same place,
is secretary, and Mr.EliElkins, of Lovelady, is superintendent.

The seam of lignite showed the following section in the main entry
near the shaft:

The mine is reached by a shaft Bxl6 feet, 35 feet deep. Fifty men are
employed. The mine is ventilated by air holes without mechanical assist-
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ance. Of the product, 25 per cent, is sold as mine-run. The remainder is
screened over bars \ inch apart, 10 per cent, going through. The prod-
uct is marketed mostly at points on the I.& G-. X. and Southern Pacific
railroads.

Timpson Goal Co

This .company's mine is situated one and one-half miles south of
Timpson, at Tandy Switch, Shelby county, on the Houston East & West
Texas Ey. The president is Mr.E. P. Coleman, of Como, Miss. The
secretary and superintendent is Mr.E. T. Coleman, of Timpson. The
seam of lignite has an average thickness of 6^ feet, and is overlaid by
a very hard, compact black clay, containing much bituminous matter.
The floor is a white clay. The works are entered by a slope 7x14 feet,
with a grade of about 4 inches to the foot, and a length of about 75 feet.
Ten men are employed. Supt. Coleman reported that labor is extremely
hard to secure at the mine, and on November 19, 1901, only ten men
were available, The ventilation is usually natural, but is sometimes
assisted by a fire built at the bottom of the air shafts.

Only the lump product is sold, and this constitutes about 95 per cent,
of the lignite brought out of the mine, part of the small coal being left
in the workings, due to the use of coal-forks in loading into the mining
cars at the face. These forks have prongs 1 inch apart. On being
brought to the surface the lignite is run over a screen with bars f inch
apart. The screenings are largely used in running the machinery.

North Texas Coal Co.

The mines of this company are situated at Hoyt Switch on the M.
K. & T. Ky., one-half mile south of Alba, Wood county. The presi-
dent and secretary of the company, Mr. J. B. Murphy, resides at Green-
ville, Texas. Mr. G-. W. Anderson, of Alba, is superintendent of the
property. Two mines are operated, being about opposite each other,
each some 200 yards from the main line of the M. K. & T. Ey.
. The seam of lignite is slightly thicker on the east side of the railroad,

inMine No. 1, than on the west side in Mine jSTo. 2, having an average
thickness of 9 feet in the former and 8 feet in the latter. Itis enclosed
ineach instance by clay strata.

Mine No. 1 is entered by a slope which has a grade of 4 inches to
the foot, and whose width and height are respectively 8 feet and 6 feet.
The usual cable haulage up the slope is the method of bringing the coal
to the surface here. The mine is ventilated by a furnace in the air shaft.
As at Timpson, the lignite is loaded at the face with coal forks, with 1
inch spaces between prongs. The product is not afterward screened.

Mine No. 2 is entered by a slope of 2| inches to the foot grade, the
width of the slope being 8 feet and the height 6 feet. Sixty-five men
are employed at the mines of this company —

all white. The same
methods of screening, ventilation, and haulage that prevail at Mine No.
1 are characteristic of Mine No. 2. Only lump lignite is sold, and the
product reaches as far north as Sherman, eighty-five miles, and has a
radius in other directions about equal to this.
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Como Coal Co.

This company is not yet producing coal for market to any extent, only
that which comes from the entries now being driven being available.
Mr. D. A. Ludlow, of Belton, is president of the company; Mr. L. H.
Taylor, of the same place, is secretary, and Mr. Eobt. McG-ee, of Cal-
vert, is superintendent. The mine is situated at the village of Como,
on the M.K. & T. Ey., inHopkins county, ten miles east of Sulphur
Springs. On November 21, 1901, the main entry had been driven 12
feet from the shaft. A section taken at the end of this showed :

The shaft is 17 feet 2 inches by 8 feet 1 inch, and 82 feet deep, and
is well timbered. The air shaft is BxB feet, also well timbered. The
hoisting machinery will be located directly at the mouth of the shaft.
The operators expect to market their product on the M. K. & T. and
Cotton Belt railroads.

THE SAXTO TOMAS COAL FIELD.

This coal field, situated largely in Webb county, has not yet been
accurately defined as to its limits. Some information on this point, how-
ever, is given in Mr.Dumble's "Brown Coal and Lignite," p. 189, and
in U. S. G-. S. -Bulletin No. 164, by Mr. Vaughan. This latter publica-
tion is by far the fullest source of information touching this field, and
will be largely quoted below.

Lender the title of "The Extent of the Eocene Coal Fields, Including
the Santo Tomas Field," Mr. Vaughan, p. 61 of his Bulletin, says:
"The most northern exposure of lignite observed in this region is that
in the east bank of the ISTueces river, at the north line of Zavala county,
about one-half mile below the Pulliam ranch. When this locality was
visited about 2 feet of coal were exposed. Owen makes the following
note on this outcrop : 'Fourteen miles southwest of ITvalde, on the line
between Uvalde and Zavala counties, there is an outcrop of coal in the
north bank of the Nueces river. At this place the stratum is 4 feet 10
inches thick, with a 3-inch division of slate in the center.'

* * *
Going down the Nueces, the next outcrop of coal is in the east bank of
the river, just above the McDaniel ranch. The following is a section
through the coal seam (at this point) :
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"This exposure is in a weathered bluff, the bottom being about 20 feet
above the Water in the river at the time of the inspection. As appli-
ances for digging and obtaining good samples were not at the writer's
disposal, no opinion regarding the value of the coal can be expressed/ 7

"Mr.M. C. Ott furnished Mr.E. T. Hillwith the following data : 'In
a well three miles east of the jSTueees river, in Uvalde county, on the
road from Uvalde to Carrizo Springs, coal was struck in three places;
one seam at a depth of 150 feet was 5 feet thick.' The writer cannot
locate this well on any map, and can give no further information con-
cerning the coal than to suggest that it may be the same seam exposed
just below the Pulliam ranch. Coal is reported in the following other
localities north of Carrizo Springs: As already noted, there is an out-
crop at the bridge, where the Carrizo Springs-Batesville road crosses the
Nueces ; there is coal at the mouth >\p the Espantosa Slough, but noth-
ing definite is known concerning it;Mr. S. D. Frazier informs the
writer that he struck a 7-foot seam of coal at a depth of 80 feet in a
well bored by Mr. Coleman on Pefia creek."

Eeferring particularly to the Santo Tomas field, Mr. Vaughan says:
"Probably the foregoing outcrops of coal should be included in the Santo
Tomas coal field, but in order to avoid attempts at correlations or sug-
gestions as to equivalence in age, they have been discussed separately.
The Santo Tomas series will, therefore, be assumed to begin eleven
miles below the Guajolote ranch.

"Eleven miles by road, southeast of the Guajolote ranch, is an out-
crop of coal or lignite. The associated rocks are micaceous sandstones
and clay shales. The record of prospect hole No. 6, bored by Mr.D. D.
Davis at Pilot ranch, twenty-five miles west of north from San Tomas,
and three and one-half miles from Eio Grande, is given below. There
is another outcrop of coal two and one-half miles north of Palafox."

The following is the log of the bore hole referred to:
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Summing up the results of his investigation, Mr. Vanghan gives the
following; resume:

"5. The coal beds and clays and sandstone immediately overlying
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them were the highest beds seen. Between the two coal seams is a bed
of fossils not vet determined. 190 feet.

"i. Below the coal beds is a series of alterations of clay, shales, and
sandstones of a thickness of at least 400 feet.

"3. A series of micaceous sandstones. 300 feet.
fine-grained

"2. The coarsely crystalline Carrizo sandstone, with a thickness of
at least 150 feet.

"1. Bluish clays, ascertained by a well boring, below which are more
sandstones and clay."

MIKES.

Only two mines are in operation in this field. One is worked by the
Eio Grande Coal and Irrigation Co. at Minera, and the other by the
Cannel Coal Co. at Darwin.

Rio Grande Coal and Irrigation Co.

The mine of this compare is situated at Minera, Webb county, twenty-
five and one-half miles northwest from Laredo on the Eio Grande. The
president is Mr. Thomas Carmichael, No. 27 Pine St., New York. Mr.
T. C. Wellman, of No. 27 Pine St., New York, is secretary and treas-
urer; vice-president and general manager, Mr. Thomas Brewster,
Laredo; superintendent, Mr. D. T. Roy, Minera. The seam being
worked here is known as the Santo Tomas seam, and is the upper of two
seams, the other being the San Pedro, which is worked two miles away
by the Cannel Coal Co. A section taken by the writer inEoom 101,
Main Entry, shows the following to be the character of the seam at that
point:

Supt. Roy stated that the coal at this point is an average of the seam
throughout, and the observations of the writer were in line with this
statement. The mine is entered at the outcrop in the Rio Grande valley
by tunnel, the grade of which dips into the hillside at the rate of 2 feet
to the hundred. This grade is not sufficient to interfere seriously with
the haulage of the coal, but in one instance, after heavy rains, the water
gave a good deal of trouble. As the region is usually dry, such trouble
is the exception, and does not offset the advantages of easy access to the
coal. Suitable timber is difficult to obtain in the vicinity, and is quite
an item of expense to the operators.

As would be expected, Mexican labor is employed, $1.00 per ton for
clean coal being the usual price paid. Owing to the thin seam, consid-
erable clay is removed in the entries, and this is another item of expense.
The quantity of refuse material is augmented by the clay removed in
undercutting the coal, and as a result a very considerable dump of clay
and bone is to be seen. This material contains much pyrite which,in the
process of oxidation, ignites the carbonaceous matter mixed with it
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and a smouldering fire, so frequently seen at similar places, is not absent
here. The mine is ventilated by a system of natural ventilation.

The output of the mine is about 250 tons per day, divided in the pro-
portion of 80 per cent, of lump coal and 20 per cent, of nut and slack
coal. This latter product is not marketed. The usual method of screen-
ing the output is used here, the cars being dumped over a screen with
1-incli bars. The screenings, consisting of nut and slack, are raised by
a chain-and-bucket elevator into a cylindrical revolving wire screen of

mesh and the slack is separated from the nut coal. The product
of the mine is largely shipped over the I.& G. IST. Ky., though a good
deal is marketed inMexico. This mine employs three hundred men.

The Cannel Coal Co.
Two miles southeast of the mine of the Eio Grande Coal and Irriga-

tion Co., the Cannel Coal Co. is taking out coal. Both seams of coal
are being worked here, the lower being known as the San Pedro. The
upper seam, the Santo Tomas, shows the following section:

This seam is reached here at a depth of 50 feet and the San Pedro at.
140 feet. The roof and floor of the upper seam are the same as at
Minera, two miles away. The lower seam is in most places overlaid by
a thin stratum of white clay, and above this and replacing it in some
places is a roof of hard sandstone.

The San Pedro seam consists of two benches separated by fire clay,
which almost pinches out in places, but which ranges to a great thick-
ness in others, To be more specific, the clay which is less than 4 inches
thick in one-third of the rooms of this level, varies from 6 inches to 8
feet over the rest of the mine. Where its thickness is 2 feet or less, both
benches are taken out. Where this is not the case only the thicker bench
(the upper one) is removed. A section of this seam shows :
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The lower level of this mine is wet, but the quantity of water is not
sufficient to be serious. The haulage is by compressed air, one
engine handling the 250 tons that are taken out each day. This is
the only coal mine in this State that uses this powder. The system of
mining is a modified form of the pillar-and-stall system as used at other
mines in Texas. The rooms a*re turned 80 feet apart, and driven in 20
feet wide for the first 50 feet and then widened out on one side to a total
width of 40 feet. The other side of the room is then mined, a total width
of 80 feet being taken out, leaving no coal at all.

The mine is of considerable extent, the main entry being 3400 feet
long. The ventilation is by a large fan over the upcast. The air is fur-
ther bettered by the use of the compressed air motor in the entries. The
presence of about 2 inches of clay above the coal, together with the very
large parting of the same material between the benches, causes the hand-
ling of considerable refuse. In consequence a very large clay dump is
at hand, towering far above the superstructure at the shaft and covering
quite an area. This dump, conical inshape, is being added to each day,
a track being built up its slope and a cable haulage provided. As the
cars reach the apex they are automatically dumped to be returned again
to the cage. The output of the mine (both levels) is 250 tons per day,
80 per cent, of the product being lump. The large amount of bone which
finds its way to the surface with the coal is culled out, and thrown into
a mechanical conveyor to be crushed and returned over the second screen,
thence into the car wThich receives the nut coal. The nut coal thus aug-
mented, amounts to about 18 per cent, of the total output; the remainder
is slack. Three hundred men are employed at the plant, and the miners
receive from $1.00 to $1.10 per ton. The mine is reached by a spur of
the Bio Grande & Eagle Pass Eailway, being about one-fourth mile off
the main line. It is twenty-three and one-half miles northwest from
Laredo and two miles southeast from Minera. The mining village is
called Cannel by many, but the postoffice is named Darwin. The officers
of the company are:' President, C. B. Wright, 142 South Third St.,
Philadelphia; secretary, C. J. Jackson, Laredo, Texas; superintendent,
D. D. Davis, Darwin, Texas. This company is carrying on a good deal
of prospecting work with a diamond drill, about five miles north of the
shaft.

THE EAGLE PASS COAL FIELD.

Texas Cretaceous Coal.

After having described the stratigraphy of the Cretaceous area extend-
ing from its approximate boundary with the overlying Eocene near the
Maverick- Webb and Maverick-Zavala county lines, westward to Del Eio
and north into Uvalde and Kinney counties, Mr. T. Wayland Vaughan,
inBulletin ]STo. 164, U. S. G. S., p. 55, takes up, under the head of Eco-
nomic Geology, a discussion of the Eagle Pass Coal Field. Speaking of
the boundaries of the field, he says :

"* * *
This coal field lies partly

inTexas and partly inMexico. Itextends from Sabinas, Mexico, north-
eastward to Eagle Pass, crossing the Eio Grande some five or six miles
above the latter town, and continues for more than eight miles to the
north. In the vicinity of Eagle Pass the coal horizon dips at a rather
steep angle and soon plunges beneath the overlying sandstones and clays
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to a depth too great for profitable working." Using data from this pub-
lication, coal is reported by Mr. 0. P. Hector, County Surveyor of Mav-
erick county, in a well on his place two and one-half miles below Eagle
Pass. This coal was struck at a depth of 65 feet. The Eagle Pass coal
extends some distance north of Eagle Pass, at least beyond the Thomp-
son ranch, but because of dearth of exposures and a lack of any records,
the actual distance could not be determined. Mr. S. D. Prazier, of Car-
rizo Springs, in drilling a well on the ranch of Simpson & Mangum, in
Zavala county, on Mula Creek, two or three miles above where it empties
into Palo Blanco creek, struck coal at a depth of 120 feet, but it was
worthless. This coal is of the Cretaceous area. Itis certain, however,
that the Eagle Pass Coal field does not extend to the iSTueces river.

"One other occurrence of coal is reported in the Eagle Pass forma-
tion. Mr. Eobert Tompson states that a 4-foot seam of coal was pene-
trated in a well bored by him on the line between Maverick and Zavala
counties, about four miles north of the northern line of Dimmit county."
Mr. Vaughan gives the following section in the Maverick County Coal
Co/s mine near Eagle Pass, as given by Mr. Geo. Bregg, former manager
of the mine:
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The Maverick County Goal Co.

This company is operating a mine opened in1895, situated four and
one-half miles north of Eagle Pass, in the neighborhood of the old Hartz
mine, now abandoned. Its property, at the time of the writer's visit, was
about to be transferred to a new corporation, the Olmos Coal, Coke and
Oil Co. The promoters of the new company are stockholders in the orig-
inal corporation.

This company (The Maverick County Coal Co.) owns 1000 acres of
land and leases 3000 more, adjacent. The present mining operations are
on the leased land. Mr.F. H. Hartz, of Eagle Pass, is president; Mr.
E. Musquez, of the same place, is secretary; and Mr. J. J. Thomas is
superintendent.

Entrance to the mine is effected by a shaft 210 feet deep. The mine is
worked on the pillar-and-stall system. Part of the coal is left for a roof,
the superincumbent material being soft. The following section was
taken inKoom No. 5, East' Entry Xo. 2, South :

There is some water in the mine. The ventilation is by fan. The out-
put of 150 tons per day is marketed largely in San Antonio, 164 miles
northeast. Some coal, however, is sold to the S. P. Eailway when its
supply from other sources is short. Mr. Hartz, testifying before the
Eailroad Commission at the oilhearing inAugust, 1901, stated that he
received at San Antonio from $3.00 to $3.05 per ton for his coal. This,
according to his testimony, is about twenty-five cents per ton above cost.
One hundred and eighty-five men are employed at the mine. The prod-
uct is screened in a I^-inch screen. Disregarding an occasional car of
mine-run, the product is 70 per cent, lump and 30 per cent, screenings.
Coal from this field is shipped under a special rate allowed by the Eail-
road Commission.

The Rio Bravo Coal Co.

The Eio Bravo Coal Co.'s mine is situated three miles north of Eagle
Pass, one-half mile west of the S. P. Ey. It was formerly the Dolch
Coal Co. The officers are: President, J. S. MacKie, 25 Broad St., New
York City; secretary, Chas. Knap; superintendent, J. Harvey Eoulds,
Eagle Pass, Texas.

The mine is entered by a 7x12-foot shaft, 210 feet deep. The follow-
ing is a section taken by Mr. Eobert Magee, of Calvert, 112 feet north
of the shaft :
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A section taken by the writer at the end of Main Entry, South, is as
follows :

Another section taken inEoom 2, Entry No. 4, northwest (opposite
end of the mine from the previous section) shows :

It willbe seen from these sections that the seam is rather cut up by
partings and the cost of mining must be considerably increased by the
presence and wide distribution of so much foreign material. On the east
side of the mine the coal is scarcely so thick as at the points where the
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above sections were taken. The coal is sorted and on being brought to
the surface is run over a screen whose bars are $ inch apart. Of the
product^ 75 per cent, is lump, and 25 per cent, screenings. The bony
material near the top of the seam is used at the mine under the boilers
of the plant. The mine is well ventilated by a 15-foot fan. The ques-
tion of ventilation is of more than ordinary importance in this field,
since the coal pits have, at times, shown the presence of gas. There are
employed 200 men. Practically the total output of the mine, 150 tons
per day, is taken by the S. P. Ey.

THE TEXAS BITUMIXOUS COAL FIELDS.

Carboniferous Coal of Texas.

The Carboniferous inTexas embraces two areas, a small one in West
Texas, lying almost wholly in ElPaso county, and a larger area innorth-
ern central Texas, stretching from a few miles south of the Colorado
river in Concho, McCulloch and San Saba counties, in a northeasterly
direction to the Eed river. It is this larger area that is of economic
importance inconnection with the fuel question in Texas. The El Paso
region will,therefore, be left out of consideration here and the Central
Carboniferous Field, which affords several bituminous coal mines, wTill
be considered. The following counties, in whole or in part, lie within
the Carboniferous area of Central Texas : Concho, McCulloch, San
Saba, Brown, Coleman, Eunnels, Taylor, Callahan, Eastland, Erath,
Hood, Parker, Palo Pinto, Stephens, Shackelford, Throckmorton, Young,
Jack, Wise, Montague, Clay, and Archer. Speaking of this area (with
particular reference to the south part), Mr. Dumble, in the Fourth
Annual Eeport of the Geological Survey of Texas, p. 371, says: "The
Carboniferous formation in this part of the State has been divided by
Mr. W. F. Cummins as follows: (c) Albany (may be Permian), (d)
Cisco, (c) Canyon, (b) Strawn, (a) *Bend.

* * *
Strawn consists

of beds of sharp-grained, moderately hard, evenly textured sandstone,
alternating with beds of blue clay. Conglomerates and shales are not
abundant and limestones are of rare occurrence. Canyon: alternating
beds of rather rough evenly textured bluish limestone, blue clay, some
sandstone, and conglomerate. Cisco :composed of beds of blue clay
which are shaly at some localities; of sandstone usually conglomeratic,
and often a pure conglomerate; of limestone, thinly bedded, and some
coal. Albany: massive beds of blue, gray, and yellowish colored lime-
stones, alternating with beds of blue clay, black or gray shale. Sand-
stone and conglomerate are almost entirely lacking."

The dip of these strata is to the northwest, about 60 feet to the mile.
Mr. Cummins inhis reports states that he has found nine coal seams in
this area, but that only three are of known value. Speaking of two of
these coal seams, he says (p. 436, Second Annual Eeport Geological and
Mineralogical Survey of Texas, 1890) : "The two workable seams of
coal, No. 1 and No. 7, have a general course of outcrop from northeast
to southwest. Seam ISTo. 7is in the Cisco division and lies toward the
top of the coal measures. Seam Xo. lisin the Strawn division and lies
toward the bottom of the coal measures. Each one of these seams has

*The Bend is referred to the Sub-Carboniferous by R. S. Tarr.
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been traced from place to place along the line of outcrop, so that there
is not a mile of the line that has not been passed over and had special
examination.

* * *
The outcrop of coal seam No. 7 begins on the

north, near the town of Bowie, in Montague county, and runs thence
southward through Jack county, crossing the west fork of the Trinity
near the mouth of Lodge creek. Thence by the town of Gertrude.
Thence through Young county, by Flat Top, the mouth of Coal creek,
Belknap, and crossing the south line of Young county near the town of
Carbondale. Thence through Stephens county, passing Crystal Falls,
Coal Mountain, the mouth of Sandy creek, to Cisco, inEastland county,
where a few miles to the south the seam passes under the Cretaceous
strata. It appears again on Pecan Bayou, near Byrd's Store, in the
northwestern part of Brown county; thence crossing into Coleman
county, on the Wofford survey, and from thence crossing Home creek,
on the Scurlock survey, and to the mouth of Bull creek, on the Colorado
river; and passing Waldrip, inMcCulloch county, where a few miles to
the southw Testward it passes below the higher part of the strata.

"This gives about 190 miles of outcrop on a direct line for this seam.
It can be safely calculated that for a distance of ten miles to the north-
westward of the line of outcrop this coal seam may be made available.
This would give an area of about 1900 square miles under which a work-
able bed of coal may be found at a convenient depth for economical pur-
poses.

"The outcrop of coal Seam No. 1 is first seen on the north near the
town of Bridgeport, Wise county, and passes thence through the western
edge of Parker county between Milsap and Mineral Wells., and through
Palo Pinto county, passing Gordon, and into Erath county, passing
Thurber, to a point about ten miles south of Strawn, wThere it passes
beneath the newer strata and does not appear again anywhere to the
southward. This gives a line of outcrop about eighty miles long, and
if the same calculation is made as in the case of the other seam itwould
give an area of 800 square miles of available coal lands of this seam,
making the whole area of available coal land in this part of the State
2700 square miles."

The third seam spoken of as being of some importance is referred to
the Cisco division by N. F. Drake and outcrops in the southern part of
the Carboniferous area of Texas. This part of the Texas Carboniferous
coal area is called "The Colorado Coal Field." No coal is being taken
out of this third seam now, however, and it, therefore, has no importance
further than being a possible future source of bituminous coal.

Mines in the Carboniferous of Texas.

Below is given a list of the bituminous coal mines operating in Novem-
ber, 1901, together with the thickness of each vein (that which is taken
out) where itis being mined :
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The production of coal in the Carboniferous area of Texas exceeds
that of any other field of the State, and this, too, notwithstanding the
very thin character of the coal seams. It seems likely that this field is
to increase in importance, notwithstanding the competition of other
fuels.

Wise County Coal Co.

This company is operating a mine at East Bridgeport, Wise county,
one-half mile east of the Chicago, Eock Island & Texas Ky. The officers
of the company are : President, Henry Greathouse, Decatur, Texas ; sec-
retary, C. C. Cates, Bridgeport; superintendent, Sam Hardy, Bridge-
port. Entrance to the mine is effected by a 7x14-foot shaft, 55:feet
deep. The coal is worked on the long-wall-advancing plan. Allthe coal
is taken out, the gob being placed behind the miner, and an open space
3 feet in width is maintained. The seam is overlaid by clayey slate and
underlaid by a thin stratum of fire clay in which the undercutting is
done. In the first west, off the main, north entry, a section of the vein at
the face showed :

There is no timbering in the entries except for the few feet of
double trackage in the main entry. The product is hoisted and automat-
ically dumped, being first run over a screen whose bars are 15/16 of an
inch apart. A second screen with bars \ inch apart separates the nut
coal from the slack. These screenings are unimportant, however, since
the system of mining does not produce much small coal. Less than one-
half of 1per cent, is nut coal, and this is largely used under the boilers
of the plant.

A large fan supplies ventilation for the mine, a good current of
air being noticed in all entries and at the face. The entries have now
reached a point about 1000 feet southeast of the shaft and 1500 feet
south, though mining in the latter direction has been discontinued owing
to the settling of the ground under the town. The working face is 1200
feet from the shaft, on the north. There are employed at this mine 100
men.

The Bridgeport Coal Co.
This company is operating two mines near Bridgeport, Wise county,

both being situated a short distance west of the main line of the C, E. 1.
&T.Ey. The officers are : President, W. H. Aston, Meadow View, Va.;
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W. H. John, Bridgeport, Texas, secretary and superintendent. The
shaft of Mine No. 1 is about 1500 feet from the main line of the above
mentioned railroad, and is 6 feet 4 inches by 12 feet, and 56 feet deep.
An average of three measurements of the coal seam in different parts of
the mine showed a thickness of 1 foot 7 inches. The seam is overlaid
by blue slaty clay and rests on a thin stratum of white clay in which
the undercutting is done. There is very little timbering. Only a
few feet south of the shaft a fault was encountered which divides
the mine, north and south, into two nearly equal portions. This is the
only break of importance in any of the mines in the vicinity of Bridge-
port. The main entry of the mine runs north and south probably 900
feet each side of the shaft. East and west the distance across the work-
ings is about 850 feet. Carbonate of lime in thin plates is present in the
cleavage planes of the coal. On the first west off the main north entry,
at about 400 feet from the shaft, the coal is overlaid by a bed of gravel,
which in places rests directly on the coal. Its exact extent is not thought
to be great, but its presence in contact with the bed of coal will,of course,
prevent a recovery of the seam at such points. The mine is ventilated
by a furnace. The product sold is entirely lump, only a small amount of
fine coal being produced, and this is used under the boilers at the plant.
Two screens are used, having spaces of 1inch and -J inch, respectively,
between bars.

Mine No. 2. The shaft of Mine No. 2of this company is situated one-
fourth mile north of Shaft No. 1. It is 6x12 feet, and 112 feet deep.
An average of three measurements taken at different parts of the mine
shows the coal seam to be 1foot 7f inches thick. The roof and the floor
of the mine are the same as at Mine No. 1.

This mine, which is much smaller than the one last described, was
formerly worked to a limited extent before the Bridgeport Coal Co.
acquired it. The present operators are now engaged inputting the prop-
erty in shape for systematic development. Both of the mines are slightly
wet, but the water is not present in serious quantities. Mine No.. 1 is
ventilated by a 12-foot fan. This company owns 2300 acres of land and
leases 400 acres more. Testifying before the Bailroad Commission at the
oilhearing in August, 1901, Mr.W. H.Aston, president of the company,
stated that his company had $62,000 invested in this property (Mines
Nos. 1and 2). According to his statement, $2.25 to $2.50 is the price
obtained for the coal, and $1.25 is paid for digging. The company
employs about 125 men. It ships its product over the Eock Island Eail-
way both north and south. This railroad takes about twenty tons per day
for its ownuse.

The Texas Coal and Fuel Co.

The mines of this company are situated at Eock Creek, Parker county,
about seventeen miles west of Weatherford, on the Weatherford, Mineral
Wells & Northwestern Ey. The mines ship over a large area in North
and Central Texas. Mr.L.N. Fouts, of Weatherford, is president; Mr.
E. P. Fouts, of Eock Creek, is secretary, and Mr. Gus Sparling, of Eock
Creek, is superintendent.

Mine No. 1 is entered by a shaft 6 feet 10 inches by 15 feet 4 inches
and 150 feet deep. Mine No. 2 is entered by a shaft of the same size,
but 153 feet deep. The shaft of Mine No. 3 is the same size as the
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other two, but is 230 feet deep. The following is a section inMine No.
1, taken at the face on first east off the main south entry:

The following section was taken at the face on first east off main
north, inMine No. 2:

The section below was taken at the face on first east off the main
south entry, Mine No. 3 :

Tl J_ T _T

The shaft of Mine No. 1 is a few yards south of Eock Creek railway
station ; that of Mine No. 2 is one-third of a mile northwest of No. 1;
that of Mine No. 3 is 4650 feet northeast from Shaft No. 1. As will
be seen by reference to the sections above, only the larger seam of coal
is removed, the small seams above being left in the roof. No timber is
used in the entries except in the double haulage ways. At the face the
roof is propped and the gob is filled inbehind after the usual manner
of procedure throughout Texas bituminous mines. These props are of
rough pine with board caps.

Two hundred and fifty men are employed at these mines, all classes
of miners being represented among them. Considerable water is encoun-
tered in Mine No. 3; the others are dry. Ventilation is provided by
large fans 12 feet in diameter. The screens used have bars 1^ inches
apart, and separate the product of the mine into lump and screenings.
According to Supt. Sparling, Mine No. 1 affords: lump 90 per cent,,
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slack 10 per cent. ;Mine No. 2, lump 86 per cent,, slack 14 per cent. ;
Mine No. 3, lump 84 per cent,, slack 16 per cent.

The annual production, according to President Fouts, is about 80,000
tons, which, is sold at from $2.00 to $2.10 per ton. The market for
this product is over North and Central Texas. Some of the coal has
reached El Paso. Quoting Mr. Fouts, inhis testimony before the Kail-
road Commission at the oilhearing, August, 1901 : "We go as far west
as Abilene, as far north as Gainesville, as far south as Mineral Wells
and Granbury, and east as far as Dallas/ The coal is undercut in the
clslj. Itis a common practice for the miners to wet this clay over night
with water hauled for the purpose so as to facilitate mining next day.
At places the clay pinches out and the coal rests directly on sandstone;
in this case no mining is attempted. From $1.00 to $1.10 per ton is the
price paid for digging here.

The J. 8. Young Mine.
In the western part of Palo Pinto count}', on the Gulf & Brazos Val-

ley Ky., at the siding of Keeler, Maj. J. S. Young, of Weatherford, is
tunneling into the brow of a hill on a thin seam of bituminous coal.
This seam of coal is only about 12 inches thick. The principal object
of Maj. Young in working this property is to take out fire clay, a very
thick bed of which underlies the coal. As the coal can be removed at
practically no additional cost, it is taken out and marketed. A track
of wooden rails is laid from the back of the tunnel, some 500 feet into
the hill,to the brow of the terrace overlooking the railroad where two
chutes are built, one for coal and one for clay.

The following is a section of the seam taken near the back end of
the tunnel at the first left off the main drift:

The property was originally worked by the Peck City Coal and
Fuel Co.

'

Texas and Pacific Coal Co.
At Thurber, Erath county, is situated the greatest mining camp in

the State, fully 5000 people being directly dependent on the coal mines
near that place. The Texas and Pacific Coal Co. operates four collieries
in a radius of three miles of Thurber, the combined output of these
mines being over 400,000 tons annually. In addition to operating the
mines, the company conducts all the mercantile and manufacturing
enterprises in the camp, many of which are on a large scale. Mr.Edgar
L. Marston, 33 Wall St., New York, is president of the company; Mr.
S. Mims, of Thurber, is secretary: Mr. W. K. Gordon, of Thurber,
general manager :J. H. McLure, of Thurber. superintendent.

This company has been in operation since 1889, and during the twelve
years of its existence, has sunk ten working shafts, six of which have
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been abandoned owing to the coal having been worked out in a radius
of little more than one-half mile around each shaft, the operators not
considering iteconomical to work a greater distance than this from the
shaft. InMine No. 7 (Queen Bess), at the face on tenth north off the
main west entry, the following is a section of the seam:

In Mine No. 8, fourth south off east, Koom No. 7, the following is a
section :

The following section was taken in Eoom 1, third west off main south,
"The Colonel" Mine No. 9 :

The following section was taken in "The Old Grirl" Mine No. 10, end
of main north entry :

The shaft of Mine No. 7 is situated in Palo Pinto county, six miles
by rail from Thurber Junction, and two and one-half miles west of that
point on an air line. Itis two and one-half miles northwest of the min-
ing town of Thurber. Shaft No. Bis one mile west of Shaft No. 7, in
Palo Pinto county. Shaft No. 9is one and one-fourth miles south of
Shaft No. 8, and is inErath county. Shaft No. 10 is one mile north
of Shaft No. 8, in Palo Pinto county. Shaft No. 7is 7^xl3 feet and
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140 feet deep. The other shafts are approximately the same size as No.
7. No. Bis 230 feet deep. No. 9is 190 feet deep, and No. 10 is 235
feet deep.

The method of mining here, as in other Texas bituminous mines, is
long-wall-advancing. It differs from the others in detail, however, one
point of difference being that a substantial pillar of coal is left around
the shafts and no sinking of the strata is noticed here in consequence.
Electric haulage is used in some of the mines in the main haulage ways.
Very little timber is used in the entries. As at Bock Creek, rough pine
props are used at the face. The mines are ventilated by fans. Thirteen
hundred men are employed. They are paid from $1.00 to $1.05 per ton
for lump coal. As to how much of the product is lump coal, no figures
are available. Three sizes of screens are used, the spaces between the
bars being, respectively, 1 inch, f inch, and $ inch, making lump, nut
and pea coal. Of this product, the Texas & Pacific Ey. Co. take prac-
tically all the lump, only 10 per cent, of the total output being marketed
elsewhere. The water supply for the camp is an artificial lake covering
160 acres. The boilers at the shafts obtain their supply at local tanks.

Testifying before the Eailroad Commission at the oil hearing in
August, 1901, Mr. W. K. Gordon stated the following facts : This com-
pany is capitalized for $2,225,000. The monthly pay-roll is $50,000.
The price received for the product is $1.97-J per ton, which is about 12-|$
over the cost f. o. b. mine.

The Strawn Coal Mining Co.

At the siding of Lyra, one and one-half miles east of Strawn, and
one-half mile north of the main T. & P. Ey., is the mine of ihe Strawn
Coal Mining Co. Mr. A. J. Eoe, of Fort Worth, is president; Mr. W.
Burton, of Port Worth, secretary; Mr. James Kerr, of Lyra, superin-
tendent. According to Mr. Gr. H. Bennett, vice-president and general
manager, in July, 1901, the plant had been inoperation four years. Up
to August, 1901, the company had put $258,890.05 into the plant. No
dividends had been paid and the officers serve without salary except the
manager and superintendent. The stockholders are: Mr. Burton, of
Fort Worth; A. J. Eoe, Paul Wapples, A.K. Eoot, Alton,111., and Mr.
Bennett. The output for 1900 was nearly 100,000 tons. The mine mar-
kets coal all over North Texas. In addition to this, some is sold in
Arizona and Old Mexico. Speaking of the price received for coal, Mr.
Bennett states that $2.00 represents the maximum price, and that he has
sold coal as low as $1.75, and even $1.35 per ton.

The mine is entered by a shaft 6-Jxl2 feet and 330 feet deep. The
thickness of the seam is shown by the following sections:

Section taken at the face on the sixth south off first west:
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Section taken at the face on the sixth south (right) off main east:

The mine is ventilated by a 12-foot fan. Two screens are used, the
respective distances between bars being 1^ inches and f inch. These
separate the product of the mine into lump (90 per cent, of total prod-
uct) and nut. There are employed three hundred men.

Smith-Lee Mine.

This mine is located two miles north of Cisco, on the land of Mr. Jack
Lee. Mr. J. V. Smith, who has the Cisco water plant leased, began tak-
ing out coal for his own purposes at an outcrop at the base of a billon
Mr.Lee's property. He has increased the output beyond his needs, and
markets the excess in Cisco. The output of the mine is necessarily lim-
ited, since the coal has to be hauled two and one-half miles in wagons,
The mine is operated on the long wallplan, and in jSTovember, 1901, had
five "rooms" opened up.

The following is a section taken in Boom No. 1:

Another section taken at the end of the main entry showed the same
as the section above, except that the upper seam of coal was 12 inches
instead of 13 inches. The output of the property is about fifteen tons
per day. Eight men are employed."

The analyses to accompany this report were made in the laboratory
of the Survey by 0.H. Palm and S. H.Worrell. They are submitted in
the following tables, viz.: "Composition of Texas Coals," and "Com-
position of Texas Lignites."
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ASPHALT BOCK AND OVERLYING CLAYS, NORTH END OF GORDON MOUNTAIN, MONTAGUE COUNTY.
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2.56 66.70 5.35 10.85 1.4? 69.55 5.58 11.32 1.54 11,052 6,133 12,566 6,974 1.29 80.6 15182.17 66.65 5.65 7.46 3.62 69.04 5.94 7.73 3.75 12,036 6.679 12,470 6,920 1.32 82.5 15191.42 62.55 4.14 8.07 1.63 64.06 4.57 8.92 1.81 11,149 6,187 12,317 6,8a5 1.41 87.1 15201.28 58.85 4.53 9.60 0.78 63.22 4.87 10.32 0.87 11,472 6,366 12,324 6,839 1.62 101.2 15212.11 56.87 3.89 11.14 1.07 64.88 4.45 12.71 1.23 10,656 5,914 12,190 6,765 1.48 92.5 15221.98 59.40 3.37 8.05 1.58 67.67 3.73 9.17 1.80 10,575 5.869 12.047 6.686 1.44 90.0 15231.87 58.33 3.75 11.17 1.22 66.72 4.30 12.78 1.40 10,373 5.757 11,864 6,584 1.62 101.2 15241.70 60.19 3.64 8.31 1.72 65.52 3.99 9.05 1.88 11,515 6,390 12,533 6,955 1.24 77.5 15252.13 57.85 3.93 12.90 1.14 61.52 4.18 13.73 1.22 11,450 6,354 12.175 6,757 1.46 91.2 15263.03 57.86 3 99 5.23 2.70 62.08 4.29 5.62 2.90 11,493 6,378 12,338 6,847 1.36 85.0 15275.03 57.13 3.80 2.34 1.69 60.34 4.12 2.58 1.79 11,170 6,199 11,797 6,488 1.42 88.7 15282.16 59.27 3.96 8.35 1.49 62.43 4.19 8.83 1.58 11,450 6,354 12,099 6,714 1.10 68.7 15291.71 70.48 4.95 6.60 1.16 74.56 5.24 6.99 1.23 12.003 6,661 13,755 7,634 1.36 85.0 15303.77 60.90 4.00 6.26 2.58 64.68 4.25 6.65 2.74 11,448 6,353 12,157 6,747 1.27 79.4 15313.14 58.27 4.88 6.74 1.82 66.57 5.11 7.05 1.91 12,264 6.806 12.817 7,113 1.40 87.5 15322.49 58.01 4.06 6.62 2.74 60.43 4.23 6.90 2.86 11,524 6,284 12,005 6,662 1.44 90.0 15332.94 50.94 4.41 11.86 1.46 58.86 5.10 13.71 1.69 9,609 5,332 11,101 6,161 1.60 100.0 1534

2.38 60.01 4.25 8.33 1.76 64.79 4.59 9.00 1.90 11,245 6,240 12,035 6,679 1.40 87.5 ...Average
I

BasisOn Dry Basis

\u25a0a

ill \u25a0§« a

2.45 50.00 40.55 9.152.09 50.70 37.93 11.371.28 36.52 44.36 19.221.96 41.00 39.56 19.441.84 36.26 49.12 14.6:*1.73 37.52 46.83 15.651.63 39.04 48.03 12.931.56 32.24 49.90 17.862.00 35.18 47.63 17.192.82 31.32 45.60 22.084.76 33.00 40.86 26.142.04 33.72 45.47 20.811.(51 37.72 52.01 10.271.51 35.26 45.83 18.913.00 37.22 46.56 16.222.39 33.11 43.80 23.092.54 40.28 42.02 17.70

ite Analysis.diticm
oxima

47.95 38.89 9.0748.84 36.61 11.0933.08 40.09 17.4338.16 36.82 18.1131.72 42.98 12.8031.93 41.12 14.7434.13 41.99 11.3229.62 46.84 15.4233.08 44.79 16.1829.17 42.48 21.5131.24 38.69 24.7631 91 43.03 19 7035.66 49.17 9.7133.20 43.15 17.8235.61 44.55 15.5331.78 42.04 22.1834.86 36.37 15.33

'atural Condition Proxima

1518 4.091519 3.461520 9.401521 6.911522 12.501523 12.211524 12.561525 8.121526 5.951527 6.841528 5.311529 5.361530 5.461531 5.831532 4.311533 4.001534 13.14

Analysis No. 6
to"8

3
N ____NAnalysis No. 6

to"8
3

1518 4.091519 3.461520 9.401521 6.911522 12.501523 12.211524 12.561525 8.121526 5.951527 6.841528 5.311529 5.361530 5.461531 5.831532 4.311533 4.001534 13.14

Proxima'atural Condition
47.95 38.89 9.0748.84 36.61 11.0933.08 40.09 17.4338.16 36.82 18.1131.72 42.98 12.8031.93 41.12 14.7434.13 41.99 11.3229.62 46.84 15.4233.08 44.79 16.1829.17 42.48 21.5131.24 38.69 24.7631 91 43.03 19 7035.66 49.17 9.7133.20 43.15 17.8235.61 44.55 15.5331.78 42.04 22.1834.86 36.37 15.33

oximaditicm
ite Analysis.

On Dry Basis

\u25a0a

ill \u25a0§« a

2.45 50.00 40.55 9.152.09 50.70 37.93 11.371.28 36.52 44.36 19.221.96 41.00 39.56 19.441.84 36.26 49.12 14.6:*1.73 37.52 46.83 15.651.63 39.04 48.03 12.931.56 32.24 49.90 17.862.00 35.18 47.63 17.192.82 31.32 45.60 22.084.76 33.00 40.86 26.142.04 33.72 45.47 20.811.(51 37.72 52.01 10.271.51 35.26 45.83 18.913.00 37.22 46.56 16.222.39 33.11 43.80 23.092.54 40.28 42.02 17.70
Basis

Ultimate Analysis.

•

Heat Value. £ o £\u25a0

i
.

Natural Condition. On Dry Basis. . •£

2^

|

Natural On dry

|^ |
| Analysisa . d •

condition. basis. ""C °2 No

2.56 66.70 5.35 10.85 1.4? 69.55 5.58 11.32 1.54 11,052 6,133 12,566 6,974 1.29 80.6 15182.17 66.65 5.65 7.46 3.62 69.04 5.94 7.73 3.75 12,036 6.679 12,470 6,920 1.32 82.5 15191.42 62.55 4.14 8.07 1.63 64.06 4.57 8.92 1.81 11,149 6,187 12,317 6,8a5 1.41 87.1 15201.28 58.85 4.53 9.60 0.78 63.22 4.87 10.32 0.87 11,472 6,366 12,324 6,839 1.62 101.2 15212.11 56.87 3.89 11.14 1.07 64.88 4.45 12.71 1.23 10,656 5,914 12,190 6,765 1.48 92.5 15221.98 59.40 3.37 8.05 1.58 67.67 3.73 9.17 1.80 10,575 5.869 12.047 6.686 1.44 90.0 15231.87 58.33 3.75 11.17 1.22 66.72 4.30 12.78 1.40 10,373 5.757 11,864 6,584 1.62 101.2 15241.70 60.19 3.64 8.31 1.72 65.52 3.99 9.05 1.88 11,515 6,390 12,533 6,955 1.24 77.5 15252.13 57.85 3.93 12.90 1.14 61.52 4.18 13.73 1.22 11,450 6,354 12.175 6,757 1.46 91.2 15263.03 57.86 3 99 5.23 2.70 62.08 4.29 5.62 2.90 11,493 6,378 12,338 6,847 1.36 85.0 15275.03 57.13 3.80 2.34 1.69 60.34 4.12 2.58 1.79 11,170 6,199 11,797 6,488 1.42 88.7 15282.16 59.27 3.96 8.35 1.49 62.43 4.19 8.83 1.58 11,450 6,354 12,099 6,714 1.10 68.7 15291.71 70.48 4.95 6.60 1.16 74.56 5.24 6.99 1.23 12.003 6,661 13,755 7,634 1.36 85.0 15303.77 60.90 4.00 6.26 2.58 64.68 4.25 6.65 2.74 11,448 6,353 12,157 6,747 1.27 79.4 15313.14 58.27 4.88 6.74 1.82 66.57 5.11 7.05 1.91 12,264 6.806 12.817 7,113 1.40 87.5 15322.49 58.01 4.06 6.62 2.74 60.43 4.23 6.90 2.86 11,524 6,284 12,005 6,662 1.44 90.0 15332.94 50.94 4.41 11.86 1.46 58.86 5.10 13.71 1.69 9,609 5,332 11,101 6,161 1.60 100.0 1534

2.38 60.01 4.25 8.33 1.76 64.79 4.59 9.00 1.90 11,245 6,240 12,035 6,679 1.40 87.5 ...Average
I

Average 7.40 34.82 41.74 16.04 2.19 37.65 45.06 17.29 4.25

I I I I

i I

The Rio GraiJones, Chicago: nde Coal Compan; y
,

Laredo, with mines at

Minera, Webb county, communicates to us the following analysis and tests made by D.
P.Wet

Heating valiHeating yahTheoretical <Theoretical
Moisture Volatile matter...Fixed carbonAsh

Per cent.

: 1.0051.8736.4610.46

ue by analysis, 12,(ue by calorimeter,evaporation fromevaporation from
806 B. T. U.

,

12,401 B. T. U.and at 212 degrees F. p

i

and at 212 degrees F. r
.

>er pound of coal by analysis, 13.25 lbs.>er pound of coal by calorimeter, 12.83 lbs.f coa
f coal
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COALS.

LIGNITES.

Timpson Coal Co., Timpson, Shelby county.
North Texas Coal Co., Alba, Wood county."
North Texas Coal Co.. Alba, Wood county.
Como Coal Co.. Como. Hopkins county.

No. 1546.
No. 1547.
No. 1548.
No. 1549.

county.

Carr Mine, Lytle, Medina county.
Bertetti Mine, Lytle, Medina county.
G-lenn-Belto Mine, Bishop. Bastrop county.
Worley Mine, Eockdale, Milam county.
Black Diamond Coal Co., Eockdale, Milam county.
Lignite Eggette Coal Co.. Eockdale, Milam county.
J. J. Olsen & Sons, Eockdale, Milam county.
Big Lump Coal Co., Eockdale, Milam county.
Aransas Pass Lignite Co., Eockdale, Milam county.
Central Texas Mining, Manufacturing and Land Co.,

Calvert Bluff,Robertson county.
Houston County Coal Co., near Lovelady, Houston

No. 1535.
No. 1536.
No. 1537.
No. 1538.
No. 1539.
No. 1540.
No. 1541.
No. 1542.
No. 1543.
No. 1544.

No. 1545.

Eio Grande Coal Co., Minera, Webb county.
Cannel Coal Co., Darwin, Webb county.
Maverick County Coal Co., Eagle Pass, Maverick county.
Eio Bravo Coal Co., Eagle Pass, Maverick county.
Wise County Coal Co., Bridgeport, Wise county.
Bridgeport Coal Co., Bridgeport, Wise county.
Bridgeport Coal Co., Bridgeport, Wise county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Young Mine, Keeler, Palo Pinto county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Strawn Coal Mining Co.. Strawn, Palo Pinto county.
Smith-Lee Mine, Cisco, Eastland county.

No. 1518.
No. 1519.
No. 1520.
No. 1521.
No. 1522.
No. 1523.
No. 1524.
No. 1525.
No. 1526.
No. 1527.
No. 1528.
No. 1529.
No. 1530.
No. 1531.
No. 1532.
No. 1533.
No. 1534.

No. 1518.
No. 1519.
No. 1520.
No. 1521.
No. 1522.
No. 1523.
No. 1524.
No. 1525.
No. 1526.
No. 1527.
No. 1528.
No. 1529.
No. 1530.
No. 1531.
No. 1532.
No. 1533.
No. 1534.

Eio Grande Coal Co., Minera, Webb county.
Cannel Coal Co., Darwin, Webb county.
Maverick County Coal Co., Eagle Pass, Maverick county.
Eio Bravo Coal Co., Eagle Pass, Maverick county.
Wise County Coal Co., Bridgeport, Wise county.
Bridgeport Coal Co., Bridgeport, Wise county.
Bridgeport Coal Co., Bridgeport, Wise county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Texas Coal and Fuel Co., Eock Creek, Parker county.
Young Mine, Keeler, Palo Pinto county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Texas and Pacific Coal Co., Thurber, Erath county.
Strawn Coal Mining Co.. Strawn, Palo Pinto county.
Smith-Lee Mine, Cisco, Eastland county.

No. 1535.
No. 1536.
No. 1537.
No. 1538.
No. 1539.
No. 1540.
No. 1541.
No. 1542.
No. 1543.
No. 1544.

No. 1545.

Carr Mine, Lytle, Medina county.
Bertetti Mine, Lytle, Medina county.
G-lenn-Belto Mine, Bishop. Bastrop county.
Worley Mine, Eockdale, Milam county.
Black Diamond Coal Co., Eockdale, Milam county.
Lignite Eggette Coal Co.. Eockdale, Milam county.
J. J. Olsen & Sons, Eockdale, Milam county.
Big Lump Coal Co., Eockdale, Milam county.
Aransas Pass Lignite Co., Eockdale, Milam county.
Central Texas Mining, Manufacturing and Land Co.,

Calvert Bluff,Robertson county.
Houston County Coal Co., near Lovelady, Houston

county.
No. 1546.
No. 1547.
No. 1548.
No. 1549.

Timpson Coal Co., Timpson, Shelby county.
North Texas Coal Co., Alba, Wood county."
North Texas Coal Co.. Alba, Wood county.
Como Coal Co.. Como. Hopkins county.
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COMPOSITION OF THE ASH OF COALS.

COMPOSITION OF THE ASH OF LIGNITES.

Note: —InNo. 1537 there was 2.73% of carbonic acid and inNo. 1541. 9.80% .

I
Average 38.57 20.64 9.04 16.84 I 0.94 0.81 12.90

1535 63.40 12.27 5.95 none ! trace 1.00 13.71
1536 40.46 16.92 8.32 15.60 1.22 15.54
1537 30.14 I 13.48 11.70 23.59 0.88 3.32 14.22
1538 21.64 I 16.20 11.10 25.23 4.36 2.00 18.01
1539 33.06 i 16.77 8.47 23.08 1.38 trace 17.10
1540 27.44 28.87 24.85 7.00 trace 0.52 10.45
1541 23.20 11.94 5.08 38.17 1.00 1.60 7.79
1542 42.20 23.02 2.02 15.93- 2.12 trace 12.81
1543 47.04 I 23.18 18.32 6.64 ! trace trace 4.58
1544 40.60 | 34.26 j 2.02 | 12.08 i trace 9.52
1545 59.00 I 20.11 i 3.69 10.58 , 0.48 0.48 5.47
1546 25.64 19.08 ! 12.92 18.68 I 1.76 20.92
1547 38.73 23.00 ! 6.00 24.11 i trace trace 8.51
1548 i 33.00 25.84 | 7.40 22.32 I 11.32
1549 53.04 24.68 7.70 10.59 trace trace 3.53

Ovirlp Oxide of Sul-
Analysis No. Silica. lAlumina. _;:?'"„ Lime. ;Magnesia Manga- phuricor lron-

nese. Anid.

Note:— Analysis No. 1525 contains also 3.56% of carbonic acid and No.
1527, 3.24% . InNos. 1529 and 1531 traces of copper were present.

Average 45.97 25.94 i 16.11 5.97 0.73 0.22 4.42
I I

none 1.75 4.57
trace 3.52

0.36 0.80 0.80
0.70 trace

12.19
1.42 1.16 10.97
1.43 trace 12.87

trace trace 2.84
trace trace

1.47 .... trace
trace 6.64

1.50 1.67
trace 0.84

1.34 0.96
trace

2.25 2.32
1.91 trace 15.00

42.08 24.79 i 23.03 4.U9
44.48 35.62 14.74 2.56
65.34 30.04 3.38 0.91 I
62.72 24.56 9.84 i 0.64
34.16 24.76 | 13.56 16.08
34.32 14.62 | 22.94 14.85
34.46 14.10 I 13.26 22.08
50.50 24.46 , 15.40 4.21
52.88 32.20 | . 13.56 1.16
47.20 17.88 ! 28.02 1.35
32.50 32.40 i 20.64 6.68
52.06 41.12 | 4.00 1.08
48.04 43.92 . 3.68 2.16
48.20 26.20 22.02 0.81
49.12 25.71 24.37 trace
54.34 13.10 28.02 1.56
29.14 15.56 i 13.42 20.73

1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534

Oxide of Sul-
Magnesia Manga- phurie

nese. Acid.

I I
Silica. Alumina.l o°-fJ.yD

Lime. 1Analysis No.Analysis No.
I I

Silica. Alumina.l o°-fJ.yD
Lime. 1

Oxide of Sul-
Magnesia Manga- phurie

nese. Acid.

1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534

42.08 24.79 i 23.03 4.U9
44.48 35.62 14.74 2.56
65.34 30.04 3.38 0.91 I
62.72 24.56 9.84 i 0.64
34.16 24.76 | 13.56 16.08
34.32 14.62 | 22.94 14.85
34.46 14.10 I 13.26 22.08
50.50 24.46 , 15.40 4.21
52.88 32.20 | . 13.56 1.16
47.20 17.88 ! 28.02 1.35
32.50 32.40 i 20.64 6.68
52.06 41.12 | 4.00 1.08
48.04 43.92 . 3.68 2.16
48.20 26.20 22.02 0.81
49.12 25.71 24.37 trace
54.34 13.10 28.02 1.56
29.14 15.56 i 13.42 20.73

none 1.75 4.57
trace 3.52

0.36 0.80 0.80
0.70 trace

12.19
1.42 1.16 10.97
1.43 trace 12.87

trace trace 2.84
trace trace

1.47 .... trace
trace 6.64

1.50 1.67
trace 0.84

1.34 0.96
trace

2.25 2.32
1.91 trace 15.00

Average 45.97 25.94 i 16.11 5.97 0.73 0.22 4.42
I I

Note:— Analysis No. 1525 contains also 3.56% of carbonic acid and No.
1527, 3.24% . InNos. 1529 and 1531 traces of copper were present.

Ovirlp Oxide of Sul-
Analysis No. Silica. lAlumina. _;:?'"„ Lime. ;Magnesia Manga- phuricor lron-

nese. Anid.

1535 63.40 12.27 5.95 none ! trace 1.00 13.71
1536 40.46 16.92 8.32 15.60 1.22 15.54
1537 30.14 I 13.48 11.70 23.59 0.88 3.32 14.22
1538 21.64 I 16.20 11.10 25.23 4.36 2.00 18.01
1539 33.06 i 16.77 8.47 23.08 1.38 trace 17.10
1540 27.44 28.87 24.85 7.00 trace 0.52 10.45
1541 23.20 11.94 5.08 38.17 1.00 1.60 7.79
1542 42.20 23.02 2.02 15.93- 2.12 trace 12.81
1543 47.04 I 23.18 18.32 6.64 ! trace trace 4.58
1544 40.60 | 34.26 j 2.02 | 12.08 i trace 9.52
1545 59.00 I 20.11 i 3.69 10.58 , 0.48 0.48 5.47
1546 25.64 19.08 ! 12.92 18.68 I 1.76 20.92
1547 38.73 23.00 ! 6.00 24.11 i trace trace 8.51
1548 i 33.00 25.84 | 7.40 22.32 I 11.32
1549 53.04 24.68 7.70 10.59 trace trace 3.53

I
Average 38.57 20.64 9.04 16.84 I 0.94 0.81 12.90

Note: —InNo. 1537 there was 2.73% of carbonic acid and inNo. 1541. 9.80% .
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In his report on Brown Coal and Lignite (G-eol. Survey of Texas,
1892, p. 213), Mr. E. T. Dumble gives twenty-two analyses of Texas
Brown Coals. The table is as follows:

ANALYSES OF TEXAS BROWN COALS.

Composition of Coals Dried at 221° P., to a Constant Weight.

On page 218 of the same report are given the calculated heat units
of tome of these coals, as :

In the report referred to, Mr.Dumble went very thoroughly into the
subject of the utilization of brown coal and lignite and the development
that has taken place in the State in the mining of these fuels as well
as the coals proper followed upon, and is traceable to his efforts to bring
the matter to public attention. The report remains today the best that
has been issued on the subject of Texas brown coals and lignites.

The situation, however, has changed within the last eighteen months,
consequent upon the discovery of fuel oiland the ability of the oilrefin-
ers to place petroleum residue on the market here. We have now the
question of competition between coal and lignite on the one hand and
oilon the other, a condition of affairs that could not be anticipated when
this report was prepared. Itis now not so much the question of using

From Robertson county 6,289 ca15.=11,320 B.T.U.
From Milam county, upper seam 6,266 ca15.=11,278 B.T.TJ.
From Milam county, lower seam 6,205 ca15.=11,169 B.T.TL
From Medina county 4,766 cals.= 8,578 B.T.U.

On Dry Basis.

~ 13.6711.011.4822.16Average 60.98 4.01 22.16 1.48 11.01 l 13.67
i ._ .

I :
Bowie 59.84*" 3.10 26.97 1.00 9.10 10.67
Wood 56.3

-
4.29 24.13 0.84 14.39 10.85

Gregg 60.79^ 4.96 23.68 0.88 9.27 12.00
Harrison 66.32*' 3.95

'

21.56 2.20 8.97 13.35
Morris 59.87 4.70 24.35 2.42 8.66 8.55
Eains 57.04' 4.01 24.48 1.11 13.35
Rains 59.32 2.80 20.27 0.98 16.63
Smith 57.40 3.60 23.31 0.95 14.74 9.83
Anderson 53.06- 4.06 24.12 1.02 17.74
Rusk 58.93- 4.20 22.14 4.64 10.09 16.63
Cherokee 66.67 3.81 22.08 1.64 5.83
San Augustine 61.12 3.32 24.53 3.39 7.75
Leon 63.60- 4.08 24.02 0.55 7.79
Houston 63.09' 3.64 22.56 1.03 9.68
Lee 62.48 3.21 20.80 1.95 11.56 16.50
Webb (outcrop) 59.28 3.29 16.98 0.89 17.56
Milam 60.93 4.12 22.27 1.32 11.36
Milam 62.50 5.45 20.84 0.97 7.54 17.75
Milam 64.50 5.37 20.76 0.81 8.56 18.25
Robertson 58.16- 4.46 13.11 1.50 12.77
Robertson 65.14' 5.29 19.28 1.15 9.21 16.40
Medina 60.92 2.57 25.34 1.47 9.70 13.25

Oxygen Water in
Locality—County. ! Carbon. Hydrogen. and Sulphur. Ash. freshly-

Nitrogen. mined coal.

Oxygen Water in
Locality—County. ! Carbon. Hydrogen. and Sulphur. Ash. freshly-

Nitrogen. mined coal.

I :
Bowie 59.84*" 3.10 26.97 1.00 9.10 10.67
Wood 56.3

-
4.29 24.13 0.84 14.39 10.85

Gregg 60.79^ 4.96 23.68 0.88 9.27 12.00
Harrison 66.32*' 3.95

'

21.56 2.20 8.97 13.35
Morris 59.87 4.70 24.35 2.42 8.66 8.55
Eains 57.04' 4.01 24.48 1.11 13.35
Rains 59.32 2.80 20.27 0.98 16.63
Smith 57.40 3.60 23.31 0.95 14.74 9.83
Anderson 53.06- 4.06 24.12 1.02 17.74
Rusk 58.93- 4.20 22.14 4.64 10.09 16.63
Cherokee 66.67 3.81 22.08 1.64 5.83
San Augustine 61.12 3.32 24.53 3.39 7.75
Leon 63.60- 4.08 24.02 0.55 7.79
Houston 63.09' 3.64 22.56 1.03 9.68
Lee 62.48 3.21 20.80 1.95 11.56 16.50
Webb (outcrop) 59.28 3.29 16.98 0.89 17.56
Milam 60.93 4.12 22.27 1.32 11.36
Milam 62.50 5.45 20.84 0.97 7.54 17.75
Milam 64.50 5.37 20.76 0.81 8.56 18.25
Robertson 58.16- 4.46 13.11 1.50 12.77
Robertson 65.14' 5.29 19.28 1.15 9.21 16.40
Medina 60.92 2.57 25.34 1.47 9.70 13.25

i ._ .
Average 60.98 4.01 22.16 1.48 11.01 l 13.6722.16 1.48 11.01 13.67~

On Dry Basis.

From Robertson county 6,289 ca15.=11,320 B.T.U.
From Milam county, upper seam 6,266 ca15.=11,278 B.T.TJ.
From Milam county, lower seam 6,205 ca15.=11,169 B.T.TL
From Medina county 4,766 cals.= 8,578 B.T.U.
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fuel of native production as the choice between several. The solution of
the problem must follow along lines of relative economy and consumers
willhave to decide for themselves whether they shall continue the use
of the solid fuels or begin the use of liquid fuel.

For purposes of comparison itmay be as well to add other data giving
the results of the examination of certain coals which come into com-
petition with Texas coals and lignites. In his Calorific Power of Fuels,
2d edition, 1900, Herman Poole gives a great many analyses of coals of
American and foreign origin. From among them we willselect only the
coals from Arkansas, Indian Territory and New Mexico, with the addi-
tion of some from Pennsylvania, which may come into Texas by way of
New Orleans.

The analyses of Alabama coals are taken from Wm. B. Phillips's Iron
Making in Alabama, 2d edition, 1898, p. 244.

The average of eleven analyses of Alabama coals is as follows :

British Thermal Units, 13,936=6734 Calories.
The average of five analyses of Arkansas coals quoted by Mr.Poole is

as follows :

Sulphur, 2.65. British Thermal Units, 14,299=7935 Calories.
The average of nine analyses of Indian Territory coals is as follows :

Sulphur, 1.96. B. T. TJ., 12,219=6781 Cals. With the exception
that it carries more sulphur this is about the composition of McAlester
coal.

Only one analysis of New Mexico coal is given, and in this the mois-
ture was 2.4, volatile and combustible matter 35.5, fixed carbon 50.2 and
ash 11.9. The B. T. TJ. were 13,700=7610 Cals. Itis, however, known
that a good deal of New Mexico coal carries a higher percentage of ash.
than 11.9.

100.00

Fixed carbon 56.55
Ash 11.16

Volatile and combustible matter 29.24

Per cent.
Moisture 3.05

100.00

Fixed carbon 77.18
Ash 10.45

Moisture 1.17
Volatile and combustible matter 11.20

Per cent.

. 1.06Sulphur

Per cent.. 76.53. 4.87
, 9.52. 1.15

7.93

Dry Basis. '.
Carbon
Hydrogen
Oxygen
Nitrogen
Ash

Dry Basis. '.
Carbon
Hydrogen
Oxygen
Nitrogen
Ash

Per cent.. 76.53. 4.87
, 9.52. 1.15

7.93
Sulphur . 1.06

Per cent.
Moisture 1.17
Volatile and combustible matter 11.20
Fixed carbon 77.18
Ash 10.45

100.00

Per cent.
Moisture 3.05
Volatile and combustible matter 29.24
Fixed carbon 56.55
Ash 11.16

100.00
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The average of twenty-eight analyses of Pennsylvania bituminous coal.
given by Mr. Poole, is as follows :

Sulphur (15), 1.91. B. T. XL, 14,948=8296 Calories.
Many other analyses might be given, but these will suffice to show the

nature of the coals that are brought into Texas and sold in competition
with fuels of native origin. Many of them are of excellent quality and
it has been possible to market them invery considerable quantities. As
factors in the fuel problem the3 r can not be neglected.

100.00

Fixed carbon 56.73
Ash 7.47

Moisture (17) 1.77
Volatile and combustible matter 34.03

Per cent.Per cent.
Moisture (17) 1.77
Volatile and combustible matter 34.03
Fixed carbon 56.73
Ash 7.47

100.00



CHAPTEK 11.

Inmeasuring quantities of heat generated by the combustion of fuel
it is necessary to have a unit of measurement. The same principle
applies here as in the common affairs of life. In measuring lengths we
have the standard yard, the standard meter, the standard vara, etc. In
measuring capacities we have the standard gallon, the standard litre, etc.
So inmeasuring heat, in comparing one fuel with another, we have a
standard unit. InEngland and the United States and generally among
English-speaking people this unit is known as the British Thermal
(Heat) Unit, and itis customarry to speak of a given fuel as affording,
on perfect combustion, so many British Thermal Units, the expression
being abbreviated to B. T.U. Itis to be observed that the unit is based
on the results obtained by the perfect combustion of the fuel in pure
oxygen, conditions which do not maintain inactual practice, but this is
necessary. The circumstances attending the ordinary combustion of fuel
are so varied that some standard must be adopted and both the scientific
and the commercial world have agreed that the unit of measurement
shall be based on the perfect combustion of the fuel in pure oxygen.
Furthermore, as fuels are composed, for the most part, of carbon and
hydrogen, whether free or combined, ithas been agreed that the expres-
sion '"'perfect combustion" shall mean that all of the carbon is burned
to carbonic acid, none of it remaining as unconsumed carbon and none
of itexisting as carbon monoxide, and that all of the hydrogen is burned
to water. The sulphur and the nitrogen that are present innearly all
fuels are ordinarily neglected as being small inamount and of low heat-
ingeffect.

Perhaps the simplest definition of a British Thermal Unit is the quan-
tity of heat absorbed by one unit of pure water when its temperature is
raised one degree Fahrenheit, this unit of substance being generally
taken as one pound. Since heat and dynamic energy are to be taken as
mutually convertible we may pass from thermal units to foot-pounds by
multiplying by 772.

Eankine proposed as the unit of heat the weight of fuel required to
vaporize one pound of water at 212° F. under a pressure of 14.7 pounds
per square inch. This would be equivalent to 966 B. T. U. But the
Eankine unit is not now used, the B. T.U. having been generally adopted
in English-speaking countries. There is another unit of heat very widely
used and employed in this work, viz., the Calorie.

In the tables of analyses it willbe noticed that the heat value of the
coals, lignites and oils is given in B. T. U. and in Calories. Many scien-
tific men use the Calorie and itis exclusively used in Germany, France,
etc. Itis the quantity of heat absorbed by the unit weight of pure water
when its temperature is raised one degree Centigrade. This unit weight
may be either the gram or the kilogram, but for convenience we shall
take it as the kilogram. To pass from the Centigrade to the Fahrenheit
scale multiply by 1.8 ; to pass from the Fahrenheit to the Centigrade
scale multiply by 0.5555. Ifthe gram be taken as the unit of weight it
will be found that the B. T. U. is irrrsT °f a Calorie.
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For the sake of convenience the gram-calorie is often written with a
lower case c, thus c; and the kilo-calorie with an upper case c, thus C,
but as the calculations to accompany the analyses have all been made and
the relation expressed in parallel columns we need not discuss this mat-
ter further.

For determining the heat value, or, as some term it, the heat of com-
bustion, of fuels one of two methods is used.

In the first a given weight of the substance is burned in a suitable
vessel immersed in a given volume of water and the increase in tempera-
ture of the water after the combustion of the fuel is noted on a delicate
thermometer. This is the method of direct determination. There axe
several forms of calorimeter in use, but they fall into two general classes,
viz.: those that operate under constant pressure, such as the Favre and
Silbermann, Berthelot's, Alexejew's, Fischer's, Thomsen's, Carpenter's,
Sehwackhoefer's, W. Thompson's, Barrus's, Hartley and Junker's, and
Lewis Thompson's, and those that operate under constant volume, such
as Thomas Andrew's, Berthelot and Vielle, and Mahler's, the latter being
specially designed for commercial use. Recently another calorimeter
operating under constant pressure has been placed on the market, and
it is known as the Standard Calorimeter (Parr's). The results given
in this Bulletin were obtained by the use of Parr's Calorimeter, and
we have found them to be sufficiently accurate for industrial purposes.
For more strictly scientific purposes, perhaps the Mahler Bomb Calori-
meter is the best, but it is expensive, and requires considerable accessory
apparatus.

The other method of arriving at the heat value of fuel is by calcula-
tion based on the ultimate analysis of the fuel, although ithas been held
by some authorities, notably by G-runer, that the real heat value of a
fuel can be determined in a better manner by considering the proximate
instead of the ultimate composition.

If we use the ultimate composition itis necessary to know the amount
of carbon, hydrogen and oxygen in the fuel, the sulphur and nitrogen
being neglected for reasons given above. Presuming that these are
known, we arrive at the heat value by a simple calculation.

Let us now apply this formula to a particular case, taking a coal and
a lignite in which the B. T. IT. were determined experimentally. On a
dry basis analysis No. 1518, of coal from the property of the Rio Grande
Coal Co., gave carbon 69.55, hydrogen 5.58 and oxygen 11.32. By the
formula we have, then,

Taking the heating power of pure carbon as 8000 we have for the final
heat value of this coal 87.27x80=6,981 Calories=l2,s6s B. T. U.

By actual determination in the calorimeter we find 12,566 B. T. IT.=
6,974 Cals. In this calculation the heating power of pure carbon is
taken at 8000 Cals.=J 4,4000 B. T. U. Berthelot found that the heat of
combustion of crystallized carbon, when burned to carbonic acid, was
7,859 Ca15. =13.946 B. T. IT., and the heat of combustion of amorphous

V=C+4.2S(H— JO)
Where C—amount of carbon.

H=amount of hydrogen.
o=amount of oxygen.

Y=69.55+4.25 (5.58— £11.32) =87.27
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carbon, burned to carbonic acid, was 8,137 Ca15. =14,646 B. T. 17. The
average of these results is 7,998 Ca15.=14,396 B. T. U. For conven-
ience of calculation these numbers are taken as 8000 and 14,400, as the
error involved is immaterial, except for strictly scientific purposes.

Similarly, analysis No. 1535, that of a lignite from the mines of the
Carr Wood and Coal Co., Lytle, Medina county, gives the following
results by calculation from the ultimate composition:

The B. T. U. found by direct determination were 12,215=6,778 Cals.,
so that in this case the agreement between the observed and the calcu-
lated results is by no means so close. So long ago as 1870 Scheurer,
Kestner and Meunier investigated the relations between the observed
and the calculated heats of combustion and published their results in
the "Ann. de Chim. et de Phys." for that year, and also in 1872. They
obtained differencies of over 1200 units, and in one case there was a
difference of 500 thermal units between two coals that agreed closely in
ultimate composition. In discussing the causes of such differencies,
Mills and Eowan ("Fuel and Its Applications," Vol.Iof Groves &
Thorp's Chemical Technology, 1889, p. 707 et seq.) say that first of all
there is the uncertainty of the heating value to be assigned to the ele-
ments brought into the calculation. While the calorific power of wood
charcoal may be taken as 8080, and of carbon vapor as 11,214, yet in the
form of diamond carbon has a value of but 7770. We do not know in
what condition the carbon and the hydrogen exist in coal, and one might
go further and say that we do not know what coal is beyond the proba-
ble fact that it is composed of solid hydrocarbons and not mere mix-
tures of carbon and hydrogen. Furthermore, it is now recognized that
the nature of the hydrocarbons formed from coal under combustion
depends largely upon the temperature, as also, but ina less degree, upon
the size of the particles. Not only is this true, but itis also true that
the nature of the carbon resulting from the decomposition of these hydro-
carbons swings within relatively wide limits, from loose, floccuient soot
to the hard varieties of what is known as deposited carbon.

The calculated results of the theoretical heating power of coal from
an analysis, whether proximate or ultimate, must, therefore, be taken
with a considerable allowance, for while individual cases may show a
more or less close approximation to the results reached by direct deter-
mination, yet the possible and, in many instances, the probable error may
rise to 15 per cent.

Allof the results given in this work are from direct determinations,
and may be taken as the best that are now available. In the absence of
such direct determinations calculated results, based on ultimate analyses,
may be used with the understanding, however, that they are liable to
considerable errors.

In comparing one fuel with another, itis not merely a matter of the
relative heat units which the two yield. Ifthis were the case the choice
would be a simple matter. But there are other and very important con-
siderations involved, and the question is, by no mean?, as simple as it
might appear. After the statement that such and such a fuel contains
so many heat units, we come at once to the question of utilizing them,
and herein lies the great and the essential difference between fuels.

Carbon 63.93, hydrogen 4.75, oxygen 16.64.
V=63.93+4.25(4.75 —£16.64) =75.27x80=6,021 Cals.=lo,B3B B. T. U.
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From theoretical reasons we would conclude that the heat units in a cer-
tain kind of fuel are more efficiently and more cheaply available than
the heat units in other kinds of fuel, and when we come to actual prac-
tice we find it to be true. We need not discuss now why itis true, for
this would lead us off in a direction not contemplated at present. The
reasons are partly of a chemical and physical and partly of a mechanical
nature, the former being concerned with questions of composition and
physical condition, the latter with appliances for burning the fuel and
saving the heat. The comparison of fuels by means of chemical analyses
is entirely proper, but if one stops here he is very apt to lose sight of the
real point at issue, viz.: the relative efficiency in actual practice. It
would be most important, at this particular time in the history of the
industrial development of the State, if the means were at hand for test-
ing the relative efficiency of the various fuels on a working scale and
under conditions that maintain in everyday life. If such an establish-
ment were provided in this State, it would serve a most useful purpose,
not only for testing the efficiency of oil as a fuel, but also for compar-
ing oil with the different solid fuels now employed here. Itis not to
be held that oil will supplant coal and lignite entirely, active as the
competition may be. While many manufacturing establishments will
make the change, there are others that willcontinue to use both coal and
lignite. Up to the present writing, the lignite producers have suffered
more than the coal producers from the competition of the oil, and the
industry is not inan encouraging situation. There are conditions under
which oilmay be most advantageously used; there are conditions under
which coal and lignite may be used. These conditions can be determined
only by careful consideration of all the factors entering into the ques-
tion, and are not based simply on the relation between the heat units
yielded. The economies to be reached must be determined by considera-
tion of the local conditions as well as by chemical and physical data. (

Inasmuch as this matter is of great and increasing importance, viewed
from the standpoint of industrial development, there should be some
central testing establishment in the State to which all such questions
could be referred. While the discovery of large supplies of fuel oil is
certainly of the utmost importance to this part of the country, and
while we may look for a great increase in the number of boilers operated
with oil as fuel, we have to remember that the coal and lignite indus-
tries represent large investments, and that these can not be abandoned
without serious loss both to the owners and to the State.

The fuel problem is the problem in the Southwest, particularly in
Texas. Inits various bearings, it touches every interest, from the small-
est house to the largest factor}'. Speaking solely with reference to the
establishment and maintenance of manufacturing interests, itis not too
much to say that no other question is of like importance.

As a contribution to the study of this matter, we addressed letters to
those who had made the change from coal to oil,and we have returns
representing the consumption of nearly 200,000 barrels of Beaumont oil
and Corsicana residuum. The replies indicate a considerable difference
of opinion with respect to the number of barrels of oil equivalent to a
ton of coal, the range being from 3.50 to 5 barrels, a variation of very
nearly 43 per cent. This would indicate a considerable difference in
the conditions under which the oil was burned, or that the tests were not
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carried out by persons accustomed to this kind of investigation. What-
ever may be the explanation, the fact remains that in this State returns
show a variation of nearly 43 per cent, in the amount of oil taken as
equivalent to a ton of good soft coal.

Nearly every kind of boiler and burner is represented in the returns,
the burners especially showing much variety, as "Homemade 'Gravity/

"
Gem, Eockwell, Clayburn, Billow, Hammell, Live Oak, Booth, Lamar,
etc.

In a report to which further and more extended reference will be
made, Prof. Denton found that the number of barrels of oil equivalent
to 2,240 lbs. of coal was 4.23 for one horse power per about twenty square
feet of heating surface, and 4.12 for one horse power per ten square feet
of heating surface. In the face of returns made by large consumers of
crude Beaumont oil and the results reached by Prof. Denton, it appears
that the average consumption of oilper ton of coal is 4 barrels, and that
under some conditions this falls to 3.50 barrels. There may be consum-
ers who use even less than this, but itis not thought that they represent
the average practice. The real basis for comparison is afforded by the
plan adopted by Prof. James E. Denton, Professor of Mechanical Engi-
neering, Stevens Institute, Hoboken, IST. J. Ifit were possible here to
carry on such experiments on a working scale, using the different varie-
ties of coal and lignite, oil and residuum, observing accurately the con-
ditions under which each test was made, it would not be long before
we would be able to present the whole matter not only inits scientific,
but also and more particularly in its commercial aspects. Lacking such,
however, we are fortunately able to present results reached by Prof. Den-
ton. This excellent authority made a test of Beaumont crude oil, with
respect to its use as fuel, on a working scale. The report was made, to
Hon. Charles A. Towne, President of the Export Oil and Pipe Line
Company, Beaumont, Texas, under date of December 26, 1901, but was
not issued until February of this year. The oil was used to operate a
horizontal return tubular boiler at the plant of the West Side Hygeia
Ice Co., West 19th St., IN". Y. There were three return tubular boilers,
each 6 feet in diameter and 18 feet long, containing about 1900 square
feet of heating surface, two being used at a time to provide about 180
boiler horse power from buckwheat coal with natural draft, under a very
steady load throughout each twenty-four hours. One of these boilers
was fitted with the Williams OilBurner for the tests. We do not think
that justice can be done to this report without republishing it in full,
for it is one of the most complete tests yet made on Beaumont oil.
Omitting the description of the method of installation, and beginning
on page 17 of the report, it is as follows :

Operation of the Boiler.
The preparations for use of the oil were completed Monday, p. m.,

November 25th. The boilers were immediately lighted, steam quickly
raised, and from one-half to more than the whole of the boiler horse
power required by the factory) then generated by the boilers until the
following Saturday night without the slightest hitch, the burners being
under the charge of Mr. T. H. Williams, the patentee of the burner,
and his assistant. During this period evaporating tests at various horse
powers were made.
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Time Required to Raise Steam.

The boiler was allowed to cool from Saturday, November 30th, to the
following Wednesday, when the brick work of the setting was cold;, and
the water in the boiler at 64 degrees, Fahr. The time to raise 85 pounds
of steam was then determined to be 59 minutes. In a similar test made
later, with a coal fire, started with a very liberal supply of dry wood,
steam was raised in 1 hour and 17 minutes.

Effect of the Oil on the Boiler and Furnace.

After the steam-raising test the boiler was operated 24 hours with oil,
to use up all that remained of the 117 barrels provided for the evapora-
tive tests. It was then cooled and the oil-burning apparatus removed
to prepare the furnace for comparative coal evaporative tests. The boiler
and furnace were then examined. No trace was found of any action of
the oil on the boiler. There was no oily matter on the internal brick
work, nor any discoloration of the latter, and there was less than one-
sixty-fourth of an inch of soot in the tubes, which had been swept clear
of ashes at the beginning of the use of the oil.

The tests with the oil were made at capacities varying from 112 horse
power to 220 horse power. The boiler was six feet in diameter and eigh-
teen feet long, of the horizontal return tubular type. Ithad 100 tubes
2^ inches in diameter and a grate surface of 45.5 square feet, i. c.,
6' 6"x7'. Height of chimney 70 feet, diameter 42 inches square. Omit-
ting the data with respect to the use of the buckwheat (anthracite) coal,
the resume of the tests is as follows :

RESUME OF. TESTS WITH BEAUMONT CRUDE OIL.

Other detailed data and results are as follows :

Grate surface, square feet 45.5
Water heating surface, square feet JB6O
Position of damper , wide open
Area of opening of ash pits, square feet 1.8

Dimensions and Proportions:

13 11
138.0 220.1

86 86.5
90 74

370 425
dry dry

0.163 0.263

2.56 4.08

13.5 8.45

15.71 15.49

3.5 4.8
15.16 14.75

8 11
112.7 189.7

86 86
90 70

360 398
dry dry

0.135 0.226

2.09 3.52

16.5 9.8

15.53 15.55

3.1 4.8
15.05 14.80

3.5
146.9

87
69

374
dry

0.181

2.73

12.6

15.29

3.6
14.74

Duration, hours
Horse power
Steam pressure (gauge), lbs !
Feed temperature, degrees F
Chimney temperature, degrees F..
Quality of steam
Oil per hour per square foot of

heating surface, lbs.
Dry steam per hour from and atj

212 degrees per square foot of
heating surface, lbs.

Heating surface per horse power,
square feet.

Total dry steam per lb.of fuel as
fired from and at 212 degrees, lbs.

Per ct. of steam used by burner....
TSTet lbs. ofdry steam per lb.of fuel

fired from and at 212 degrees.

Duration, hours
Horse power
Steam pressure (gauge), lbs !
Feed temperature, degrees F
Chimney temperature, degrees F..
Quality of steam
Oil per hour per square foot of

heating surface, lbs.
Dry steam per hour from and atj

212 degrees per square foot of
heating surface, lbs.

Heating surface per horse power,
square feet.

Total dry steam per lb.of fuel as
fired from and at 212 degrees, lbs.

Per ct. of steam used by burner....
TSTet lbs. ofdry steam per lb.of fuel

fired from and at 212 degrees.

3.5
146.9

87
69

374
dry

0.181

2.73

12.6

15.29

3.6
14.74

8 11
112.7 189.7

86 86
90 70

360 398
dry dry

0.135 0.226

2.09 3.52

16.5 9.8

15.53 15.55

3.1 4.8
15.05 14.80

13 11
138.0 220.1

86 86.5
90 74

370 425
dry dry

0.163 0.263

2.56 4.08

13.5 8.45

15.71 15.49

3.5 4.8
15.16 14.75

Dimensions and Proportions:

Grate surface, square feet 45.5
Water heating surface, square feet JB6O
Position of damper , wide open
Area of opening of ash pits, square feet 1.8



Texas Coals and Lignites.64

Hydrogen 12.30
Oxygen and nitrogen 0.92
Sulphur 1.75

Per cent
Carbon 85.03

Composition of Fuel:

Horse power at 34.5 pounds from and at 212°. .220.1
Heating surface per horse power, square feet. . .. 8.45

Horse Power:

Fuel as fired per hour, pounds 490.3
Fuel as fired per hour per square foot of grate,

pounds 10.78
Combustible per hour per square foot of heating

surface, pounds 0.263

Hourly Quantities :

per pound of fuel 78.5%
Efficiency of boiler, orheat absorbed by boiler per

pounds of combustible, divided by calorific
value per pound of combustible 78.5%

Efficiency of boiler and furnace, or heat per
pound of fuel as fired divided by calorific value

Efficiency:

Feed water per pound of fuel as fired, pounds. ..13.13
Equivalent evaporation from and at 212 degrees

per pound of fuel as fired, pounds 15.49
Equivalent evaporation from and at 212 degrees

per pound of combustible, pounds 15.49

Economic Results:

Total weight of water fed to boiler, pounds ...70,798
Factor of evaporation 1.180
Equivalent water evaporated into dry steam from

and at 212 degrees Fahr 83,542

Water:

Quality of steam dry.
Steam :

Weight of fuel as fired, pounds 5393
Fuel:

Fire room 53.1
Feed water entering boiler 74.0
Chimney gases 42.5

Average Temperatures, Fahr.:

Steam pressure, by gauge, pounds 86.5
Draft pressure, inches of water 0.37

Average Pressures:Average Pressures:

Steam pressure, by gauge, pounds 86.5
Draft pressure, inches of water 0.37

Average Temperatures, Fahr.:

Fire room 53.1
Feed water entering boiler 74.0
Chimney gases 42.5

Fuel:
Weight of fuel as fired, pounds 5393

Steam :
Quality of steam dry.

Water:
Total weight of water fed to boiler, pounds ...70,798
Factor of evaporation 1.180
Equivalent water evaporated into dry steam from

and at 212 degrees Fahr 83,542

Economic Results:
Feed water per pound of fuel as fired, pounds. ..13.13
Equivalent evaporation from and at 212 degrees

per pound of fuel as fired, pounds 15.49
Equivalent evaporation from and at 212 degrees

per pound of combustible, pounds 15.49

Efficiency:

Efficiency of boiler and furnace, or heat per
pound of fuel as fired divided by calorific value
per pound of fuel 78.5%

Efficiency of boiler, orheat absorbed by boiler per
pounds of combustible, divided by calorific
value per pound of combustible 78.5%

Hourly Quantities :

Fuel as fired per hour, pounds 490.3
Fuel as fired per hour per square foot of grate,

pounds 10.78
Combustible per hour per square foot of heating

surface, pounds 0.263

Horse Power:

Horse power at 34.5 pounds from and at 212°. .220.1
Heating surface per horse power, square feet. . .. 8.45

Composition of Fuel:
Per cent

Carbon 85.03
Hydrogen 12.30
Oxygen and nitrogen 0.92
Sulphur 1.75



OPENING FOR ASPHALT ROCK. THOS. HOOVER'S, SIX MILES EAST OF SOUTH OF ST. ,fO,
MONTAGUE COUNTILOCALITY IS IN COOKE COUNTY,
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The weight of the oil per gallon was 7.66 pounds, or 322 pounds per
barrel of 42 gallons. The net evaporation per pound of oil from and at
212 degrees was 15.1 pounds. The net evaporation per pound of Penn-
sylvania bituminous coal in the best boilers at 10 square feet of heating
surface per horse power is 9.5 pounds of water from and at 212 degrees.
The net evaporation per pound of the semi-bituminous coals, such as
Pocahontas, New Eiver, Cumberland and Clearfield, is 10.0 pounds of
water, which may be increased to 10.5 and 11 pounds by mechanical
stokers, or smoke-preventing devices.

Prof. Denton calculates the comparative costs of oil and coal as fol-
lows :

These figures apply to bituminous coals mined west of Ohio and used
in Western and Southwestern States. In comparison with small sizes of
anthracite, Pittsburg bituminous and Maryland and West Virginia
semi-bituminous coals, oil must be sold at a less price, inasmuch as these
fuels are of better quality than Western and Southwestern coals. It fol-
lows, therefore, that for inland consumption, where the competition
would be with fuels of less value, from the standpoint of available heat
units, the price of oilcould be higher than inEastern markets and along
the tipper Atlantic seaboard. Thus in competition with coals mined
west of Ohio at $3.00 per ton oilcould be sold at 85 cents a barrel, but in
competition with N^o. 1Buckwheat and Pea (anthracite) at $3.00 per
ton the price would have to be 73 cents per barrel ;with Pittsburg bitu-'
minous coal at $3.00 the price would have to be 67 cents; while with the
best semi-bituminous coal, largely used in ocean traffic and by manu-
facturing establishments in the East, the price of oil would have to vary
from 64 to 58 cents if the coal was sold at $3.00.

Xo matter where oilis marketed it willhave to meet the competition

4.50 1.28
4.00 1.13
3.50 0.99
3.00 0.85
2.50 0.71
2.00 0.56
1.50 0.43

Price of coal per Equiv. price of oil
ton of 2-240 per bbl. of 42
pounds. \u25a0 gallons.

$1.00 $0.29

Heat per pound of fuel as fired, by calori-
meter 19,060

Heat per pound of combustible, by calori-
meter 19,060

Utilized in production of steam 14,963
Due combustion of hydrogen 1,245
Wasted in superheating water products 113
Wasted in dry chimney gases 1,837
Radiation and imperfect combustion 902

B. T. U,
Heat Balance:Heat Balance:

B. T. U,
Utilized in production of steam 14,963
Due combustion of hydrogen 1,245
Wasted in superheating water products 113
Wasted in dry chimney gases 1,837
Radiation and imperfect combustion 902

Heat per pound of fuel as fired, by calori-
meter 19,060

Heat per pound of combustible, by calori-
meter 19,060

Price of coal per Equiv. price of oil
ton of 2-240 per bbl. of 42
pounds. \u25a0 gallons.

$1.00 $0.29
1.50 0.43
2.00 0.56
2.50 0.71
3.00 0.85
3.50 0.99
4.00 1.13
4.50 1.28
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of fuels already in possession of the field, and the issue of the struggle
willdepend upon relative prices.

In Texas oil has been contracted for at' 44^ cents a barrel delivered at
points as far off as 250 to 300 miles from Beaumont, competing success-
fully with coal from Indian Territory, Arkansas and Texas at prices
varying from $4.50 to $6.00 per ton.

An analysis of Prof. Denton's results, as he himself points out, shows
that the net evaporation ranged from 14.74 to 15.16 pounds of water
per pound of oil, the horse power varying from 112 to 220 and the
burner consumption from 3.1 to 4.8 per cent, of the boiler output. The
boiler utilized about 78 per cent, of the heat of the fuel, which may be
considered the best average boiler practice. Itis also to be observed
that the results inactual practice showed that 98 per cent, of the total
heat of combustion of the oil, as determined by the calorimeter, were
accounted for by the steam production, the chimney gases and a reason-
able allowance for radiation. Prof. Denton thinks that for the higher
horse powers a net evaporation of 14.8 pounds of water is the best econ-
omy that can be expected from the use of oil as fuel with steam- jet
burners. This may be contrasted with 11.79 pounds yielded by excellent
No. 1Buckwheat coal.

Considering the objections that have been urged against the use of
crude oil on account of its content of sulphur itmay be said that many
excellent steam coals carry from 1.5 to 2 per cent, of sulphur and
that the average life of a boiler does not seem to be impaired by their
use. The amount of sulphur in the oilused by Prof. Denton was 1.63
per cent. Allowing that a coal contains 1.7 per cent, an oil would have
to contain 2.6 per cent, in order to put as much sulphur in the products
of combustion as the coal, equal horse powers being assumed. Ithas
been ascertained that the use of coal carrying more than 3 per cent, of
sulphur does not cause any greater depreciation of fire boxes, etc., than
a coal of 1.7 per cent, of sulphur, and the sulphur equivalent in oil
corresponding to 3 per cent, in coal is above 6 per cent. The objections
to the use of crude oil, based on its sulphur content, do not appear to
be well founded, in so far, at least, as concerns the integrity of fire
boxes, etc.

The inflammability of the crude oil has also been the subject of crit-
ical investigation. There was no inflammable vapor given off below
142° F., in Prof. Denton's experiments, and he does not think that a
pool of oil,in a boiler room, would become ignited from a lighted match
or from dropping a live coal into it. Itis also stated that a surplus of
oilat the burner gave rise merely to a thick smoke; there was no explo-
sion or excess of pressure.

One more point, and that of a most important nature, was brought
out by Prof. Denton's test. It was not a new point, for other compara-
tive tests have established the fact and it is well known to those who
study the economies of fuel consumption. It is the difference between
'the distribution of the heat units arising from the combustion of oil
and coal; in other words, the comparative efficiency of oil and coal
referred to the heat balance. We have already quoted the heat balance
of the oil,but for purposes of comparison it is repeated and with it is
given the heat balance of the coal.
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An analysis of this table shows that in the production of steam more
heat units were given off by the oilthan corresponded to the total number
of heat units inthe coal, and that the percentage of heat units thus used
was 78.5 of those in the oil, as against 71.4 of those in the coal. In
other words, there were so many more heat units in the oil than in the
coal 'and these were so much more available that it was possible for the
oil to devote to steam raising alone more heat units than the coal con-
tained and still have 21.5 per cent, for other emergencies inseparable
from the conduct of the operations. The saving of the heat ordinarily
wasted indry chimney gases is especially noteworthy, for the oil shows
a waste of 9.7 per cent, as against 16.4 per cent, for the coal.

It is to be concluded, therefore, that in comparison with coal yielding
12,100 B. T. U.per pound as fired and 14,680 per pound of combustible
there is a decided economy in the use of crude oilunder the conditions
maintained in this test.

Eeverting to the tables of analyses, the first thing to attract one's
attention is the high content of ash. Not one of the samples examined
contained less than 9 per cent., three contained more than 21 per cent.,
while the average is a trifle over 16 per cent. The fixed carbon is low,
and the volatile and combustible matter somewhat high. There is con-
siderable difference in the amount of sulphur, from 1.28 to 4.76 per
cent., the average being 2.19 per cent. There is also a marked difference
in the amount of nitrogen, from 0.78 to 3.62 per cent. With respect
to the heat values, whether innatural condition or on a dry basis, there
is also much difference, the variation in the one. case being from 9,609
to 12,264 B. T. XL, and in the other from 11,101 to 12,817. The weight
per cubic foot, dry, varies from 68.7 to 101.2 pounds.

Looking at the analyses in a general way, itmay be said that they
represent fuels not to be compared with the best eastern coals, but still
capable of yielding good returns when properly burned. This has been
the experience with these coals, and a considerable industry has been
builtup upon them. They have not so much to fear from the oil com-
petition as the lignites. In their natural condition, as mined, they give
an average of 11,245 B. T. IT., and are, therefore, to be considered
as fairly good fuels. Good results in actual practice have also been
obtained by the use of the lignites, in spite of the low heating effect,
in their natural condition. On the average the lignites contain 33.37
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per cent, of water, as mined, 9 per cent, of ash, 1.12 per cent, of sulphur,
and 1.18 per cent, of nitrogen. The heating power is low, 7,614 B.
T. U., and this is in large measure due to the heat required to vaporize
the contained water. The lignites are liable to fall to pieces, more or
less, on storing, but as a partial offset to this they lose some of their
moisture.

There have been no working tests of the heating power of these coals
and lignites, compared among themselves and also with crude oiland
residuum. In the absence of such tests one has to fall back upon general
principles and discuss the matter from the standpoint of chemical and
physical composition, with such side lights as may be obtainable from
ordinary experience. But ordinary experience is liable to frequent and
wide variations, and itis not often that the conditions under which the
fuels were used can be stated with precision. The fact that returns
from consumers of oil in the State show a difference of 43 per cent.
(i. c., from 3.5 to 5) in the number of barrels of oilequivalent to a ton
of good soft coal is evidence that ordinary experience can not be relied
upon to afford anything more than a rough approximation. If the ordi-
nary steam installations were provided with smoke-preventing devices
and mechanical stokers, it is highly probable that the economy in the
use of oil would not be so pronounced. It is in respect of comparing
things that have not been reduced to a common denominator that the
argument in favor of oil loses some of its strength. When one has not
secured from coal all the economy possible it is manifestly unfair to
compare the results with those obtained from oilused under conditions
in every way favorable to this fuel. With no arrangements for pre-
venting smoke, with no mechanical appliances for sending the fuel to
the fire box in the cheapest and most effective manner, with no special
care to prevent the loss of carbon as unconsumed carbon in the ashes,
itis no wonder that the advantages to be secured by the use of oilare so
obvious.

But if all the economies possible in the use of the solid fuels were
inaugurated and maintained it would be found that the comparison
between these and oil would not be so strongly in favor of the latter
fuel. It has been observed, for instance, that when smoke-preventing
appliances are installed, either alone or in connection with mechanical
stoking, but more particularly when mechanical stoking is used, a saving
of more than 20 per cent, has been regularly obtained —that is, when
these economic devices were employed with ordinary coals there was a
saving in the fuel account of more than 20 per cent., and this was the
regular practice. Itis much to be doubted whether ordinary practice
with the solid fuels in this State has attained its maximum economy.
There are some establishments, of course, where the greatest attention
is paid to all possible economies in fuel consumption, but these form
the exceptions.

We do not compare the two fuels on the same basis, for ordinary
boilers are set and fired without much regard to economy. We do not
give sufficient attenion to the production and the saving of heat obtained
from the solid fuels, and when it comes to a comparison between these
and oil we have not the data for arriving at the real truth. When the
change is made to oil and it is found that so many barrels will do the
work of so many tons of coal at such and such a price, we are inclined
to pronounce at once in favor of the oil. But the question at once arise?
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whether the results from the two fuels have been reduced to a common
denominator, whether they are on the same basis, whether we have taken
into consideration all the economies possible in the two cases. We ma}'
allow that the heat units in oil are more easily available for steam-
raising purposes than the heat units in coal, and that, per unit of heat-
ing power, we get better results from oil than from coal. We may go
further and allow that inmost cases there is sufficient economy in the
use of oil to warrant the installation of oil-burning appliances, but it
does not follow that a given set of conditions applies to every establish-
ment in the State. When we have once ascertained what we can get
from the coal and what we can get from the oil we are ready to calculate
the relative advantages in the use of the two. It is, after all, a matter
of dollars and cents, and each particular installation must be considered
in and for itself.

There is and can be no doubt of the immense value of cheap fuel oil
to the industrial development of the State. The discovery of large sup-
plies of this fuel marks so radical a change that it is no less than the
beginning of an industrial revolution, for the lack of abundant cheap
fuel has stood in the way of the enlargement of old establishments and
the founding of new ones. We do not lay so much stress upon the
exportation of the oil as upon its use here, for the use of the oil else-
where does not add materially to the taxable wealth of the State. Itis
taken from the wells, piped to the seaboard and shipped without adding
to the list of factories, etc., here. We speak of the use of the crude
oilas fuel, not of its suitability for refining, etc., and limit these remarks
to a comparison of its value as fuel with the value of coal as fuel.

The question for each large consumer of fuel to consider is: AmI
getting from this fuel the maximum economy at the least expense?
Whether he contemplates changing his fuel or adding to the profitable-
ness of his plant without changing the fuel, this is a most important
problem. If the competition of the oil is to result in careful investi-
gations of economies in the use of coal, it will bring many establish-
ments to a realizing sense of the waste that has gone on and that is
stillgoing on. It is much easier to waste solid fuel than liquid fuel;
the very conditions under which they are ordinarily burned is sufficient
evidence of this. Here, therefore, is where economy is to be sought,
in the prevention of was^te, and until this is done it is idle for any one
to say that he is not securing as good results as could be wished. There
is, we think, room here for both solid and liquid fuels. It is gratifying
to see the large consumption of the liquid fuels within the last eighteen
months, for it shows that the industrial world of Texas is alive to the
possibilities in this direction. At the same time the coal men have a
fair field and plenty of fighting ground.

The production and value of coal and lignite in Texas since 1884 is
given in the following table.
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PRODUCTION AXD VALUE OF COAL AND LIGNITE, 1884-1901.

The production of oil in Texas did not amount to as much as 100
barrels in any one year until 1896, when it reached 1450 barrels. In
1897 there were 65,975 barrels; in1898, 546,070; in1899, 660,013; in
1900, 836,039; and in1901, about 4,850,000 barrels. The great increase
in 1901 was due to the opening of the Beaumont field, the first well
in which began to flow January 10th. Since that time and to the end of
March, 1902, the Beaumont production has been about 9,000,000 barrels,
so far as can be ascertained now. The production to the end of 1900 was
practically confined to the Corsicana field, ZSTavarro county. In 1901 the
Corsicana field produced about 850,000 barrels, and the Beaumont field
about 4,000,000 barrels. During the first quarter of 1902 the produc-
tion in the Beaumont field was about 5,000,000 barrels, exceeding by a
million barrels the entire production of that field in 1901. As practi-
cally all of the Beaumont oil comes into the market for fuel purposes,
the 5,000,000 barrels produced during the first quarter of 1902 are
equivalent to 1,250.000 tons of coal, on the basis of four barrels of oil
per ton of coal. Without taking into consideration the residuum from
the refineries at Corsicana or the heavy oils from the Powell district
in the Corsieana field, the fuel equivalent of the oil produced at Beau-
mont during the first three months of this year exceeds the entire coal
output of the State in any one year. The tankage in the Beaumont
district may be taken at 4,890,000 barrels, equivalent to 1,225,000 tons
of coal. In other words, the quantity of coal that can be held in tanks
in the Beaumont districts exceeds in fuel value the entire coal output
of the State during any one year.

These figures are very significant. They mean that the industries of
the State which are dependent upon cheap fuel have this at command
and that so long as the price of crude oil remains between twenty and
twenty-five cents a barrel, f. o. b. tank cars, there is likely to be an
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active competitor in the fuel market. Some contracts that were let this
Spring called for the delivery of Beaumont crude oilat distances of 250
to 300 miles for 44^ cents a barrel, which would mean coal at $1.77 a
ton. Ifwe allow that the average spot value of coal. i.c., f. o. b. mines,
for the last eight years is $1.75, which is a close approximation to the
actual figures, we observe that four barrels of crude oil are delivered at
points 300 miles from the wells for a price representing the value of
a ton of coal at the mines, no allowance being made for transporting
the coal to points of consumption. This would mean that the coal
miner makes the consumer a present of the freight charges, or, that
the railroads distribute the coal gratuitously, neither of which halcyon
conditions is likely to come about inour day, or any other.

The freight rates on coal and lignite, originating in the State and
destined for State points, are as follows:

Kailroad Commission" of Texas, 1901.

Commodity TariffNo. J/.-B.
Bates, in cents per ton of 2000 pounds, for the transportation by

railroads between points in Texas, of shipments of soft coal, slack coal,
smithing coal, coke, lignite, and lignite briquettes, in carloads.

Columns headed No. 1 contain rates to apply on shipments trans-
ported over a single line of railroad or over two or more lines of railroad
which are under the same management and control. Columns headed
No. 2 contain joint rates to apply on shipments transported over two or
more lines of railroad which are not under the same management and
control :

BATES ON SOFT COAL (EXCEPT SLACK), SMITHING COAL, AND COKE.

180
185
190
195
200
205
210
215
217
219
221
223
225
229
233
237
241
245
249
253
257
261

165
170
175
180
185
190
195
200
203
206
209
212
215
219
223
227
231
235
239
243
247
251

70 250 and over 240
75 260 and over 250
80 270 and over 260
85 280 and over 270
90 290 and over 280
95 300 and over 290

100 310 and over 300
105 320 and over 310
110 330 and over 320
115 340 and over 330
120 350 and over 340
125 360 and over 350
130 370 and over 360
135 380 and over 370
140 390 and over 380
145 400 and over 390
150 410 and over 400 !
155 420 and over 410
160 430 and over 420
165 440 and over 430
170 450 and over 440
175 460 and over 550 !

55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
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150
155
160

30 and less
40 and over 30
50 and over 40
60 and over 50
70 and over 60
80 and over 70

, 90 and over 80...
100 and over 90
110 and over 100
120 and over 110
130 and over 120
140 and over 130
150 and over 140
160 and over 150
170 and over 160
180 and over 170
190 and over 180
200 and over 190
210 and over 200
220 and over 210
230 and over 220
240 and over 230

No. 2.No. 1.
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No. 1. No. 2.
Distances, miles.

;es.RaiRates.Rates. Rai ;es.
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Distances, miles.
No. 1. No. 2.
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60 and over 50
70 and over 60
80 and over 70
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100 and over 90
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120 and over 110
130 and over 120
140 and over 130
150 and over 140
160 and over 150
170 and over 160
180 and over 170
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230 and over 220
240 and over 230
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125 360 and over 350
130 370 and over 360
135 380 and over 370
140 390 and over 380
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RATES OX SLACK COAL.

209
212
215
219
223
227
231
235
239
243
247
251
255
259
263
267
271
275
279
282
285
290
295
300
305
310
315
320
325
330
335
340

197
201
205
209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
269
272
275
280
285
290
295
300
305
310
315
320
325
330

55 350 and over 340
60 360 and over 350
65 370 and over 360
70 380 and over 370
75 390 and over 380
80 400 and over 390
85 410 and over 400
90 420 and over 410
95 430 and over 420

100 440 and over 430
105 450 and over 440
110 460 and over 450
115 470 and over 460
120 480 and over 470
125 490 and over 480
130 500 and over 490
135 510 and over 500
140 520 and over 510
145 530 and over 520
150 540 and over 530
155 550 and over 540
160 560 and over 550
165 570 and over 560
170 580 and over 570
175 590 and over 580
180 600 and over 590
185 610 and over 600
190 620 and over 610
195 630 and over 620
200 640 and over 630
203 650 and over 640
206 660 and over 650

40
45
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55
60
65
70
75
80
85
90
95

100
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115
120
125
130
135
140
145
150
155
160
165
170
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180
185
189
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70 and over 60
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90 and over 80

100 and over 90
110 and over 100
120 and over 110
130 and over 120
140 and over 130
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190 and over 180
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210 and over 200
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230 and over 220
240 and over 230
250 and over 240
260 and over 250
270 and over 260
280 and over 270
290 and over 280
300 and over 290
310 and over 300
320 and over 310
.330 and over 320
340 and over 330

No. 1. No. 3.
Distances, miles.

No. 1. No. 2.

Distances, miles.
Rates.Rates.

340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420

330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410

265 640 and over 630
269 650 and over 640
273 660 and over 650
277 670 and over 660
281 680 and over 670
285 690 and over680
289 700 and over 690
292 710 and over 700
295 720 and over 710
300 730 and over 720
305 740 and over 730
310 750 and over 740
315 |760 and over 750
320 770 and over 760
325 780 and over 770
330 790 and over 780
335 Over 790 ,

255
259
263
267
271
275
279
282
285
290
295
300
305
310
315
320
325

470 and over 460
480 and over 470
490 and over 480
500 and over 490
510 and over 500
520 and over 510
530 and over 520
540 and over 530
550 and over 540
560 and over 550
570 and over 560
580 and over 570
590 and over 580
600 and over 590
610 and over 600
620 and over 610
630 and over 620

No. 1 No. 2.
Distance, miles.

No.1. No. 2.

Distance, miles.
Rates.Rates.Rates. Rates.

Distance, miles.
No.1. No. 2.

Distance, miles.
No. 1 No. 2.

470 and over 460
480 and over 470
490 and over 480
500 and over 490
510 and over 500
520 and over 510
530 and over 520
540 and over 530
550 and over 540
560 and over 550
570 and over 560
580 and over 570
590 and over 580
600 and over 590
610 and over 600
620 and over 610
630 and over 620

255
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263
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285
290
295
300
305
310
315
320
325

265 640 and over 630
269 650 and over 640
273 660 and over 650
277 670 and over 660
281 680 and over 670
285 690 and over680
289 700 and over 690
292 710 and over 700
295 720 and over 710
300 730 and over 720
305 740 and over 730
310 750 and over 740
315 |760 and over 750
320 770 and over 760
325 780 and over 770
330 790 and over 780
335 Over 790 ,

330
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340
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350
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385
390
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400
405
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340
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400
405
410
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Rates. Rates.
Distances, miles.

No. 1. No. 2.
Distances, miles.

No. 1. No. 3.

30 and less
40 and over 30
50 and over 40
60 and over 50
70 and over 60
80 and over 70
90 and over 80

100 and over 90
110 and over 100
120 and over 110
130 and over 120
140 and over 130
150 and over 140
160 and over 150
170 and over 160
180 and over 170
190 and over 180
200 and over 190
210 and over 200
220 and over 210
230 and over 220
240 and over 230
250 and over 240
260 and over 250
270 and over 260
280 and over 270
290 and over 280
300 and over 290
310 and over 300
320 and over 310
.330 and over 320
340 and over 330

40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
189
193

55 350 and over 340
60 360 and over 350
65 370 and over 360
70 380 and over 370
75 390 and over 380
80 400 and over 390
85 410 and over 400
90 420 and over 410
95 430 and over 420

100 440 and over 430
105 450 and over 440
110 460 and over 450
115 470 and over 460
120 480 and over 470
125 490 and over 480
130 500 and over 490
135 510 and over 500
140 520 and over 510
145 530 and over 520
150 540 and over 530
155 550 and over 540
160 560 and over 550
165 570 and over 560
170 580 and over 570
175 590 and over 580
180 600 and over 590
185 610 and over 600
190 620 and over 610
195 630 and over 620
200 640 and over 630
203 650 and over 640
206 660 and over 650

197
201
205
209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
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275
280
285
290
295
300
305
310
315
320
325
330

209
212
215
219
223
227
231
235
239
243
247
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259
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271
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285
290
295
300
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310
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RATES ON LIGNITE AND LIGNITE BRIQUETTES.

Minimum Weight.

The minimum weight of each carload shall be twenty (20) tons; pro-
vided, that when the actual weight of a shipment contained in a car

30 and less 32 47 ij3Bo and over 370 148' 158
40 and over 30 35 50 j390 and over 380 151 161
50 and over 40 40 55 400 and over 390 154 164
60 and over 50 44 59 410 and over 400 157 167
70 and over 60 48 63 420 and over 410 161 171
80 and over 70 53 68 430 and over 420 164 174
90 and over 80 57 72 440 and over 430 167 177

100 and over 90 60 75 450 and over 440 170 180
110 and over 100 63 78 460 and over 450 173 183
120 and over 110 66 81 470 and over 460 176 186
130 and over 120 69 84 480 and over 470 180 190
140 and over 130 72 87 490 and over 480 183 193
150 and over 140 76 91 500 and over 490 186 196
160 and over 150 79 94 510 and over 500 189 199
170 and over 160 82 97 520 and over 510 192 202
180 and over 170 85 100 530 and over 520 ! 195 205
190 aud over 180 88 103 540 and over 530 j 198 208
200 and over 190 91 106 550 and over 540 202 212
210 and over 200 95 110 560 and over 550 205 215
220 and over 210 98 113 570 and over 560 208 218
230 and over 220 101 116 580 and over 570 211 221
240 and over 230 104 119 590 and over 580 214 224
250 and over 240 107 122 600 and over 590 217 227
260 and over 250 i 110 125 610 and over 600 220 230
270 and over 260 ! 113 128 ,620 and over 610 j 221 231
280 and over 270 j 117 132 J630 and over 620 222 232
290 and over 280 ! 120 135 640 and over 630 223 233
300 aud over 290 1 123 138 650 and over 640 224 234
310 and over 300 126 141 660 and over 650 225 235
320 and over 310 129 143 670 and over 660 226 236
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330 and over 320 132 145 680 and over 670 227 237
340 and over 330 135 147 690 and over 680 228 238
350 and over 340 139 150 700 and over 690 229 239
360 and over 350 143 152 Over 700 230 240
370 and over 360 145 155 I I
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loaded to its full capacity shall be less than 20 tons, then the actual
weight of such shipment shall be charged at the rate per ton applicable
under this tariff.

Exceptions.
Galveston, Harrisburg & San Antonio Railway : Rates on coal to San

Antonio from Hartz, 80 cents per ton, and from Eagle Pass, 90 cents
per ton.

Rio Grande & Eagle Pass Railway: Rate on coal from Minera and
Cannel to Sanchez and Laredo, 85 cents per ton.

Rio Grande & Eagle Pass Railway and International & Great North-
ern Railroad : Rate on coal from Minera and Cannel to San Antonio,
90 cents per ton.

Rio Grande & Eagle Pass Railway and International & Great North-
ern Railroad : Bone coal, in carloads, minimum weight, 20 tons per car,
from Cannel and Minera to San Antonio, 80 cents per ton.

San Antonio & Aransas Pass Railway: Lignite, in carloads, from
Ina to San Antonio, 76 cents per ton of 2000 pounds.

Texarkana & Fort Smith Railway: Coal, in carloads, from Beau-
mont to Port Arthur, 40 cents per ton of 2000 pounds.

Houston East & West Texas Railway : Lignite, in carloads, from
lignite mine at Garrison to brick yard at Garrison, $3 per car.

Lignite, in carloads, from Lytle to San Antonio, 30 cents per ton of
2000 pounds.

Houston East & West Texas Railway: Lignite, in carloads, from
Tandy to Timpson, $4 per car.

Rates between points on the Gulf & Interstate Railway and other
points in Texas shall be the sum of the rates to and from Beaumont,

Galveston, Harrisburg & San Antonio Railway: Rate on coal and
screenings, in carloads, from Rio Bravo mines to San Antonio, 80 cents
per ton.

Galveston, Harrisburg & San Antonio Railway: Coal screenings, in
carloads, from Rio Bravo and Hartz mines to Eagle Pass, $3 per car.

Cane Belt Railroad: Rates between Bay City and Houston and Gal-
veston, same as those applying between Van Yleck and Houston and
Galveston.

The Railroad Commission also established rates on crude petroleum
in tank cars. They are as follows :

Commodity Tariff No. 27-B.

CRUDE AXD FUEL PETROLEUM, CARLOADS.

Rates, incents per 100 pounds, for the transportation of carload ship-
ments of crude and fuel petroleum, in cans (boxed), in barrels or in
tank cars, by railroads between points in Texas. Column headed ISTo. 1
contains rates to apply on shipments transported over a single line of
railroad, or over two or more lines of railroad which are under the same
management and control. Column headed ISTo. 2 contains rates to apply
to shipments transported over two or more lines of railroad which are
not under the same management and control.
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Exceptions.

Fuel oil, carloads, minimum weight, 40,000 pounds per car, from
Gladys to Beaumont, 2-| cents per 100 pounds.

Bates on shipments transported more than 275 miles from or to points
in differential territory shall be made by adding to the maximum com-
mon point rate of 12 cents per 100 pounds the differential rates set
forth in the following table:

DIFFERENTIAL RATES, IN CENTS PER 100 POUNDS.

Minimum Carloads.

The minimum weight of shipments transported over lines of standard
gauge shall be 38,000 pounds per car; provided, that when the actual
weight of the petroleum contained in a car loaded to its fullcapacity
shall be less than 38,000 pounds, then the actual weight of such ship-
ment shall be charged for at rates prescribed in this tariff.

The minimum weight of shipments transported over lines of narrow
gauge shall be 20,000 pounds per car; provided, that shipments origi-
nating at points on lines of standard gauge and destined to points on
or reached by lines of narrow gauge shall be charged for at the weight
determined by the cars in which they were transported over lines of
standard gauge.

The weight of 6.4 pounds per gallon shall be used in determining
the carload weights above provided for.

In Commodity Tariff 17-A, the Bailroad Commission of Texas also
established rates on "oil,petroleum and products, viz.: coal or carbon,
benzine, benzole, petroleum (lubricating), naphtha and gasoline in tank

i
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200 and over 150 4
250 and over 200 5
300 and over 250 6
Over 300 7

Distances, miles.Distances, miles. Rivtes.

9 104
94 104

10 11
104 11
11 114
114 Hi
12 12

150 and over 125
175 and over 150
200 and over 175
225 and over 200
250 and over225
275 and over250
Over 275

5 7
5i 74
6 8
64 84
7 9
74 94
8 10
84 10

20 and less
30 and over 20
40 and over 30
50 and over 40
60 and over 50
80 and over 60
00 and over 80
25 and over 100

No. 1. No. 2.No. 1. No. 2.
Distances, miles.

iDistances, miles. \u25a0

Rates.Rates.Rates. Rates.
Distances, miles. \u25a0

i Distances, miles.

No. 1. No. 2. No. 1. No. 2.

20 and less
30 and over 20
40 and over 30
50 and over 40
60 and over 50
80 and over 60
00 and over 80
25 and over 100

5 7
5i 74
6 8
64 84
7 9
74 94
8 10
84 10

150 and over 125
175 and over 150
200 and over 175
225 and over 200
250 and over225
275 and over250
Over 275

9 104
94 104

10 11
104 11
11 114
114 Hi
12 12

Distances, miles. Rivtes.Distances, miles.

50 and less 1
100 and over 50 2
150 and over 100 3
200 and over 150 4
250 and over 200 5
300 and over 250 6
Over 300 7

i



76 Texas Coals and Lignites.

cars furnished by shipper, straight or mixed carloads ;also in barrels and
cases, and petroleum in glass (boxed), in jacketed cans and tin cans
(boxed), straight or mixed carloads." The rates are 25 cents per 100
pounds from Houston, and 28 cents from G-alveston, maxima to Texas
common point territory. The G-alveston rate applies also to Texas City,
Velasco, Port Arthur and Sabine Pass.

Taking the weight of crude petroleum as 6.4 pounds per gallon, we
would have 5937 gallons comprising the minimum carload weight for
standard -guage lines. The weight of the 38,000 pounds is 19 tons of
2000 pounds each. For transporting this quantity of oil, in tank cars,
100 miles over a single line of road or over two or more lines under the
same management and control, the freight charge would be 8 cents per
100 pounds, or $3.04 per car. For transporting it 200 miles the charge
would be 10 cents per 100 pounds, or $3.80 per car. For distances over
275 miles the charge would be 12 cents per 100 pounds, or $4.56 per car.
For hauling 20 tons of coal 100 miles the charge is $1.80; 200 miles,
$2.80 ;300 miles, $3.80.

The establishment of the rates on crude oil in tank cars was the result
of a hearing before the Commission, August 3, 1901, at which were pres-
ent the representatives of many of the oil and coal companies. Some
relief was sought by the oil operators, and the rates fixed were in accord-
ance with the testimony at that hearing.



CHAPTER 111.

THE ASPHALT ROCKS OF MONTAGUE AND COOKE
COUNTIES.

In the Cretaceous, where it impinges upon the Carboniferous in Cooke
and Montague counties, there occurs a sandstone impregnated with bitu-
men. Itis exposed to its greatest extent in the vicinity of St. Jo, Mon-
tague county, and Muenster, Cooke county, so that this field will be
referred to as the St. Jo-Muenster field, and the deposits around St. Jo
willfirst be described.

ST. JO FIELD, MONTAGUE COUNTY.

The asphaltic sandstone which occurs in Montague county is found
both north and south of St. Jo, a flourishing town on the Wichita Palls
branch of the Missouri, Kansas & Texas Eailway. The town lies near
the eastern edge of the county and about twelve miles south of Eed Eiver.
The elevation, at the railroad station, according to the United States
Geological Survey, is 1142 feet and the surrounding country is rolling.
This part of Montague county is in the Cretaceous and characteristic
fossils are abundant. South of St. Jo the drainage is into the Trinity
river, through the BigElm creek, Copeland creek, etc., whilenorth the
drainage is into the Eed Elver, through Mountain creek, Cedar creek,
Bircham branch, etc. The erosion of the streams flowing north has
been much greater than towards the south, so that Mountain creek,
Bircham's creek, etc., now flow at a depth of 200 to 250 feet below the
general level. From the top of the Sampson Eidge, terminating three
and one-half miles northeast of St. Jo, to the bottom of the run of Bir-
cham's creek is 250 feet, while the bottom of the gorge on the west side
of the ridge and between itand the Devil's Backbone, is almost as deep.
The coiirse of the north-flowing streams is approximately parallel and
the ridges which divide them also follow the same general course, bearing
east of north. Thus on the east from a point three miles east of north
of St. Jo we have the Bircham Eidge and Bircham creek, Sampson
Eidge and Cedar creek, the Devil's Backbone and Mountain creek, then
Gordon Mountain and Farmer's creek, etc. These several ridges are
tongues of land projecting into the valley of Eed Eiver and from the
northern extremity of any of them extensive views of this valley and the
flats of the Indian Territory can be obtained.

Through the courtesy of the United States Geological Survey we are
able to present an excellent topographic map of the immediate vicinity
of St. Jo on a scale of 1£ inches to the mile, and with contour intervals
of 25 feet. While Mr. Arthur Stiles was finishing the Gainesville sheet
for the United States Survey he was allowed to prepare for us a special
map of the asphalt region around St. Jo, an area comprised in the
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Gainesville sheet. From this itis easy to trace the deposits where they
have been exposed. Thus on the east side of Bircham Branch there are
no exposures of the rock until one reaches the deposit at Eoemer's farm,
one and one-half miles west of Muenster, Cooke county. Coming west
from Bireham branch the bituminous sandstone is found well exposed
on the northern extremity of Sampson Eidge, east of DeviFs Backbone.
Sampson Eidge is not marked on the map, but its position is clearly
shown, lying, as it does, between the DeviFs Backbone and Bircham
branch. The exposure is well up towards the top of the ridge and is
about 250 feet above Bircham branch. The rock can be followed around
the ridge on both sides, east and west, for a distance of one-half to three-
fourths of a mile, although itis not so well exposed anywhere as on the
extreme northern point. Further reference to this exposure willbe made.

Coming down the western side of Sampson Eidge and towards Cedar
creek no exposure of the rock is to be seen except in some ravines mak-
ing into Cedar creek from the east. Crossing this creek and coming up
DeviFs Backbone no exposures are to be seen, nor are any visible until
one reaches Gordon Mountain. !STo stray pieces of the rock were seen
in Mountain creek, or in' the rolling flat between DeviFs Backbone and
Gordon Mountain, nor were any observed west of Gordon Mountain.
The exposures of asphalt rock north of St. Jo appear to be limited to
Sampson Eidge and Gordon Mountain, and the quality of the rock
appears to be the same at these two localities. The best exposure of
the rock on Gordon Mountain is at its extreme northern point, beyond
Gordon Gap, and this place is considerably further north than the expo-
sure on the north point of Sampson Eidge. It would therefore seem
that both the Devil's Backbone and Sampson Eidge have been eroded
towards the south much more rapidly than Gordon Mountain and that
the present flat north and northwest of the Backbone and the ridge occu-
pies land formerly occupied by the asphalt-bearing strata. It would
follow from this that the asphalt area formerly occupied considerably
more territory than it does now, and that Sampson Eidge and Gordon
Mountain were connected, with a possible barren zone between, the
remains of which now constitute DeviFs Backbone. The result- of the
enormous erosion that has taken place has been to facilitate the mining
of the asphalt rock, for itlies on the edge of the escarpment and could
be loaded by means of gravity planes, the full cars going down hauling
the empty ones back. There is plenty of room for dumping all waste
material at a minimum cost. If the extraction of the bitumen with
solvents should be entered upon there are excellent opportunities for
handling all materials by gravity, thus dispensing with much costly
machinery. The same principle applies to any undertaking that might
be considered, such as the manufacture of asphalt bricks, of mastic, etc.

Itis but seldom the ease that a useful material occupies a more advan-
tageous positiqn withrespect to economies of mining, handling and treat-
ment than the asphalt rock at these favored localities.

The accompanying half-tones give views of the country adjacent to
the deposits of asphalt rock. The little peaks that are left are Creta-
ceous hills not yet reduced to the common level, and a nearer view of
one of these cones is also given. They are, for the most part, bare of
timber, supporting a sparse growth of grass and weeds. In a view to the
west from the DeviFs Backbone, many of these cones can be seen, and
they are a striking and characteristic feature of the landscape. They
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are much below the level of the Cretaceous limestone now forming the
capping of the ridges, although, at one time, they may have had a similar
capping, now removed by erosion. The ridges which now project into
the valley were doubtless much farther north than at present, and the
valley is filled with the detritus from the Cretaceous, together withmate-
rial brought down by the river. The clays and sands underlying the
limestone capping are from 250 to 300 feet thick and the ease with which
they are eroded has determined the features of the landscape.

The bituminous sandstone, or asphalt rock, inMontague and Cooke
counties appears to be the southern extremity of the deposits of asphalt
rock in the Indian Territory, as, for instance, in the Arbuckle Moun-
tains, at Marietta, etc., and these deposits have thinned out towards the
south so that we find the deposit seldom more than three to four feet in
thickness.

Fifteen or twenty years ago attempts were made to extract the bitumen
from these sandstones and the remains of the old works may now be seen.
The efforts seem to have been directed to the production of a material
suitable for roofing and painting, for the rock was treated with gasolene
in some instances and in others merely boiled and the oil skimmed off.
Nothing had been done toward developing the deposits from that time
until 1901, when a local company cleared away the debris, the clays and
sands that had fallen into the former workings, and exposed the rock
under cover, and views representing the seam on the point of Sampson
Ridge and on the point of Gordon Mountain are given. From the bot-
tom of the seam on Sampson Eidge to the top of the ridge the section
is as follows:

Section from bottom of seam of asphalt rock to point of ridge;local-
ity, north point of the Sampson Kidge, three and one-half miles east of
north of St. Jo, Montague county.

Underneath the asphalt rock there is a great thickness of unconsoli-
dated clays and sands and these contain, in places, pieces of silicified
wood. In association with the bituminous sandstone at this point and

*
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forming a "horse" in the seam itself, there is a hard bluish limestone
impregnated with asphalt, but not sufficiently so to constitute a lime
asphalt. An analysis of this limestone is as follows :

Analysis of. bluish limestone forming a "horse" in the bituminous
sandstone, north point Sampson Eidge:

Inplaces this limestone is more siliceous and carries less lime. It sel-
dom carries more than 2 per cent, of bitumen, mostly in the form of
petrolene, the asphaltene rarely being above 0.50 per cent. A bluish
limestone of similar appearance, but of quite different composition,
occurs with asphalt fifteen miles northeast of Fort Stockton, Pecos
county, and an analysis of it is as follows :

Analysis of bluish limestone containing asphalt, at the so-called "oil
seep," fifteen miles northeast of Fort Stockton, Pecos county, and in the
Cretaceous :

These two limestones might easily be mistaken for each other, but the
analysis shows them to be quite different. They are both Cretaceous and
both contain asphalt, but the Pecos county stone is about 1200 feet
above the stone at the Sampson Eidge, Montague county. We have in
these two limestones of similar appearance and containing asphalt, and
both in the Cretaceous, an illustration of the fact that over wide areas
and at considerable differences of elevation there was an impregnation
with asphaltic materials. From St. Jo to the "oilseep" inPecos county
is 350 miles, and the St. Jo locality is 1200 feet below the "oil seep."
Asphalt rock is not known to occur between these points except near
Crystal Falls, Stephens county, about seventy-five miles southwest of
St. Jo. Samples received from this locality are bituminous sandstone
closely resembling the St. Jo rock, but no detailed examination of it
has been made. Itis from twenty-five to thirty miles from rail. Eefer-
ence willbe made in the proper place to the fact that inUvalde county,
along the ISTueces river, there is a sand asphalt, in some respects resem-
bling the St. Jo stone.

In connection with the bituminous sandstone of Montague and C.ooke
counties there occur nodules of pyrite and marcasite (sulphides of iron),
and they occasionally attain considerable size. They are the so-called
"sulphur balls" of the miners, and are found not only imbedded in the
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asphalt rock itself, but also in the overlying clays. Thin seams of lig-
nite are also met with and streaks of mineral charcoal, probably derived
from the lignite. These thin seams of lignite are not continuous, but
appear and disappear without any apparent regularity. They occur in
the overlying clays and seldom attain a greater thickness than one-half
inch. At a spring on Cedar creek, between the Sampson Ridge and the
Devil's Backbone, there is a seam of lignitic material two feet six inches
thick, but it has not been prospected. It shows on the west side of the
gulch above the spring. The composition of the asphalt rock on the
Sampson Ridge is as follows :

Composition of the bituminous sandstone at the north point of the
Sampson Ridge, three and one-half miles east of north of St. Jo, Mon-
tague county:

In order to ascertain the effect of heat on this material the sample
corresponding to the first two feet eight inches from the bottom was
heated to 300 degrees F. for 60 minutes, and again analyzed. The result
was as follows:

Effect of heating a sample to 300 degrees F. for 60 minutes :

This would go to show that some of the petrolene was changed into
asphaltene by this treatment, as the total bitumen remains practically
the same. Another sample of the Sampson Eidge rock, selected at ran-
dom from the dump, gave the following result on analysis :

Analysis of bituminous sandstone from the Sampson Eidge :

This sample contains more carbonate of lime than the average run
of the rock.

An analysis of a sample of bituminous sandstone from the Owen's
place, two miles north of St. Jo, i.c., about one and one-half miles south
of the Sampson Eidge mine, is as follows :
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From these analyses it will appear that the asphalt rock north of
St. Jo is essentially a bituminous sandstone carrying but little carbonate
of lime, and this observation holds good for the whole of the St. Jo-
Muenster field. At no point in this entire field has a lime asphalt been
found, although limestone more or less impregnated with bitumen does
occur. At only one point in the district has the seam been, wellexposed
and that is on the north point of the Sampson Kidge, but an inspection
of every known locality failed to show an}' essential differences in so far
as concerns the nature of the rock. The localities visited were the Samp-
son Kidge, the Eay, the Owen's, Gordon Mountain, Peery's, the Widow
Patton's, Thos. Hoover's and the Eoemer. These all show the same gen-
eral features and at each one the asphalt rock is a bituminous sandstone,
carrying, for the most part, about the same amount of bitumen.

To the east of Sampson's Eidge, i.c., on Bircham Eidge, no exposures
of the rock are to be observed, nor is there any on the Devil's Backbone,
the next ridge to the west. But on the north point of Gordon Mountain,
to the west of the Devil's Backbone, it was mined several years ago. The
opening has now fallen in and the seam is exposed at only one place,
where it presents an appearance similar to that of the rock on Sampson
Eidge and elsewhere in the district. On the southwest side of Gordon
Mountain, and nearer St. Jo than any of the other localities, there is an
exposure of the rock and some of it was mined and used for paving pur-
poses ten years ago. At all of the localities north of St. Jo the rock
presents a uniform appearance and is of about the same thickness. The
thickness may in places go to four feet, but the average is about three
feet. Itis impossible to say whether the limestone inclusions found at
the north point of Sampson Eidge occur also at the other localities, for
there are no openings by which to judge.

THE MUENSTER FIELD, COOKE COUNTY.

The asphalt rock extends south and east of St. Jo and into Cooke
county. Itmay be seen on the land of Thomas Hoover, six and one-half
miles east of south from St. Jo, where it was mined, in a small way,
several years ago. An analysis of the rock from this locality is as fol-
lows:

Analysis of bituminous sandstone from Thomas Hoover's, Cooke
county :
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Another sample from the Hoover place yielded the following analysis :

This analysis plainly shows the conversion of petrolene into asphaltene
on heating for 60 minutes at a temperature of 300 degrees F. Before
heating the sample contained a trace of asphaltene, and after heating
1.23 per cent. But there is a loss of total bitumen.

From the Hoover place the deposit extends towards the south and west,
and is found on the land of Sam Peery. At this place the deposit
appears to be of the usual thickness, but there were no openings from
which samples could be taken. At the surface the rock has the usual
characteristics of the Montague deposits, and it is probable that under
cover itwould be found to be of the St. Jo type.

On the land of the Widow Patton, near Thomas Hoover's, and in
Cooke county, the asphalt bed is exposed in the bed of a small stream.
At this place it is blacker and much more gummy than at some other
localities in the district. An analysis of samples taken inperson was as
follows:

Analysis of bituminous sandstone from the Widow Patton's place,
Cooke county.

This locality is in Cooke county, four miles southwest of Muenster.
The rock is peculiar in that it contains so large an amount of sulphur,
in the loss of 2.39 per cent, of the total bitumen on heating and in the
conversion of so much of the petrolene into asphaltene. The thickness
of the deposit could not be accurately measured on account of the lack
of pits, etc., but it was thought to be about four feet.

About one and one-half miles west of the town of Muenster, Cooke
county, and crossed by the line of the Missouri, Kansas & Texas Eailway,
from Dallas to Wichita Falls, is another outcrop of bituminous sand-
stone. An analysis of the material from this place is as follows:

Analysis of bituminous sandstone from' Koemer's, one and one-half
miles west of Muenster, Cooke county:

Asphaltene Trace 3.00
Petrolene 10.10 6.24
Lime carbonate Trace
Silica • 89.90
Sulphur 0.50 0.30
Total bitumen 10.10 9.24

Before heating-- After heating
—

Per cent. Per cent.

Asphaltene 0.82 2.46
Petrolene 14.17 10.18
Lime carbonate Trace
Silica 87.36
Sulphur 2.38 0.92
Total bitumen 14.99 12.64

Before heating
—

After hea/tin
Per cent. Per cent.

Asphaltene Trace 1.23
Petrolene 7.43 4.92
Sulphur 1.10 0.74
Total bitumen 7.43 6.15

Before heating— After heating
—

Per cent. Per cent.
Before heating— After heating

—
Per cent. Per cent.

Asphaltene Trace 1.23
Petrolene 7.43 4.92
Sulphur 1.10 0.74
Total bitumen 7.43 6.15

Before heating
—

After hea/tin
Per cent. Per cent.

Asphaltene 0.82 2.46
Petrolene 14.17 10.18
Lime carbonate Trace
Silica 87.36
Sulphur 2.38 0.92
Total bitumen 14.99 12.64

Before heating-- After heating
—

Per cent. Per cent.

Asphaltene Trace 3.00
Petrolene 10.10 6.24
Lime carbonate Trace
Silica • 89.90
Sulphur 0.50 0.30
Total bitumen 10.10 9.24
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The St. Jo asphalt rock has come into use for paving purposes. About
twelve years ago some of it was used in paving sidewalks in St. Jo, and
ithas stood the traffic very well, although the foundations were not of
the best. The rock was hauled in from Sampson Eidge and from Gordon
Mountain, broken to small size, heated in an iron wash-pot and laid on
gravel, being tamped while hot with ordinary wooden beetles. The pres-
ent condition of the rock that was laid with the most care is good and
its suitability for such purposes shown by the result of twelve years^ 1 wear.

Many of the towns in that part of the State would do well to employ
this material, not only on the sidewalks, but also. and particularly in the
streets. For the best results, of course, great care must be given to the
foundation, for it is idle to expect even a good road material to stand up
under heavy traffic unless there is a proper foundation. A concrete foun-
dation is the best, but ordinary gravel, ifproperly selected and laid, will
suffice for allordinary purposes of sidewalks. Where there is much traf-
fic, especially where heavily loaded trucks and wagons pass over the road,
a gravel foundation willbe found to be not so good as concrete, but a
great deal better than clay or sand. In the town of Palestine, where a
closely similar material has been used (see the description of the Ander-
son county asphalt rock) ithas proven itself to be a great improvement
on the former roads and walks. A heav}r traffic is carried on over a
portion of the asphalt pavement laid in Palestine, and yet ithas endured
remarkably well.

About three years ago a carload of the Montague county asphalt rock
was carried to Dallas to be tried on the streets there. Very little atten-
tion was given to the matter, and heavy rains that fell soon after the
material was laid down removed the greater part of it. As a test of the
value of the rock for paving purposes the experiment is of no conse-
quence. The rock was neither heated nor tamped, but was loosely laid,
and, as a matter of course, did not long resist the action of rains, etc.

THE ANDERSON COUNTY ASPHALT DEPOSITS.

GEOLOGY.

Cretaceous, Tertiary, and Quaternary formations occur in various por-
tions of Anderson county, but the sands carrying the asphaltic material
are all embraced in the Tertiary (Marine Eocene). From the town of
Palestine eastward along the road to Still's creek are first noticed the
green sand beds which are underlaid by white and red sands and these
are in turn underlaid by clays and shales of red, blue, and buff color.
Underneath the shales is a series of dark-colored sands, with alternations
of thin bedded clays, nearly all of the series containing oily or bitu-
minous matter."

The deepest well drilled in the asphalt locality was put down by J. L.
Mayo in 1887. The log taken from the Second Annual Eeport of the
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Geological Survey of Texas gives an idea of the material found in the
Tertiary of this vicinity.

DESCRIPTION OF THE DEPOSITS

At a distance of from ten to twelve and a half miles northeast of
Palestine there is a deposit of a partially consolidated sandstone which
is in many places impregnated with an oily or asphaltic residuum. The
material seems to be more abundant in the sandstone making up part of
the ridge between StilFs and Squirrel creeks. The asphaltic sand out-
crops in the creek banks, and has been encountered inpractically all
the wells dug inthe neighborhood. Ithas been asserted that the deposits
are in some instances more than forty feet thick, in which case the
asphaltic material must impregnate more than one stratum. Nor is this
at allunlikely, considering the nature of the beds making up the section.

The beds have a slight southwesterly dip, but in no case is it pro-
nounced enough to be of importance in tracing or working the deposit.

Wells have been drilledinvarious localities, the deepest being 310 leet.
Most of them, however, are less than 100 feet. The material excavated
from these wells and pits furnish the samples of asphalt-bearing rock.

At a distance of about ten miles northeast of Palestine on the banks
of Still's creek several pits have been dug. All these show walls of
asphaltic material. When freshly dug the sand is quite soft and plastic,
and an oily liquid may be squeezed from it. The surfaces that have been
exposed to the air become indurated and seem to lose a considerable part
of their oily content. Insome instances a bed of sandstone may be com-
pletely saturated with the asphaltic material, as shown by pits, while an
outcrop of the same stratum that has been exposed to the weather in the
hillside exhibits no other effect than a discoloration.

A quarter of a mile eastward from these pits and on the hillside above
the creek are two wells, the deeper of which is said to be 200 feet deep.
Itis from this well that all the material that has been utilized inmaking

*E. T. Dumble. Second Annual Report of the Geological Survey of the State of
Texas, page 307.
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pavements in the town of Palestine was obtained. The second well is ten
yards north of the deep well and from its dump samples were taken for
examination. Both wells are partly filled with water, on the surface of
which some oilis floating. This oily material is noticed in the springs
and creeks all through this section of the country. Few wells in this
vicinity furnish water usable for domestic purposes.

A well at the cane milla half of a mile east of the Still's creek pits
had the same asphaltic material on the dump.

Two miles east of Still's creek in the Squirrel creek bottom a shallow
pit has been dug, exposing, under the surface covering of loose sand, the
same character of deposit noted in the other localities. A short distance
south of this pit a well has been bored in the yard of a church. The
same material was encountered.

East of Squirrel creek the country is flat and unbroken. So far as is
known, no asphaltic material has been found.

There are companies organized for the development of the Palestine
oilprospects and itis probable that some attention willbe devoted to the
asphalt. A trial has been made on a small scale in Palestine. Several
pavements made from the asphalt near Still's creek were laid ten years
ago and are stillin an excellent state of preservation. Analyses of sam-
ples from three localities, viz., Chapel well, Hassell's well, and Brule's
Hole were made in the laboratory of the Survey and are as follows:

Analyses of bituminous sandstone from Anderson county. 0.H. Palm
and S. H. Worrell:

The bituminous sandstone from Chapel well contains more bitumen
than any sample of asphalt rock fromTexas that we have examined, with
the exception of rock from the old tar well, Jasper county. On heating
to 300 degrees F. for 60 minutes itundergoes a very unusual change, in
thai, the asphaltene is reduced from 11.25 to 4.17 per cent., the petrolene
is increased, and the total amount of bitumen is reduced from 23.34 to
17.89 per cent. This would indicate that during the heating certain
volatile hydrocarbons are formed and given off, appearing in that con-
dition neither as asphaltene nor as petrolene.

Total bitumen 23.34 17.44 8.17 17.89 12.87 5.65
I

! 11.25 0.92 2.35 4.17 0.50 . 0.73
Petrolene j 12.09 16.52 5.82 13.46 12.37 4.92
Lime Carbonate j none 0.96 trace
Silica i 76.71 81.60 91.83
Sulphur..... 0.43 0.61 0.18 0.26 0.31 0.17

Chapel Hassell Brule's Chapel Hassell Brule's
Well. Well. Hole. Well. Well. Hole.

IPer cent. Per cent. Per cent. Per cent. Per cent. Per cent.

Afterheating to 300° F. for
'iO minutes.Before heating.Before heating. Afterheating to 300° F. for
'iO minutes.

Chapel Hassell Brule's Chapel Hassell Brule's
Well. Well. Hole. Well. Well. Hole.

IPer cent. Per cent. Per cent. Per cent. Per cent. Per cent.

! 11.25 0.92 2.35 4.17 0.50 . 0.73
Petrolene j 12.09 16.52 5.82 13.46 12.37 4.92
Lime Carbonate j none 0.96 trace
Silica i 76.71 81.60 91.83
Sulphur..... 0.43 0.61 0.18 0.26 0.31 0.17

I

Total bitumen 23.34 17.44 8.17 17.89 12.87 5.65
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JASPER COUNTY ASPHALT DEPOSITS.

In the valley of the Xeches river are numerous springs-and seeps from
which small quantities of oilflow,and many of the wells dug in the river
bottom encounter small quantities of the oil. The whole geological sec-
tion in the river valley in Tyler, Angelina, and Jasper counties is made
up of sandstones, unconsolidated sands, and clays of various thicknesses.
There is apparently no stratum that can act as a storage reservoir, as the
Tertiary in this vicinity lacks impervious strata that would serve to con-
fine the oil. As a consequence the oily material that is present in these
rocks and sands finds outlet in the various waterways, springs, etc., and
permeates the soil around these various outlets.

THE TAB WELL.

Four and a half miles northeast of the town of Eockland, Tyler county,
and one mile north of the river in Jasper county is the tar well. This
well was dug in1866 and has been flowing water and some oilever since.

For a considerable area around the well the sand is impregnated with
an asphaltic material which may be due to the deposit of the oily mate-
rial that flows from the well. The deposit is apparently about four feet
thick, and may be traced along the hillside for several hundred feet.
The well was dug eighteen feet to the solid sandstone through the uncon-
aolidated sand, and was then drilled fifty-six feet into the rock when an
artesian flow of water carrying small quantities of oil was struck.

In close proximity to this well are several mineral springs, containing
salt and sulphur. The salt water was formerly utilized in the manufac-
ture of salt.

OTHER DEPOSITS.

At Boykin spring, three and a half miles northeast of the tar well, is
another deposit of asphaltic material almost identical with that described.
The deposit is limitedin extent, however.

At a spring on the MillerLeague in Angelina county, four miles north-
west of the tar well, is another local deposit of the asphaltic material.

From the limited extent of these asphalt deposits and from the fact
that they are allin close proximity to springs or wells flowing some oil,
it may be assumed that they owe their origin to the residuum left from
the evaporation of the oil.

The whole southeastern Texas district seems to present the same con-
ditions in the main.

'

The Xacogdoehes and San Augustine deposits are,
according to Mr.J. P. Mettauer, of Xacogdoches, who has visited all the
localities in East Texas where asphalt is found, very similar to the depos-
its above described.

Ananalysis of bituminous sandstone from the old tar well, near Eock-
land, Jasper county, was made in the laboratory of the Survey by 0. H.
Palm. Itis as follows :



ASFHALT REGIOH
OF

JASPER COMITY.



Before heating— After heating
Per cent. Per cent.

Asphaltene 7.12 4.50
Petrolene 20.14 15.87
Lime carbonate Trace
Silica 72.74
Sulphur 0.24 0.15
Total bitumen 27.26 20.37

On heating there is a considerable loss of total bitumen, some of the
asphaltene and also of the petrolene being converted into volatile hydro-
carbons. This was observed also in the bituminous sandstones from
Anderson county, as already noted.

OTHER LOCALITIES.

There are said to be asphaltic sands in Jack county, but the field has
not been examined. InMartin county, also, there is said to be a deposit
of asphaltic sand containing above 10 per cent, of bitumen. In Panola
county, near Tatum Station (Geol. Sur. Texas, 2nd An. Eep., 1890, p.
231), there is a stratum of black asphaltic clay 10 inches thick. It was
analyzed by J. H. Herndon and was found to contain 14.40 per cent,

of water, 24.35 per cent, of volatile matter, 14.80 per cent, of fixed
carbon, and 46.45 per cent, of silica and ash.

Small specimens of bitumen have also been sent from Hunt county.
Doubtless there are many other localities where bitumen-bearing rock

and sand are to be found, but we have had to confine this report to the
main deposits.*

UVALDE COUNTY ASPHALT ROCKS.

Perhaps the best- known of the Texas asphalt rocks are in ITvalde
county, and certainly these deposits have been developed to a greater
extent than any of the others. Operations have been conducted there
for a number of years by the Uvalde Asphalt Company, whose plant
is at Carbonville, six miles south of Cline, a station on the Southern
Pacific Eailway, one hundred and ten miles west of San Antonio. A
spur track connects the mines with the main lines at Cline.

There are two distinct kinds of asphalt rock inUvalde county, a pure
bituminous limestone, and a bituminous sandstone carrying some carbon-
ate of lime. The rock of the ITvalde Asphalt Company may be taken as
the type of the bituminous limestone; the rock at Waxy Falls, Nueces
river, thirteen miles southwest of the town of Uvalde, at W. P. Mays'
ranch, as the type of the calciferous bituminous sandstone; while the
rock from the Smyth-Kunn *ranch, twelve miles south of Cline, may
be considered as the type of a bituminous limestone carrying some silica.
Of the three, the Uvalde Company's rock has been used most extensively.

Before entering upon a discussion of these different rocks and giving
analyses, etc., it is best to describe the country in a general way. The
best description of the region is given by Mr. T. Wayland Vaughan, in

* Asphaltic materials have been found also inHardin county, near Saratoga and Sour
Lake; in Nacogdoches and San Augustine counties, and generally in the region bordering
on the Neches river.
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the Uvalde folio of the United States Geological Survey, 1900. In the
Uvalde region Mr. Vaughan found phonolite, decomposed amygdaloidal
basalt, nepheline-mililite basalt, nepheline-basalt and plagioclose-basalt
among the igneous rocks. Among the Cretaceous rocks, Comanche
series, he distinguishes the laminated or flaggy argillaceous limestone,
or marl, of the Glen Kcse; the yellowish limestone, weathering into
nodules, of the Comanche Peak limestone ;the white, or yellowish, hard
limestone, with flints, of the Edwards limestone; the argillaceous lime-
stone of the Georgetown limestone; the yellow clay of the Del Eio clay;
and the limestone with splintery fracture and red blotches of the Buda
limestone. In the Gulf series of the Cretaceous he distinguishes the
calcareous argillaceous flags (with some laminated clay) of the Eagle
Ford; the chalky limestone (with some argillaceous layers) of the Austin
chalk; the brown or yellow limestone and clay of the Anacacho; and the
sandstone and clay of the Pulliam. In the Eocene the Myrick forma-
tion of sandstone and some clay, with seams of poor coal. In the Mio-
cene, which, however, he regards as questionable, he mentions the flint
gravels and silt of the Uvalde formation, included in the Leona (Pleisto-
cene) formation. He calls the terraced silt and gravel (with later allu-
vium and wash) the Leona formation, and places it in the Pleistocene.
The igneous rocks occur as more or less isolated patches, as at Green
Mountain, twelve miles north of the town of Uvalde; Blue Mountain
and Chatfield Hill,ten miles northeast ;at a place ten miles east ;Taylor
Hills,five miles southeast; at the Tom Kunn ranch, six miles southwest;
and an area two and one-half to six miles west of this latter place. The
asphalt rocks, which have thus far come into use lie west of the aSTueces
river and south of the Southern Pacific Eailway, being distant six to
twelve miles from the main line, the principal deposit being connected
with the main line, as already stated. Immediately east of these depos-
its occurs the largest development of igneous rocks (nepheline-melilite-
basalt and plagioclose-basalt) that has been observed in the Uvalde
Quadrangle, but the deposits themselves are found in the Anacacho lime-
stone of the Gulf series of the Cretaceous. The bituminous limestone
mined at Carbonville, as well as the bituminous limestone on the Smyth-
Nunn ranch, do not fall within the limits of the Uvalde folio, and hence
Mr. Vaughan does not speak of them. He does speak of the impreg-
nation of the Anacacho limestone with bitumen on the east side of the
Blanco river, about one-half mile below the Southern Pacific bridge, and
says that it appears to be rich in asphalt, but that the deposit had not
been opened. Xo work had been done at this locality when he wrote his
report and none has been done since. At Carbonville, six miles south
of Cline, the Uvalde Asphalt Company has opened an extensive deposit
of bituminous limestone, and operations have been conducted here for
several years. The material is a bituminous limestone, of unknown
thickness, but probably exceeding twenty feet. A pit that was sunk to
this depth failed to penetrate through the material. It is overlaid by
a yellowish limestone somewhat sandy to the feel and of a thickness
varying from three to six feet. The cover is removed and the asphaltic
material mined by means of air drills in the ordinary manner. The
rock is of a dark gray color, uniform texture, and fairly uniform com-
position. The variations in composition do not seem to affect its value
for paving purposes. Ithas been extensively used for this purpose in
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San Antonio, Waco, and other cities, and some shipments have been
made outside of the State to Toledo, Ohio;Shreveport, La., etc.

The works were originally designed for the extraction of the bitumen
with naphtha, and the first shipments of what was termed "litho-carbon"
were made in 1894-1895. In 1895, 450 tons of litho-carbon were
shipped, bringing $50 a ton inNew York. Two classes of product seem
to have been made: hard gum, which was called mastic, and soft gum,
the latter not being entirely freed of naphtha. These substances do not
seem to have been produced after January, 1895, but during two months
of 1894 and one month of 1895 the production was 1,922,984 pounds,
equivalent to 511 tons of 2000 pounds. From January, 1895, to 1899
the naphtha treatment was suspended, but in this year the production
of gum, both hard and soft, was 1,647,696 pounds, or 823.8 tons. In
1900 the production of gum was 516,136 pounds, or 258 tons, the works
being in operation only three months of the year. The total production
of gum, therefore, according to the best information obtainable, has
been about 2043 tons. Since 1900 the business has been confined to
the shipment of crude and powdered rock, the tonnage for the three
years 1899, 1900 and 1901 being 29,358, about one-half of which was
shipped in 1901. The total amount of material shipped from this
deposit is difficult to1 ascertain, but the above statistics are reliable.

At one time the attempt was made to grind the rock and press itinto
molds, shipping the molded material to the point of consumption, where
it could be melted down and applied for paving. But for some reason
or other this plan was abandoned, and the material is now shipped either
in the condition of crude rock or crushed rock, the latter predominating.
It would appear that the plan of shipping the molded material would
offer some advantages, especially if the moided forms were dusted with
limestone to prevent their adhering to each other. One serious trouble
encountered in the business is the sticking together of the particles when
crushed rock is shipped, sometimes necessitating the employment of con-
siderable force to unload a car. The crude rock has been shipped to
points of consumpion and there ground, but in shipping crushed rock
it has often happened that the material had to be dug out of the car
foot by foot, explosives having been used at times. The shipping of
the crude rock necessitates the installation of crushing machinery where
the paving is being laid, and this has to be moved from place to place,
as other contracts are secured. If the material could all be crushed at
the same place and shipped where needed, a good part of the expense
of paving would be avoided. But in order to do this to advantage it
would be advisable to crush and mold the material. The forms thus
prepared would not adhere to each other and could be easily broken and
melted down in the street furnaces.

In the light of experience it would appear that this rock is more
suitable for paving purposes than as a source of bitumen extracted by
some solvent, and efforts to introduce itfor paving should by no means
be relaxed. This should be the main reliance, and if in addition a
certain amount of gum could be prepared each month it could be mar-
keted profitably. Although works of considerable size were erected at
Carbonville for the naphtha treatment and many experiments resorted
to, some of them costly, the most profitable way in which this rock can
be used is for paving, and for this purpose it is excellently adapted.

The statement has been. made (Mineral Eesources nf the United
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States, 1893. p. 63?) that the rock contains from 15 to 33 per cent, of
bitumen, and that the average was about 20 per cent. Numerous sam-
ples of this rock have been examined in the laboratory of the Survey,
but we have not been able to confirm, this statement. In an excellent
paper on "The Asphalt Deposits of Western Texas," by Mr. T. Wayland
Vaughan (Mineral Eesources of the United States, 1896-1897), there are
two analyses of this rock, given on the authority of Mr. E. T. Eokeby,
vice-president of the Litho-Carbon Kubber Company, in which the total
bitumen is placed at 25.18 per cent, and 9.03 per cent., but Mr.Eokeby
says that the average of the rock mined is from 15 to 16 per cent, of
total bitumen.

The average of many analyses of this rock shows that it contains from
14 to 17 per cent, of total bitumen, i. c., asphaltene plus petrolene, with.
80 to 85 per cent, of carbonate of lime, with some iron and alumina,
a very small percentage of silica, and sulphur up to 1 per cent. The
proportion between the asphaltene and petrolene is liable to some vari-
ation. Inan analysis given by Mr. Eokeby, ut supra, the asphaltene was
2.63 per cent, and the petrolene 6.49 per cent. But in some analyses
made in the laboratory of the Survey itwas found that these two ingre-
dients were present in the same proportion, 7 per cent, of asphaltene and
7 per cent, of petrolene. Some variation in the relative amounts of
asphaltene and petrolene may be anticipated, and in a general way it
may be said that the asphaltene varies from 50 to 75 per cent, of the
total bitumen. Ithas been held that the best results, for paving pur-
poses, are obtained when the asphaltene is about 30 per cent, of.the total
bitumen, but as very good results have been reached when the asphaltene
was much above this ratio, the rule is subject to important exceptions.

Of the various rock asphalts perhaps that from Seyssel, Department
of the Am, France, has the best reputation. It contains about 10 per
cent, of bitumen, 88 per cent, of carbonate of lime, about 0.25 per cent,

of iron and alumina, and 0.5 per cent, of silica. The excellent nature
of this rock and the fact that it contains about 88 per cent, of carbonate
of lime have induced some engineers to insist that rock asphalt should
contain this amount of carbonate of lime. This condition can be met
by some of the ruck asphalts in this State,_but for the most part they
contain more bitumen and less carbonate of lime than the Seyssel rock,
and experience has shown that they are well adapted for paving purposes.

There is a very important point inconnection withasphalt pavements
and one that should by no means be neglected, viz., a suitable foundation.
A good material laid on an improper foundation is of less value than
an inferior material laid on a proper foundation. It is possible that
some af the objections that have been made against the use of asphalt
pavements have been based, not on the nature of the asphalt, but on the
relatively poor foundations. The settling and cracking of asphalt pave-
ments is very often due to insufficient foundations, but as these are cov-
ered up and are not visible to the ordinary observer the entire pavement
is condemned, through no fault of the asphaltic material.

Six miles south of Carbonville and on the Smyth-Nunn ranch there
occurs a heavy deposit of bituminous limestone. In composition it
resembles the bituminous limestone at Carbonville, and in appearance
the bituminous sandstone at Waxy Falls on the JSTueces river. It is
overlaid by a limestone closely resembling the over-burden at Carbon-
ville, of a thickness, at the pit, of four to eight feet. Ithas been used
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by the Parker- Washington Company inpaving streets in San Antonio.
Following are some analyses of this rock.

Analysis of bituminous limestone from the Smyth-Nunn ranch,
Uvalde county:

The rock is of a dark gray color, generally fine grained and of even
texture. Ithas not the mottled appearance of the Carbonville stone, but
closely resembles, in appearance, the calciferous bituminous sandstones
from the Nueces river, so closely, in fact, as hardly to be distinguished
from them.

The calciferous bituminous sandstones of Uvalde county are besfc
observed at and near the Waxy Falls on the Nueces river, about twelve
miles west of south from the town of Uvalde and on W. P. Mays' ranch.
They have not yet come into use, although the deposit is extensive and
easily mined. The composition of the rock is shown by the following
analyses.

Analyses of bituminous sandstones, Waxy Falls, ISTneces river. 0. H.
Palm. Laboratory of the Survey:

Another sample gave 11.39 per cent, of total bitumen, 88.61 per cent.
of insoluble siliceous matter and 0.68 per cent, of sulphur. As already
remarked, this rock closely resembles in appearance the bituminous lime-
stone from the Smyth-lSTunn ranch, but does not at all resemble the
Carbonville stone.

Some analyses of the bituminous sandstone at Waxy Falls were made
by the Pittsburg Testing Laboratory, Pittsburg, Pa., and were kindly
communicated to us by Mr. Geo. H. Clapp. Asphalt was determined in
five samples, with the followingresults :
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A more complete analysis of Xo. 4 was as follows :

Some analyses of the material from near Waxy Falls given by Mr.
Clapp and quoted by Mr.A^aughan inhis article on the Asphalt Deposits
of Western Texas, above alluded to, are as follows :

Amount of asphalt in sandstone from near Waxy Falls, Nueces county,
Texas :

So far as concerns the amount of bitumen in this rock, it may be
said that it contains about 14 per cent. The silica varies from 74 to 82
per cent., and the carbonate of lime from 7to 14 per cent. There is a
large amount of this material at the Waxy Falls, the flood in the river
two years ago exposing some 60,000 tons at one place. The lower bed
referred to is found one-fourth to one-half mile below the falls and
crosses the river above an outcrop of Cretaceous coal. The coal has not
been investigated, but it shows to a thickness of two to three feet in the
river and on the east bank just above the water line.

There is said to be an outcrop of this same stone farther up the river,
but this has not been examined.

The conclusions reached by Mr.Vaughan, ut supra, with respect to the
geology of the Uvalde county asphalt deposits are given here in full:

"The asphalt is an impregnation of a porous limestone or soft sand-
stone, and the bituminous impregnations occur in the bottoms of shallow
synclines. The marine sedimentary formations, which occur in the
vicinity of the asphalt deposits are the Austin chalk, underlying, and
the Eagle Pass, overlying, the Anacacho. The Austin and the Anacacho
are largely composed of remains of organic origin, foraminifera, mol-
lusks, etc., while the Eagle Pass formation also contains ledges of oyster
shells.

"Igneous disturbances are common, and there are lacolites, bosses, sills
and dikes of basalt. The eastern limb of the syncline (Turkey creek,
G-ato creek, Carbonville) rests against the western side of a large basalt
mass. Both the Carbonville and the Waxy Falls (Nueces river) deposits
are associated with igneous intrusions and the conclusion is reached that
the heat of these intrusions has concentrated the bituminous material in
synclinal basins where porous limestones and sandstones occurred."

According to this view, the asphalt is derived from the decomposition
of organic remains, and it is possible that petroleum-like bodies were
first formed. On being subjected to destructive distillation the lighter
oils were driven off and the asphalt was confined to the limestone and
sandstones in which itnow exists.

Asphalt-bearing rocks have been found at varying depths around
Cline, inboring for water, from 80 to 135 feet, and it is not unlikely
that oil willbe found in commercial quantities in the region north and
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west of Cline. In Kinney county, twenty-five miles northwest of Cline,
there are said to be strong blasts of gas proceeding from cracks in the
limestone. A very reliable observer, Mr. Tom Perry, Cline, reports that
at times the noise can be heard two hundred yards. The pressure is
sufficient to move a heavy hat placed over the crack, and to blow leaves,
etc., to some distance. Indications of oilare found in the region between
Uvalde and Spofford, but, with the exception of the deep well at Carbon-
ville,no borings have penetrated to a sufficient depth to prove the pres-
ence of oil in commercial quantities. This well at Carbonville was bored
to a depth of 1530 feet, and it is reported that the water rose to within
a few feet of the surface. Xo asphalt was found in the well and there
were no indications' of oil at this depth here. Some leases have been
made northwest and west of Cline, but no work of any moment has been
prosecuted, although the field is worth attention.

ASPHALT ROCKS OF BURINET COUNTY.

In Burnet county, one mile west of the town of Burnet, and on the
Post Mountain, there occurs a deposit of Cretaceous limestone impreg-
nated with bitumen. It is exposed in some pits that were dug several
years ago on the south side of the Burnet-Bluffton road, near the top
of the ridge. Itis within one and one-half miles of the Austin & Xorth-
western Eailway, a branch of the Houston & Texas Central Railway, and
lies well for economical mining and handling. The locality is about
sixty miles northwest of Austin. We give two analyses of this rock
made inthe laboratory of the Survey, by 0. H. Palm and S. H. Worrell.

Analyses cf bituminous limestone from Burnet county

Of all the asphalt rocks that we have examined, sample No. 2, from
Burnet county, comes nearer the composition of the famous Seyssel rock
than any other. Considering this fact and further that the rock can be
cheaply mined within one and one-half miles from rail, itis surprising
that no real attempts have been made to place it on the market. It is
considerably nearer possible points of consumption —Austin, Waco, Hous-
ton, etc.—than any other similar material. While no extensive prospect-
ing has been carried on, yet enough has been done to warrant the belief
that the deposit is sufficient to meet the demands of a considerable busi-
ness.

It is not known whether any bituminous sandstones occur in Burnet
county. Allof the samples obtained were limestones, and of the same
general appearance, that of an open grained limestone filled with fossil
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forms and impregnated with bitumen. The two analyses given, repre-
senting, as they do, samples from different localities, would indicate that
the rock is liable to considerable variation in composition, the material
carrying the greater amount of lime carbonate carrying also the smaller
amount of asphaltene and the larger amount of petrolene. In sample
No. 2 the asphaltene is 18.4 per cent, of the total amount of bitumen
and 22.6 per cent, of the petrolene. In sample No. 1 the asphaltene
is 53.5 per cent, of the total bitumen and exceeds the petrolene.

These two rocks could be mixed so as to give any desired composition.
Neither of these rocks has been' used for paving purposes, but itis likely
that No. 2 would yield a pavement inmany respects equal to the Seyssel
pavement. In composition it also approaches nearer the specifications
generally used for rock asphalts, viz., 88 per cent, of carbonate of lime
and not less than 10 per cent, of bitumen, than any rock that we have
examined. The improvement of many Texas cities, which is progressing
with the increase of wealth and population, will demand better and
cleaner streets and there is no material that lends itself to these laudable
purposes more advantageously than the rock asphalts. With proper
treatment and suitable foundations the pavements made of them are
quite as good as those made of sheet asphalt. With a freight charge of
5-| to 6 cents per 100 pounds, the rate now maintaining on the Southern
Pacific for the Uvalde stone, there is no reason why all of the bituminous
limestones should not come largely into use. What is now true of the
Uvalde stone could also be true of the Burnet stone, and also of the
bituminous sandstones of Montague, Cooke, Anderson, etc. They have
remained unutilized because there was not much local use for them, but
conditions are changing and the demand for better streets and cleaner
streets will be met by supplying materials of native production.

Note.—The description of the Anderson county and Jasper county
asphalt rocks was prepared by Mr.B. F. Hill,Assistant Geologist, from
personal inspection of the localities mentioned.



CHAPTER IV.

THE USES OF ASPHALT AND ASPHALT ROCKS.

In Chapter V. Dr. Harper has discussed the chemical nature of
asphaltum, and has drawn attention to its varying composition. Under
the general term "asphaltum" are grouped a number of substances of
somewhat similar qualities, and we ma}' have on the one hand the more
solid substances tending towards the pittasphalts (mineral tar), and so
towards petroleum, while the more liquid varieties, b}T loss of their vola-
tile ingredients and by oxidation, incline to becoming solid. Pure
asphaltum is not common in nature, for it is generally associated with
more or less of siliceous or earthy materials. It occurs inmany parts
of the world, and. in rocks of different kinds, sandstones, limestones,
dolomite, and even with gneiss and mica schist. It may exude from
these rocks in a more or less pure condition and form a wax-like coat-
ing on them, or itmay impregnate the rocks and form what some French
writers term "asphalte." When it occurs as asphalte itmay comprise as
much as 30 to 50 per cent, of the mass. Perhaps the largest, or at any
rate the best known deposit of asphaltum, is in the island of Trinidad,
near the mouth of the Orinoco river, off the coast of Venezuela. Here
the asphaltum occupies what is thought to be the crater of an old mud
volcano situated at an elevation of about 140 feet above tide and one
and a half miles from the sea. The asphaltum has welled up into this
old crater and now forms a lake of about 114 acres in extent and of
unknown depth. Near the shore of the lake the asphaltum is much
harder than towards the center, and can be mined. The excavated por-
tions again fillup with the asphaltum after a while, so that in the
course of a few years it can not be told that any of the material has
been removed. The lake asphaltum contains about 55 per cent, of bitu-
men. There are two kinds of asphaltic material exported from Trini-
dad, the lake and the land asphaltum, the latter being a natural mixture
of asphaltum with earthy substances and arising through the overflowing
of the lake and the streaming down of the asphaltum over the soil, etc.

From 1881 to the end of 1900 the total amount of lake asphaltum
exported from Trinidad was 1,418,158 tons, of which the United States
took 879,133 tons and Europe 514,570 tons, the remainder going to
other countries. During the same period the exports of land asphaltum
were 236,919 tons, of which the United States took 204,629 tons and
Europe 28,503 tons. The total exportation of both kinds of asphaltum
during this period has been 1,655,079 tons. The United States has
taken 62 per cent, of the exportation of lake asphaltum and 86 per cent.
of the exportation of land asphalt.

The production of asphaltum in the principal producing countries
from 1890 to the close of 1899 is given in the following table, taken
from "Mineral Eesources of the United States," United States Geologi-
cal Survey, 1900.
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PRODUCTION OF ASPHALTUM IN THE PRINCIPAL PRODUCING COUNTRIES.
SHORT TONS.

In the United States the product has varied in value from $4.66 per
ton in 1890 to $8.85 per ton in 1898.

The varieties of asphaltum produced in the United States during the
last few years is given in the following table, also taken from the "Min-
eral Kesources" :

VARIETIES OF ASPHALTUM PRODUCED INTHE UNITED STATES.
SHORT TONS.

An inspection of this table will show that during these last five years
the total amount of asphaltum, asphalt rocks, etc., produced in the
United States was 362,259 tons, of which 230,771 tons, or 63.7 per cent.,
was bituminous sandstone; 29,986 tons, or 8.3 per cent., was bituminous
limestone, leaving 101,502 tons, or 28 per cent, of crude asphaltum, mas-
tic, hard gum and soft gum. So far as concerns asphalt rock, bitumin-
ous sandstone is largely in excess of the other products, and its produc-
tion is nearly eight times as much as that of bituminous limestone and
more than twice as much as that of crude asphaltum, mastic and gum.

The United States imports asphaltum from Canada, Cuba, France,
Germany, Great Britain, Italy, Mexico, Switzerland, Turkey in Asia,

*
Not includingmastic or refined asphaltum made from bituminous limestone.+ Including gilsonite from Colorado and Utah, gum asphaltum from Texas, and ''Ven-

tura," hard asphaltum, from California.

Crude asphal-
tum j 6.500 178,000 5,971 $71,404 11,300 $179,900 10,890 1227,480 9,175 $176,473

Bituminous
sandstone '56,971 170,913 48,801 158,914 43,624 126,831 43,041 121,023 38,334 119,779

Bitum inousi
limestone* ... 4,300 21,500 2,100 10,600 5,502 26,412 15,650 79,500 2,434 11,322

Mastic 100 900 483 9,864 1,158 17,840
Hard and re-
fined or gum+ 3,122 92.240 3.940 102,500 1,878 53,666 4,800 116,250 3,192 80,320

Liquid, or
maltha 9,510 214,010 14,650 311,350 12,875 271,000 700 9,651 1,254 28,064

Total 80,503 $577,563 75,945 $664,632 76,337 8675,649 75,085 1553,904 54,389 $ 415,953
i

Variety. :—;:
—

; \u25a0

Am't. Value. Am't. Value. Am't. Value. Am't. Value. Am't. Value.

1839.189S.1897.1896.18%. 1897. 1898. 1899. 1900.

49,728 47
31J054 274
38,107 554
28,630 904
66,663 1,085
51,478 870
50,092 1,231
60^984 1,825

103,312 2,604
90,350- 2,801

198,934
278.316
246,848
244,644
254,562
294,234
249,052
257,127
252.358
285,208

59,361
54,163
58,713
52,056
61,691
65,638
67,830
67,933
75,550
82,397

94,834
110,920
129,438
106,515
121,183
102,368
110,667
146,172
112,220
153,870

40,841
45.054
87J680
47,779
60,570
68,163
80,503
75,945
76,337
75,085

1890
1891
1892
1X93
1894
1895
1896
1897
1898
1899

Spain.Italy.France.J Germany, iTrinidad, jUnited
States.

Year.Year. United
States.

Trinidad, jJ Germany, i France. Italy. Spain.

1890
1891
1892
1X93
1894
1895
1896
1897
1898
1899

40,841
45.054
87J680
47,779
60,570
68,163
80,503
75,945
76,337
75,085

94,834
110,920
129,438
106,515
121,183
102,368
110,667
146,172
112,220
153,870

59,361
54,163
58,713
52,056
61,691
65,638
67,830
67,933
75,550
82,397

198,934
278.316
246,848
244,644
254,562
294,234
249,052
257,127
252.358
285,208

49,728 47
31J054 274
38,107 554
28,630 904
66,663 1,085
51,478 870
50,092 1,231
60^984 1,825

103,312 2,604
90,350- 2,801

18%. 1897. 1898. 1899. 1900.1896. 1897. 189S. 1839.
Variety. :—;:

—
; \u25a0

Am't. Value. Am't. Value. Am't. Value. Am't. Value. Am't. Value.

Crude asphal-
tum j 6.500 178,000 5,971 $71,404 11,300 $179,900 10,890 1227,480 9,175 $176,473

Bituminous
sandstone '56,971 170,913 48,801 158,914 43,624 126,831 43,041 121,023 38,334 119,779

Bitum inousi
limestone* ... 4,300 21,500 2,100 10,600 5,502 26,412 15,650 79,500 2,434 11,322

Mastic 100 900 483 9,864 1,158 17,840
Hard and re-
fined or gum+ 3,122 92.240 3.940 102,500 1,878 53,666 4,800 116,250 3,192 80,320

Liquid, or
maltha 9,510 214,010 14,650 311,350 12,875 271,000 700 9,651 1,254 28,064

Total 80,503 $577,563 75,945 $664,632 76,337 8675,649 75,085 1553,904 54,389 $ 415,953
i

*
Not includingmastic or refined asphaltum made from bituminous limestone.+ Including gilsonite from Colorado and Utah, gum asphaltum from Texas, and ''Ven-

tura," hard asphaltum, from California.
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United States of Columbia, Venezuela and the West Indies (Trinidad,
etc.). The imports in 1897 were, in short tons, 136,776; in 1898,
88,547 tons; in 1899, 92,840 tons; in 1900, 118,901 tons. In these
four years the total importations were 437,064 tons, while the production
was 281,756 tons, so that the consumption during these years was 718,820
tons, of which the domestic product was 39.2 per cent. In other words,
the domestic supply does not meet half of the demand, for of every 100
tons used practically 60 tons are of foreign origin. We may assume that
the bituminous sandstone and limestone are used as such for paving pur-
poses. For what purposes are the crude asphaltum, mastic, hard and
soft gum used? Including under the general term "asphaltum" the
various hydrocarbons known as elaterite, gilsonite, albertite, nigrite,
uintaite, wurzilite, maltha, brea, etc., which, however, differ somewhat
inchemical composition and inadaptation for special purposes, this sub-
stance is used for a variety of purposes. Perhaps its chiefest use is for
paving, being, for that purpose, mixed with sand, etc., in making the
so-called sheet asphalt pavements. Aside from this, itis used as a pro-
tective coating for iron, brick, stone and wood, and for insulating elec-
tric' wires. Asphalt varnishes, felts, roofings, paper, etc., are largely
used, and many of these possess properties which render them superior
to the articles made with coal tar, such, for instance, as retaining their
elasticity under the action of the air or of heat, etc. There is a steady
demand for the more elastic asphalts, such as gilsonite, elaterite, etc.,
in electrical installations as a covering for the wires, etc.

ASPHALT PAVEMENTS.

The scope of this work does not allow us to enter very extensively on
this subject, and we shall confine ourselves to such brief statements as
seem to be most pertinent.

The first sidewalks made of bituminous limestone appear to have been
laid somewhat prior to 1838. They were laid inParis at this time, the
stone coming from Seyssel and Val de Travers. But it was not until
twenty years later that the use of this material became general there,
and not until 1869 that the first pavements were laid in London, nor
until 1873 that the first pavements were laid inBerlin.

In the United States the first asphalt pavement was laid in Xewark,
X. J., 1870, by E. J. de Smedt.

There has been more or less objection to pavements made of bitu-
minous limestone because of their slipperiness, and it is said ("Min-
eral Eesources of the United States/ 1893, p. 639) that pavements laid
in Washington of the Yal de Travers stone were condemned as being
"too slippery for practical use." With a rock of fine grain and consider-
able hardness, carrying about 10 per cent, of bitumen and 88 per cent,
of carbonate of lime, we might anticipate a certain degree of slipperi-
ness, and doubtless many of the objections to the Seyssel and Yal de
Travers rocks on this account had a foundation of fact. But the same
objection can be urged against any kind of asphalt pavement, whether
made of bituminous limestone, bituminous sandstone, or sheet asphalt.
The objection is largely removed by keeping the pavement clean, and
as this is clone more easily and more cheaply than with any other kind
of pavement the objection loses much of its force. Furthermore, this
slipperiness is noticeable only -when the pavement is wet, and the
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question arises whether it is not better to put up with slipperiness when
the pavement is wet in view of so many counter-balancing advantages
when itis dry, or clean.

The slipping and falling of horses on different kinds of pavement has-
been the subject of investigation. The American Asphalt Journal ?

November, 1901, gave the following statistics made from observations in
ten large cities in the United States:

There were 10,020 cases of complete falls, of which 48.9 per cent, were
on wood, 34.6 per cent, on granite, and 16.5 per cent, on asphalt. There
were 9,117 cases of falls on the haunches, of which 10.7 per cent, were
on wood, 65.3 per cent, on granite and 24.0 per cent, on asphalt. There
were 2,452 cases of falls on the knees, of which 16.6 per cent, were on
wood, 20.8 per cent, on granite and 62.6 per cent, on asphalt. With
respect to complete falls, there were about one-third as many on asphalt
as on wood, and less than one-half as many as on granite. But when it
comes to falls on the haunches, and especially to falls on the knees, the
proportion chargeable to asphalt increases rapidly, being 24.0 per cent.
in the one case and 62.6 per cent, in the other. Of the total number
of cases reported, 21,589, 29.1 per cent, were on wood, 46.0 per cent,

were on granite and 24.9 per cent, on asphalt. It would appear, there-
fore, that a horse slips on asphalt a less number of times out of a given
number than on wood or granite, and that when he does slip the chances
are greatly in favor of his falling on his knees or his haunches instead
of falling completely. Furthermore, the same journal, ut supra,
vouches for the statement that observations covering one hundred and
ninety-two days, on thirty-two different streets, and including 807,552"
horses traveling 81,051 miles, showed that a horse would go 583 miles
on asphalt without meeting with an accident of any kind, as against 413
miles on granite and 272 miles on wood.

In this connection itis also to be remarked that a horse willdraw a
greater load over asphalt pavements than over any other kind of road
except iron rails. Eudolph Herring has calculated that if a horse can
just draw a load on iron rails it will take, to draw the same load, one
and two-thirds horses on asphalt, three horses on the best Belgian block,
five on ordinary Belgian block, seven on good cobble stone, thirteen on
bad cobble stone, twenty on ordinary earth road and forty on sandy road.
In other words, a horse will draw on asphalt almost as much as two
horses willdraw on the best Belgian block, and more than twelve horses
will draw on an ordinary earth road.

Itwould appear that the objection to asphalt pavements based on their
slipperiness is far outweighed by the advantages to be derived from
them, and that in respect of cleanliness and greater ease of traction they
are superior to any other kind of pavement. Grades up to 12.5 per cent.
(660 feet to the mile) have been laid with asphalt, although in the
earlier years 4 per cent, grades were thought to be too steep. Grades
of 6.7 and 8 per cent, are now of frequent occurrence. On Bates street,
Pittsburg, Pa., there is a grade of 17.1 per cent. (902 feet to the mile),
and Tillson ("Street Pavements and Paving Materials/ 1901, p. 216)
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regards this as the steepest grade ever laid with sheet asphalt. He
advises, however, against a steeper grade than 6 per cent. (316.8 feet
per mile) if much traffic is to pass over it.

Of the comparative merits and demerits of pavements laid with sheet
asphalt and with rock asphalt, we do not now propose to speak. The
controversy has raged with considerable violence during the last several
years, and a great deal has been said on each side. The extent of sheet
asphalt pavements greatly exceeds that of rock asphalt pavements in this
country, while the difference is not so great in England, France and
Germany. Perhaps one reason why the choice in the United States has
fallen upon sheet asphalt is because the rock asphalts were not available
until within the last few years, and because, also, it has not been found
to be profitable to ship the rock asphalts over great distances. Material
for mixing with asphaltum inthe laying of sheet asphalt pavements may
generally be obtained at or near points of consumption, thus avoiding a
considerable part of the expense due to transportation charges. Then,
again, the sheet asphalt business has been in the hands of strong com-
panies backed by ample means and possessing the great advantage of
having trained men. These companies are not only able to lay the pave-
ments, and good pavements, too, but they are also able to keep them in
repair for the guaranteed term of years.

If we allow that a ton of rock asphalt will lay 10 square yards of
pavement 2 to 2-| inches thick we find that the paving equivalent of the
bituminous sandstone produced in the United States during the five
years ending with 1900 is 2,307,710 square yards ,and of the bituminous
limestone 299,860 square yards, a total of 2,607,570 square yards. This
is equivalent to a road 48 feet wide and 92 miles long.

The city of Buffalo, IST. V., is said to have a greater mileage laid with
rock asphalt than any other in the United States, the total mileage now
being between eleven and twelve. Here the rock used was bituminous
sandstone from Kentucky, some asphalt rock of foreign origin and a
mixture of these two. An analysis of the Kentucky rock quoted by Till-
son, ut supra, p. 495, is as follows :

This would give total bitumen, 5.77 per cent.
Some Indian Territory asphalt rock has been used in St. Louis. The

rock from the Territory is of two kinds, sandstone and limestone, the
total bitumen varying from 8 to 11.5 per cent.

The California bituminous sandstone carries about 4 per cent, of
asphaltene and 11 per cent, of petrolene, with 83 per cent, of mineral
matter. For other analyses of asphalts and asphalt rocks, the reader is
referred to the tables at the end of this chapter.

The diseases to which asphalt pavements are exposed have been dealt
with by A. W. Dow, in the "Report of the Commissioner of the District
of Columbia," 1900. He divides them into three classes: (1) cracking;
(2) rolling or waving; (3) disintegration in spots. He spoke, for the
most part, of sheet asphalt pavements, and says that cracks are due to
contraction; that they appear sooner and increase more rapidly where
there is not much traffic, and is of the opinion that climatic influences
are largely responsible for them, provided the pavement has been prop-
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erly laid. But Tillson, ut supra, p. 243, in speaking of European rock
asphalt pavements, says "rock asphalt seldom gives any trouble by crack-
ing." And yet rock asphalt pavements do crack, and instances could be
cited from more than one Southern city. Some observations made by
the writer seemed to show that the material was laid down too hard,
although the foundation may not have been all that could be desired.

The rollingor waving of asphalt pavements, especially noticeable near
the gutters, is clue to too soft a wearing surface, or to insufficient bond
between the binder and the base. Disintegration in spots may be due to
lack of uniformity in the mixture, to irregular traffic, to imperfections
in the asphaltic cement, to the action of illuminating gas escaping from
pipes underneath the pavement or adjacent thereto, to the action of
water oozing from the soil, and lastly, to fires built upon the pavement.
With respect to the last, Tillson quotes a case where 8,654 square yards
of pavement were destroyed by fire, and had to be relaid at an expense
of $30^000. It is likely that the effect of illuminating gas on asphalt
pavements has not been sufficiently recognized by municipal authorities
as one of the causes of local 'disintegration. The hydrocarbons in gas
act upon asphalt readily, and in some cases disintegration proceeds rap-
idly. The consistency of the material is destroyed, there appears to be
more or less of a solvent action and the pavement becomes crumbly. The
subject has not been sufficiently studied with respect to the resistance
offered by different asphalts to enable one to classify them on this basis.
Whether itis the asphaltene or the petrolene that is first attacked, what
specific kind of gas is most deleterious, the rate of progress of the dis-
integration, these and other important considerations have not been thor-
oughly investigated.

ANALYSES OF ASPHALTS AXD ASPHALT ROOKS.

Trinidad Asphalt, crude ! 22.11 32.45 54.55 35.29
Cuban Asphalt i 54.41 25.46 79.87 17.03
Dead Sea Asphalt 63.18 35.09 98.27
Val de Travers Asphalt 3.92 8.52 12.44 61.76
Seyssel Asphalt 4.32 7.49 11.81 88.20
Kentucky Asphalt ! 2.42 3.35 5.77 94.23
California Sand-rock Asphalt 3.81 11.32 15.13 83.41
Asphalt Pavement, Buffalo < 2.83 4.39 7.22 88.65
Texas Rock Asnhalts:
Montague county, sand I 3.60 7.00 10.60 89.20
Cooke county, sand 2.46 10.18 12.64 87.36
Anderson county, sand j 11.25 12.09 23.34 76.71
Jasper county, sand | 7.12 20.14 27.26 72.74
Burnet county, lime I 7.76 6.75 14.51 81.33
Uvalde county, lime | 7.63 7.13 14.76 84.91
Uvalde county, sand : 5.08 5.12 10.20 82.11
Uvalde county, sand and lime I 3.31 5.45 8.76 91.24
Barbadoes Manjack j jnearly 100
Mexican Asphalt ! ! i pure
Utah Gum Gilsonite 99.28 0.71
Bermudez (Venezuela) Asphalt, refined

' 97.77 2.22
Standard Asphalt, California : 1 91.68 1.81
Alcatraz, crude, California ' 68.06 31.94
Trinidad Pitch, crude 39.24 33.75
Trinidad Pitch, refined 56.97 43.02
Utah Rock Asphalt, lime ; 43.80 56.20
Indian Territory, sand i 11.44 88.55
Indian Territory, lime 8 to 11 89t092
Limmer rock chalk ! i 14.30 85.70
.Lobsam rock chalk ! 12.32 87.68
Seyssel rock chalk \ 11.80 88.19
Val de Travers rock chalk 10.15 89.85
Ra^usa rock chalk ; 8.92 91.08

I
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Some asphalts contain organic matter other than bitumen. Thus,
crude Trinidad may contain 8 per cent, and refined Trinidad 10 per
cent, of organic matter in addition to the bitumen, Cuban asphalt 2.50
per cent., and Val de Travers 25 per cent. Water is present also in
some asphalts, although generally in small amounts. In crude Trinidad
itmay be 2 per cent., in standard asphalt from California 6.5 per cent.,
but in crude Trinidad pitch itmay be as much as 27 per cent.

lor the most part analytical data with respect to the chemical com-
position of asphalts and asphalt rock must be taken with some degree
of allowance unless the method of treatment is given. The reasons for
this are fully set forth by Dr. Harper in Chapter V. and are based
chiefly upon the different meanings given to the terms asphaltene and
petrolene. Prof. Endemann has shown that there may be a wide differ-
ence in the proportions of these substances according to the method of
treatment, and that in some cases what has been termed petrolene really
contains only about 43 per cent, of petrolene. He gives analyses, accord-
ing to methods, of three asphalts, as follows:

Such discrepancies show that one or the other of the analytical
methods used was radically wrong. Clifford Eiehardson and Laura A.
Linton have done much to bring order out of the chaos, and it is to them
that we owe a great deal of the present knowledge concerning the chemi-
cal composition of asphalts. But it is of little consequence to compare
different asphalts with each other until they have been examined by the
same method, for the two principal ingredients, asphaltene and petro-
lene, are extracted by different solvents in widely different amounts. It
is well, therefore, in every case to state the particular method of analysis
employed. It would be still better if chemists engaged in this class of
work could agree upon a standard method and adhere to it. Many of
the discrepancies now to be noted would then disappear and we would
have an absolutely uniform method subject only to the errors involved
in the personal equation, which, for most purposes, could be neglected.

Dr. Harper has described in full the method used in the examination
of the Texas asphalt rocks, and. the reader willfind in Chapter V. the
results reached in the laboratory of this Survey.

There are other varieties of rock asphalts in Texas besides those repre-
sented by the analyses just given. Both the sand and the lime asphalt
rocks exist in great variety and inextensive deposits. Itis not too much
to say that almost any kind of rock asphalt can be obtained here and in
practically unlimited quantities.

So far as known, there are no asphalts proper in the State, the nearest
approach to them being certain waxy substances which exude from the
asphalt rocks under the influence of the summer heats.

As a possible source of asphalt, in addition to the asphalt rocks, we
may consider the asphaltic oil at Watters Park, Travis county. For
several years ithas been known that a heavy black oil was to be obtained
at this locality, and some samples have been secured from a depth of
about 40 feet. Recently, however, a well has been bored to a depth of
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about 135 feet, and a considerable quantity of the material obtained. It
is a heavy black oil of specific gravity of 16 degrees, Beaume. It con-
tains about 40 per cent,, by weight, of asphalt. No distillate comes over
below 347 degrees F. Between this point and 392 degrees the distillate,
under 1-J inches of pressure, was 7.8 per cent, by volume; from 392 to
437 degrees it was 7.4 per cent.; from 437 to 482 degrees it was 9.0 per
cent.; from 482 to 527 degrees it was 6.2 per cent.; from 527 to 572
degrees itwas 24.8 per cent. The fractions that came over between 347
and 572 degrees were 55.2 per cent, by volume, leaving 44.8 per cent, of
asphalt by volume, of 39.2 per cent, by weight. This asphalt possesses
considerable elasticity. On analysis it was found to contain 28.55 per
cent, of asphaltene and 71.98 per cent, of petrolene. No such material
as this has been found in the State, so far as known, and it would be
possible to recover the asphalt by distillation, using the fractions as
sources of burning oils. Investigations on the nature of this asphalt
are now in progress, but can not be completed in time for incorporation
in this Bulletin. Itbecame so difficult to bore through this substance
that the first well was abandoned and another is now being bored in the
immediate vicinity. The oil did not flow from the well,but had to be
bailed, the supply being estimated at ten barrels a day. As a source of
asphalt to be obtained by distillation and without being obliged to resort
to solvents, the Watters Park oil is well worth attention. The locality
is about ten miles a little east of north of Austin and near Ihe line of
the Austin & Northwestern Eailway, a branch of the Houston & Texas
Central Eailway. A further mention of this asphalt willbe found in
Chapter V.

UTILIZATIOX OF TEXAS ASPHALT EOCK IN TEXAS.

It has been already mentioned that the asphalt rocks found in Texas
have been utilized here to some extent. Through the courtesy of the Nel-
son Paving Company, San Antonio, we are able to present accurate sta-
tistics of the number of square yards of pavement laid in San Antonio,
Houston, Waco, and Shreveport, La. Under date of April28, 1902, this
company reports that ithas laid the following number of square yards
of pavement, using Uvalde county asphalt rock :

Inaddition, itwillbegin laying 20.000 square yards inPalestine. The
total amount laid by this company and under contract is, therefore, 238,-
500 square yards.

The total amount of Texas asphalt pavement in San Antonio is 158,-
382 square yards, as reported by Mr. E. G-. Trueheart, City Engineer.
Mr. F. L. Dormant, City Engineer of Houston, reports that the total
amount of asphalt pavement in that city is 115,500 square yards, and
30,000 square yards under contract now. Of this 15,500 square yards
were laid in 1899 of Uvalde asphalt rock. Ithas given very good service,
and no repairs have yet been made (May 26, 1902). No Texas asphalt

Total 218,500

In San Antonio 150,000
Tn Houston 20,000
In Waco 8,500
In Shreveport, La 40,000

In San Antonio 150,000
Tn Houston 20,000
In Waco 8,500
In Shreveport, La 40,000

Total 218,500
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rock has been used inDallas, according to a report from Mr.Hugh Kainsr
City Engineer, the material used there being asphalt rock from Dough-
erty, Indian Territor}r, and Trinidad Lake. The carload of St. Jo
asphalt rock shipped to Dallas several years ago cannot be considered,
because it was not laid, being merely spread upon the street.

Xo Texas asphalt rock has been laid in Galveston or Fort Worth,
according to reports received from Mr. C. A. Cias, City Engineer of Gal-
veston, and Mr. Jno. B. Hawley, City Engineer of Fort Worth. Accord-
ing to Mr. W. J. Hardee, City Engineer of New Orleans, no Texas
asphalt rock has been used in that city.

The use of St. Jo asphalt rock in St. Jo, Texas, has already been re-
ferred to. The area laid was not large, but the pavement has held up
very well.

Under date of May 28, 1902, Mr. J. S. Burk, City Engineer of Pales-
tine, writes a very interesting and important letter concerning the use
of the bituminous sandstone from Anderson county on the streets inPal-
estine. He says:

"In 1891, during the month of November, there were laid in the city

of Palestine 600 square yards of asphalt pavement. The asphalt used in.
this pavement was obtained from the asphaltic sand deposits, seven miles
east of Palestine.

* * *
There is a street crossing in this city, ten

feet wide and three inches thick, that has withstood the heavest traffic for
eleven years without showing any sign of fracture. Taking into consider-
ation the fact that this crossing was laid on the bare clay of the street,
without any foundation whatever, and that the margins had no protec-
tion,Ithink Iam safe in saying that this is a severe test of its lasting
qualities. Inregard to the merits of Anderson county asphalt for paving
purposes, Ican give it my unqualified endorsement. Nowhere in the
United States have Iseen or heard of a similar pavement where such
crude methods were used in laying, or where such extreme tests have been
applied, that can compare favorably with itin point of durability."

According to a supplement prepared for The Municipal Journal and
Engineer, N. V.,Februan', 1901, by Mr.F. V. E. Bardol, City Engineer,
Buffalo, N. V., the average cost of asphalt pavements in forty-one Amer-
ican cities during the year 1900 was $2.29 per square yard. This was
inclusive of concrete, binder and wearing surface. The lowest cost was
reported from Grand Eapids, Michigan, $1.43, and the highest from Bos-
ton, $3.25. The cost in San Antonio, Texas, was $1,995, with six inches
of concrete, the pavement having been laid by the Parker-Washington
Company, of Uvalde county bituminous limestone. The thickness of the
wearing surface was two inches, and the proportion of concrete was one,
two, four. Eeduced to Buffalo specifications the cost at San Antonio was
$2.10 as against $2.20 at Buffalo, where the Kentucky bituminous sand-
stone was used.



CHAPTER V.

A CONTRIBUTION TO THE CHEMISTRY OF SOME OF THE
ASPHALT ROCKS FOUND IN TEXAS.

HENRY WINSTON HARPER,
University of Texas.

INTRODUCTION.

The chemical investigation of the Texas asphalts was undertaken with
two distinct purposes in view: (1) To obtain reliable data concerning
the quality of the various deposits of asphalt now known to exist in
marketable quantities in Texas; and (2) to shed additional light
upon the chemical nature of asphalt. The results here presented fairly
meet the requirements of the primary object of this particular inquiry;
but in regard to the second and broader purpose of the investigation, it
should be distinctly understood that these results represent nothing more
than a preliminary announcement of a more extensive research that is
yet to be made.

The specimens examined were selected by Dr. Wm. B. Phillips, Direc-
tor of the University of Texas Mineral Survey, who has personally
inspected all the deposits of asphalt now known to exist inTexas. The
characteristic features of these deposits of asphalt, as well as of its indus-
trial uses, are dealt with elsewhere in this Bulletin.

The numbers attached to the specimens examined are indices of the
analyses made in the chemical laboratory of the University of Texas
Mineral Survey.

The analytical work (except analyses credited to other sources) was
done under my personal supervision in the laboratory of the University
of Texas Mineral Survey by Messrs. 0. H. Palm and S. H. Worrell,
Assistant Chemists to the Survey.

ANALYTICALMETHODS USED.

The bitumen was determined by fractional solution in organic sol-
vents. Two methods were followed: (1) Linton's Method,1in which
the dried material is first extracted with petroleum ether, then with
Boiling.oil of turpentine, and finally with chloroform; (2) Richardson's
Method,2 modified as follows: Weighed portions of the material dried
in vacuo over sulphuric acid were extracted in a Soxhlet extractor with
successive portions of hot petroleum ether, carbon disulphide, and chlo-
roform. The arrangement of the apparatus is shown in Allen's "Com-
mercial Organic Analysis" (Third edition, Volume 11, Part 11, p. 79),
reference to which is here made for a detailed description of the modern

*L. A. Linton, Jour. Amer. Chem. Boc, 1894, 820; 1896, 27G.
2Cliffovd Richardson, Jour. Boc. of Chem. Industry, January, 1898.
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analytical methods for asphalt. In both methods the residues were
dried and weighed at the close of the extraction with each solvent and
the loss of Aveight recorded as bitumen dissolved by the respective sol-
vent. The total loss of weight represented the bitumen soluble in the
solvents used. The mineral matter was determined by direct ignition,
and the organic matter not soluble by difference.

In the majority of the samples examined the absence of organic mat-
ter other than bitumen made it possible to determine the mineral matter
by direct weighing of the exhausted residue without resorting to igni-
tion.

Petroleum ether of 0.63i5 at 23° C. (73.1° F.) was used. It was
purified and thoroughly dried, as was also the other solvents, carbon
clisulphide, chloroform, and oil of turpentine.

Sulphur was determined by the well-known method of Carius inspeci-
mens 1005, 1606, 1607, 1598, 1599, and in the bitumens obtained from
these samples. In the -other mentioned specimens examined in this lab-
oratory sulphur was determined by Eschka's method.

Nitrogen was determined by the Kjeldahl method.
The bromine absorption and hydrobromic acid numbers were.obtained

by the method of Mills and Snodgrass, combined with that of Parker
C. Mcllhiney.1

The combustions were carried out with great care, and the ash was
examined by well-known modern methods.

The values given are on the basis of o=l6 (International Table of
Atomic Weights, 1902.)

XOMENCLATURE

The nomenclature of asphalt is so laden with ambiguity as to render
the intelligible co-ordination of analytical data found in the literature
of the subject well-nigh impossible. Despite the enormous amount of
work that has been and is now being done in this difficult field of chemi-
cal research the methods of different investigators are so incongruous
as to make the orientation of accumulated data of very little use. A
uniform method of investigation would be a boon to the asphalt world,
and until such a practice is established we cannot expect uniformity
either in data or nomenclature. The real difficulty lies in the exceed-
ingly complex nature of asphalt, and the failure of some investigators
to recognize this fact, which, in a measure, explains the diverse meaning
attached to the words "petrolene" and "asphaltene."

The scientific investigation of asphalt had its beginning in the classi-
cal research of Boussingault, 1 and in the published results of that
research the words "petrolene" and "asphaltene" are used to designate
two substances obtained by Boussingault when he subjected to the pro-
cess of distillation a "viscous material" from Pechelbronn. "Petrolene"
signified the liquid distillate to which was assigned the composition of
CSOC S0H64 (C=6) —

on the modern basis of C=l2, the formula would be
C4OC 40 H32;while "asphaltene" designated the non-volatile portion to which
was assigned the composition of CSOHC SOHo20 (;('C=6, o=B)

—
on the mod-

ern basis of o=l6, the formula would "be C4OC 40H32 03. In Turner's "Ele-
Tarker C. Mcllhiney, Jour. Amer. Chem. Soc, 1899, Vol. 21, p. 1084.

boussingault, Ann. de Chem. et de Phijs., 1837, 64, 141.
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jnents of Chemistry" (Eighth edition, 1847, edited by Baron. Liebig and
Wsxu Gregory) the following statement is niade: "Asphaltum. Mineral
J?itch. Fitch of Judea. These names are given to pitch-like substances
\u25a0found invarious parts of the world.

* * *
They generally contain

•a dark-colored resin, a brilliant black substance called Asphaltene
-(C20H160 3), and a liquid volatile oil, petrolene (C20H16), that is, of
the composition of the oilof turpentine.'" Itwillbe seen that the words
petrolene and asphaltene were used by Boussingault and his followers to
designate two suostances to each of which was assigned a definite chemi-
cal composition.

During the summer of 1892, Mr. Clifford Kichardson read a paper on
"Trinidad Asphalt" at the Washington meeting of the American Chemi-
cal Society, in which he introduced the method of examination of
asphalts by successive use of organic solvents. The portion soluble in
petroleum ether he designated petrolene, and the bitumen insoluble in
petroleum ether but soluble in other organic solvents (carbon disulphide,
chloroform, etc.), he designated asphaltene.

Allen, Peckham, Sadtler and others adopted the method of fractional
solution, using various solvents and various methods of procedure. The
following solvents have been used: Alcohol, acetone, benzene, carbon
disulphide, chloroform, ethyl ether, petroleum ether, oil of turpentine.
The portion soluble in petroleum ether, ethyl ether or acetone is called
petrolene; the portion insoluble in either of these liquids but dissolved
by carbon disulphide, or boiling oil of turpentine and chloroform is
called asphaltene.

Total bitumen is the sum of the petrolene and asphaltene. \u25a0 Non-bitu-
minous matter is the organic matter that is not extracted by these sol-
vents —it is sometimes designated as organic, also as organic not soluble.

The petrolene and asphaltene obtained by the method of fractional
solution are viewed as exceedingly complex substances

—to be looked
upon as mixtures of numerous organic chemical compounds rather than
single complexes with a definite chemical structure. Thus itis seen that
the words now convey a meaning entirely different from that given by
Boussingault.

In 1893 Mr.Edward J. De Smedt 1 further confused the nomenclature
with the statement: "Bitumens are generally composed of three differ-
ent hydrocarbons: (1) retine, (2) petrolene, (3) asphaltene. The
knowledge of these compounds is due to the important investigations of
Le Bel and Muntz."

"Eetine— C, 78.84; H, 10.22; S, 10.78—is soluble in alcohol; sub-
mitted to heat it gives off hydrogen sulphuret, mercaptan, and liquid
hydrocarbon, and some coke is left. This compound is not desirable in
asphalt.

"Petrolene— C, 80.60; H, 10.20; S, 9.2o—is soluble in ether and is
the most important and desirable compound in asphalt for paving pur-
poses, since it is the compound which gives the viscous adhesive quali-
ties to asphalt.

"Asphaltene— C, 78.00; H, 8.83; S, 12,89—is not soluble in alcohol
or ether, but is soluble in chloroform and indisulphide of carbon. It is
this compound which gives hardness to asphalt, and the more asphaltene

'Mr. Edward J. De Smedt, Paving and Municipal Engineering, November, 1893,
p. 206. See S. F. Peekham, Jour. Franklin Ins., 1901, Vol. 151, p. 50.
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an asphalt contains, the more brittle and hard it is. So an excess of
asphaltene is detrimental in asphalt employed for paying purposes."

Prof. S. F. Peckham 1 states : "One curious practical illustration of
the use which has been made of this name (retene) is found in an
'Asphalt Handbook/ issued by the Standard Asphalt Company of Cali-
fornia. Dr. F. Salathe made an examination of their crude asphalt, and
finding that acetone would dissolve more of it than petroleum ether, he
made an acetone spluble and called it 'Petrolene (retenoid).' The por-
tion insoluble in acetone he called 'Asphaltene (retine).'" He further
gives the 'combined sulphur (chemically held in bitumens)' as 0.73 per
cent. What meaning did Dr. Salathe attach to the word 'retine' as
used here?"

The reader is referred to Prof. Peekham's original article (loc. cit.)
for a more complete discussion of the claim of De Smedt. Suffice it to
say, that said claim is not supported by experimental evidence.

Xovember 20, 1896, Dr. H. Endemamr presented before the Xew
York Section of the Society of Chemical Industry what is now known as
Endemann's Method for the analysis of asphalt which he defined as:
"The analysis of asphalt based upon the volatility of some constituents
and the determination of the elementary composition of the non-volatile
portion." The Endemann method consists of:

(1) Extraction of all bitumen by chloroform.
(2) Evaporation of volatile hydrocarbons in a current of carbon

dioxide from the extract.
(3) Direct determination of carbon, hydrogen, sulphur and nitrogen

and calculating oxj'gen by difference.
(4) Determination of asphaltic acid as a check.
Dr. Endemann's method adds to the nomenclature

Asphaltogen, C26C26H38.
Asphaltene, C26C 26H36O2.
Asphaltic acid, C26C 26 H260 4.
Asphaltnlmie acid, C26C26H20012.

Dr. Endemann's results and conclusions are fully discussed in the
articles already cited; they cannot be gone into here. However, it will
be seen that he sides with Boussingault in the opinion that asphaltene
is a definite chemical compound.

Soft-gum, hard-gum, mastic, glance pitch, maltha, "Pittsburg flux,"
"Sludge asphalt," "Byerlite," etc., are additional words that specifically
belong to the asphalt industry.

In the light of our present knowledge, from an analytical view point,
the most rational way out of this confusion is to follow the suggestion
of Peckham and report the analytical results according to the solvent
used, as "the petroleum ether soluble," "the carbon disulphide soluble,"
etc. To say the least of this method all who read such reports will
know what is meant by the words used, which certainly is not the case
when the report without qualification merely says, petrolene, asphaltene,
etc.

*S. F. Peckham, Jour. Franklin Ins.. 1901, Vol. 151, p. 53
2H. Endemann, Jour. Soc. Chem. Ind., Vol. 15, pp. 871-876. Also same Journal,

16, pp. 121-126.
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In the reports of analyses made in this laboratory the words petrolene
and asphaltene have the following meaning:

Petrolene— the bitumen extracted with petroleum ether, using a Soxh-
let extractor. It is the same as "the petroleum ether soluble/ or the
"soluble inpetroleum ether."

Asphaltene=th.e bitumen that is insoluble in petroleum ether but is
soluble in carbon disulphide —it does not include the "chloroform solu-
ble" except in the analyses in which it is specifically mentioned as
included.

In the analyses made by the Linton method —petroleum ether, boiling
oil of turpentine and chloroform —asphaltene=the sum of the "turpen-
tine soluble" and the "chloroform soluble."

THE LIMITS OF THE PROPOKTION OF PETROLENE TO ASPHALTENE IN
ASPHALTS INTENDED FOR PAVING PURPOSES.

"Tillson1accepts any refined asphalt that contains from 50 to 60 per
cent, of bitumen of which not more than 25 to 30 per cent, is asphaltene.
This does not apply to rock asphalts, which may contain less than 10
per cent, bitumen. Petrolene is regarded as acting as a solvent on the
asphaltene."

The contention is made that the cementitious value of an asphalt
wholly resides in the petrolene. This is denied by Peekham, who very
properly insists "that the bitumen of Trinidad pitch consists of asphalt-
ene dissolved in petrolene, and that its cementitiousness is just as much
due to one as the other. Sand cannot be cemented with either petrolene
or asphaltene alone, neither can wrood be cemented with either water or
glue alone. The cementitiousness depends upon the amount and quality
of the bitumen present."

CONSTITUENTS THAT LESSEN THE VALUE OF ASPHALTS USED FOR PAVING
PURPOSES.

Notable quantities of non-bituminous organic matter, clay, and oxide
of iron promote the disintegration of paving mixtures.

THE SPECIMENS EXAMINED.

No. 1054.
—

Eock asphalt from Montague county. Sandstone, black
color, aromatic odor, exhibits adhesive quality when pressed with the
hand, bitumen homogeneously distributed through the rock. Sample
dated June 11, 1901.

No. 1061.
—

Calcareous material from Burnet county. Tan colored
powder, aromatic odor, exhibits slight adhesive quality when pressed
between the fingers. Dated June 14, 1901.

No. 1066.
—

Burnet county, !STo. 2. A breccia in which the limerock
fragments are cemented into a mass with asphalt, otherwise same as
]STo. 1113.

No. 1095.
—Montague county, marked A. L. Scott, St. Jo, July 1,

1901. Sandstone, description same as No. 1054, but more easily pow-

Trans. Amer. Soc. Civ. JUngin., 1897, 214. See Allen's Commercial
Organic Analysis, I.e.
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dered. The powdered material strongly coheres when pressed between
the thumb and fingers.

No. 1111.—Montague county, E. F. Sampson's ranch.
No. 1112.—Montague county, J. W. Kay's ranch, July 3, 1901. Cal-

careous sandstone, dark brown color, aromatic odor, powder adheres to
fingers, but the coherence is not as marked as that of No. 1095.

No. 1113.
—

Burnet county, No. 3. Calcareous asphalt with discerni-
ble crystals of calcite. Black color, slight odor, strongly coheres upon
pressure, freshly broken surfaces, brilliant black and sticky. Dated July
3, 1901.

No. 1197.
—Montague county, A. L. Scott, St. Jo. Tan colored

sand containing bitumen, aromatic odor, cohesive and adhesive proper-
ties very slight. Dated August 1, 1901.

No. 1210.— Asphalt rock from New Mexico. Marked "W. E. McGill,
Seymour, Texas," and dated August 10, 1901. Black sand rock heavily
and homogeneously impregnated with bitumen. The crushed material
coheres and adheres under pressure.

No. 1392.
—

Cooke county, four and one-half miles southwest of Muen-
ster. On Thos. Hoover's land.

No. 1393.
—Cooke county, Widow Patton's place, six miles southeast

of St. Jo, but in Cooke county. Asphalt sand rock, blue-black, aromatic
odor, homogeneously and heavily impregnated with bitumen, sticky,
exhibits very decided cohesive and adhesive properties. Dated Novem-
ber 16, 1901.

No. 1394.
—Montague county, Sampson Eidge, A, 2 feet 8 inches.

Crushed, sticky sand rock heavily and homogeneously impregnated with
bitumen. Dark brown color, aromatic odor, cohesive and adhesive prop-
erties highly marked, but not equal to No. 1393. Dated November 19,
1901.

No. 1395.
—Montague county, Sampson Eidge, B, 1 foot from bot-

tom. Description same as No. 1394. Same date.
No. 1396.

—Montague county, Sampson Eidge, C, 2 feet from bottom.
Date and description same as No. 1393.

No. 1403.
—

Cooke county, Eoemer's place, 1-J miles west of Muenster.
No. 1453.

—
Anderson county asphalt rock, marked "Hassell's Well."

Dark brown, oily looking sandstone, heavily and homogeneously charged
with bitumen. Easily crushed, feels oily and somewhat sticky, coheres
under pressure. February 7, 1902.

L J 7

No. 1454.
—

Anderson county asphalt rock, marked "Chapel Well."
Black, glistening sandstone, massive and heavily and homogeneously
impregnated with bitumen. Difficultly crushed, but the crushed mass
coheres, adheres, is plastic and somewhat elastic. February 7, 1902.

No. 1455.
—

Anderson county asphalt rock, marked "Brule's Hole."
Brown colored sandstone, heavily and homogeneously impregnated with
bitumen, aromatic odor, coheres and adheres under pressure. February
7, 1902,

No. 1459.
—Jasper count}*, marked from "Old Tar Well," 4-J miles

northeast of Eockland and 1mile from the Neches river. Black sandy
pitch, soft, plastic, somewhat elastic. February 11, 1902.

No. 1580.—Uvalde county asphalt rock from mines of Uvalde Asphalt
Company. Calcareous rock, pretty evenly impregnated with bitumen,
but calcium carbonate is easily seen with the naked eye. Forms a grey
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powder when crushed
—

the CaCO 3 crystals mixed with the bitumen
plainly seen. May 14, 1902.

No. 1581.
—

Uvalde county asphalt rock from Smyth- Nunn ranch.
Calcareous rock heavily and homogeneously impregnated with bitumen.
Black when freshly broken; powder is black. May 14, 1902.

No. 1598.
—"Soft-gum" from Uvalde county. Extracted from Uvalde

asphalt rock with petroleum naphtha. Black and lustrous, in thin lay-
ers red-brown by transmitted light, very viscous, slowly flows at room
temperature, 23U C. (73.4° F.), odor similar to that of coal tar. May,
1902.

No. 1599.
—"Hard-gum" from Uvalde county. Obtained on the large

scale from Uvalde asphalt rock by extraction with petroleum naphtha,
and distilling off the naphtha, carrying the distillation farther than it
is carried for the product sold as "soft-gum" (No. 1598). Brilliant
black with shining surface, opaque, brittle, breaking with conchoidal
fracture, plastic under pressure, slightly elastic, aromatic odor; when
broken into lumps these lumps very slowly flow into a homogeneous
mass if they be placed in a confined space —at room temperature, 23° C.
(73.4° F.) ;more than a week elapses before the mass becomes homo-
geneous, and even then the surface remains broken and rugged. When
chewed between the teeth itexhibits well-marked elasticity. May, 1902.

No. 1600.
—

Crushed asphalt rock ready to heat and place on street.
From the Uvalde Asphalt Company, Cline, Texas.

No. 1601.
—Heavy crude petroleum. From Watters Park, Travis

county, Texas.
No. 1605.

—Montague county. Asphaltic sand rock, very dark brown
color, aromatic odor, heavily and homogeneously impregnated with bitu-
men, highly marked cohesive and adhesive properties. Dated January,
1902.

No. 1606.
—Uvalde county. Marked "A." Calcareous asphalt rock —

a composite made up of equal quantities of four samples, stratified, sac-
culated, homogeneously impregnated with bitumen (black throughout),
and uniformly impregnated with bitumen but plainly showing the lime-
stone. Powder is lead colored, slightly aromatic, slightly cohesive when
pressed between thumb and fingers.

No. 1607.
—

Uvalde county. Marked "Siliceous" (in reality mainly
calcareous) asphalt rock. Dark brown, massive calcareous rock, homo-
geneously and heavily impregnated withbitumen. The crushed material
coheres under pressure.

Experimental Part.
TABLE NO- 1.

LOSS OF WEIGHT IXVACUO OVER H2SO 4 24 HOURS, AT ROOM TEMPERATURE,
21.5° to 23° o. (70.7° to 73.4° p.).

0.02
0.07
011
0.24
0.11
0.008
0.032

Rurnet county
Oooke county
Anderson county
J asper county
Montague county
Uvalde county
Uvalde county

No. 1066.
No. 1393.
No. 1455.
No. 1459.
No. 1605.
No. 1606.
No. 1607.

t.*er CentSample.Sample. *er Cent t.

No. 1066.
No. 1393.
No. 1455.
No. 1459.
No. 1605.
No. 1606.
No. 1607.

Rurnet county
Oooke county
Anderson county
J asper county
Montague county
Uvalde county
Uvalde county

0.02
0.07
011
0.24
0.11
0.008
0.032
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TABLE NO. 2.

The following analyses of the samples here presented, designated by
the numbers 1054 to 1581 inclusive, were made by the Linton method,
so that the petrolene indicates the bitumen soluble in petroleum ether
(specific gravity 0.6345 at 23 C\C), and the asphaltene represents the
bitumen that is insoluble in petroleum ether but is soluble inboiling oil
of turpentine and chloroform; these two last solvents having been suc-
cessively used upon the residue that had been previously extracted with
petroleum ether. In samples 1054, 1061, 1111, 1112, 1113, 1210, 1394,
1395, 1396, 1197, 1455 and 1459, the calcium carbonate was directly
determined and the siliceous matter obtained by difference. In samples
1066, 1095, 1392, 1393, 1403, 1453, 1454, 1580 and 1581 the siliceous
matter w^as determined and the calcium carbonate obtained by differ-
ence. No. 1459 represents the only sample that contained a determina-
ble quantity of insoluble organic matter; in the report it is included
in the value given under "inorganic matter/ i. c., insoluble siliceous
matter. No. 1210 is not a Texas product; the sample came from New
Mexico, but the exact location was not given.

TABLE NO. 3.

0.14
0.038
0.22
0.15
0.48
0.50
0.23

0.19
1.10
2.38
0.22
0.20
0.24
0.50
0.61
0.43
0.18
0.24
1.21
1.56

5.76 0.56 93.68
0.65 88.54 10.81-

14.51 ! 81.33 4.16
10.60

'

trace 89.20
10.00 3.00 87.00

2.10 28.10 69.80
10.30 i 88.20 1.50

7.40 ! 3.60 89.00
1.82 12.14 86.04
7.43 trace 92.57

14.99 trace 85.01
10.68 trace 89.32
10.35 trace 89.65
10.96 tiace 89.04
10.10 trace 89.90
17.44 ! 0.96 81.60
23.34 i trace 76.71

8.17 trace 91.83
97 oft Included with trnr>p "974.Ai

-
lb siliceous matter trace '^'4

18.77 none 80.50 0.73
17.52 81.19 1.29
15.99 ! 83.45 .56

1054 5.31 0.45
1061 0.65 trace
1066 6.75 7.76
1095 3.60 7.00
1111 8.80 1.20
1112 1.90 0.20
1113 8.40 1.90
1210 4.10 3.30
1197 1.22 0.60
1392 7.43 trace
1393 14.17 0.82
1394 9.10 1.58
1395 9.00 1.35
1396 9.50 1.46
1403 10.10 trace
1453 16.52 0.92
1454 12.09 11.25
1455 5.82 2.35
1459 20.14 7.12
1580 1.53 17.24
1581 5.31 12.21
1600 7.70 8.29

Per Cent.
Sulphur.

Per Cent. Inorganic.
Per Cent. Per Cent, i

Total Organic not
Bitumen. Bitumen. Calcium SiliceousCarbonate

Number of Per Cent,
Sample. jPetrolene. A^e

*The values marked *
represent the percentage of actual gain in weight during the

seven hours period of heating to 100° C. Does this mean that oxygen was absorbed during
this particular period? This point deserves further experimental study.

No. 1066. Bui-net county 0.14 0.12 0.02* 1.26
"No. 1393. Cooke county 0.20 0.16 0.04* 2.00
No. 1455. Anderson county . 0.23 0.30 1.98
No. 1459. Jasper county 0.43 0.35 o.oB* 5.00
No. 1605. Montague county.. 0.26 0.21 0.05* 2.34
No. 1606. Uvalde county 0.07 0.07 0.80
No. 1607. Uvalde county 0.14 0.11 0.03* 1.02

at IOO° C. (212° P.)loss of weig-ht at IOO° C. (212° P.) at 2OO° C.

4 hours. 7 hours. 7 hours.
Sample. Per Cent. Per Cent. Per Cent.

loss of weig-ht at IOO° C. (212° P.) at 2OO° C.

4 hours. 7 hours. 7 hours.
Sample. Per Cent. Per Cent. Per Cent.

at IOO° C. (212° P.)

No. 1066. Bui-net county 0.14 0.12 0.02* 1.26
"No. 1393. Cooke county 0.20 0.16 0.04* 2.00
No. 1455. Anderson county . 0.23 0.30 1.98
No. 1459. Jasper county 0.43 0.35 o.oB* 5.00
No. 1605. Montague county.. 0.26 0.21 0.05* 2.34
No. 1606. Uvalde county 0.07 0.07 0.80
No. 1607. Uvalde county 0.14 0.11 0.03* 1.02

*The values marked *
represent the percentage of actual gain in weight during the

seven hours period of heating to 100° C. Does this mean that oxygen was absorbed during
this particular period? This point deserves further experimental study.

Number of Per Cent,
Sample. jPetrolene. A^e

Per Cent. Inorganic.
Per Cent. Per Cent, i

Total Organic not
Bitumen. Bitumen. Calcium SiliceousCarbonate

Per Cent.
Sulphur.

1054 5.31 0.45
1061 0.65 trace
1066 6.75 7.76
1095 3.60 7.00
1111 8.80 1.20
1112 1.90 0.20
1113 8.40 1.90
1210 4.10 3.30
1197 1.22 0.60
1392 7.43 trace
1393 14.17 0.82
1394 9.10 1.58
1395 9.00 1.35
1396 9.50 1.46
1403 10.10 trace
1453 16.52 0.92
1454 12.09 11.25
1455 5.82 2.35
1459 20.14 7.12
1580 1.53 17.24
1581 5.31 12.21
1600 7.70 8.29

5.76 0.56 93.68
0.65 88.54 10.81-

14.51 ! 81.33 4.16
10.60

'

trace 89.20
10.00 3.00 87.00

2.10 28.10 69.80
10.30 i 88.20 1.50

7.40 ! 3.60 89.00
1.82 12.14 86.04
7.43 trace 92.57

14.99 trace 85.01
10.68 trace 89.32
10.35 trace 89.65
10.96 tiace 89.04
10.10 trace 89.90
17.44 ! 0.96 81.60
23.34 i trace 76.71

8.17 trace 91.83
97 oft Included with trnr>p "974.Ai

-
lb siliceous matter trace '^'4

18.77 none 80.50 0.73
17.52 81.19 1.29
15.99 ! 83.45 .56

0.14
0.038
0.22
0.15
0.48
0.50
0.23

0.19
1.10
2.38
0.22
0.20
0.24
0.50
0.61
0.43
0.18
0.24
1.21
1.56
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THE INFLUENCE OF A TEMPERATURE OF 160° C. (302° F.) UPOX THE
CONSTITUENTS OF SOME ASPHALT ROCKS.

The samples enumerated in the following table were kept at a temper-
ature of 160° C. (302° F.) one hour, then cooled in a desiccator and
analyzed by the Linton method. The results obtained from the samples
before and after heating are both given.

TABLE NO. 4.

TABLE NO. 5.

TO SHOW THE PERCENTAGE OF PETROLEXE AXD ASPHALTEXE IX THE
TOTAL BITUMEX

—
CALCULATED FROM AXALYSES

GIVEX IX TABLE XO. 3.

7.81

53.48
66.03
12.00

9.52
18.44
44.59
32.96

5.47
14.79
13.04
13.32

5.28
48.21
38.56
26.12
91.84
69.70

92.19
100.00

46.52
33.97
88.00
90.48
81.56
55.41
67.04

100.00
94.53
85.2 L
86.96
86.68

100.00
94.72
51.79
61.44
73.88

8.16
30.30

5.76
0.65

14.51
10.60
10.00
2.10

10.30
7.40
1.82
7.43

14.99
10.68
10.35
10.96
10.10
17.44
23.34

•
817

27.26
18.77
17.52
ix (in

1054
1061
1066
1095 1
1111
1112 i

1113 i
1210
1197
13fe*
1393
1394 ;
1395 :
1396
1403 1
1453
1454
1455
1459
1580
1581
icno

Percent. Per Cent.
Total Petrolene »L ;,,

Bitumen in Total Total
inSample.! Bitumen. Bitumen.

No. of Samples.

0.24
0.15

72.74
79.63

27.26
20.37

7.12
4.50

20.14
15.87

Before heating
After heating

1459.

0.18
0.17

91.83
94.35

8.17
5.65

2.35
0.73

5.82
4.92

Before heating
After heating

1455.

0.4a
0M

76.71
82.37

23.34
17.63

11.25
4.17

12.09
13.46

Before heating
After heating

1454.

0.61
0.31

82.15
87.13

17.44
12.87

0.92
0.50

16.52
12.37

Before heating
After heating

1453.

0.50
0.30

89.90
90.76

10.10
9.24

trace
3.00

10.10
6.24

Before heating
After heating

1403.

0.22
0.28

89.32
89.41

10.68
10.59

1.58
2.21

9.10
8.38

Before heating
After heating

1394.

2.38
0.92

85.01
87.36

14.99
12.64

0.82
2.46

14.17
10.18

Before heating
After heating

1393.

1.10
0.74

92.57
93.85

7.43
6.15

trace
1.23

7.43
4.92

Before heating
After heating

1392.

Percent. Per Cent. v r^ f
Total Total S^Bitumen. Inorganic.

fc)UlPilur-PprfVnt Per Cent.
Petrolene. A^qNumber of Sample.Number of Sample.
PprfVnt Per Cent.

Petrolene. A^q
Percent. Per Cent. v r^ f

Total Total S^Bitumen. Inorganic.
fc)UlPilur-

1392. Before heating
After heating

7.43
4.92

trace
1.23

7.43
6.15

92.57
93.85

1.10
0.74

1393. Before heating
After heating

14.17
10.18

0.82
2.46

14.99
12.64

85.01
87.36

2.38
0.92

1394. Before heating
After heating

9.10
8.38

1.58
2.21

10.68
10.59

89.32
89.41

0.22
0.28

1403. Before heating
After heating

10.10
6.24

trace
3.00

10.10
9.24

89.90
90.76

0.50
0.30

1453. Before heating
After heating

16.52
12.37

0.92
0.50

17.44
12.87

82.15
87.13

0.61
0.31

1454. Before heating
After heating

12.09
13.46

11.25
4.17

23.34
17.63

76.71
82.37

0.4a
0M

1455. Before heating
After heating

5.82
4.92

2.35
0.73

8.17
5.65

91.83
94.35

0.18
0.17

1459. Before heating
After heating

20.14
15.87

7.12
4.50

27.26
20.37

72.74
79.63

0.24
0.15

No. of Samples.
Percent. Per Cent.

Total Petrolene »L ;,,

Bitumen in Total Total
inSample.! Bitumen. Bitumen.

1054
1061
1066
1095 1
1111
1112 i

1113 i
1210
1197
13fe*
1393
1394 ;
1395 :
1396
1403 1
1453
1454
1455
1459
1580
1581
icno

5.76
0.65

14.51
10.60
10.00
2.10

10.30
7.40
1.82
7.43

14.99
10.68
10.35
10.96
10.10
17.44
23.34

•
817

27.26
18.77
17.52
ix (in

92.19
100.00

46.52
33.97
88.00
90.48
81.56
55.41
67.04

100.00
94.53
85.2 L
86.96
86.68

100.00
94.72
51.79
61.44
73.88

8.16
30.30

7.81

53.48
66.03
12.00

9.52
18.44
44.59
32.96

5.47
14.79
13.04
13.32

5.28
48.21
38.56
26.12
91.84
69.70
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TABLE NO. 6.

TO SHOW THE INFLUENCE OF A TEMPERATURE OF 160° C. (302° F.), CON-
TINUED ONE HOUR, UPON THE PERCENTAGE OF TOTAL BITU-

MENIN THE SAMPLES USED AND UPON THE PER-
CENTAGE OF PETROLENE AND ASPHALT-

ENE IN THE TOTAL BITUMEN.

TABLE NO. 7.

SHOWING PERCENTAGE OF LOSS OP TOTAL BITUMEN AND THE PERCENTAGE
OF LOSS OR GAIN OF PETROLENE AND ASPHALTENE IN THE

SAMPLES TREATED AS EXHIBITEDIN TABLE NO. 6.

The foregoing tables contain a number of very interesting facts con-
cerning the chemistry of the rock-asphalts of Texas. Some of them will
be a bitter morsel to a few asphalt theorists. The surprises exhibited
in Table ISTo. 7 are particularly interesting, and demand further experi-
mental study, before any sort of an explanation is attempted.

The following analyses of samples 1605, 1606 and 1607 were made by
Richardson's method modified according to the statement made under
the heading, "Analytical Methods," i. c., using a Soxhlet extractor and
the solvents :petroleum ether, carbon disulphide. and chloroform, in the
order mentioned.

20.00
13.99

0.12
32.46

20.00
13.99

0.12
32.46

1.39 1.39
24.55 24.55
25.63 25.63
4.02 4.02

17.22
15.70

.64
8.50

26.20
24.03
30.84
25.27

1.28
2.35

.09

.86
4.57
5.61
2.52
6.89

1392
1393 !
1394
1403
1453
1454
1455
1459

GainLoss.Gain.

Per Cent.
Asphaltene.?*ffef ?fcnJ;i Per Cent. IPer Cent. Petrolene.or .boss or T f ;

rrin(..,i -L/ObS OIlOtd,l Total
Bitumen t,^.?™*

inSample. Bitumen. Logs
_

Qain

No. of Sample.

I i

7.43 6.15 100.00 80.00 20.00
14.99 12.64 94.53 80.54 5.47 19.46
10.68 10.59 85.21 85.09 14.79 14.91
10.10 9.24 100.00 67.54 32.46
17.44 12.87 94.72 96.11 5.28 3.89
23.34 17.63 51.79 76.34 48.21 23.66

8.17 5.65 61.44 87.07 38.56 12.93
27.26 20.37 73.88 77.90 26.12 22.10

1392
1393
1394
1403
1453
1454
1455
1459

Before After Before After Before After
Heating. Heating. Heating. Heating. Heating. Heating.

: . .

No. ofSample.

Per Cent. Total Per Cent. Petrolene Per Cent. Asphaltene
Bitumen inSample. in Total Bitumen. inTotal Bitumen.

Per Cent. Total Per Cent. Petrolene Per Cent. Asphaltene
Bitumen inSample. in Total Bitumen. inTotal Bitumen.

No. ofSample.

Before After Before After Before After
Heating. Heating. Heating. Heating. Heating. Heating.

: . .
1392
1393
1394
1403
1453
1454
1455
1459

7.43 6.15 100.00 80.00 20.00
14.99 12.64 94.53 80.54 5.47 19.46
10.68 10.59 85.21 85.09 14.79 14.91
10.10 9.24 100.00 67.54 32.46
17.44 12.87 94.72 96.11 5.28 3.89
23.34 17.63 51.79 76.34 48.21 23.66

8.17 5.65 61.44 87.07 38.56 12.93
27.26 20.37 73.88 77.90 26.12 22.10

I i

No. of Sample.
?*ffef ?fcnJ;i Per Cent. IPer Cent. Petrolene.or .boss or T f ;

rrin(..,i -L/ObS OIlOtd,l Total
Bitumen t,^.?™*

inSample. Bitumen. Logs
_

Qain

Per Cent.
Asphaltene.

Gain. Loss. Gain

1392
1393 !
1394
1403
1453
1454
1455
1459

1.28
2.35

.09

.86
4.57
5.61
2.52
6.89

17.22
15.70

.64
8.50

26.20
24.03
30.84
25.27

20.00
13.99

0.12
32.46

1.39 1.39
24.55 24.55
25.63 25.63
4.02 4.02

20.00
13.99

0.12
32.46
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TABLE NO. 8.

TABLE NO. 9.

ANALYSES OE THE ASH OF SAMPLES: N(/S. 1605, 1606, 1607.

100.691.1899.51

1.18
2.71
1.30.

78.46
0.45-

trace
5.5T

11.02:

1.18
trace
trace

2.71
1.30

78.46
0.45

trace
5.57

11.02

Silica, SiO2
Alumina, A12O3
Ferric oxide, Fe 2O3
Calcium oxide, CaO
Magnesium oxide, MgO
Alkalies
Sulphur trioxide, SO3
Loss on ignition

Total.Insoluble.Soluble inAcid.No. 1607.

100.5 a0.44100.06

0.96
2.00

trace
61.34

trace
29.76

1.86
4.58

0.440.52
2.00

trace
61.34

trace
29.76

1.86
4.58

Silica, SiO 2
Alumina, A12O 3
Ferric oxide, ~Fe 22O 3
Calcium oxide, CaO
Magnesium oxide, MgO
Carbon dioxide, CO 2
Sulphur trioxide, SO3
Water of hydration, HgO

Total.Insoluble.Soluble inAcid.No 1606.

99.84,99.560.28

98.96
0.88

trace
trace

98.96
0.60

trace

none
0.28

trace
trace

Silica, SiO2
Alumina, A1SO3
Ferric oxide, Fe 2O3
Calcium oxide, CaO

Total.Insoluble.Soluble in Acid.No. 1605.

* This shows tne solvent action ofcarbon disulpbide on the raw sample. Values given
in the other columns show the action of the solvent following the action of other solvents

1605 69.73 17.03 13.22 14.44 86.76
1606 j 49.84 50.15 13.18 99.99
1607 ! 41.98

'
58.00 18.08 99.98

No. of Sample.

Percentage of Total Bitumen *
Per Cent.

Soluble. Per Cent. Total
No. of Sample. ! Total Bj1™6?

InPetro- InCarbon T
_.. j.Bitumen Soluble in

leum Disul-
-*-n Chloro- inSample.] Carbon

Ether, j phide. form
- Disulpbide.

2.46 1.91 ! 14.44 85.56
6.61 trace 13.18 trace 84.06 2.76

10.49 trace 18.08 | I 64.90 17.02

10.07
6.57
7.59

1605
1606
1607

Per Cent. Per Cent. Per Cent. Inorganic.
! Carbon Chloro- Pqt,nani. Per Cent.Bisulphide form Sol- "JLS^?*- OrganicSoluble uWe(afte Total fiot(after Pc- Pet Ether Bltumen '

Soluble. Calcium .:,;'„
r°llc and 0S 2). Carbonate tel 'iceous-

Per Cent.
Petroleum

Ether
Soluble.

Number
of Sample.

i [i [

Number
of Sample.

Per Cent.
Petroleum

Ether
Soluble.

Per Cent. Per Cent. Per Cent. Inorganic.
! Carbon Chloro- Pqt,nani. Per Cent.Bisulphide form Sol- "JLS^?*- OrganicSoluble uWe(afte Total fiot(after Pc- Pet Ether Bltumen '

Soluble. Calcium .:,;'„
r°llc and 0S 2). Carbonate tel 'iceous-

1605
1606
1607

10.07
6.57
7.59

2.46 1.91 ! 14.44 85.56
6.61 trace 13.18 trace 84.06 2.76

10.49 trace 18.08 | I 64.90 17.02

Percentage of Total Bitumen *
Per Cent.

Soluble. Per Cent. Total
No. of Sample. ! Total Bj1™6?

InPetro- InCarbon T
_.. j.Bitumen Soluble in

leum Disul-
-*-n Chloro- inSample.] Carbon

Ether, j phide. form
- Disulpbide.

No. of Sample.

1605 69.73 17.03 13.22 14.44 86.76
1606 j 49.84 50.15 13.18 99.99
1607 ! 41.98

'
58.00 18.08 99.98

* This shows tne solvent action ofcarbon disulpbide on the raw sample. Values given
in the other columns show the action of the solvent following the action of other solvents

No. 1605. Soluble in Acid. Insoluble. Total.

Silica, SiO2
Alumina, A1SO3
Ferric oxide, Fe 2O3
Calcium oxide, CaO

none
0.28

trace
trace

98.96
0.60

trace

98.96
0.88

trace
trace

0.28 99.56 99.84,

No 1606. Soluble inAcid. Insoluble. Total.

Silica, SiO 2
Alumina, A12O 3
Ferric oxide, ~Fe 22O 3
Calcium oxide, CaO
Magnesium oxide, MgO
Carbon dioxide, CO 2
Sulphur trioxide, SO3
Water of hydration, HgO

0.52
2.00

trace
61.34

trace
29.76

1.86
4.58

0.44 0.96
2.00

trace
61.34

trace
29.76

1.86
4.58

100.06 0.44 100.5 a
No. 1607. Soluble inAcid. Insoluble. Total.

Silica, SiO2
Alumina, A12O3
Ferric oxide, Fe 2O3
Calcium oxide, CaO
Magnesium oxide, MgO
Alkalies
Sulphur trioxide, SO3
Loss on ignition

2.71
1.30

78.46
0.45

trace
5.57

11.02

1.18
trace
trace

1.18
2.71
1.30.

78.46
0.45-

trace
5.5T

11.02:

99.51 1.18 100.69
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THE BITUMEN OF THE ASPHALT BOCKS OF TEXAS
—

PKELIMINARYINVES-
TIGATION.

It has been shown that the bitumen of asphalt can be separated into
two or more distinct chemical complexes (not compounds) by the suc-
cessive action of different organic solvents. The complex called petro-
lene is obtained when the bitumen is treated with either of the following
solvents :petroleum ether, ethyl ether, acetone or ethyl alcohol, and the
solvent is subsequently removed from the extract by distillation or by
evaporation. The complex called asphaltene is the portion of the bitu-
men that is insoluble in petroleum ether, ethyl ether, ethyl alcohol or
acetone, but is soluble in chloroform, carbon disulphide, etc. The sol-
vents of asphaltene also act as solvents of petrolene, but not vice versa.
The asphaltene found in some asphalts may be further subdivided into
two complexes by the successive action of boiling oil of turpentine and
chloroform. On the other hand, the asphaltene obtained from other
asphalts cannot be so subdivided. Examples of both classes are to be
found among the asphalt rocks of Texas. These three "proximate prin-
ciples," or complexes, exhibit very different physical and chemical prop-
erties

—sufficiently different to designate them as separate complexes;
but the properties of the individual complex are not sufficiently definite
and constant to justify the view that each is a pure substance

—
a distinct

chemical compound. To the contrary, they behave more like mixtures,
"smears," etc., and should be so classified until fuller knowledge of their
real nature is obtained. Work done in this laboratory as well as work
done elsewhere very clearly shows marked differences in the petrolenes
and marked differences in the asphaltenes obtained from different
asphalts and asphalt rocks, which, of course, would not be the case were
these complexes compounds with a definite chemical structure.

Marked differences are observable in the physical and chemical prop-
erties of the petrolenes obtained from the asphalt rocks of Texas by
exhausting the samples with petroleum ether (sp. gr. 0.6345 at 23° C.

—
73.4° F.), removal of the petroleum ether by distillation and subjecting
the residuum to the prolonged action of a vacuum and then a partial
vacuum for days and even weeks.

THE PETEOLENE COMPLEXES OBTAINED FROM SAMPLES 1605, 1606, 1607.

The petrolene obtained from sample ISTo. 1605 is a black viscous sticky
mass, moderately mobile (flows, comparatively, with ease) at 23° C.;
dark yellow-brown in thin layers, and possesses very little odor. Specific
gravity, j^j-'=0.95 63. The ultimate analysis yielded the following
results :

98.71

Carbon 86.14
Hydrogen 11.49
Sulphur 0.78
Nitrogen 0.30
Ash Trace

Weight of petrolene taken for carbon and hydrogen=o.2464 gm.
Weight of HoO obtained=o.2sso gm.
Weight of C02 obtained=o.779o gm.
Sulphur and nitrogen determined as previously stated.

Weight of petrolene taken for carbon and hydrogen=o.2464 gm.
Weight of HoO obtained=o.2sso gm.
Weight of C02 obtained=o.779o gm.
Sulphur and nitrogen determined as previously stated.

Carbon 86.14
Hydrogen 11.49
Sulphur 0.78
Nitrogen 0.30
Ash Trace

98.71
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The petrolene obtained from sample Xo. 1606 is a black viscous sticky
mass, slowly flows at 23° C. (73.4° F.) ; is dark red-brown in thin
layers and possesses a marked terebinthinate odor. Specific gravity,
!pr£r=l.o23o. The ultimate analysis gave the following results:

The petrolene obtained from sample Xo. 1607 is a black viscous sticky
mass, very slowly flows at 23° C. (73.4° F.) ;is dark red-brown in thin
layers, and possesses an odor closely resembling that of a solution of
resin in oil of turpentine. Specific gravity, |p§- =1.0130. The ulti-
mate analysis gave the following results :

Comparing the viscosity of these three petrolenes the rapidity of the
flow of samples from Nos. 1605, 1606 and 1607 stands in the order of
the numbers: 4, 2, 1.

TREATMENT WITH FUMING XITRIC ACID

In the determination of sulphur in the petrolenes from 1605, 1606
and 1607, by the method of Carius, the following observations were
made :

Ineach case the weighed tube of petrolene was placed in a glass tube
used for pressure operations, an adequate amount of fuming nitric acid
was added, the tube was sealed and the operation proceeded according
to the details of the well-known method of Carius. The sealed tubes
were maintained at a temperature of 125° C. to 150° C. (257° F. to
302° F.) through a period exceeding three hours. In each case the solu-
tion (and destruction of the color) of the petrolene was complete, and
when the pressure within the tube was released the fluid within the tube

*On the supposition of Richardson (supported by experimental evidence) that oxygen
is not present inthe petrolene complex.

100.43

Carbon 84.61
Hydrogen 9.42
Sulphur 6.40
Nitrogen Trace
Ash (by difference) Trace

Weight of petrolene taken for carbon and hydrogens. l999 gm.
Weight of H,O obtained=.l796 gm.
Weight of C6 2 obtained=.sB72 gm.
Sulphur and nitrogen determined as previously stated.

100.00

Carbon 79.40
Hydrogen 9.89
Sulphur 5.00
Nitrogen Trace
Ash (by difference)

*
5.71

Weight of petrolene taken for carbon and hydrogen=o.3lls gm.
Weight of H,O obtained=o.2774 gm.
Weight of COo obtained=o.9o66 gm.
Sulphur and nitrogen determined as previously stated.

Weight of petrolene taken for carbon and hydrogen=o.3lls gm.
Weight of H,O obtained=o.2774 gm.
Weight of COo obtained=o.9o66 gm.
Sulphur and nitrogen determined as previously stated.

Carbon 79.40
Hydrogen 9.89
Sulphur 5.00
Nitrogen Trace
Ash (by difference)

*
5.71

100.00

Weight of petrolene taken for carbon and hydrogens. l999 gm.
Weight of H,O obtained=.l796 gm.
Weight of C6 2 obtained=.sB72 gm.
Sulphur and nitrogen determined as previously stated.

Carbon 84.61
Hydrogen 9.42
Sulphur 6.40
Nitrogen Trace
Ash (by difference) Trace

100.43
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closely resembled liquid nitrogen trioxide (N2O3, or a mixture of NO
and \O2). Upon pouring water into this clear liquid nitric oxide (NO)
was given off and a yellow precipitate formed in the case of No. 1605,
an orange-colored precipitate in the case of No. 1606, and no precipitate
in the case of No. 1607. These precipitates were collected, washed and
preserved for subsequent study. They are soluble in water and in con-
centrated nitric acid, but very much less soluble in dilute nitric acid.
An attempt to produce them by the action of fuming nitric acid upon
samples of the same petrolenes when treated at atmospheric pressure
failed; but when treated in the sealed tube the results just given were
reproduced. These nitro-derivativs are reserved for future study. Simi-
lar derivatives were encountered in the heavy crude oil obtained from
Waiters Park, Texas. See infra.
THE ACTION OF AX ALCOHOLIC SOLUTION OF MERCURIC CHLORIDE AXD

ACETATE OF SODA.

The petrolenes 1605, 1606 and 1607 were dissolved in petroleum ether
(sp. gr. 0.6345 at 23° C.—73.4° F.), and treated with an alcoholic solu-
tion of mercuric chloride and acetate of soda. Apparently no reaction
whatever occurred, thus showing that the sulphur content of these par-
ticular petrolenes was in some form other than that of mercaptans and
sulphides.

THE ACTION OF SULPHURIC ACID UPON PETROLENES 1605, 1606, 1607.

Petrolenes 1605, 1606 and 1607 were separately dissolved inpetroleum
ether and the solutions separately treated with concentrated sulphuric
acid. In each instance a heavy tar-like sludge formed and an aromatic
odor was developed. Time did not permit going more deeply into these
reactions; but it is deemed well worth the while to record the result of
the preliminary examination, pending a fuller investigation.

BROMINE ABSORPTION AND HYDROBROMIC ACID PRODUCED.

These values, studied in connection with the other data here presented
shed some light upon the petrolene complex obtained from the various
asphalt rocks of Texas, but now is not the time to indulge in theoretical
considerations.

THE ASPHALTENE COMPLEXES OBTAINED FROM SAMPLES 1605, 1606, 1607.

Of these three asphaltene complexes only that of sample No. 1605 con-
tained a de terminable quantity of bitumen insoluble in carbon disul-
phide but soluble in chloroform. The data presented under this heading
were obtained from the investigation of the residuum from the carbon
disulphide extract (after petroleum ether). The carbon disulphide was
distilled off, then each residuum was subjected to the prolonged action

2,4329.37Xo. 1607, Petrolene
3.56

'i.1i28.83
37.46

Xo. 1605, Petrolene
Xo. 1606, Petrolene

HBr.
Produced.

Bromine
Absorption.

Bromine
Absorption.

HBr.
Produced.

Xo. 1605, Petrolene
Xo. 1606, Petrolene

28.83
37.46

i.1i
3.56

'

Xo. 1607, Petrolene 29.37 2,43
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of a vacuum, and to a partial vacuum over sulphuric acid for days before
analysis.

In appearance these three asphaltene complexes look to be identical.
They are glossy black, very friable, and easily reduced to powder. The
powder is dull black, and when rubbed on calendared white paper leaves
a brown stain. All three are soluble in the petrolene complex, and the
resulting solution gives to asphalt any cementitious properties possessed
by same, i. c., the cementitious value of an asphalt resides in the petro-
lene solution of the asphaltene complex which is soluble in carbon disul-
phide. Marked differences in specific gravity and in ash ormineral con-
tent are presented inevidence.

The ash quantitatively differs in different layers of separate specimens
of the asphaltene complexes. This point willbe further examined, as
willalso the question of presence or absence of oxygen.

Some work along this line already done in this laboratory supports
Kichardson^s contention that the soluble bitumen of asphalt does not
contain oxygen, and for that reason in the following analyses ash is
reported "by difference," oxygen considered as absent. In some of the
analyses made the ash was directly determined by weighing same in the
platinum boat used in the combustion. Sulphur was determined by the
method of Carius, and nitrogen by that of Kjeldahl.

ASPHALTENE COMPLEX EEOM SAMPLE 1605.

Ultimate Analysis.

ASPHALTENE COMPLEX FKOM SAMPLE 1606.

(Specific gravity,f§r§: =0.8064.)

Ultimate Analysis.

100.00

Carbon 71.01
Hydrogen 7.06
Sulphur 6.53
Nitrogen 0.50
Ash (by difference) 14.87

Weight of substance taken for carbon and hydrogen=o.264l gm.
Weight of H,O obtained=o.l679 gm.
Weight of C0 2 obtained=o.6BBo gm.

100.00

Carbon 77.66
Hydrogen 8.71
Sulphur 1.80
Nitrogen 0.53
Ash (by difference) 11.30

Weight of substance taken for carbon and hydrogen= 0.1471 gin.
Weight of H2OH20 obtained=o.lls4 gm.
Weight of CO, obtained=o.4lB9 gm.

Weight of substance taken for carbon and hydrogen= 0.1471 gin.
Weight of H2OH20 obtained=o.lls4 gm.
Weight of CO, obtained=o.4lB9 gm.

Carbon 77.66
Hydrogen 8.71
Sulphur 1.80
Nitrogen 0.53
Ash (by difference) 11.30

100.00

Weight of substance taken for carbon and hydrogen=o.264l gm.
Weight of H,O obtained=o.l679 gm.
Weight of C0 2 obtained=o.6BBo gm.

Carbon 71.01
Hydrogen 7.06
Sulphur 6.53
Nitrogen 0.50
Ash (by difference) 14.87

100.00
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ASPHALTENE COMPLEX FKOM SAMPLE 1607.

(Specific gravityJgrg= l.2l3o.)

Ultimate Analysis.

TREATMENT WITH FUMING NITRIC ACID.

When subjected to the action of fuming nitric acid under conditions
similar to those described under the petrolene complexes no nitro deriv-
atives were obtained.

BROMINE ABSORPTIOX AXD HYDROBROMIC ACID PRODUCED.

It is possible that these values throw a modicum of light upon the
loss of asphaltene and gain of petrolene, and vice versa, exhibited in
Table 7.

THE CHLOROFORM SOLUBLE.

The chloroform soluble (after carbon disulphide) residuum is obtained
by distilling off the chloroform. It appears as a black, hard, glossy
substance, pulverizing to a brown powder. It seems to be devoid of
cementitious qualities. Itis not a conspicuous component of the asphalt
rocks of Texas.

"SOFT GUM"" AXD "HARD GUM" INDUSTRIAL PRODUCTS OBTAINED FROM
UVALDE ASPHALT ROCK.

Petrolene complex 27;77
Asphaltene complex 71.23
Ash (by difference) 1.00

roximate (Jomposttion of ooft Urum, sample Jyo. loi

4.37

17.37
None

tißr.
Produced

Bromine
Absorption.

53.01
20.29
27.70

STo. 1605, Asphaltene
STo. 1606, Asplialtene
S"o. 1607, Asphaltene

100.00

Carbon 58.95
Hydrogen 6.30
Sulphur 5.56
Nitrogen 0.36
Ash (by difference) 28.83

Weight of substance taken for carbon and hydrogen=o.267B gm.
Weight of H2OH 20 obtained=o.ls2o gm.
Weight of C02 obtained=o.sB22 gm.

Weight of substance taken for carbon and hydrogen=o.267B gm.
Weight of H2OH 20 obtained=o.ls2o gm.
Weight of C02 obtained=o.sB22 gm.

Carbon 58.95
Hydrogen 6.30
Sulphur 5.56
Nitrogen 0.36
Ash (by difference) 28.83

100.00

STo. 1605, Asphaltene
STo. 1606, Asplialtene
S"o. 1607, Asphaltene

Bromine
Absorption.

53.01
20.29
27.70

tißr.
Produced

17.37
None
4.37

roximate (Jomposttion of ooft Urum, sample Jyo. loi

Petrolene complex 27;77
Asphaltene complex 71.23
Ash (by difference) 1.00
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The percentage of the two complexes, petrolene and asphaltene, capa-
ble of being extracted from the original substance largely depends upon
the length of time the solvent is permitted to act on the substance. The
petroleum ether extract obtained by macerating or digesting the "gum"
with a given quantity of the solvent through a period of forty-eight
hours contains a very much larger percentage of "soluble" than is
obtained by continuous extraction using the Soxhlet extractor. This
fact has been previously pointed out by other investigators, and is
explained as being due to the action of a concentrated solution of the
petrolene complex upon the asphaltene complex, which strongly empha-
sizes the importance of explicitness in reports of analyses of asphalt,
asphalt rocks and their products.

Ultimate Analysis of "Soft Gum," No. 1598.

In this analysis the petroleum ether was permitted to remain in con-
tact with the substance seven hours.

Petrolene complex Trace
Asphaltene complex 98.22
Mineral matter (by difference) 1.78

Proximate Composition of "Hard Gum," Sample No. 1599.

Note.
—

-This determination was made on the sample 1598, dried over
sulphuric acid thirty-six hours.

99.09

Hydrogen 10.71
Sulphur 5.44
Nitrogen 0.30
Ash (determined by direct weight) 4.00

Carbon 78.64

(II) Weight of substance taken for carbon and hydrogen=o.l273 gm.
Weight of H,O obtained=o.l22B gm.
Weight of CO 2 obtained=o.367o gm.

ISTote.
—

This determination was made on a sample as it came out of
its original container. It was not dried in vacuo.

100.00

Carbon 78.33
Hydrogen 10.01
Sulphur 5.41
Nitrogen 0.20
Ash (by difference) 6.05

(I) Weight of substance taken for carbon and hydrogen=o.lsBo gm.
Weight of H2OH20 obtained^ 0.1424 gm.
Weight of CO2 obtained=o.4s3B gm.

(I) Weight of substance taken for carbon and hydrogen=o.lsBo gm.
Weight of H2OH20 obtained^ 0.1424 gm.
Weight of CO2 obtained=o.4s3B gm.

Carbon 78.33
Hydrogen 10.01
Sulphur 5.41
Nitrogen 0.20
Ash (by difference) 6.05

100.00

ISTote.
—

This determination was made on a sample as it came out of
its original container. It was not dried in vacuo.

(II) Weight of substance taken for carbon and hydrogen=o.l273 gm.
Weight of H,O obtained=o.l22B gm.
Weight of CO 2 obtained=o.367o gm.

Carbon 78.64
Hydrogen 10.71
Sulphur 5.44
Nitrogen 0.30
Ash (determined by direct weight) 4.00

99.09

Note.
—

-This determination was made on the sample 1598, dried over
sulphuric acid thirty-six hours.

Proximate Composition of "Hard Gum," Sample No. 1599.

Petrolene complex Trace
Asphaltene complex 98.22
Mineral matter (by difference) 1.78
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Ultimate Analysis.

The sample was dried over sulphuric acid.

SYNOPTIC TABLE OP THE ULTIMATE ANALYSES.

TABLE NO. 10.

*Bydifference. + Direct determination by weight. (/) On raw sample. (II)Sample
dried invacua.

100.00 99.09 99.38

Carbon 78.33 78.64 78.28
Hydrogen 10.01 10.71 8.97
Sulphur 5.41 5.44 7.29
Nitrogen 0.20 0.30 0.36
Ash 6.05* 4.00t 4.48f

No. 159S (I). No. 159S {II).No. 1599.

The Industrial Products
—

"Soft Gum" and "Hard Gum."

100.00 100.00 100.00

Carbon 77.66 71.04 58.95
Hydrogen 8.71 7.06 6.30
Sulphur ... 1.80 6.53 5.56
Nitrogen 0.53 0.50 0.36
Ash (by difference) 11.30 14.87 28.83

No. 1605. No. 1606. No. 1607.

The Asphalt ene Complexes.

*
By difference.

98.71 100.00 100.43

Carbon 86.14 79.40 84.61
Hydrogen 11.49 9.89 9.42
Sulphur 0.78 5.00 6.40
Nitrogen 0.30 trace trace
Ash trace 5.71* trace

No. 1605. No. 1606. No. 1607.

The Petrolene Complexes.

99.38

Hydrogen 8.97
Sulphur 7.29
Nitrogen 0.36
Ash (by direct weight) 4.48

Carbon 78.28

Weight of substance taken for carbon and hydrogen=o.lBB6 gm.
Weight of H9OH90 obtained=o.ls24 gm.
Weight of C02 obtained=o.s4l4 gm.

Weight of substance taken for carbon and hydrogen=o.lBB6 gm.
Weight of H9OH90 obtained=o.ls24 gm.
Weight of C02 obtained=o.s4l4 gm.

Carbon 78.28
Hydrogen 8.97
Sulphur 7.29
Nitrogen 0.36
Ash (by direct weight) 4.48

99.38

The Petrolene Complexes.

No. 1605. No. 1606. No. 1607.

Carbon 86.14 79.40 84.61
Hydrogen 11.49 9.89 9.42
Sulphur 0.78 5.00 6.40
Nitrogen 0.30 trace trace
Ash trace 5.71* trace

98.71 100.00 100.43*
By difference.

The Asphalt ene Complexes.

No. 1605. No. 1606. No. 1607.

Carbon 77.66 71.04 58.95
Hydrogen 8.71 7.06 6.30
Sulphur ... 1.80 6.53 5.56
Nitrogen 0.53 0.50 0.36
Ash (by difference) 11.30 14.87 28.83

100.00 100.00 100.00

The Industrial Products
—

"Soft Gum" and "Hard Gum."

No. 159S (I). No. 159S {II).No. 1599.

Carbon 78.33 78.64 78.28
Hydrogen 10.01 10.71 8.97
Sulphur 5.41 5.44 7.29
Nitrogen 0.20 0.30 0.36
Ash 6.05* 4.00t 4.48f

100.00 99.09 99.38

*Bydifference. + Direct determination by weight. (/) On raw sample. (II)Sample
dried invacua.
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TABLE SHOWING BROMINE ABSORPTION, HYDROBROMIC ACID LIBERATED,
AND SULPHUR AND NITROGEN IN THE PETROLENE AND

ASPHALTENE COMPLEXES OBTAINED PROM
THE ASPHALT ROCKS OF TEXAS.

TABLE NO. 11.

The following table is taken from an article "On the Nature and
Origin of Asphalt," by Clifford Eichardson (loc. cit.) :

BROMINE ABSORPTION AND SULPHUR IN ASPHALTS,, ETC.

TABLE NO. 12.

16.40
15.82
39.72
11.23

9.16
7.41
8.82

/ 3.18
1 3.62

20.80
22.15
34.07
33.41
23.07
23.80
21.42

4.22

0.60
0.46
2.26
2.07
1.15
0.84
0.55

Pittsburg flux
Kerosene
Petroleum residuum, Perm
Petroleum residuum, Perm
Petroleum residuum, Ohio
Petroleum residuum, Ohio
Asphalt oil distilled invacua, 210°-220°C
Asphalt oildistilled invacuo, 260°C
Asphalt oil distilled invacuo, 270°C

18.20
10.87
12.19
12.58

9.54
8.40
7.43
7.35

19.25
15.31
13.74
18.89
12.49
15.74
12.21
14.07

15.31
16.09
16.83
16.95
19.85

|29.21
) 21.09
j30.42
( 29.99

24.46
19.75
32.89
25.38
j29.71
j24.22
f 21.80

132.69
20.83
26.78
23.21
23.11

j23.22
I23.73
\ 39.16
|38.54
j25.40
\ 29.31
j28.86
125.89

3.25
3.01

10.07
4.78

5.23

5.87

3.31

1.40

2.29

1.32

Trinidad OilSpring

Trinidadpure bitumen

"Petrolene" \ TrinidadPetroiene ( Bermudez
"Asnhaltpnp"-! TrinidadAspnaitene -j Bermudez
Bermudez soft asphalt, j

middle of lake )

Bermudez softer asphalt, |
middle of lake S

Bermudez softest asphalt, )

middle of lake f
Bermudez oil volatilized j

from the asphalt S
Asphalto maltha, California

Pedernales refined ,

Alcatraz liquid asphalt

Asphalt cement from Berlin surface

HBr.Bromine
Absorption.Sulphur.

Bromine nR
Absorption. \u25a0

28.83 7.17
37.46 3.56
29.37 2.43
53.01 17.37
20.29 none.
27.70 4.37
not determined.

Sulphur.

0.78
5.00
6.40
1.80
6.53
5.56
5.41
5.44
7.29

Nitrogen.

0.30
trace
trace

0.53
0.50
0.36
0.20
0.30
0.35

No. 1605. Petrolene complex
No. 1606. Petrolene complex
No. 1607. Petrolene complex
No. 1605. Asphaltene complex...
No. 1606. Asphaltene complex...
No. 1607. Asphaltene complex...
No. 1598. "Soft-Gum" complex...
No.1598. "Soft-Gum" complex...
No. 1599. "Hard-Gum" complex.

No. 1605. Petrolene complex
No. 1606. Petrolene complex
No. 1607. Petrolene complex
No. 1605. Asphaltene complex...
No. 1606. Asphaltene complex...
No. 1607. Asphaltene complex...
No. 1598. "Soft-Gum" complex...
No.1598. "Soft-Gum" complex...
No. 1599. "Hard-Gum" complex.

Nitrogen.

0.30
trace
trace

0.53
0.50
0.36
0.20
0.30
0.35

Sulphur.

0.78
5.00
6.40
1.80
6.53
5.56
5.41
5.44
7.29

Bromine nR
Absorption. \u25a0

28.83 7.17
37.46 3.56
29.37 2.43
53.01 17.37
20.29 none.
27.70 4.37
not determined.

Sulphur. Bromine
Absorption. HBr.

Trinidad OilSpring

Trinidadpure bitumen
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HEAVY CRUDE PETROLEUM FROM WAITERS PARK, TEXAS.

Sample No. 1601, examined in this laboratory, gave the following
results :

Specific gravity, 30° C. (86° F.), 0.960, equivalent to 16° Beaume.
Barometer, 748 m.m.;color, black, brown in thin layers; odor, crude
petroleum; viscosity not determined; flash point, does not flash; burn-
ing point not determined; heating power, 18835. B. T. 11.= calories,
10474.

Distillation yielded the following fractions (35 m.m.Ifincs. pressure) :

PROXIMATE ANALYSIS OF THE RESIDUUM OF SAMPLE NO. 1601.

The crude oil (1601) forms a nitro-derivative when acted upon by
fuming nitric acid as hereinbefore described.

As willbe seen from the analysis of the sample (1601) the crude
material, when properly treated, is capable of yielding 39.2 per cent,
of "soft gum" or semi-liquid asphalt.

SUMMARY.

1. The asphalt rocks of Texas (Jasper county sample 1459 excepted)
contain practically no moisture, and only 0.07 per cent, to 0.43 per cent,

of matter that volatilizes when subjected to a temperature of 100° C.
(212° F.) four hours. When subjected to a temparature of 200° C.
(392° F.) seven hours the volatilized matter ranges in amount from a
minimum of 0.80 per cent. (Uvalde, 1606) to a maximum of 5 per cent.
(Jasper, 1459). Some of them (samples 1066, 1393, 1459, 1605, and
1607) appear to absorb oxygen when maintained at a temperature of
100° C. (212° F.) seven hours.

2. In the samples examined, the lowest amount of total bitumen
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found was 0.65 per cent, in 1061; the highest was 27.26 per cent, in
1459. In the raw sample, the lowest amount of petrolene found was 0.65
per cent, in 1061, the highest found was 2-1.14 per cent, in 1459; the
lowest amount of asphaltene found was a trace in 1061, 1392, and 1403,
the highest was 17.24 per cent, in 1580.

3. On the basis of total bitumen present, the lowest amount of petro-
lene found was 8.16 per cent, in 1580, the highest was 100 per cent, in
1061, 1392, and 1403 and 94.72 per cent, in 1453; the lowest amount of
asphaltene found was none in 1061, 1392 and 1403 and 5.28 per cent, in
1453, and the highest was 91.84 per cent, in 1580.

4. Organic matter not bitumen was present in determinable quantity
only in sample 1459.

5. Less than 20 per cent, of asphaltene was found in the total bitu-
men of samples 1054, 1061, 1111, 1112, 1113, 1392, 1393, 1394, 1395,
1396, 1403, and 1453; more than 25 per cent, but less than 50 per cent,

asphaltene in the total bitumen of samples 1197, 1210, 1454, 1455, 1459,
1600 and 1605 ;more than 50 per cent, and less than 92 per cent, asphalt-
ene in the total bitumen of samples 1066, 1095, 1580, 1581, 1606 and
1607. The properties exhibited by these asphalt rocks do- not support
Tillson's contention relative to the limits of proportion of petrolene to
asphaltene in total bitumen intended for paving purposes, but they do
support Peckham's view (loc. cit.).

6. Upon a casual examination of the data here included itappeared as
though the asphalt rocks of Texas could be broadly classified as repre-
senting two distinct groups : (1) yielding a "maltha/ (2 ) yielding
"hard asphalt," It seemed that' the asphalt rocks of Montague, Cooke,
Anderson, and Jasper counties belonged to the maltha group, and that
those of Uvalde and Burnet counties belonged to the hard asphalt group.
Upon deeper investigation a transitional group developed; and finally it-
was shown that all three types could be found in specific samples taken
from all of these counties. The classification, therefore, is only a tenta-
tive one. Itmerely serves a temporary purpose until the whole subject
can be more deeply gone into. A close study of the results exhibited in
tables 5, 6, 7, 8, and 9 willshow the futility of any attempt at a classifi-
cation of asphalt rocks based upon superficially acquired data.

7. The high percentage of ash found in the asphaltene complexes of
samples 1605, 1606 and 1607, coupled with the further fact that the min-
eral content was not uniformly distributed throughout the samples used
for these particular ultimate analyses, precludes their further considera-
tion here. While the solutions from which these asphaltenes were
obtained appeared to be homogeneous itis quite probable that the bulk
of the mineral matter reported as ash was not in a state of chemical com-
bination, but merely in one of mechanical suspension. The time at hand
did not permit prolonged settling or even centrifugalization before evap-
oration of the solution. These complexes willbe re-examined under more
favorable conditions.

8. The question of the presence of oxygenated compounds in the nat-
ural bitumen of the asphalt rocks of Texas has not been finally answered;
but the experimental evidence thus far adduced strongly points co the
absence of oxygen in the bitumen found in the Texas asphalt rocks.

9. The ultimate analyses, the nitrogen and sulphur content, the action
of fuming nitric acid, sulphuric acid, bromine absorption and hydro-
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bromic acid produced, all strongly support the view of Kichardson 1 rela-
tive to the nature and origin of asphalt. Confronted with these facts the
opinion is justified, that the bitumen found in the asphalt rocks of Texas
fairly meets the requirements of Kichardson^s definition:

"The natural bitumen, which is known as asphalt, is composed, as far
as we have been able to learn, of saturated and unsaturated di-cyclic, or
polycyclic, alicyclic hydrocarbons and their sulphur derivatives, with a
small amount of nitrogenous constituents. Asphalt may, therefore, be
defined as any hard bitumen composed of such hydrocarbons and their
derivatives which melts on the application of heat to a viscous liquid;
while a maltha or soft asphalt may.be defined as a soft bitumen, consist-
ing of alicyclic hydrocarbons, which, on heating, or by other natural
causes, becomes converted into asphalt. The line between the two classes
cannot be sharply drawn."

10. A complete investigation of the asphaltic petroleums of Texas
will throw additional light upon the vexatious problem of the constitu-
tion of asphalt.

It is beyond the purpose of this chapter to enter into a theoretical
discussion of the chemical complexes found in the asphalt, rocks of
Texas. The theoretical aspect of the subject is full of temptation; but
sober judgment prompts one to approach with caution "where angels
fear to tread." For the present, the author contents himself with the
belief that, with the collaboration of his assistants, Messrs. 0. H. Palm
and S. H. Worrell, to whom his grateful thanks are here acknowledged,
he has, at least to some degree, extended our chemical knowledge of the
asphalt rocks of Texas. What has been done is, indeed, small, when
compared with the broader problem which yet confronts us.

Note.
—

The coal production in Texas in 1901 was 1,086,012 tons val-
ued at $1,885,983. Item received too late for insertion in table on p. 70.
IClifford Richardson —"On the Nature and Origin of Asphalt." Reprint, urith

corrections and additions, from an article in the Journal of the Society of
Chemical Industry, for January, 1898.
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