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PREFACE.

This book has been written at the request of several
friends. I began experimenting on bitumens while a student
in Brown University in 1859. Interrupted by the Civil War, I
again took up the work on the Pacific Coast in 1865 and it has
been prosecuted almost continually until the present time, a
period of forty years. Happy in the personal friendship of C.
M. Warren, in whose laboratory I spent several months, I have
used nearly every method of investigation that has been pro-
posed in the United States and Europe, and have read nearly
everything that has been published relating to bitumens from
Boussingault’s Memoir to the present time. It would be
strange, if, with such experience, I had not learned much that
might be useful to my fellow men. This is my apology for
offering a work on solid Bitumens.

The word Asphalt has become so hackneyed through mis-
use, that I have avoided its use wherever possible.

While the work represents much of personal experience,
my aim has been to offer everything of value relating to the
subject, giving full justice to all, whether they agree with me
or not. If anything essential has been omitted, it is done
through inadvertence, without intention. So far as has been
possible, reference has been made to original memoirs. I am
aware that there may be instances in which I have not met
the originals, in which case the wrong reference is accidental.

With these few words of explanation and apology, I dedi-
cate my work to my fellow laborers in a field of vast extent
and intricate paths, the boundaries of which no man living will
discover. S SR

New York, October 1, 1900.
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PART I

THE NATURAL HISTORY OF
BITUMENS.






INTRODUCTION.

The exact meaning of the word “bitumen” has in
recent years become involved in some obscurity. In antiquity,
and, indeed, until a recent date, it had a definite meaning.
For instance, in Genesis xi, 3, a Hebrew word occurs which
designates the cementing substance used in constructing the
walls of the tower of Babel. In the Septuagint this word is
translated asphaltos, and in the Vulgate bitumen. In the
Bishops' Bible of 1568, and in subsequent translations into
English; the word is rendered “slime.” In the Douay transla-
tion of 1600 it is “bitume.” In the Protestant French trans-
lation it is “bitume.” In Luther’s German Bible it is “thon,”
the German word for clay. In removing the magnificent ala-
baster slabs that were used to adorn the palaces of Ninevah
and Babylon, it has been discoverd that the material used to
cement and hold the slabs in position, was mineral pltch
softened by heat.

~ The word “asphaltum” is said to be derived from a, privi-
tive and o¥aMa, “T cause to slip.” It therefore signiﬁes
a substance that prevents one from slipping, and it was ap-
plied to the solid forms of bitumen that soften in the sun.
This substance was not rare in so-called Bible lands, embrac-
ing the valley of the Tigris and Euphrates, the tablelands of
Mesopotamia and the valley of the Jordan. It was of fre-
quent occurrence along the shores of the Dead Sea, and was
gathered and sold in the caravan trade that passed through
the land of Moab and Petrea into Egypt, where it was sold
for the linings of silos and cisterns and for use in embalming
the dead. Cisterns and silos are still intact that were built in
Petrea and Egypt, and lined with asphaltum from two- to
three thousand years ago, yet the manner of their construc-
tion and the locality from which the bitumen was obtained,
and even by whom they were built, is at present unknown.

During the Middle Ages, asphaltum and other forms of
bitumen appear to have found but few uses, and they are sel-

I



2 y SOLID BITUMENS.

dom mentioned. The words bitumen, asphaltum, petroleum’
and naphtha appear to have been used with different mean-
ings, and also interchangeably or synonymously; yet the
words were generally used to signify a thing that was located
and defined by further description, so that the bitumen of the
Dead Sea was recognized as asphaltum, or solid bitumen ; that
of Zante as petroleum, etc.

It is only within the nineteenth century that any serious
confusion in nomenclature has appeared, and then the trouble
has arisen almost wholly from commercial considerations.
About the year 1830, the French schist oil began to assume
importance. Later, the Scotch paraffine industry arose, and
during the decade from 1850 to 1860 extended from Scotland
to the United States, into which both the material used and
the methods of manufacture were imported. In France the
materials used were properly called “the bituminous shales
of Autun.” In Scotland the material was called “boghead
coal,” “boghead shale” and “boghead mineral;” it was also
called torbanite. 'The expense attending the importation of
the boghead shale into the United States, led the Downer
Kerosene Oil Co., of Boston, Mass., and Portland, Me., to
make an exclusive contract for the Albertite of New Bruns-
wick. It was called Albert Coal, asphalt, pitch, etc.; and, for
commercial reasons, became the subject of a very important
lawsuit, in which, as experts, scientific men gave very conflict-
ing testimony, one party claiming that the material was as-
phaltum, and the other that it was coal. It was finally decid-
ed that the material was not coal and did not belong o the
crown.* This decision established the fact, both in law and
science, that asphaltum is not coal.

In line with this decision, the late Dr. T. Sterry Hunt,
as long ago as 1863, separated pyrobituminous from bitumin-
ous minerals. The fundamental principle underlying the use
of this word “pyrobituminous,” exists in the fact, that schists,
shales and all crude coals, except anthracite, together with
many other substances, wholly or in part of organic origin,

*Taylor’s “Statistics of Coal,” Philadelphia, 1855, p. 516. Taylor’s depo-
sition before the Supreme Court at Halifax, N. S., resvecting the asphaltum
mine at Hillsborough, Philadelphia, 1851. On a New Variety of Asphalt,
C. M. Wetherell. Trans. Am, Philos. Society (N. S.), 10, 353.

tAm. Jour. of Science (2) 35 p. 157. Chemical and Geological E 5
J. R. Osgood & Co., Boston, 1875. e o



INTRODUCTION. 3

yield products that resemble bitumens on being heated to
destructive distillation. Why this clearly scientific, and very
convenient distinction has not been made the foundation upon
which all scientific definitions relating to bitumens proceed,
is difficult to explain. Yet, until this distinction is fully rec-
ognized, writers will continue to mix up bituminous coals,
schists of Autun and Mansfield, boghead mineral, etc., with
all sorts of bitumens to the infinite confusion of the discus-
sion of bitumens. These coals, schists and shales, while
containing a large amount of organic matter, are nearly as
insoluble in the solvents of bitumen, viz.: ethyl ether, chlor-
oform, benzole, etc., as they are in distilled water; hence Dr.
Hunt made the action of these solvents exclusive of the two
classes of substances. All true bitumens are miscible with,
or almost wholly soluble in chloroform, a test that clearly
separates them from pyrobituminous minerals. So-called
“‘asphaltic coals” are not coals at all, but are simply geologi-
cally old asphaltums.

The word bitumen therefore is a generic term that in-
cludes a large number of substances that are brought together
by reason of possessing certain physical properties in com-
mon. Under this generic term the species are not yet clearly
defined. The words, natural gas, naphtha, petroleum, maltha,
asphaltum and asphalt, are not names of things having a
constant and well recognized chemical composition. When
a true system of nomenclature shall have been adopted, under
which the species and subspecies under bitumen shall receive
appropriate names, it will be found that a species may occur
in nature in any or all of the several conditions, from natural
gas to asphaltum. A true system, therefore, must name and
classify the bitumens themselves.

In any attempt to define bitumen, it is at once apparent
that there are a large number of minerals, consisting in part
of bitumen that are, strictly speaking, rocks. To this class of
substances belong the Seyssel limestone and sandstone of the
upper valley of the Rhone, the Limmer and Ragusa rocks,
the Niagara limestone of Chicago, the bituminous limestones
and sandstones of Utah and - Oklahoma, the Turrell-
ite of Texas, the sandstones of Kentucky, the Athabasca
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River and California. These occur in beds of sedimentary or
crystalline rock, often of immense extent and thickness, im-
pregnated with bitumen of varying consistency and quality.
Sometimes, the bitumen is found to be quite fluid after it is
separated from the rock, but it is never solid. In some in-
stances it may become solid, by exposure to atmospheric influ-
ences, and in others not. Mr. Malo and other I'rench writers
have called these rocks “asphalte.” They have also called
asphaltum by the same name, as if the things were identical
and the words synonymous. German authors have generally
used the French word. Among English speaking peoples
great confusion has followed an attempt to use the French
word, as the most unlike things are called “asphalt.” The
author suggested using the word asphalte to designate only
the different bituminous rocks, but in a late letter, Prof.
George Lunge informs me that the French and German lan-
guages present difficulties, wellnigh insurmountable when
such an attempt is made.

The so-called Trinidad pitch, as it is found in and around
the lake, is a unique mixture of bitumen, with mineral and
vegetable matter, which is inflated with gas. When removed
from the deposit, the water rapidly dries out, the gas escapes,
the mass becomes brittle and changes from a brown to a blue-
black color, acquiring a sticky consistency as it loses water.
If the dried mass is put into water, the water is reabsorbed
- and the mass again becomes brown. ‘At a rough estimate, less
than 25 per cent of the natural cheese pitch that fills the lake
is bitumen. Trinidad pitch is only in part bitumen and is a
complex mineral species, for which the author has elsewhere
suggested the name “Parianite,” from the formation in which
the celebrated lake occurs.*

From the earliest mention of the substance in Greek and
Roman literature, to within what is termed the modern period,
the typical asphaltum of commerce has been the solid bitumen
found on the shores of the Dead Sea. In later years, as the
knowledge of mankind has extended, not only respecting the
surface and extent of the surface of the earth, but also re-
specting the things found in and upon that surface, the word

*Journal of the Franklin Institute, Nov., 1895.
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asphalt has been used to designate a number of substances
that may be arranged in a series, the members of which differ
but slightly in those closely related, but very widely in the
extremes. The confusion arising from this cause has been of
slow growth, and has led to inconvenience only within com-
paratively recent years. '

In the English translation of Boerhaave's Chemistry
published in London in 1732, which was a classic in its time,
asphaltum, with other forms of bitumen, is classed as a vari-
ety of sulphur. At present these substances are no longer
associated, but a great lack of clearness has arisen from the
inability of many writers to appreciate the differences that
exist between substances with which they are locally familiar,
and other similar, but in many respects quite different mate-
rials found in other localities. There is, too, a disposition to
name any solid mineral containing bitumen, asphaltum or
asphalt, without regard to either the kind or amount of im-
purities with which the bitumen is associated. Another source
of confusion is found in the fact that for various reasons those
substances more or less closely allied to the natural solid
bitumens that are by-products of many technical processes,
have been named and described as asphaltum gr asphalt
These substances are often not bitumen at all.

Still another source of confusion is the use of the word
pitch as an equivalent for asphaltum. This-word comes down
through all modern languages from an unknown antiquity and
has been used with its equivalent to designate the tarry or
resinous residuum obtained by boiling down or distilling the
turpentine of coniferous trees. It is a vegetable substance
originality. The term mineral pitch has been applied to the
purer forms of asphaltum that resemble in appearance the
black pitch of the apothecaries. The Germans also use the
term “glance pitch” to designate those very pure and hard
varieties of asphaltum that break with a brilliant, glistening
fracture, resembling obsidian more nearly than the less pure
varieties of asphalt. This use of the word pitch, specialized
as mineral pitch, as equivalent to asphaltum, while having
little to recommend it, was not particularly objectionable until
it became gradually applied to a great variety of substances,
many of which are the same by-products of manufacture al-
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luded to above. These artificial by-products have also been
called artificial asphaltums and asphalts, and in some in-
stances artificial bitumens. They are solid residuums obtained
from the distillation, usually destructive, of coal tar, blast-
furnace tar, coke oven tar, candle tar, California petroleum,
maltha, etc.*

Reference has already been made to the distinction made
by Dr. Hunt between coals and bitumens by the use of sol-
vents. The natural bitumens are not as readily to be dis-
tinguished as pyrobitumens from the pitches or artificial bitu-
mens so-called, as the latter are miscible with nearly equal fa-
cility in nearly all the menstrua that dissolve natural
bitumens. They are, however, more easily to be distinguished
by chemical tests and are in no manner equivalent to each
other. The artificial bitumens, so-called, possess far less
chemical stability in the atmosphere than natural bitumens.
Mr. Clifford Richardson has very happily chosen the name
“residual pitch” to designate these products of destructive dis-
tillation.

The word bitumen may, therefore, be strictly defined as
a generic term that is used to designate a class of minerals
as they occur in nature, that are soluble in chloroform and
other neutral liquids. They all consist principally of com-
pounds of carbon and hydrogen, but often contain compounds
of nitrogen, sulphur and oxygen, and in the solid forms, com-
pounds of iron and alumina. The species under bitumen oc-
cur in the gaseous, liquid and solid states and in mixture with
solid minerals to form rocks.

This work is devoted to a discussion of the solid forms
of bitumen and their uses in the construction of pavements.

*Paving & Municipal Engineering, 1894, Vi, vii, p. 310.



CHAPTER I

THE GEOGRAPHICAL DISTRIBUTION OF SOLID
AND SEMI-SOLID BITUMENS AND
BITUMINOUS ROCKS.

In the valley of the Connecticut River solid bitumens
have been observed filling thin seams and veins in eruptive
rocks.*

In the eastern portion of the state of New York, in the
region of eruptive and metamorphic rocks, veins occur similar
to those reported from Connecticut.f In some of the cavities
of the New York limestones the crystals which line them are
covered with a substance, black and shining, with the frac-
ture and appearance of anthracite.

Veins occur in the trap of New Jersey filled with a bitu-
minous mineral.}

In Ritchie county, West Virginia, on McFarland’s Run,
a small tributary of the south fork of Hughes River, which
enters the Littie Kanawha, is found a vein of bituminous
material, called asphaltum, and named Grahamite, which is
no doubt closely related to other forms of bitumen, but in
precisely what manner, has been a subject of much contro-
versy. The vein cuts the nearly horizontal sandstone strata
nearly at right angles and %stands vertical to the horizon.
Very extensive mining operations were commenced upon the
vein, but the mass was soon worked down to the lower level
of the sandstones, and was found to pinch out in the shales
beneath. It presented all of the phenomena of an eruptive
mass. The material was found to be very valuable for enrich-
ing illuminating gas, for which it was chiefly used; but a
thickness of several hundred feet of shale, in which it was
almost entirely wanting, prevented continuous working, and
the mine has long been abandoned. Other smaller but other-

*J. C. Percival on ‘“Indurated Bitumen,” Geol. of Conn., Am. Jour. Sci-
ence (3), xvi, 130

L. C. Beck, Am. Jour, Science (1) xlv, 335.
11. C. Russell, Am. Jour. Science (3), xvi, 112,

7
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wise similar veins occur in the neighborhood. Irom a visit
made to the Grahamite deposit in 1881 and a very careful
examination of the locality in company with several of the
men who helped mine out the deposit, the author concludes,
after several hours’ conversation with these men, that the
only description of the occurrence of Grahamite that conforms
to the observed facts is found in the report of Prof. Henry
Wurtz, published in 1865. His observations were made while
the mine was being operated. He says: “The general aspect
of the mass, as well as all the results of a minute examina- -
tion of the accompanying phenomena, lead irresistibly to the
conclusion that we have here a fissure which has been filled
by an exudation, in a pasty condition, of a resinoid substance
derived from or formed by some metamorphosis of unknown
fossil matter contained in deepseated strata intersected by the
fissure or dike. It is not necessary to suppose a degree of
fluidity greater.than semifused pitch or inspissated tar. Such
a soft doughy mass, though flowing but slowly, would in time
be forced by a very moderate pressure into every portion and
into every crevice of the fissure.”’*

In Texas, near the mouth of the Brazos River, and in
other parts of Texas, beds of asphaltum occur, evidently re-
sulting from the decomposition of maltha or petroleum.

In Montague County, on the south side of the Red River
Valley, deposits are found of sand saturated with bitumen.
While the mineral is, geolqgically speaking, a rock, the sand
falls asunder when the bitumen is dissolved away from it.
While the deposits are of considerable extent, they are not
easily accessible and are only of local value. : :

A deposit of limestone impregnated with bltumen, of
limited extent, occurs near the town of Burnet, Burnet Coun-
ty, Texas. » 4

The most valuable deposits of solid bltumen in Texas are
sicuated in Uvalde County. “The only deposit worked in
this somewhat extensive field is that by the Uvalde Asphalt
Co., 18 miles west of Uvalde and 8 miles southeast of Cline, a

*J. P. Lesley, Proc. Am. Philos. Soc., March 20. 1863; Report on a Min-
eral Formation in West Virginia, Henry Wurtz, 1865; Proc. Am. Assoc. Adv.
Sci., xvm 124 1869; S. F. Pec kham Am. Jour. Sci, (2), xlvili, 362, ‘1869,

and A G. Jour, xi, 164; W. Fontalne Am. Jour. Sci. (3), vi, 1873;
I. C. White, Bul Geo. Soc. Am x, 1898; Asphalt and Bituminous Rock De-
posits of the United States, G. H. Eldridge, 1901, p. 232.
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station on the Southern Pacific railroad, with which it is con-
nected by rail. The material is a coquina, or shell limestone,
saturated with bitumen into a solid mass. When the bitumen
is dissolved with chloroform, the shells remain, connected to-
gether at their points of contact and containing in the cavities
of the shells crystalline masses of rhomb spar and pyrite. I
have examined a number of specimens from this locality and
they are very nearly identical in their characteristics and very
unlike any similar material that I have seen. Several other
deposits in the vicinity, of similar material, but less accessible,
have been discovered.

The bitumen itself has a brilliant lustre when fractured
but where, in the broken rock, that portion which formerly
was in contact with the walls of the cavity it filled, is exposed,
the brilliant lustre is wanting, a surface of dead black re-
placing it. The bitumen, when extracted, is hard and brittle
and at the same time flexible. In hardening in the rock it
apparently suffered no shrinkage. The asphaltic limestone it-
self is tough and unyielding.

Bitumen occurs in a vein in the region of Upper Willow
Creek, in the Middle Park, Colorado. The material resembles
Gilsonite and has been injected into a fissure vein.

In that portion of Utah adjoining the northwestern por-
tion of Colorado, solid bitumens occur in great variety. Vari-
ous names, as Wurtzilite, nigrite, etc., have been given to these
varieties. The bitumens of commercial importance are those
known as ozocerite, Gilsonite and bituminous sandstones.
They are found in what is known as the Uintah basin, in
which lies the valley of the Green River, and the streams that
unite to form it. Gilsonite is a black solid of very brilliant
luster and with a conchoidal fracture, and exceedingly brittle.
When pulverized it forms a chocolate-brown powder. "In the
vein it exhibits the “pencillate structure that is observed in
starch and other substances under pressure. It occurs over
an area that extends about five miles east of the Colorado line
westward for sixty miles into Utah.”

“The larger veins are somewhat scattered, one lying about
3% miles due east of Fort Duchesne, a second in the region of
Upper Evacuation Creek, and the two or three others of chief
importance, in the vicinity of White River and the Colorado-



10 SOLID BITUMENS.

Utah line. Besides these, there is a 14-in. vein near the west-
ern edge of the area in the vicinity of the fortieth parallel:
another of equal size about six miles southeast of the junc-
tion of the Green and White Rivers; a third in a gulch four
or five miles northwest of Ouray Agency, west of the
Duchesne River, and a number from 1/16 in. to one ft. in
thickness in an area about ten miles wide, extending from
Willow Creek eastward for twenty-five miles along the sides
of the Green and White Rivers. The vein near Fort Duchesne
has been worked longest, and has been opened to a depth of
over 100 ft.

The most important locality of Gilsonite is the region im-
mediately north of White River, near the eastern edge of
Utah. Here are three nearly parallel vertical veins of almost
constant N.60° W. trend, cutting and extending slightly into
the shales of the Green River below. The veins are known
as the East and West Bonanzas and the Cowboy, the two
Bonanzas uniting to the southeast. The two Bonanzas are
at varying distance from each other, while from the East
Bonanza the Cowboy is distant about 214 miles. None of the
veins were exploited, as recently as 1901, only a shallow pros-
pect appearing here and there. In general features and in
filling they are like the veins near Fort Duchesne and the
material occupying them is unquestionably derived from the
same ultimate source as that in the others. The Bonanza
vems may be traced from the White River cafion northwest-
ward for 7 miles. The Cowboy is the largest of the White
River veins. Its maximum width is 18 ft., but it holds a width
of 8 to 12 ft. for a distance of 3 or'4 miles and at least 4 ft.
for nearly 6 miles. The total length is between 7 and 8 miles.
These veins, like those of West Virginia, are characterized
by containing “horses” or pieces of wall rock embedded in the
asphaltic mass, showing that the mass was eruptive, semi-
solid and plastic, not fluid, when it was forced into the fis-
sure.*

Veins of Wurtzilite, nigrite, ozocerite and also beds of

*The Asphalt and Bituminous Rock Deposits of the United States. by
ggml%evH.lggrldge, p. 340-350. S. F. Peckham, Am. Jour. Sci. (2), xlvii%,
, Nov., X
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bituminous limestones and sandstones occur in the valleys
of the Green and White Rivers in northeastern Utah.

Next in commercial importance to the deposits of Utah
are those of Kentucky. They occur as sandstones impreg-
nated with bitumen. They extend from near Garfield in
Breckinridge County through Grayson, Edmonson and War-
ren counties to Russellville in Logan County. Another de-
posit is found in the northeastern part of the state in Rowan
county. The sandstones are very hard and are reduced to a
powder with difficulty. These sandstones have been exploit-
ed commercially to a limited extent, the stone having been
crushed and used in street paving in Columbus, O., Buffalo,
N. Y, and other cities. Bituminous sandstones also occur in
eastern Kentucky, in Carter county. The deposits have not
been proved commercially valuable.

There is a deposit of bituminous sandstone near Higgins-
ville, Lafayette county, Mo. It has not yet been proved of
commercial value.*®

There are very extensive deposits of bituminous lime-
stones and sands in the Chickasaw nation of Oklahoma,
both east and west of the Washita River.  The eastern
deposits are mainly in or near the valley of Rock Creek, east
of Dougherty, a station on the Gulf, Colorado & Santa Fe
railroad. These deposits have been exploited by the Gilsonite
Paving & Roofing Co. of St. Louis, and by others. On the
west, the deposits are found in the prairies that border the
southern and western slopes of the Arbuckle mountains.
Large maltha springs and beds of impure asphaltum occur to
the south and southwest of the town of Elk. The principal
deposits that have been worked are near the village of Wood-
ford where the Schneider Bros. and the Smiths made several
openings in a deposit of bituminous sand that formed a sharp
anticlinal arch extending across the country for several miles.
The material is sand, held together by bitumen which is readi-
ly separated by boiling water. The bitumen, when separated,
is a semisolid maltha of great tenacity and purity. In this
neighborhood other deposits of minor importance occur, but
they have not been worked on a commercial scale. In the

*Asphalt and Bituminous Rock Deposits of the United States, by Geo.
H. Eldridge, p. 240-262,
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center of the Choctaw nation, on the headwaters of Tenmile
Creek, in the Impson valley, occurs the vein of bitumen re-
sembling Albertite that is called Impsonite. It has not yet
been made of commercial importance.* At Velma, Stephens
Co., and near Springer, Carter Co., a very pure form of asphal-
tum has been found, and called Grahamite, but its resemblance
to Grahamite is quite remote.

The deposits of asphaltum and bituminous sandstones of
California are found in the immediate region of the Coast
Range, and are distributed from Point Arena in the north to
Los Angeles in the south. They occur on the east and west
slope of the general range and at several points within. As at
present known, they are confined chiefly to that portion of the
range lying south of the Bay of San Francisco. The purer
variety of asphaltum occurs in the vicinity of McKittrick in
Kern county, at the eastern base of the mountains near Santa
Maria, in the Grasiosa and Azufre Hills, and again six or
seven miles west of Santa Barbara on the coast. Bituminous
sandstones occur at Point Arena, on the north, and at several
localities in the south, notably near Santa Crux, San Luis
Obispo, Los Alamos and Carpinteria. )

The Santa Crux district of bituminous sandstone lies
about sixty miles south of San Francisco. The deposits occur
from five to six miles northwest of the city of Santa Crux, the
more remote being the most extensively quarried. The prop-
erties are controlled by a number of private individuals and
by the City Street Improvement Co. of San Francisco. Most
of the quarries are opened near the summit of the Empire
Ridge, which parallels the sea and which is a spur of the
Santa Crux mountains. The quarries of the City Street Im-
provement Co. are opened at two different horizons, several
of the quarries having their floors about 100 ft. above those
of the others. These bituminous sandstones are essentially
an aggregate of minute to medium sized quartz grains, which
in form are sub-angular to rounded. It is in the interstices of
this rock that the bitumen is held to an extent of from 14 to
16 per cent of the average specimen. The rock varies, but
on the whole is soft, crumbling in the sun, very tenaceous and

*Asphalt and Bituminous Rock Deposits of the United States, by Geo.
H. Eldridge, pp. 262-320.
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gummy to the touch. The color is black to brownish-black,
weathering to gray on exposure to the atmosphere. The tem-
perature of the atmosphere, according as it is cold or hot, ren-
ders the rock either brittle or soft. ;

These deposits are extensively. quarried for use on the
streets of San Francisco and other cities of the Pacific coast.*

Bituminous sandstone is scattered along the length of the
Salinas valley and its tributaries for a distance of 50 miles
midway of its length. The localities best known are reached
from Metz, King City, San Ardo and Bradley.§ .

The San IL.uis Obispo district of bitumen bearing rocks
embraces an area of about 8o square miles, south and south-
west of the town of San Luis Obispo; it is coincident with the
ridge of moderate height that separates the San Luis valley
from the sea, and which is the southeastern end of the San
Luis Range. The quarries of the region are chiefly distributed
about the periphery of the San Pablo terrace, but not a few
have been opened well within its border.. Unopened deposits
are exposed at many localiti 's throughout the area. Some
localities show barren rock alone, others a bed with only
traces of bitumen; still others a rock enriched sufficiently to
afford a product of first grade. Many of the quarries, how-
ever, have been long abandoned, and it is impossible to judge
unerringly of their actual contents.

The quarries of the San Luis Obispo region embrace a
score or more of openings of various sizes, many of which
have long been idle.. The rock itself is fine grained and even
textured, and in the main consists of quartz, but with traces
of .the same feldspar-like mineral found in the .Santa Crux
deposits. The grains are both sharp and round, and are ap-
parently cemented by the bitumen alone. The per cent of bitu-
men is nearly 15, and the rock is one of the best in appearance
to be found in California. It is black on first fracture, weather-
ing gray to brown. It is tough and tenacious and its'use
as a paving material is said to be satisfactory. The area occu-
pied by the deposit and the local variations in its per cent of
bitumen are undetermined. The sandstone itself is continu-

: "Asphalt and Bltummous Rock- Deposits of the United States, b'y George
H. Eldridge, pp. 379-407.

iDitto pp. 407-412.
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ous over a region of many miles, of which this is a local en-
richment. The composition, coarseness, interstitial space, and
cross bedding have all influenced the degree of impregnation
with bitumen which the rock has undergone. From the rela-
tions of the enriched to the more barren portions, and of the
latter to parts free from bitumen, the appearance is as though
infiltration, after the accession of the bitur en, proceeded lat-
erally along stratification planes, the mass of the flow seeking
the channels that were freest. Similar phenomena are ob-
served in Oklahoma.

The bituminous deposits of the Santa Maria district em-
brace two varieties: one a high grade black material, found
in veins; the other an impregnated shale. The two varieties
may be found in the same locality, but the veins are especially
developed in La Graciosa Hills. In the sandstone they are
particularly clearly developed and have the appearance of
originating in cracks irregularly disposed through a mass of
fairly coherent sand or sandstone.

In the western portion of Santa Barbara County, in an
area of about 15 by 20 miles, lying between the San Rafael
and Santa Inez Ranges, is the Los Alamos district, the prin-
cipal deposits of which occur on the Sisquoc and La Laguna
ranches. On one of the richer portions of the Sisquoc sand-
stones, the Alcatraz Co. has opened its quarry. The opening
is in the southern face of a ridge, extending along its length
several hundred feet. The rock exposed and quarried has a
thickness of something over 100 ft., most of which is of good
grade. The bitumen is said to be removed from the sand-
stone at the quarry by means of naphtha, in which it is car-
ried by a pipe line to a landing owned by the company, on the
ocean front near Gaviota. It is there, according to account,
separated by distillation, the recovered naphtha being pumped
back to the quarry for further use as solvent and conveyor.
The distance between the quarry and refinery is about 33
miles. Other deposits of bituminous sandstone occur in the
neighborhood.*

At More’s Landing, six miles west of Santa Barbara, on
the coast are found extensive deposits of asphaltum contain-

*Ditto, pp. 413-439.
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ing varying amounts of sand. The bitumen occurs in veins
which are exposed as the sand, forming the ocean bluff. is
washed away. Originally large masses, that had a tabular
form resting upon a sort of talus that extended into the sands
below, were scattered over the bed of the ocean in front of
this bluff, some of them above and others beyond low water
mark.

Three or four miles west of More's Landing, and ten
miles west of Santa Barbara, the noted La Patera mine was
worked for several years on a vein of asphaltum that was
more or less irregular and intermittent, the maximum width
being 12 ft. The trend of the main vein is N. 30" E. with a
nearly vertical dip. Lateral cracks extend in all directions.
The several shafts of the mine descend to a maximum depth
of 500 ft. Below the 100-ft. level the tendency of the bitumen
to swell in floors of the tunnels, required its constant removal.
It is stated that a body of bitumen equal to the iength and
breadth of the tunnel and 20 ft. high has been removed in one
year. This swelling of the bitumen is accompanied with an
escape of gas, which has produced a distinctively porous con-
dition of the bitumen of temporary duration.

Fifteen miles east of Santa Barbara, at Carpinteria, on
an ocean bluff, occurs another extensive deposit of loose sand
saturated with a stiff maltha. The average thickness is about
12 ft. It rests upon the upturned edges of the shales which
are filled with the holes made by bivalves so common in the
bluffs along that coast.

Five or six miles east of the above named deposit near
Punta Gorda veins of bitumen have been worked to a depth
of 100 ft. Several veins of bitumen of varying purity have
been exploited in the hills bordering the San Buena Ventura
River to the north of the town of Ventura. None of them
have proved commercially valuable.*

The Asphalto district lies in a semi-arid region on the
western side of the San Joaquin valley about 50 miles west
of Bakersfield. A careful examination of this locality was
made by the author in July, 1804, during a visit of several
days.

*Ditto, pp. 440-447.



16 SOLID BITUMENS.

The deposits of asphaltum were of two entirely distinct
varieties. The first consisted of the residuum of an overflow
of maltha which formed a sort of glacier which partially filled
a cafion. Although the mass of this material was of enormous
dimensions, covering an area of more than a square mile and
many feet in depth at the center, the outflow was geologically
recent, as human remains, and mortars and other utensils
had been uncovered from the gravel at the bottom of the mass
of asphaltum. The springs from which the maltha had flowed
that furnished the material for the deposit, were situated high
up in the hills, and the maltha had spread out in the dry sea-
son with overflows of dirt and rubbish when it rained until a
vast mass of more or less impure asphaltum had accumulated
in the cafion below. During the 18th and early part of the
1gth centuries, when the entire country was used for grazing
vast herds of cattle, the rancheros frequeptly set the surface
of the maltha on fire to destroy the stickiness of the surface,
as calves and sheep frequently lay down on the warm asphal-
tum and becoming glued to the surface, starved to death. These
fires must have produced a very intense heat, as beds of coke
or cinders twelve inches in thickness are found intercalated
with the asphaltum. Notwithstanding so much has been
damaged or destroyed there are thousands of tons left in good
condition in the glacier-like mass of the outflow.

The second form in which the asphaltum occurs is in
veins that outcrop in lines miles in length upon the sides of
the almost barren hills. At the time of my visit several
shafts ‘had been sunk to-a depth of about go ft. The veins
were encountered in the galleries from 2 to 6 ft. in thickness,
readily cleaving from the soft argillaceous sandstone which
enclosed them. Since that time some of the shafts have been
sunk much deeper, one of them to a depth of 300 ft. At this
depth the teeth of a fossil horse were found enclosed in the
asphaltum. - At the time of my visit, in mid-summer, the
temperature in the mine, at a depth of go ft., was sufficiently
high to soften the bitumen in large masses. No water was
encountered at that depth, and I have understood that none
had. been reached at the greater depth. The aggregate
amount of bitumen in these hills seemed enormous; but very
conflicting statements, some of which have represented the
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deposits as worked out, have been given as a reason why the
mines are no longer worked. The true reason is, probehly,
wholly commercial.

The out-crop of the veins and for some depth below the
surface is decomposed into a brown friable mass, that on dry-
ing breaks into approximately rhomboidal masses resembling
siderite. At a varying depth this brown material passes into
black cohesive asphaltum. At the time of my visit the asphal-
tum averaged, from samples taken from the shafts by myself,
nearly go per cent pure bitumen. All of the specimens con-
tained alumina and iron in organic combination with the hy-
drocarbons, and a small percentage of hygroscopic moisture.

In British North America there are enormous deposits of
bituminous sand in the valley of the Athabasca River. In
New Brunswick the well known deposit of Albertite in the val-
ley of the Peticodiac River in Albert County, was mined for
many years. The material is a clean, pure asphaltum, jet
black in color, with a brittle, conchoidal fracture. It was
used as a crude material for the manufacture of illuminating
oils, for which purpose it was found to be very valuable, until
the discovery of petroleum in Pennsylvania rendered its man-
ufacture unprofitable. It has never been used in paving.

In the English West India Islands of Barbadoes and Trin-
idad very extensive deposits of solid bitumen are found. The’
“munjack” of Barbadoes is a very pure, brittle, black asphal-
tum. On the Island of Trinidad the celebrated “Pitch Lake”
furnishes the well known Trinidad pitch in vast quantities..
As it occurs in the lake it fills a circular depression, known
to be more than 100 ft. deep in the center, and covering an
area of 114 acres. It has been suggested by Mr. Clifford.
Richardson that the bitumen fills the crater of an old mud
volcano. There are many phenomena observed that render
this suggestion plausible. The bitumen is in constant mo-
tion, rising in the center and falling at the sides, suggesting
a slow ebullition. Copious springs of mineral water accom-
pany the bitumen, and, saturating the mass, renders it plastic.
while at the same time large volumes of gas escaping in huge
bubbles render the mass porous. For this reason the mass
within the lake is called “cheese” pitch. On the northeast side
the rim of the lake has been broken down and the pitch has
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flowed out, and downwards to the sea in a vast flood plain of
unknown depth and spreading like a fan it covers several
thousand acres. For commercial reasons this overflow pirch
has been called land pitch, although there is no essential dif-
ference in the clean pitch wherever it is found. The pitch is
a unique substance. Nothing in the world resembling it is
known to the author. It consists of bitumen, intimately
mixed with organic salts of aluminia and iron with iron py-
rites and silica in a very fine state of division, the mass con-
taining a variable amount of water. When a mass is laid in
the sun the surface dries out and melts, forming a film that
prevents further evaporation, the color changing from brown
to blue-black. The surface of the lake and overflow will sup-
port a loaded team if kept in motion, but will yield to the
weight of a man if he stands still for a short time. It is esti-
mated that the lake and overflow contain several million tons
of pitch. Bitumen resembling munjack is also found on the
island of Trinidad.

On the main land of Venezuela, west of the bay of Paria
in the state of Burmudez, extensive deposits of asphaltum
occur, also in the western part of Venezuela on Lake Maricabo
and the Magdalena River other extensive deposits are found.

In the island of Cuba, veins of asphaltum of large extent
have been known for many years. Extensive deposits of as-
phaltum of great purity are also known to occur under water
in the harbors of Havana and Cardenas. There are also ex-
tensive deposits of asphaltum at several localities in Mexico,
near the coast of the Gulf of Mexico in the states of Tamau-
lipa and Vera Cruz. Dr. J. P. Kimball described in 1876 a
vein of asphaltum as-a deposit of Grahamite known as the
Cristo Coal Mine.*

Deposits of very pure asphaltum occur in Egypt. There
are no others reported from the African continent.

There are a number of localities in Europe-Asia, some
of which are commercially of great importance. From an
immemorial period very pure asphaltum has been cast up on
the shores of the Dead Sea. Formerly it entered the com-
merce of that region, but for some years the amount obtained

*Private Report, New York, May, 1876.
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from this source has been decreasing until it is no longer of
importance. Asia Minor, Persia and the regions that border
the valleys of the Euphrates and Tigris Rivers abound in de-
posits of solid bitumen, locally valuable. Extensive deposits
are reported to exist in the mountains of Albania. Extensive
quarries of bituminous rock are found at Ragusa in the island
of Sicily, also at Limmer in Hanover. The most important
deposits of bituminous rock in Europe are those of the upper
valley of the Rhone at Pyrimont and Seyssel. The most valu-
able rock is a chalk saturated with bitumen, that is interstrati-
fied with sand and conglomerate that are also saturated.
Eirinis d’ Erynys, a Greek physician, published in Paris, in
1721, a pamphlet in which he described these deposits of sand
and limestone saturated with bitumen that he had discovered
some years before* He further describes a bituminous dis-
tillate that he had prep:ired from this rock, which he used with
very satisfactory results in the treatment of certain forms of
disease. He compares these deposits to similar beds in the
valley of Siddim near Babylon, and remarks that the mine of
asphaltum is for Ilurope a treasure that has been unknown to
us from the beginning of the world. These deposits were
forgotten for nearly a century and were then rediscovered.
They have since become of great commercial importance.
Other European localities furnishing asphaltum and bitumin-
ous rock are not of commercial value.

The geological age of the different deposits of solid bitu-
nens is an interesting study. Beginning with the extreme
eastern deposit of Albertite it is found in a region that abounds
in beds of coal of vast extent in the true coal measures. Pro-
ceeding westward across the continent of North America, the
vein of Grahamite found in West Virginia was also in the coal
measures. Continuing westward to the Oklahoma the exten-
sive deposits found there are also in the coal meas-
ures. The deposits of Gilsonite and allied bitumens of Colo-
rado and Utah are in the Cretaceous as are also those of central
Texas. The bitumens of the Coast Range of California are
found in formations from the Cretaceous up to the Quaternary.

*Dissertation sur l'asphalte ou cement naturel découvert depuis quel-
ques années au Val-Travers, dans le comté de Neufchatel par le sieur
Eirini @’ Erynys, professeur grec et docteur en médicine, Paris, 1721, As-
phaltes et Naphtes, par Isidore Huguenet, Paris, 1852.
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The bitumensrof Cuba are found in formations not otder
than the Cretaceous while those of the other West India
Islands and of Venezuela occur in formations that are later
than the Cretaceous. -

The formations in which the Dead Sea lies are Cretaceous,
with eruptive masses, indicating active volcanic action at
a recent geological epoch.

The bitumen of Albania and the east coast of the Adriatic
Sea is found in formations none of which are older than the
Cretaceous. The important bituminous limestones of the val-
ley of the Rhone are Cretaceous, while those of Hanover are
Triassic.

From what has preceded, the conclusion may be reached
that large accumulations of solid bitumens and bituminous
rocks are found in nearly every member of the geologic series
from the Silurian to the Quaternary, but that there have been
three especially prolific periods of activity when solid bitu=
mens accumulated and were forced into crevices which had
rent the surface of the earth with explosive violence. These
were first, at a period subsequent to the deposition of the Coal
Measures; second, during the deposition of the Cretaceous or
later; and third, during the deposition of the Tertiary or later.
The bitumens of these three epochs are characterized by
marked peculiarities that will be discussed under the general
considerations relating to the chemistry of bitumens.



CHAPTER II.

THE ORIGIN OF BITUMENS.

The origin of bitumens has been a fruitful subject.of
speculation among scientific men for more than half a cen-
tury. Generally speaking, the theories advanced fall into
three classes, embracing those which regard bitumen as a
distillate produced by natural causes, those which regard bitu-
men as the product of a peculiar decomposition of organic
matter within the formations in which the organic matter is
enclosed, making the bitumen in a sense indigenous to the
rocks in which it is found, and those which regard bitumen
as a product of chemical reaction, the latter class being sub-
divided into those which regard bitumen as a product of chem-
ical change in natural substances of which carbon and hydro-
gen are constituents, and those which advocate a purely chem-
ical reaction between purely mineral or inorganic materials.

Whatever theories are held with reference to the origin
of bitumens, no distinction can be made in the different classes
of bitumens, but all of the varieties, from natural combustible
gas through naphtha, petroleum and maitha to solid asphal-
tum, must be included in one common source.

“The argument for a purely chemical origin of bitumen
was first brought to the serious attention of scientific men,
through the publication of a noted paper by the distinguished
French chemist Berthelot in 1866.* Among others the most
conspicuous advocate of this theory has been Mendeljeff, who
read a paper on the origin of petroleum before the Chemical
Society of St. Petersburg, of which the following is a résumé.

The appearance of springs of petroleum at the surface of
the earth shows the tendency of those mineral oils to traverse
by infiltration the different strata of the earth in reaching
the surface, a natural consequence of their lower density as
compared with water. The place where petroleum originates

*S. F. Peckham, Report on the Production, Technology and Uses of
Petroleum. Reports of 10th Census U. S., 1885, x, p. 63.
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ought then to be situated beneath the strata where the springs
themselves are found. The beds furnishing the mineral oil
belong in general to several different formations of the earth’s
strata. Thus, in the Caucasus, the petroliferous zone is
found in the Tertiary; in Pennsylvania, in the Devonian, and
even Silurian. The place of the formation of the petroleum
ought then to be sought in other strata. The sandstones im-
pregnated with petroleum have never exhibited the carbon-
ized remains of organisms. In general, petroleum and car-
bon are never found simultaneously; but it is difficult to sup-
pose that petroleum has resulted from the decomposition of
animal and vegetable organisms, because it would then be
impossible to represent the origin of petroleum without a
corresponding formation of carbon. On the other hand, it is
impossible to imagine the existence of great quantities of
organisms in the epoch preceding the Silurian and Devonian.
These reflections have led the author to the supposition that
petroleum is in no place of organic origin. In speaking of
the hypothesis of L.a Place upon ‘the origin of the earth, in
applying Dalton’s law to the gaseous state in which all the
elements constituting the terrestrial globe ought to be found,
and taking into consideration their relative densities, Mendel-
jeff recognizes the necessity of admitting a condensation of
metals at the center of the earth. -Among these it is natural
to presume iron would predominate, because it is found in
great abundance in the sun, in meteorites and basalts. Ad-
mitting further the existence of metallic carbides, it is easy to
find an explanation not only for the origin of petroleum, but
also for the manner of its appearance in the places where the
terrestrial strata, at the time of their elevation into mountain
chains, ought to be filled with crevices to their center. These
crevices have admitted water to the metallic carbides. The
action of water upon the metallic carbides at an elevated tem-
perature and under a high pressure have generated metallic
oxides and saturated hydrocarbons, which, being transported
by aqueous vapor, have reached those strata where they would
easily condense and impregnate beds of sandstone, which have
the property of imbibing great quantities of mineral oil.”

‘ This and other chemical theories are supported by great
names and are based on the most complete and elaborate re-
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searches; but they require the assumption of operations no-
where witnessed in nature or known to technology.*

The most conspicuous advocate of the theory that bi-
tumens are a product of chemical reaction, by which marsh
gas is converted into more condensed hydroearbons, appearing
as fluid, viscous, and solid bitumens is Coquand, who has writ-
ten so fully upon the occurrence of bitumen in Roumania and
Albania. He found mud volcanoes associated with the occur-
rence of bitumen in Sicily, the Appenines, the peninsula of
Taman, and the plains of Roumania, and concluded that mud
volcanoes produce petroleum and other forms of bitumen by
converting marsh gas into more condensed hydrocarbons.

It may be said, in reference to this theory, that, in so far
as it expresses the fact that maltha represents an intermediate
stage in the transformation of some varieties of petroleum
into asphaltum and recognizes the chemical relation existing
between marsh gas and the different forms of bitumen, it is
entitled to consideration; but, in the chemical processes of
nature complex organic compounds pass to simpler forms, of
which operation marsh gas, like asphaltum, is a resultant, and
never the crude material upon which such decomposing forces
Gt

Most conspicuous among the advocates of the theory that
bitumen is indigenous to the rocks in which it occurs are Drs.
T. Sterry Hunt and J. P. Lesley. These very eminent gentle-
men based their views upon observations made in Canada,
West Virginia and Kentucky.}

Conspicuous among later writers who advocate this view
will be found Jaccard, the Swiss geologist who wrote so exten-
sively upon the bituminous deposits of the upper valley of the
Rhone, Dr. Edward Orton, late geologist of the State of Ohio,
and Dr. Charles F. Mabery. The last named gentleman stated
his views at length®in a paper read before the American Philo-
sophical Society, April 3, 1900, from which the following is
quoted:

“Much as has been said on this attractive subject, a

*Bul. Soc. Chem. de Paris, 1877, 501. S, F. Peckham. Rep. 10th Census
NS VoL, X, P61,

iBul. Soc. Geol. de France, xxv, 35.

ﬁi)See Report on Petroleum, by S. ¥. Peckham, Reports U, 8. Census 1880,
X, 62, y
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broader knowledge of facts is necessary before definite con-
clusions can be reached. What is known forms the basis for
only one explanation concerning the formation of petroleum,
and that is, that it was formed from vegetable or animal matter
by slow decay or breaking down from the complex forms of
vegetable or animal life under the influence of natural forces,
with no great elevation in temperature such as is necessary for
distillation.

“Mendeljeff’s theory of the formation from carbides at
high temperatures, recently asserted with greater force on the
basis of Moissan’s work with the electric furnace, demands
too many hypothetical assumptions, and has too little support
on the basis of fact. To reason from the artificial formation
of alloys and carbides in an electric furnace to the natural
formation of petroleum containing nitrogen, sulphur and
oxygen, in the form of hydrotheophenes, hydrochinolines, and
phenols, demands a too broad reach of the imagination to
make the connections.

“Bearing in mind the fact that petroleum may now be
regarded as one and the same substance whatever its source,
and that the deposits in different fields are composed of the
same series, differing only in the proportions of these con-
stituents, it must be admitted that it had one origin and one
only. With reference to the series of hydrocarbons, it is im-
material whether its source was animal or vegetable, for under
the influence of natural agencies it could have been formed as
well from one as from the other.

“This question has been attacked on chemical grounds
from the wrong direction. Because hydrocarbons of the marsh
gas series, ethylene series or acetylene series at temperatures
of decomposition form minute quantities of the aromatic series,
or that hexahydroaromatic bodies are formed from the aro-
matic hydrocarbons by heating with hydriodic acid, to assume
that these changes were produced by natural agencies and
resulted in the formation of the hydrocarbons which now con-
stitute petroleum, together with the other constituents of
petroleum, ascribes to these natural agencies a direction of
action and power that we do not know they possess.

“In considering present knowledge with reference to the
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natural formation of petroleum, it seems to me that the follow-
ing questions must be answered:

“(1) What is the chronology of petroleum ; in what order
were the deposits formed in different fields?

“(2) Were the least volatile constituents formed from the
most volatile or the reverse?

“(3) What is a reasonable explanation of the formation
of the other constituents of petroleum?

“The first question must be answered by the geologist.

“It is natural to assume that the limestones formed by
the accumulations of the shell remains of animal life were
deposited first from the ancient sea. The sand stones, as
products of erosion from the older rocks, were deposited last.
The question as to whether the different deposits of petroleum
were formed in situ, or formed in other strata and by some
natural agency transferred to their present location, has not,
I believe, been satisfactorily answered by the geologists. In
the case of the limestone petroleum, it would seem that it
must have been formed where it is now found, as Hunt and
Orton have ably maintained.

“The theory of distillation from some other strata is not
tenable in the light of present knowledge of the constituents
of petroleum. Neither could any known constituents of plants
that could ferm petroleum be distilled, nor could the heavier
portions of petroleum be distilled; the result would be only
very volatile distillates and deposits of coal or graphite. In
this condition deposits of petroleum should always be accom-
panied by coal, or with coal in the near vicinity.

“In the case of Pennsylvania and the allied southern Ohio
and West Virginia petroleum, it would be a great discovery
to connect these deposits with the coal formation, for then
the source would unquestionably be vegetable growth, and
would support the opinion that this was the source of petrol-
eum of this class. It is reasonable to assume, as is now be-
lieved, that Pennsylvania oil was not formed in the sandstones,
but found its way there by natural agencies from lower strata,
probably the Devonian shales. The infiltration of the crude
oil through sandstones, would have a purifying effect. It is
quite probable that the very light yellow crude oils from the
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Berea Grit and other sandstones were filtered a second time
or more into their present positions.

“With reference to the source of the limestone oils, the
evidence is all in favor of animal origin, and the same is true
of California oil, although its formation is far more recent
than that of the others. Texas petroleum hkas not been suf-
ficiently studied in relation to its occurrence and composition,
but it is evidently of more recent origin, like California oil.

“With reference to the second question, is it more rea-
sonable to assume, for instance, that the solid paraffine hydro-
carbons were formed from the lower members of this series, or
that the lower members were formed from paraffine? On this
point some experimental evidence may be brought to bear.
Reichenbach obtained paraffine from both vegetable and
animal organic matters. Engler obtained paraffine by the dis-
tillation of fish oil, as Warren and Storer had done many
years previously.

“It is well known that paraffine breaks down very readily
into hydrocarbons with lower molecular weights, but it is not
possible to polymerize the lower hydrocarbons into the solid
paraffine hydrocarbons. The tendency in cracking of any
constituents of petroleum is toward the formation of the lower
series and finally carbon in the form of coke. So far as experi-
mental evidence and observation have shown the nature and
relations of the hydrocarbons which compose -the different
series in petroleum, the conclusion is convincing that the
lower members of the Series were formed from the higher. A
single break in the ring of a methylene is sufficient to form by
the addition of hydrogen a paraffine hydrocarbon.

“In answer to the third question, as to the formation of
the sulphur, nitrogen and oxygen compounds in petroleum,
these bodies have not been built up synthetically, but are
the products of decomposition of more highly organized con-
stituents of organic bodies. It would seem that the small pro-
portions of thése bodies in Pennsylvania oil, as compared with
the larger proportions in limestone oils and California oil,
should be strong evidence in favor of a different origin, that
Pennsylvania oil came from organic vegetable remains, which
should permit of the small amounts of sulphur and nitrogen
compounds found in this class of oils,
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“But I think it can be asserted as a fact that the very
large proportion of nitrogen in California petroleum, amount-
ing to one-fifth or more of the total weight of the oil, can only
be accounted for by accepting animal remains as the source
of their formation. As a summation of what is at present
known of the origin of petroleum, the following answers may
be given to the questions propounded above:

“(1) Petroleum containing large proportions of the vol-
atile hydrocarbons, especially of the series Cn H,n-2, such as
Pennsylvania petroleum, was formed from vegetable organic
matter. The limestone petroleum and California petroleum
was formed from organic matter of animal origin.

“(2) Cellulose, starch and other similar bodies in plants,
and the fats and nitrogen compounds in animal bodies, by
gradual decomposition with exclusion of air, gave first the
heavier bodies found in petroleum, and by natural agencies
during long periods of time, with no considerable rise in tem-
perature, further decomposition included as products the
hydrocarbons with smaller molecular weights.

“(3) The nitrogen and sulphur constituents of petroleum
could only have been formed directly from or through the
agency of animal organic matter.”*

For the consideration of this subject we are greatly in-
debted to the profound and skilliul chemieal researches of
Dr. Mabery. His conclusions, however, are based too exclu-
sively on the results of chemical research upon petroleum
alone. All forms of bitumen from marsh gas to solid
asphaltum have a common origin and that origin should be
discussed as a phenomenon of the cosmos upon which geol-
ogy, technology, mineralogy and chemistry cast strong side
lights, and together vield the testimony upon which conclu-
sions may be based. The following is a general review of the
subject: :

In view of the general acceptance of the nebular hypothe-
sis, it is unnecessary to establish the fundamental proposition
that bitumens, as minerals, are properly considered in their
relation to all the other mineral species that have been identi-
fied and described as together constituting the earth's crust.

*Proc. American Philosophical Society, xlii, 36.
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The clear distinction of these relations has followed upon
many years of research along several lines. It began more
than a century ago with the famous discussion waged between
the Plutonists and Neptunists, as to whether fire or water had
been most active in producing the phenomena of rock build-
ing. Mineral silicates were then supposed to have crystal-
lized from igneous fusion, and the deposition of sediments
to have resulted only in amorphous, uncrystallized rock. The
idea that heat and water together may have produced all of
the phenomena that have been attributed to the action of
either alone has been of slow growth; but may now be said
to be pretty generally accepted, although there are those who
refer to the action of heat and of pressure alone phenomena
that are without doubt properly the resultant of the action
of heat and steam under pressure.

The discussions that have proceeded along the three lines
of geology, chemistry and mineralogy, have been mainly di-
rected to an elucidation of the problems relating to the forma-
tion of the crystalline rocks. To determine, therefore, the
nature of metamorphic action and the conditions under which
it might take place, was the problem to the solution of which
Bischof, Hunt, Delesse, Daubrée and several others of the
most gifted chemical geologists of the last century devoted
themselves.* These gentlemen first considered the reactions
that according to known chemical laws must follow the cool-
ing of a heterogeneous mixture of the elements composing
the earth, in a state of gaseous fluidity, and at a temperature
that rendered chemical combination impossible; in other
words, a state of complete dissociation. It follows that the
most infusible elements would first condense and form a solid
nucleus around which would float an ocean, in a state of
igneous fusion, of more fusible elements and compounds,
while over all would hover an atmosphere containing all the
nitrogen and oxygen, the free hydrogen, sulphur and allied
elements, with the chlorine and other halogens. As the cool-
ing proceeded the silicon would combine with oxygen and

*G. Bischof, Chem. and Phys. Geology, Cav. Soc. ed. T. S. Hunt, Chem.
and Geolog, Essays. Delesse, ‘“Essay on Pseudomorphs.” Ann. des Mines,
xii, 509; xiii. 393, 415; xvi, 317-392. Mem. Acad. de Sclen. de France, xvii.
Daubrée, Comptes Rendus de I’ Acad., November 16, 1857, Etudes et éx-
periences synthétique sur le Métamorphisme, Paris, 1859,
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bases, forming both acid and basic silicates, which would con-
stitute a solid crust. The hydrogen and haloids combining
would form the haloid acids and the sulphur and allied ele-
ments would form oxygen acids, all the hydrogen being ‘oxi-
dized into water, which with the acids would be alternately
condensed and evaporated, falling as an acid rain upon the
surface of silicated rocks, which in turn would emerge from
the ocean of water heavy with dissolved chlorides and sul-
phates, while an atmosphere dense with carbonic acid would
help to maintain a temperature that would retard the cooling
through vast cycles of geologic time, in the course of which,
under conditions entirely different from any now known,
vegetable and animal life would appear upon the earth, or,
more properly, in the waters that covered the earth.

It is very evident that the chemical conditions obtaining
in this remote geologic epoch, while not incompatible with
the development of life, were, however, very different from
those which have prevailed at any time since the advent of
any of the higher forms of animals. We have a right to be-
lieve that at the dawn of life, of all the elements that enter
into the composition of vegetable and animal tissue—carbon,
hydrogen, cxygen, nitrogen, phosphorus and sulphur—ni-
trogen alone was wholly free. Carbon and hydrogen existed
in combination with oxygen as carbonic acid and water.
Phosphorus and sulphur were oxidized, and in combination
with basic elements as salts. The excessive proportion of car-
bonic acid and aqueous vapor in the atmosphere gave to it
the property of transcalesence, by which, while readily pene-
trated by heat from the sun, it refused to transmit this heat
when reflected from objects at the earth’s surface. This gave
to the atmosphere properties similar to those of a greenhouse,
by which so high a temperature was maintained during the
coal period that semitropical plants flourished at the poles.
At an earlier period, before terrestrial vegetation had removed
the carbonic acid from the air, and before the surface of the
cooling earth had lost its heat by radiation, the paleozoic
(dawn of life) ocean and the land gave support to both vege-
table and animal life, at a temperature that at the present
time would destroy most organic forms.*

——TW. H. Brewer, Am, Jour. Sci, (2), xIi, 389.
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The strata which form that portion of the earth’s crust
which has been referred to the palaozoic era, are of enormous
thickness and are found in different parts of the world, to pre-
sent aspects strikingly similar. Messrs. Hall, Billings and
Dawson, in North Amnerica, Salter and Hicks in England,
Angelin in Sweden, and Barrande in Bohemia, have shown that
the forms of animal life in that early period were very closely
related, if not identical, in these widely separated areas; yet,
below these formations, which hold the remains of marine
animals, in Bohemia and Sweden if not elsewhere, there is a
“region of fucoids,” of great thickness, carrying back the dawn
of vegetable life to a still more remote epoch.* Throughout
the last fifty years, successive discoveries of fossils in strata
hitherto supposed to be destitute of organic remains, have
carried the apparent dawn of life back through successive geo-
logical formations, until the azoic (devoid of life) rocks have
ceased to be appropriately named, and Mr. Hicks, speaking-of
the Cambrian fauna of Wales, says, “Though animal life was
restricted to these few types, yet at this early period the rep-
resentatives of the different orders do not show a very diminu-
tive form, or a markedly imperfect state; nor is there an in-
creased number of blind species. The earliest known brach-
iopods are apparently as perfect as those which succeed them;
and the trilobites are of the largest and best developed types.
The fact also that trilobites had attained a maximum size at
this period, and that forms were present representative of
almost every stage of development, . . . . blind genera
along with those having the largest eyes, leads to the conclu-
sion that for these several stages to have taken place numer-
ous previous faunas must have had an existence, and, more-
over, that even at this time in the history of our globe an
enormous period had elapsed since life first dawned upon it.”"t

The formations that contain these earliest palaozoic
forms of life are now found for the most part in a crystalline
condition ; yet, Dr. Hunt affirms, “the oldest known rocks are

*James Hall, Paleontology of New York, Vol. iii, Introduction. Billings,
Am. Jour. Sci. (2), xxxii, 232. Dawson, Canadian Naturalist, v. d. Reports
Geological Survey of Canada, v. d. Salter and Hicks, Proc. Geol. Assoc.,
Quar. Jour, Geolog. Soc., v. d. Angelin Palaeontologica Scandinavica. Bar-
rande, Bul. Soc. Geol. de France (2), xvi, 529-545.

tHicks, Quar. Jour, Geol. Soc., May, 1872.
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stratified deposits of limestone, clay and sands, generally, in
a highly altered condition; . . . . it is, however, quite
certain that the advent of life in these oldest fossiliferous
strata was subsequent to the period of chemical reactions on
a cosmic scale.”* The manner in which these geological
formations and parts of formations may have been rendered
crystalline has been very exhaustively discussed by Dr. Hunt
in his chemical and geological essays. He has shown how
fully his conclusions, based almost wholly on theoretical con-
siderations, have been confirmed by the experiments of Dau-
brée, who was led to investigate this subject, from observing
that the action of the alkaline, thermal waters of the spring
at Plombiéres, at a temperature of 60°-70° C., had in the
course of centuries given rise to the formation of zeolites and
other silicated minerals among the bricks and cement of the
old Roman baths.t He further shows that at a temperature
of 100° C. silicates are produced from a reaction between
alkaline silicates and carbonates of lime, magnesia and iron.
He says further, “Now the supposed mode of formation of
the primitive molten crust of the earth would naturally ex-
clude all combined or intermingled water, while all the sedi-
mentary rocks are necessarily pervaded by this liquid, and are
consequently in a condition to be rendered semifluid by the
application of heat. . . . . If now, we admit that all
igneous rocks, ancient plutonic masses as well as molten
lavas, have their origin in the liquefaction of sedimentary
strata we at once explain the diversities of their composition.

The presence of fossil plants in the melting strata
would generate carburetted hydrogen gases, whose reducing
action would convert the sulphurous acid into sulphuretted
hydrogen; or the reducing agency of the carbonaceous matter
might give rise to sulphuret of calcium, which would be, in
its turn, decomposed by the carbonic acid or ‘otherwise.
The carburetted hydrogen and bitumen evolved from mud
volcanoes,' like those of the Crimea and Baku, and the car-
bonized remains in the moya of Quito, and in the volcanic
matters of the island of Ascension, not less than the infusorial

*Chemical and Geological Essays, ed. 1875, p. 2.
iEtudes ret éxperiences synthétique sur le métamorphisme, par M. A.
Daubrée, Paris, 1859, p. 98; Ann. des Mines (5), xiil, 227.
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remains found by Ehrenberg in the ejected matters of most
volcanoes, all go to show that fossiliferous sediments are very
generally implicated in volcanic phenomena.”* Again, he
states, that “in a letter to Sir Charles Lyell, dated February
20, 1836, Sir John F. W. Herschel maintains that with the
accumulation of sediments the isothermal lines of the earth’s
crust must rise, so that strata buried deep enough will be
crystallized and metamorphosed, and eventually be raised
with their included water to the melting point.” Again Dr.
Hunt says, “We conceive that the earth’s solid crust of an-
hydrous and primitive rock is everywhere deeply concealed
beneath its own ruins, which form a great mass of sedimen-
tary strata, permeated by water. As heat invades these sedi-
ments, it produces in them that change which constitutes
normal metamorphism. These rocks at a sufficient depth are
necessarily in a state of igneo-aqueous fusion, and in the event
of fracture of the overlying strata may rise among them tak-
ing the form of eruptive rocks.”t He calls the effects pro-
duced by such invasion of eruptive masses, local metamorph-
ism. From these extracts from several of Dr. Hunt’s essays,
it can be easily understood that a struggle has been in prog-
ress from the time of the oldest known rocks to the present,
between the shrinking and wrinkling crust of a cooling earth
and the thickening deposits of sediment accumulating from
its erosion.

One Sunday in the early summer of 1866, the author,
together with Dr. George L. Goodale, late of Harvard Uni-
versity, were stranded at a small hostelry, at the San Fer-
nando Pass, near the old Mission of San Fernando, in south-
ern California. The day was very fine and we chose a morn-
ing climb to anything the hostelry had to offer; so, mounting
our horses, we rode to the eastward over the flood plain of
pulverized rock that at some former period had poured out
of the great cafion back of where the town of Burbank now
stands. We climbed one of the spurs of the San Rafael range
to the west of the caflon. We first passed over rounded
hillocks of sandy soil which as we ascended became gradu-

*Essays, p. 8.
iEssays, p. 9.
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ally merged into soft fossiliferous sandstone. After a time
the effects of heat became manifest. The clam shells and
fossil clams, of which there were cart-loads, appeared crys-
talline, and the iron in the sand was no longer green but red.
The sandstones became more dense and the clays were sili-
cated. At length the strata passed into a micaceous gneiss
and finally we found the central core of the mountain to be
a light-colored fine-grained granite. About half way up, Dr.
Goodale found a vertebra of a whale half buried in the sand-
stone and still very perfect in form, while the author found a
fossil pine cone that had evidently received some rough usage
on the ancient beach. This cone contained some seeds that
showed it to be closely allied to the nut pine of New Mexico.
The mountain consisted wholly of Tertiary sediments that
had been metamorphosed precisely as Sir J. F. W. Herschel
had suggested in his letter to Sir Charles Lyell.

It is not alone through a study of the crystalline rocks
that the chemistry of the primeval world is interpreted. By a
comparison of the kind and amount of salts dissolved in the
waters of the primeval ocean that are enclosed in palaozoic
strata with the kind and amount of salts dissolved in the
waters of the present ocean, Dr. Hunt has shown that from
the earliest geologic time until the present, alkaline carbon-
ates derived from the suberial decomposition of feldspar have
been carried into the ocean by streams, and the calcium and
magnesium in the ocean have been successively precipitated as
carbonates, producing limestones and dolomites, while com-
mon salt and calcium sulphate have accumulated in the pres-
ent ocean, the former in large excess. There is abundant evi-
dence that this paleozoic ocean was hotter than the existing
one, as well as more saline, while it is equally evident that
during long intervals its sediments carried down vast
quantities of the remains of vegetable and animal life. He
further repeatedly has shown in what manner these sediments
were influenced by the organic matters that were enclosed in
them. In his essay on “The Chemistry of Natural Waters,”
he has shown that argillaceous sediments deprive waters of
the organic matter in solution by forming a compound con-
taining an organic radical. He says, “There is reason to
believe that alumina is under certain conditions dissolved by



34 SOLID BITUMENS.

waters holding organic acids,” and cites melite and pigotite
as examples of the compounds formed. He further shows
that organic matter in water reduces sulphates to sulphides,
producing from soluble sulphates of lime and magnesia car-
bonates of the bases, with hydrogen sulphide, free sulphur,
or a metallic.sulphide ; the hydrogen sulphide being converted
by slow oxidation or combustion, followed by absorption of
oxygen directly into sulphuric acid, which is again, when in
contact with organic matter, reduced to hydrogen sulphide.

He says with reference to the water of palxozoic brine
springs, “In the large amount of magnesium chloride which
they contain, these waters resemble the bittern or mother-
liquor which remains after the greater part of the sodium
chloride has been removed from sea-water by evaporation.

. . The complete absence of sulphates from many of the
waters points to the separaticn of large quantities of earthy
sulphates in the Cambrian strata from which these saline
springs issue; and the presence in many of the dolomite beds
of the calciferous sand rock of small masses of gypsum, abun-
dantly disseminated, is an evidence of the elimination of sul-
phates by evaporation. . . . . The brines of the valley of the
Allegheny River, obtained from borings in the coal forma-
tion, are remarkable for containing large proportions of
chlorides of calcium and magnesium, though the sum of these,
according to the examples given by Lenny, is never equal
to more than about one-fourth of the chloride of sodium. The
presence of the sulphates of barium and strontium in these
brines, and the consequent absence of soluble sulphates, is,
according to Lenny, a constant characteristic in this region
over an area of 2,000 square miles.”

Among many other’ 111ustrat10ns that might be given of
these non-sulphated paleozoic waters, I mention one which
was obtained from a boring on Great Manitoulin island in
Lake Huron, at a depth of 192 feet, “After passing through
the black slates of the Utica formation, and for 6o ft. into
the underlying Trenton limestone. . . . . it contained no sul-
phates nor barium nor strontium.” Another palaozoic water
of a very different character was obtained from a well bored

*Bischof, Chem. and Phys. Geol., i, 337. Hunt, Chem, and Geol. Ess:
p. 121, ed. 1875. Am. Jour. Sci., March July and Sept., 1865 s
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for petroleum at Bothwell, Ont., in 1865. “At a depth of 475
ft. from the surface, and probably at or near the base of the
Corniferous limestone, a copious spring was met with, of
very sulphurous water and a little petroleum.” The water
contained sulphate of calcium and sulphides of sodium and
hydrogen. Waters apparently similar are pumped from sev-
eral of the oil wells in the vicinity. “The sulphurous impreg-
nation is doubtless to be ascribed to the reducing action of
hydrocarbonaceous matter upon the sulphates which the wat-
ers contain.”*

A brief examination of the superposition of the paleozoic
and earlier formations of North America will show the Lau-
rentian, embracing the oldest known rocks of the globe, out-
cropping from the coasts of Labrador to Lake Superior and
over a large area in nerthern New York. Associated with
this system is the Norian, which is characterized by a great
development of opalescent feldspars. Above these are the
Green Mountain series, an inferior part of the Lower Silu-
rian, which corresponds wholly or in part to the Huronian
system of Canada and the region about Lake Superior.
Above these are the White Mountain series, which are Upper
Silurian and perhaps Devonian. These formations constitute
for the most part the rocks of Canada, New England, eastern
New York and the castern slope of the Alleghenies southward
through New Jersey, Pennsylvania and Virginia. Speaking
of these rocks, Dr. Hunt says, “In the oldest known of them,
the Laurentian system, great limestone formations are inter-
stratified with gneisses, quartzites and even with conglomer-
ates. All analogy, moreover, leads us to conclude that, even
at this early period, life existed at the surface of the
planet. Great accumulations of iron oxide, beds of metallic
sulphides and of graphite, exist in these oldest strata, and we
know of no other agency than that of organic matter capable
of generating these products.t . . . . Bischof had already ar-
rived at the conclusion, which in the present state of our
knowledge seems inevitable, ‘that all the carbon yet known
to occur in a free state can only be regarded as a product of

*HEssays, 158-163, ed. 1875.

. TOn_the north shore of Lake Superior, I have found spherical concre-
tions of graphite occurring in a rock that is apparently eruptive.
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the decomposition of carbonic acid, and as derived from the
vegetable kingdom.” He further adds, ‘living plants, decom-
posed carbonic acid, dead organic matters, decomposed sul-
phates, so that, like carbon, sulphur appears to owe its exis-
tence in the free state to the organic kingdom.” As a decom-
position (deoxidation) of sulphates is necessary to the pro-
duction of metallic sulphides, the presence of the latter, not
less than of free sulphur and free carbon, depends on organic
bodies; the part which they play in reducing and rendering
soluble the peroxide of iron, and in the production of iron
ores, is moreover, well known.”*

Rocks of the Lower Cambrian in Great Britain as well as
in North America are well known to exhibit carbonaceous re-
mains. Of the former it is said, “They occasionally hold
flakes of anthracite, and small portions of mineral pitch ex-
ude from them in some localities.” The rocks of the Malvern
hills contain fucoids. In the Quebec series on the south shore
of the St. Lawrence, Hunt describes the occurrence of a car-
bonaceous substance, “entirely distinct from coal. which cc-
curs in fissures, sometimes in the interstices of crystalline
quartz. It is an insoluble hydrocarbonaceous body, brilliant,
very fragile, giving a black powder, and results apparently
from the alteration of a once liquid bitumen.”t Similar ma-
terial often lines cavities in the limestone in Herkimer Co.,
N. Y, and not only sometimes encloses crystals of quartz,
but is often enclosed in quartz crystals. These limestones
are not crystalline.

Above these formations just mentioned, in the carbonifer-
ous formation of both Europe and North America, anthracite
occurs in metamorphosed strata. In Wales, Belgium, the
Alps and France, such phenomena are frequent. The coal
deposits of Massachusetts and Rhode Island are enclosed in
highly metamorphosed strata. Much of the material is more
nearly graphite than coal. Both the coal and the enclosing
strata are so distorted that the bedding is destroyed and the
material appears in segregated masses.

In the trap dykes that have penetrated the sedimentary

*Essays, pp. 301, 302. Am,. Jour. Sci., 1871.

1Essays, pp. 382, 396. W. Hodgson Ellis, “Analysis of Some Precarbon-
iferous Coals,” Chem, News, Ixxvi, 186, Oct. 15, 1897.
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formations of the Connecticut valley and New Jersey, veins
of carbonaceous matter occur. These dykes are intruded
masses, no doubt formed by the igneo-aqueous fusion of sedi-
ments that contained organic remains.* Petroleum is reported
to have been obtained in granite in a well drilled by the Pacific

Coast Oil Co., east of the San Fernando Pass.

With the exception of the exudation of mineral pitch
mentioned above, I have seen no notice that bitumen occurs
in crystalline rocks, but always in rocks adjacent to or above
them. There are vast areas of the palaozoic formations of
North America that are not crystalline, that have been more
or less subjected to the action of steam and pressure at tem-
peratures that have made them more or less the subjects of
metamorphic action. Some of these rocks contain bitumen
and others do not. The limestones in the bluffs of the Mis-
sissippi River at Minneapolis and St. Paul contain in the cav-
ities of their fossils crystals of pyrite and rhomb spar. They
immediately overlie the St. Peter sandstone and are said to
belong to the Trenton group. Similar limestones in southern
Michigan contain bitumen, free sulphur and sulphates in large
amount. In southern Kentucky and Tennessee the lime-
stones are often coarsely crystalline and contain large encri-
nite stems that are silicified. These same rocks contain
geodes lined with crystals of quartz. Other geodes contain
sulphates of barium, strontium and calcium, both with and
without bitumen. In other localities the rocks of this age
are filled with bitumen widely disseminated in small quanti-
ties. These rocks often exhibit very slight evidence of the
effects of heat, but frequently are found immediately above
or upon crystalline schists.t

In Prof. James Hall’s celebrated Introduction to The
Palzontology of New York,” he shows that the earliest pale-
ozoic sediments were deposited in a current that moved from
southeast to northwest. Later the current moved diagonally
across them from northeast to southwest. These later cur-
rents represent a vast interval of time, ‘during which mate-
rial accumulated to a depth of tens of thousands of feet of

*L. C. Beck, Am. Jour. Sci. (1), xlv, 335. I. C. Russell, ibid. (3) xvi, 112.
3. F. Peckham, Reports of the Tenth Census of the United States, Vol.
X, ‘“Petroleum,” p. 63.
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coarse sediments to the northeast in Canada, and growing
finer diminished to the southwest in the Mississippi valley to
‘a few thousand feet. If metamorphic action is due to the
accumulation of sediments, whereby the isothermal lines of
the earth’s crust rise to meet the increased pressure, by con-
sequence of which sediments are brought into a state of
igneo-aqueous fusion, it is not difficult to explain why, at a
period in the earth’s history, when the condition of the earth’s
crust, the ocean and the atmosphere, all contributed to main-
tain a high temperature, the strata as we pass from the south-
west in the Mississippi valley towards the northeast should
present, at the surface, increasingly the effects of heat.*

Let us now turn to technology and see what the experi-
ence of more than half a century can teach us in relation to
this question of the origin of bitumen. Soon after 1830,
Reichenbach in Germany,{ Sélligue in France and Gregory
in Scotland, all worked upon the destructive distillation of
pyroschists, wood,, coal, peat and petroleum. They all dis-
covered paraffine, and what is suggestive, they all propound-
ed the idea that bitumens are distillates. They established
the fact that pyroschists, wood, coal, etc., when destructively
distilled yield paraffine and the oils found in petroleum.
Selligue established quite a valuable industry in France, using
as his raw material the schists of Autun. About 1850, the
Scotch paraffine-oil industry arose. The raw material wasa
shale, called boghead mineral, that was well known to con-
tain fossil fishes. The distillate of this mineral closely re-
sembled petroleum, and when petroleum was discovered in
the United States in commercial quantities, the refineries on
the Atlantic coast, that had been importing the boghead min-
eral, commenced to work petroleum with slight changes in
their processes. At the same time, the albertite of New Bruns-
wick was also being distilled on the Atlantic coast, while west
of the Alleghenies cannel was being distilled at Cannelton,
on the Kanawha River, in West Virginia; at Cloverport, on
the Ohio River, in Kentucky; at Newark, O., and near Pitts-
burg, Pa. The experiment of distilling oil from Devonian

*Nat. Hist. of N. Y., “Palaeontology,” iii, 45-60.

{Jour. fur Chem. u. Phys., von Schweiger-Seidel, 1830, lix, 436. Trans.
Roy. Soc. of Edinb., xiil, 125. Rep. of Pat. Inven., n, s., iv, 109 Jour. des
Connaisances Usuelle, Dec., 1834, p. 285. Dingler, lvi, 40.
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pyroschists was also made at Erie, Pa. They yielded fifty
gallons of distillate to the ton. Without exception every one
of these materials yielded paraffine, and when the petroleum
obtained from Pennsylvania and West Virginia was used as
a substitute it was found that it yielded identical products,
and the coal-oil industry was quickly rendered unprofitable.
In an attempt to utilize all available material, William At-
wood, who was one of the most skillful technologists in coal
oil, was sent to the Island of Trinidad, where a plant was
constructed and an unsuccessful attempt made to prepare
illuminating and lubricating oils from Trinidad pitch. The
pitch furnished distillates very different from the paraffine
products obtained in the United States.

During the last years, before the coal-oil industry ceased
to be profitable, a number of patents were granted for im-
provements in this technology, mainly for improved methods
of distillation. The aim of these inventions was to effect a
uniform heating of the material by which a slow distillation
at low temperatures would be promoted. The presence of
steam, often superheated, was found to be at all times bene-
ficial. While to produce gas from these materials, it was found
necessary to thrust them into a retort heated to a high tem-
perature, to produce oil, it was found, on the contrary, best
to distill at the lowest temperature possible. The intermedi-
ate oils, too dense for illumination and too light {for lubrica-
tion, accumulated in the refineries, until Luther Atwood dis-
covered that by distilling them in such a manner that the
vapors were superheated the vapors were “cracked” or “dis-
sociated,” and when they were condensed they were found to
be of such a specific gravity that they could be used for illu-
mination. This was the most important discovery ever made
in the technology of bitumens, and when applied to the manu-
facture of paraffine petroleums it was of enormous value.

Soon after 1860, attempts were made to treat the bitu-
mens of southern California by the same methods of distilla-
tion that were employed in treating paraffine oils, but all the
results obtained showed that the processes were being applied
to different materials and the results were different. These
results all pointed to an excess of carbon and more unstable
compounds. On analysis these crude oils were found to con-

.
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tain a large percentage of nitrogen as compared with paraffine
petroleums.*

Canadian petroleum had been known to contain sulphur
and to be difficult to refine. When similar oils were obtained
in large quantities about 1885, in western Ohio, the sulphur
petroleums became a serious problem in the technology of
bitumen, as it was commercially desirable to treat them in the
same manner as the pure paraffine petroleums of Pennsyl--
vania. During 1893 and 1894, the technology of California
bitumens was again investigated. Destructive distillation -
when applied to these bitumens, resulted in the production of
a large volume of gas and asphaltic residuums with a dis-
tillate consisting principally of unsaturated hydrocarbons.
The crude oils were found to be allied to the crude oils pro-
duced in the Scotch shale-oil industry, as they contain a large
percentage of nitrogenous basic oils.§

There were thus established among North American bitu-
mens three great classes: those known as Pennsylvania oils,
consisting of nearly pure paraffines, for which I have else-
where proposed the name of Warrenite ; those known as Lima
oil, which together with the Canadian oils contain a notable
proportion of sulphur compounds, for which I have proposed
the name of Maberyite, and the California oils, which occur
in great variety and, while containing sulphur, are charac-
terized as nitrogen bitumens and for which I have proposed
the name of Venturiite. There is also a class of bitumens
not vet investigated that are found on the eastern slope of the
Rocky mountains from Mexico to the Arctic circle. In Eu-
rope, the paraffine petroleums of Galicia appear to be quite
distinct from the bitumens of the Caspian Sea. Technology
has also divided bitumens into two great classes that are
largely determined by geological occurrence. The great pe-
troleum region of North America, which is by far the most
important in the world, lies in the great palseozoic basin that
surrounds the Cincinnati anticlinal; while the bitumens of
California, the West Indies and Europe issue from Tertiary
rocks. These Tertiary bitumens are found in much greater

*S. F. Peckham, Reports Geol. Surv,, California, ‘‘Geology,” ii, Appen-
dix, p. 73.
1S. F. Peckham, Am, Jour, Sci. (3), xlviii, 250.
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variety and are uniformly more difficult to refine into com-
mercial articles than the bitumens obtained from older forma-
tions.* '

It is proper to mention in this connection three classes of
investigations that have been made on a commercial scale.
The first was made about 1860-65, by Cyrus M. Warren, and
consisted in distilling destructively the lime soap made from
menhaden (fish) oil. The products of this distillation were
refined into illuminating oil, in all respects identical with coal
oil and refined petroleum; and they were also proved by an
elaborate research to contain the same constituent hydrocar-
bons. Quite recently, Prof. Karl Engler has repeated these
experiments with the addition of pressure and steam during
distillation. Warren’s results were confirmed. Still more re-
cently, Dr. S. P. Sadtler has discovered that the vapors es-
caping from linseed oil while being boiled furnish, when con-
densed, a petroleum-like liquid, which upon examination was
found to consist of hydrocarbons identical with those found
in Pennsylvania petroleum. It is an honor to American sci-
ence that these results, valuable and interesting alike to sci-
ence and technology, were obtained by American investiga-
tors.t

The general conclusion from technology appears to be,
that for commercial purposes, crude bitumens and the prod-
ucts of their distillation may be duplicated by products of the
destructive distillation of pyroschists, wood, coal, peat and a
great variety of animal and vegetable substances.

It would be entirely unnecessary for the present purpose
to notice in detail all the researches that have been under-
taken upon bitumen, in all its various forms, since de Saus-
sure published his paper on the “Naphtha of Amiano,” in
1817. It is sufficient to indicate along what lines the investi-
gations have proceeded and in what manner the results have

*Boverton Redwood, ‘Petroleum,” etc., London. Charles Griffin & Co..
1896, if. S, F. Peckham, Proc. Am. Phll Soc., x, 445. Repts. 10th Census,
U. S., x, “Petroleum,” Am, Jour. Seci. (3), xlviii, 250 and 389, 1, 33. Science
xxiii, 74. Jour. Frank. Institute, Nov., 1895. S. P. Sadtler Am, Jour.
Pharm., Sept.,, 1896. C. F. Mabery Jour Frank. Institute, cxxxix, 401.
Proc. Am. Acad., n. s, xxiii, Jour., xix, 243, 374, 419, 796. B.
Sillman, Jr., Am, Jour, Sci. (ii) (xllu) 242, Chem. News, xvii, 257. Bul
Soc. Chem. de Paris, 1868, p. 77.

+C. M. Warren and F. H. Storer Mem. Am, Acad. n, s, 1x, 177 Karl
Engler, Berichte der Deut. Chem. Gesellschaft 1888, xxi, 1816, xxii, 592.
Dingler, Poly. Jour., 1889, p. 271. 8. P. Sadtler, Am. Jour. Phar., Sept., 1896.
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been interpreted. The earliest investigators analyzed bitu-
mens as if they were homogencous substances. They deter-
mined the carbon and hydrogen, added the percentages to-
gether and subtracted the sum from one hundred, calling the
deficit oxygen. <This went on for nearly fifty years. It is true
that Prof. B. Silliman, Jr., fractionated petroleum by distilla-
tion, and queried whether the liquids that he obtained were
educts or products. It was not until 1863 that Schorlemmer,
in England, and Pélouze and Cahours, in France, published
researches that professedly separated the compounds that
were mixed together in petroleum. They were soon followed
by Warren and Storer in the United States, who, by a supe-
rior method of condensation, succeeded in separating the
hydrocarbons in coal-tar naphtha, naphtha from Pennsylvania
and Rangoon petroleum, naphtha from lime soap of men-
haden oil and also the hydrocarbons from oil of cumin. These
researches established the existence in these liquids of several
series of hydrocarbons, the members of which were identical,
whether obtained from natural or artificial substances, and
were also in many cases recognized as identical with chemical
compounds already well known.*

Since these results were published, a great amount of
work has been done with varying success upon a great vari-
ety of petroleums, in which work progress has been observed
along two lines, viz., first, better methods of separation, and,
second, better methods of ultimate analysis. It is only quite
lately, however, that Prof. C. F. Mabery has succeeded, by
distilling in vacuo with Warren’s hot condenser, in so com-
pletely avoiding decomposition by cracking as to reach re-
sults that are final. While this is said without any wish to
disparage the work of other investigators, it must be said
with a proper regard for truth.f There is, however, a. vast
amonnt of chemical research on record, a very complete

*Theo. de Saussure, Ann. Chim. et de Phys. (2), iv. 314-320, London Jour.
of Seci., iii, 411. B. Silliman, Jr., Am. Chemist, ii, 18. Moniteur Scientifique.
No. 366. Am. Jour. of Gas Lighting, xvi, 83. Wagner's Ber., 1872, p. 848.
C. Shorlemmer, Chem. News, 1863, viii. 157; xi, 255. Am. Jour. Sci. (2).
xxxvi, 115. Rep. de Chim. Appliqueé, 1863, n. 174. Jour. fur Phar., xxi, 320.
J. Pelcuze and Aug. Cahours, Comptes Rendus. lvi, 505; lvii. 62. Ann. de
Chim. .et de Phys. (4), i, 5. Am. Jour. Sci. (2). xxxvi, 412. C. M. Warren and
F. H. Storer, Mem. Am. Acad., n. s., ix, 121~176. Am. Jour. Sci. (2), xxxix, xI
and xli. -Chem. News, xii, 85, 261, et seq.

C. F. Mabery, Proc. Amer. Acad., n. s, xxiv; Amer. Chem. Jour, xix,
243, 374, 419; Proc. Am, Phil. Soc. xlii, 36

v
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résumé of which can be found in the exhaustive work of
Boverton Redwood, which has given results sufficiently accu-
rate for our purpose. These results may be generalized as
follows:

The Pennsylvania petroleums are the purest paraffine
petroleums known. They contain small percentages of ole-
fines and traces of benzoles. The same hydrocarbons have
been found in other petroleums, in the distillates from cannel
coal, pyroschists, peat, wood tar, fish-oil soap, fish oil under
pressure and linseed oil, and also from Grahamite, Albertite,
ozocerite and many other substances of mineral and organic
origin.*

The Lima and Canadian petroleums contain the paraffine
series, with a notable proportion of sulphur derivatives of the
paraffines, formed by substitution ; and also tracés of benzoles
and nitrogenous basic oils.}

The Russian oils contain the benzole hydrides and naph-
thenes, with little, if any paraffines.i

The California oils, so far as at present known, consist
of the benzole hydrides, naphthenes, benzoles and sulphur
substitution compounds with a large percentage of esters of
nitrogenous basic oils, and no appreciable amount of par-
affines.||

The Scotch shale oils contain paraffines, olefines, ben-
zoles and esters of nitrogenous basic oils.**

These esters are also found in coal tar and in Dippel’s oil,
the latter being an oil obtained as a distillate from the gelatine
of bones.

No satisfactory research has ever been undertaken upon
semi-fluid malthas or solid asphaltums. They cannot be dis-
tilled without decomposition, and no analysis by solution has
vet been made that was not highly empirical. It is assumed,
rather than proved, that many solid bitumens contain oxygen.

*Schorlemmer, Pelouze et Cabours, Warren and Storer, Mabery, loc. cit.

iMabery and Smith, Proc. Amer, Acad., n. s., xxiii; Amer. Chem. Jour.,
xvi, 83, 89, 544; xvii, 713; xix, 419

1S. F. Peckham, Proc. Amer. Phil. Soc., x, 445; xxxvi, 154; xxxvii, 108;
Amer, Jour. Sci. (3) xlviii, 250. C. F. Mabery, Jour. Frank. Inst,, cxxxix, 401;
Proc. Am. Phil. Soc., xlii, 36. Boverton Redwood, Petroleum, i, 203.

iBeilstein and Kurbatow, Ber. d. D. Chem, Ges., 1880, p. 1818. Jour. Amer.
Chem. Soc., xiii, 232. Markonikow and Oglobml Ber. d. D. Chem. Ges., xviii,
2224; Ann. de Chim. et de Phys. (8), ii, 372.

**English patents.
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They certainly do contain sulphur, and in some instances they
contain nitrogen. When distilled upon a large scale solid
bitumens are decomposed and nothing but decomposition
products are found in the distillate, while coke remains in the
still. These decomposition products are very varied. Those
that are geologically old yield paraffine, while those that are
recent do not.*

Prof. Mabery has remarked that all petroleums contain
the same approximate principles in different proportion.
While this statement may be absolutely true, it is not so rela-
tively. The paleozoic bitumens have been most carefully
studied and they consist mainly of paraffines. The Tertiary
bitumens have been less carefully studied, and they consist
principally of benzoles and their derivatives in great variety.
Mingled with these are the olefines and other series of hydro-
carbons in small proportion, with an immense number of
oxygen, sulphur and nitrogen derivatives and substitution
compounds, the existence of which has been only recently
suspected.

It can, therefore, be asserted that the natural bitumens
and the substances resembling them that are obtained by the
destructive distillation of mineral and organic substances, are
strikingly similar. The paleozoic bitumens bhear a re-
semblance to the simple distillates produced in the presence of
steam, at low temperatures, when nitrogen is practically ab-
sent. The Tertiary bitumens resemble the distillates obtained
at higher temperatures and when the raw material is rich in
animal remains. There are, however, a large number of bitu-
mens that have been too little investigated to admit of any
generalizations concerning them. In illustration of this state-
ment, attention is called to the valuable papers of Prof. Henry
Waurtz, in which he shows that many so-called native par-
affines are probably olefines.t The author suggests that some
of them may be the higher naphthenes, that have the same
percentage composition as olefines. The solution of these
problems awaits a vast amount of research.

In the preceding pages I have given an outline of the

*S. F. Peckham and L. A. Linton, Amer. Jour. Sci. (4), i, 193. S. F. and
H. E. Peckham, Jour. Soc. Chem. Industry, xvi, 424; H. Endemann, ibid, xv,
871; xvi, 121. :

tH. Wurtz, Eng. and Min. Jour., xiviii, 25, 114; 1i, 326, 376.
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views generally held by chemical and physical geologists con-
cerning the chemical phenomena attending the cooling of the
earth and its shrinking and contracting crust. To these I have
added a resume of the technical and chemical knowledge we
possess concerning bitumens. I shall now proceed to discuss,
in the light of these facts, the occurrence of bitumens and the
relation of such occurrence to their probable origin.

Leaving the problems of orography to the physical geolo-
gist for solution, there are a few suggestions to be made relat-
ing to these problems, that I have not seen anywhere men-
tioned. If we regard the dizzy heights of the Andes and
Himalayas, or the profound abysmal depths of the Pacific as
isolated phenomena, they appear on a scale of oppressive
grandeur and immensity ; yet these irregularities in the earth’s
crust reach a maximum of only about ten miles in vertical
height, which is only one twenty-five hundredth or four hun-
dredths per cent. of the circumference of the earth at the
equator. The local foldings of a few hundreds of feet in dis-
turbed strata are microscopic when compared with the earth’s
diameter; and yet we are accustomed to regard these plica-
tions of strata as the result of sudden movements in the
earth’s crust. This is a pure assumption. The period
of time through which critical observations of geological phe-
nomena have been made when compared with the time that
has elapsed since life dawned upon the earth is also micro-
scopic; it is a smaller fraction than four hundredths per cent.
The element of time in geological phenomena is only just be-
ginning to be appréciated. We have learned from a few years
of observation that some continental masses are rising and
others falling with reference to the sea level; yet no one has
observed these movements through many centuries, nor
have these vertical movements of the coasts of the world been
correlated and the laws that govern such movements been
determined. We do not know whether a continent has
emerged from an ocean maintaining a constant level, or
whether the ocean has receded as the contracting mass has
rendered the ocean depths more profound, or, as is more prob-
able, the shrinkage of the crust has changed the distance of
the ocean surface from the center of the earth, rendering the
elevations apparently greater. It is not material to this ques-
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tion that we should know. Nor is it of importance to consider
whether the continued operation of forces at present active
through countless centuries, or the repeated interjection of
catacylsms of world disaster, has brought the earth to its pres-
ent condition. Volcanic eruptions, earthquakes and floods,
separately and unitedly, change the face of nature within our
own generation ; it is reasonable to suppose that they have act-
ed from the earliest period of the earth’s history to the present
time with constantly lessening violence. It is true that the local
effects of such phenomena as the earthquakes at Lisbon and
Java and the Red River fault appear cataclysmic; yet these ef-
fects are microscopic when compared with the dimensions of
the earth, and may have been, nay, probably were the culmina-
tion of a series of movements that had been in progress for
immense intervals of time. I therefore believe that in stating
the causes of those changes that have taken place at the sur-
face of the earth as we know it, one of the most important
considerations is the unlimited periods of time through which
the pressure due to accumulation of sediments and the conse-
quent development of heat has acted upon those sediments,
which in many instances were filled with water charged with
mineral matter in solution. From the combined action of
pressure, heat and steam, through unlimited periods of time,
the constituent elements of sediments have been brought into
every possible state of combination, from obsidian and
pumice, which have been completely fused, through lavas,
granites, gneisses, etc., to sediments in which there has been
no change at all. As Dr. Hunt has fully shown, the action of
thermal waters, which have been largely instrumental in pro-
ducing these changes, has been often extremely localized, both
laterally and vertically, and may be greatly varied by the con-
stituents of the sediments themselves.

If then, we accept the hypothesis that all of the rocks as
we now know them are sediments, whatever may be their
present condition, we are forced to the conclusion that life
first appeared upon the planet at a date too remote to be
determined even in geologic time, and that the remains of
organic forms have practically been a constant constituent of
sediments from that time to the present. As might be ex-
pected, we find organic remains in every possible condition,
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from crystallized graphite to unaltered cellulose. Vegetable
and animal remains are found in every conceivable condition
of replacement and alteration. We find pseudomorphism in
the strictest sense as well as metamorphic action developed in
every possible degree. Nor can we assert that any of the
older strata are free from such action, for metamorphism is,
as the word signifies, a change of form, and no limits can be
assigned to such change in either time, place or degree that
are not arbitrary. There can be no question that as sediments
have accumulated slowly so these changes have progressed
slowly.

Nevertheless, following upon long periods of quiet, there
appear to have been periods of cataclysmic violence, as when
the vast lava sheets that form the table mountain of the Sierra
Nevada were poured out, not from a single peak, but from a
whole range of peaks; when the whole of southern Colorado
and northern New Mexico and Arizona were covered with
lava sheets thousands of square miles in extent; or when the
valleys of West Virginia were upheaved, the Oil Break formed
and the mass of plastic Grahamite forced into the fracture; or
when the basic rocks that form the mounds of iron porphyry
in Cumberland and Foster, R. I., were thrust up from the
deeps; and the trap dykes along the whole eastern borders of
the Alleghanies were poured into fractures &f local extent;
or when the veins of Gilsonite and allied- bitumens were
poured into fractures in a plastic condition in Utah. But
these convulsions that have brought basic porphyrys, basalts,
trap dykes and local metamorphism to the surface, have in
the physical and chemical operations of nature produced an-
thracites and anthracitic residues and not bitumens. Bitumens
are not the product of the violence of volcanic or cataclysmic
action, but of the gentler action of normal metamorphism ex-
erted through long periods, during which the volatile bitumen
has been distilled from sediments containing organic matter,
and at the lowest possible temperature, without regard to
time, as the sediments were pressed down to an isothermal
that admitted first of their distillation and then of the conver-
sion of the carbon residues into graphite.

Dr. Hunt has left hundreds of pages in which he has
shown that the crystalline and eruptive rocks, as we know
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them, are altered sediments. His argument is conclusive that
the carbon that they contain is derived from organic forms.
When discussing bitumens he shows, first, that the pyro-
schists do not, except in rare instances, contain bitumen, and
are not in the proper sense of the word bituminous. Sec-
ondly, he shows that the pyroschists do not, “whether ex-
posed at the surface or brought up by boring from depths of
many hundred feet, present any evidence of having been sub-
mitted to the temperature required for the generation of vola-
tile hydrocarbons.” Thirdly, he shows that as the oil occurs
in the limestone it could not have been distilled. He further
shows that the Utica slate that is beneath the lower Devonian
limestones is unaltered, and adds, “More than this. the Tren-
ton limestone, which on Lake Huron and elsewhere has
yielded considerable quantities of petroleum, has no pyro-
schists beneath it, but on Lake Huron rests on ancient crys-
talline rocks with the intervention only of a sandstone devoid
of organic or carbonaceous matter.*

I have already shown that sediments become crystalline
at very low temperatures and that the crystalline schists be-
low the lowest stratified rocks contain abundant evidences of
organic forms. Are we to suppose that there was no inter-
mediate zone in which normal metamorphism died out and
faded into unaltered sediments? We ought to expect to find
the pyroschists in their normal condition. We ought to expect
to find the coal altered or unaltered, according to its proximity
to the heated area. We should not expect to find the carbon-
ized remains of organic forms in rocks containing bitumen;
for we cannot suppose that those beds that yielded the bitu-
men by distillation were suddenly plunged into a condition of
igneo-aqueous fusion by which the organic constituents were
instantly converted into anthracite and gas. As a general
rule the process of conversion must have been as gradual as
the progress of deposition. We cannot assume that in every
instance the anthracite is the residue from a distillation of
which the distillate was completely lost. Moreover, the ex-
ample cited above, of observations in southern California, is
a complete demonstration, occurring as it does in a region

*T. S. Hunt, Essays, p. 169, ed. 1875
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rich in bitumen, that the change from sediments to crystalline
schists is progressive and involves the organic as well as min-
eral constituents of the strata. y

If a traveler should leave Boston, Mass., and travel in a
generally southwest direction toward San Diego, in southern
California, he would encounter along his route a series of
object lessons that would lead to but one conclusion. What-
ever the age of the crystalline rocks of New England may be,
they are certainly for the most part older than the Carbonifer-
ous. The small basin around Mansfield, Mass., extending
into Rhode Island, which contains the anthracites of that re-
gion, is surrounded by crystalline rocks, and, indeed, the
anthracite beds themselves are, as already stated, altered to a
substance nearer graphite than coal. The coal slates contain
only impressions of coal plants, and fossils of any description
are extremely rare in the vicinity. Intrusions of trap are fre-
quent, and cones of highly basic porphyries are thrust up
through all of the crystalline sediments at several points. The
change of form has been very complete in respect to every
constituent of the sediments.

Westward around New Haven, Conn., the bedding of the
sediments has not been so completely obliterated, but the
change in the organic constituents has been quite as general.
In the gneissoid traps of that region, thin veins of anthracitic
material occur, which alone remain to represent the organic
constituents of the altered sediments. Continuing our course
southwestward the same changed condition is observed in
the crystalline schists of Manhattan Island, and across the
Hudson through northern New Jersey. Intrusions of trap,
too, are frequent through all this region and the sole repre-
sentative of the organic constituents of the sediments is an-
thracitic residues.

On the western slope of the Catskills, through eastern
New York, the crystalline rocks which exist at varying depths
below the surface are overlaid with sediments which are fre-
quently imperfectly metamorphosed, and as one moves west-
ward into central New York and northeastern Pennsylvania,
while the coal beneath the surface is anthracite and the resi-
dues before mentioned that fill cavities in the limestone are
anthracitic, still the surface rocks show less and less signs of
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alteration. As the summit of the Alleghanies is reached and
passed, the coal beds fade by insensible stages from anthracite
into unaltered splint and cannel coals. The beds of slate also
become beds of pyroschists, and the formations generally as-
sume the aspect of unaltered sediments. On the western
slope of the Alleghanies the surface descends much less ab-
ruptly than it ascends on the eastern slope. The dip of the
formations is much greater than that of the surface, conse-
quently the outcropping edges of newer formations are re-
peatedly encountered, until in western Pennsylvania and New
York metamorphism has ceased to be a problem in surface
geology. These surface rocks are, however, geologically all
below the coal, which in eastern Pennsylvania is metamor-
phosed into anthracite. There is no arbitrary line that sep-
arates the unaltered from the altered strata. The successive
formations have thinned out, and in general they continue to
become thinner as we go southwest; but there is no anthra-
cite between the crest of the Alleghanies and the mountains
of Arkansas. Throughout the Mississippi valley, as we pass
to the west, these formations outcrop and overlie each other
precisely like the shingles on a roof, with the pitch reversed.

In the Bradford oil fields, in McKean County, Pa., the
drill penetrates a bed of porous sandstone that lies enclosed in
impervious unaltered strata. It contains a few shells and fish
bones, but no other fossils. Like the surface rocks it lies
sloping toward the southwest, the lower portion submerged
in salt water, the middle portion filled with petroleum and
the upper portion filled with gas, both originally under an
enormous pressure. In Warren County, farther to the south-
west, the drill reaches petroleum not in the McKean County
sand, but in a different sand, higher in the series. Still farther
southwest, in Venango County, the surface rocks are still
higher in the series and the drill reaches petroleum in a pebble
conglomerate that outcrops at the surface to the northeast.
These pebble conglomerates, known as the “Venango Oil
Sands,” formed great riffles in the currents of the primeval
ocean. They are several miles long and a few rods wide, level
on the upper surface, and rounded on the under surface to a
feather edge at the sides. One is above the other and they
are covered, when they contain petroleum, with a solid, im-
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pervious shell of silica, that the drill penetrates with difficulty.
The uppermost of these conglomerates consists of spherical
pebbles of yellow quartz, about as large as cranberries; the
lowest consists of lenticular pebbles of very white quartz. In
both cases the pebbles are cemented together at their points
of contact leaving large open spaces. These conglomerates
are sometimes replaced by coarse, porous sandstones; neither
of these contain fossils of any kind. Still farther southwest,
on Slippery Rock Creek in Mercer County, and at Smith’s
Ferry in Beaver County, another sandstone—the Berea Grit—
that is barren where it occurs in Venango County, yields pe-
troleum above the pebble conglomerate. If a line be followed
farther to the left, across western Pennsylvania and into West
Virginia, the outcrops of the formations would rise succes-
sively in the scale until the oil would be found in the Mahon-
ing sandstone, which lies at the top of the lower productive
coal measures. Since the development of the Lima oil fields
the range of rocks holding the petroleum reaches in Ohio,
Canada and Pennsylvania from the Lower Silurian, Trenton
limestone, to the lower coal measures. These rocks embrace
nearly the entire palazozoic formations of North America.
Very few wells have been sunk below the petroleum-bearing
sandstone, for the obvious reason that it involved a useless
expense. One of the deepest wells ever drilled in the oil re-
gion of western Pennsyivania was Jonathan Watson’s deep
well near Titusville. This well went down through all of the
oil sands and the Devonian shales beneath them, to a depth
of 3,553 feet, when just as it was abandoned a hard rock was
- struck which was supposed to be the corniferous limestone,
which is the oil-bearing rock of Canada. The interval be-
tween the oil sands and the bottom of the well was filled with
Devonian shales, that underlie the Bradford oil sand and are
supposed to extend from Allegheny County, New York, to
central Kentucky and in fact to underlie the entire petroleum
region that produces Warrenite—the pure paraffine petrol-
eums. - When “dry” or unproductive holes are drilled outside
the productive areas, they pass, at the horizon of the oil sands,
through a different rock, which is compact and incapable of
holding petroleum. These underlying Devonian shales out-
crop at Erie, Pa., and furnish there the material that on dis-



52 SOLID BITUMENS.

tillation yielded fifty gallons of distillate to the ton. Where
this formation outcrops it is filled with fucoids and has yielded
small petroleum and gas wells. The men who drilled Jona-
than Watson’s deep well stated that “the soap stone (De-
vonian shale) became harder as they went down, and was
redder in color, in fact, had been burnt like brick.” In a com-
paratively few localities, petroleum has been found saturating
rocks that lie one above the other. The upper rock invariably
yields the most dense oil. In 1881 I saw a well in West Vir-
ginia, from which the same walking beam pumped at every
stroke oil of 27° from a depth of 255 ft. and oil of 45° from a
depth of 600 to 700 ft.

I have never seen a specimen of graphite reported to have
come from any locality between the crest of the Alleghanies
and the Ozark uplift. This is an uplift of the paleozoic for-
mation west of the Mississippi River, extending from central
Missouri to central Texas. It resembles that of the Alle-
ghanies, but is on a smaller scale.* The eastern slope is more
abrupt than the western. The formations of the central por-
tions, in Arkansas and Oklahoma, are highly crys-
talline, and graphite and anthracite are of frequent occurrence
and are found on the western slope. On this slope also, but
farther west, in unaltered strata immediately above the crys-
talline formations, bitumen occurs in enormous quantity and
great variety. Over a large area in the northeastern portion of
Oklahoma heavy petroleums are found only a short
distance beneath the surface, and, as I am informed, below the
coal. South of-the Red River, in northern Texas, bitumens
occur saturating horizontal beds of sand that are intercalated
between strata of more or less solid limestone. North of the
Red River, in Oklahoma, every rock formation that is
at all porous appears to be filled with bitumen. As far as
I have investigated it, the bitumen is uniform in kind and
quality. It has saturated beds of sand, strata of sandstone and
limestone, some of which are hard and crystalline, others mag-
nesian and almost as soft as chalk, some of them without fos-
sils, and some almost all fossils, and all of them conformable
with the Upper Silurian and Lower Carboniferous rocks that

*J. C. Branner, “Former Extension of the Appalachians Across Mississip-
pi, Louisiana and Texas,” Am. Jour. Sci. (4) iv, 357.
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enclose them. In one locality a sort of bituminous breccia
occurs, of immense extent, consisting of fragments of lime-
stone and quartzite cemented together with bitumen. In an-
other an immense horizontal bed of sand, completely saturated
with bitumen, is overlaid with 30 or 40 ft. of conglomerate
that has been more or less penetrated with it.

Many of the beds north of the river are in very sharp
folds that bring the strata to the surface nearly vertical, in
eroded anticlinals that extend across the country in parallel
lines, often many miles in length. What is of especial interest
in this connection is the occurrence in the vertical limestones
and sandstones of imperfectly saturated strata. The bedding
varies from the thickness of paper to a few inches. The rock
mass was usually most easily penetrated along the lines of
the thinnest beds. Fractures which cross all these beds, in-
cluding both the thin and thick ones, show the bitumen com-
pletely filling the thin beds and only partially penetrating the
seams and the mass of the thicker cryptocrystalline strata.
Nothing could more beautifully and clearly demonstrate the
fact that the bitumen was not indigenous to these rocks, but
had penetrated them while previously and as at present in
their nearly vertical position.

Continuing our journey across the continent, bitumen is
frequently encountered in positions contiguous to normal or
local metamorphism, until we descend into the great valley of
California, west of the Sierra Nevadas. Here the development
of bitumen has proceeded on a scale of vast magnitude. On
the western slope of the Sierras the region around Roseville,
in Placer County, and the vicinity of the city of Stockton, are
well known to be rich in natural gas.* There are localities
on these slopes that have also furnished petroleum, but, as
before stated, the bitumen deposits of California are princi-
pally found in the Coast Ranges, and the great interior valley,
including the ocean area lying between the Santa Barbara
islands and the main land. The richest deposits have been
found in Ventura, Kern and Los Angeles Counties, on the
border line that separates the Cretaceous from the Lower Mi-
ocene. None of the bitumen is found in crystalline rocks (un-

*W. L. Watts, “The Gas and Petroleum Formations of the Central Val-
ley of California,” 1894.
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less in the single instance mentioned above); yet the evi-
dences of both normal and local metamorphism, in strata
not far distant from the bitumen-bearing rocks, are abundant.
The late Prof. Eli W. Blake, Jr., once visited the Santa
Barbara islands and afterwards described to me the cascades of
lava that had descended from the volcanic cones in the center
of the islands over precipices into the sea. Bitumen has ex-
uded for more than a century from the unaltered strata, whose
upturned edges form the bed of the ocean, between these isl-
ands and the main land. The Tertiary formations that con-
stitute the bluffs of the coast east and west of Santa Barbara
contain deposits of bitumen of enormous extent, and exhibit
evidences of metamorphic action still in progress. Almost
every large bluff from Point Conception to San Diego con-
tains a solfatera, the action of which leaves the Miocene
shales, originally rich in organic matter, devoid of a trace of
carbon.

The best petroleum wells of Ventura County lie in the
cafions of the Sulphur mountain, one of the foothills of the
Coast Ranges. Other wells are similarly located with refer-
ence to these ranges.* None of them have penetrated crys-
talline rocks; yet the core of the Coast Ranges only a few
miles east of the wells of the Pacific Coast Oil Co., as Dr.
Goodale and myself found, is granite. Fragments of crystal-
line rocks are washed out of many of the large cafions that
head in the main Coast Range back of the foothills in which
the oil welis are drilled. Deep drilling is extremely difficult
in this region on account of the fragile character of the rocks.
It might be impossible to carry a well down through all the
bituminous strata to the crystalline rocks, but the fact that
they are altered Miocene sediments and exist at a compara-
tively short distance below the surface does not admit of any
question. The evidences of metamorphism, through the
agency of hot, silicated water, are found everywhere. The
formations contain abundant remains of highly organized ani-
mals; and the bitumens which they contain consist of benzoles
and naphthenes, . without an “appreciable amount of paraf-
fines, if any.”t They also contain sulphur and nitrogen. They

*S. F. Peckham, Mineral Resources of the United States, “Petroleum in
California,’” 1894,
fLetter of C. F. Mabery to S. F. P.
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are evidently the products of the distillation of highly organ-
ized animal tissue, as an effect of the accumulation of sedi-
ments, and of metamorphic action upon unaltered sediments,
through granite and gneiss to lava and pumice.

If we turn from North America to Europe-Asia, the testi-
mony of the most eminent observers seems equally convinc-
ing. Daubrée was satisfied that the origin of the bitumen
was found in metamorphism. Other French chemical geolo-
gists were equally well-grounded in this belief. As early as
1835, M. Rozet read a paper before the Société Geologique de
France in which he discussed the occurrence of asphaltic lime-
stone at Pyrimont. He says, “The bituminous matter is found
equally in the calcareous rock and the molass that covers it.
It is evident that the action introducing it into the two rocks
is posterior to the deposition of the latter. The manner in
which it is distributed in great masses, which throw their
ramifications in all directions, joined in such a manner that
the superior portions generally contain less bitumen than the
remainder of the mass, indicates that the bitumen has been
sublimed from the depths of the globe. . . . . It may be
objected that such basaltic rocks do not appear in all the ex-
tent of the Jura. To that I reply that they are found in the
neighborhood, in Burgundy and in the Vosges and further,
that in the changes in the surface of the soil, whether occa-
sioned by fractures or by the disengagement of vapors, the
plutonic rocks do not necessarily appear at the surface. Per-
haps in the deep valleys of the Jura the basalts are of very
slight depth. . . . . In the Val de Travers, near Neuif-
chatel, similar phenomena are observed.”*

In 1846, S. W. Pratt associated the occurrence of bitumen
at Bastennes with the eruption of ophite in the Pyrenees.}
In 1854, Parran remarks concerning the occurrence of bitu-
men in the environs of Alais, “whatever be the origin of these
substances, whether they be due to interior emanations from
fissures of dislocation or to circumstances exterior and atmos-
pheric, it is evident that there was during the Tertiary period
an asphaltic epoch in relation to which it is convenient to
recall the numerous eruptions of trachytes and basalts which

*Bull. Geol. Soc. de France (1), vii, 138.
tQudr. Jour. Geol. Soc., ii, 80.
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characterize that period, and have probably acted by distilla-
tion upon masses of combustibles hidden in the bosom of the
earth.”* The anthracites of the Alps offer convincing proof
that large amounts of organic matter have been involved in
the metamorphic action that has prevailed in that region. In
like manner the relation of the bituminous deposits of Galicia
and Roumania to the crystalline rocks of those countries show
the part that metamorphism has played in their occurrence.

No theory that refers the origin of the bitumen to any
physical or chemical action that has prevailed on a cosmic
scale can satisfactorily explain the differences that exist in
crude bitumens. Mr. Phillips has added the testimony of
chemistry itself to show the improbability of a chemical origin
for bitumens on a cosmic scale. Dr. David T. Day has shown
the reasonableness of an hypothesis which regards the bitu-
mens of Pennsylvania as distillates, but his idea that the vari-
ation in the petroleums of that region is due to the effect of
filtration is, in my judgment, hardly tenable. In Pennsyl-
vania the darkest and heaviest oils are nearest the surface.
The sulphur content of bitumen is too wide a subject to dis-
cuss here in detail; yet it may be said in general that sulphur
enters bitumens by a secondary reaction between the bitumen
and the sulphates dissolved in natural waters. The freedom
of Pennsylvania petroleum from sulphur has already been
shown to be due to the absence of sulphates in the natural
waters of the region in which they occur. As has already
been stated, Prof. Mabery has shown that the sulphur com-
pounds found in Lima oil are sulpho-paraffines. This would
naturally follow the reduction of sulphates by paraffines, the
reaction being a double decomposition in which sulphur is
substituted for hydrogen in the paraffine. Filtration would
not be likely to remove such compounds from solution in the
other constituents of the petroleum.

In his discussion of the “Occurrence of Petroleum in the
Cavities of Fossils,” Mr. Phillips has offered some ingenious
but wholly unnecessary suggestions to account for the pres-
ence of a nearly solid bitumen in the cells of a coral reef un-
covered in a quarry. Petroleum occurs in the rocks of the oil

*Ann. des Mines (5), iv, 334.
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regions filling cavities of every description. Geodes, fossils,
sandstones, pebble conglomerates, porous limestones, the Chi-
cago dolomite, gravel, anything and everything that has a
cavity or a pore, has been found saturated with it. Why?
Simply because the enormous pressure under which the bitu-
men has accumlated in the crust of the earth has forced it
there. When it has entered cavities like those in the coral reef
described by Mr. Phillips, the diminished pressure and evapo-
ration have resulted in the escape of the most volatile con-
stituents. When the reservoir of the Bradford field was first
penetrated, the pressure was estimated at 4,000 Ibs. per sq. in.
Whether or not this estimate was approximately correct, the
pressure was sufficient to throw the well casing and piping out
over the top of a derrick and land it in a meadow near by. A
short time after the famous Karg well was struck near Find-
lay, O., I, myself, saw a pressure gage register 450 lbs. per
sq. in. Burning gas wells in western Pennsylvania sent
streams of flame into the air 8o ft. in height. Notwithstanding
this accumulation of the facts of experience during many
years, writers still ignore the tremendous significance of such
phenomena, and speak of these deposits of bitumen as if they
resembled a turn-over or an apple-dumpling laid away by na-
ture. Gas cannot have been held under such tremendous pres-
sure through cycles of geologic time in reservoirs of porous
rocks, from which it has been filtering, as suggested by Mr.
Phillips.

The complete inadequacy of all these arguments was never
more fully set forth than in the language used by Mr. Phillips:
“The movement of the oil through the rock displaced from
the interstices in which it had originally collected would have
been accelerated as the transition from solid organic tissues to
liquid had been advanced.” The decomposition of organic
matter in situ could never have occurred under any conditions
of accelerated pressure of even moderate amount. Action and
reaction being equal the rocks must have been consolidated
and capable of resisting pressure before the pressure could ac-
cumulate. These facts are themselves the strongest reason
for belief that the bitumens were never formed in situ in the
porous rocks that contain them, but were gradually accumu-
lated in those porous rocks that had been previously overlaid
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with impervious strata capable of resisting the enormous pres-
sure until the reservoirs were penetrated by the drill. The
fact that in the limestone some fossil cavities are filled while
others are empty lies in the further fact, that the lines of
shrinkage and other fractures penetrated some of the fossil
cavities while others remained intact.

Upon this hypothesis, that bitumens are distillates, all of
the variations observed in bitumens of different geological ages
are easily explained. The earliest forms of animal and vege-
table life are admitted to have been nearly destitute of ni-
trogen; hence when these forms accumulated in sediments,
which, borne down by deposits above them, invaded an iso-
thermal that admitted of their distillation, they must have
been distilled, in the presence of steam, at the lowest possible
temperature ; they must have been distilled under a gradually
increasing pressure, the extent of which depended upon the
porosity of the sediments above them, up to the surface. They
must also have been distilled under a gradually increasing
temperature which would have been largely controlled by the
pressure. While the temperature and the pressure would have
in every instance been the least possible, with steam always
present, these physical conditions would on account of the
varying porosity and consequent varying resistance of the
overlying mass have produced very great effects in some in-
stances and very slight effects in others. As a consequence,
we have in natural bitumens, as in artificial distillates, mate-
rials varying in density from natural gas to solid asphaltum.

If these distillates proceeded from materials that would
yield paraffine, these permanent and stable compounds, from
marsh gas to solid paraffine, remained in the receptacles that
nature had provided for them until they were released by the
drill. If, however, the distillates proceeded from sediments
of a different geological age, containing animal and vegetable
remains more highly organized, that would yield different
series of hydrocarbons, with compounds of nitrogen, then a
very different bitumen would be stored in these receptacles.
Secondary reactions would convert these primary distillates
into a great variety of substances. The contents of the
original reservoirs, borne down and invaded by heat, might
become involved in a second distillation at an increased pres-

"
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sure and temperature. FIractures of these reservoirs from
excessive pressure might lead their contents to the surface
along lines of contact of strata or with water containing sul-
phates by which an originally pure hydrocarbon would be
converted into a sulphur bitumen. A nitro hydrocarbon,
reaching the surface under these conditions, might, by the
combined action of evaporation and reaction with sulphates,
pass through all the varying degrees of density from petro-
leum to maltha and become finally solid asphaltum, and this
through the lapse of time and abundance of material on a
scale of vast magnitude.

Such, then, is the “Testimony of the Rocks,” along a line
which spans the western continent. Nearly the whole of this
line has been brought under my own personal observation.
There is also reason for believing that a line might be fol-
lowed in the eastern continent from the North Sea to Java
that would furnish equally convincing proof. To this testi-
mony is added that of chemistry, technology, mineralogy, and
the chemistry of the cooling earth. Each supports and cor-
roborates the other. We have no need to search for coke
until we know that coke was formed. We have no need to
assume, that in the laboratory of Nature high temperatures
and rapid action were necessary to produce results, for which
infinite periods of time and the lowest possible temperature
were fully adequate.

Dr. Edward Orton read at Montreal, December 28, 1897,
an address in which the author notes two very important ob-
servations. In speaking of Mendeljeff’s chemical hypothesis,
“It is hard, therefore, to see why, the whole world over, pe-
troleum is entirely wanting in the Archean and exclusively
confined to the stratified rocks. There is not an oil field in
the world in rocks of Archean time.” I pass this by without
comment to notice his observation upon the gas wells drilled
in Oswego and Onondaga Counties, N. Y., one of which pene-
trated a limestone that was found between the Potsdam sand-
stone and granite, and furnished a gas pressure of 340 lbs.;
the other at a depth of 120 ft., in the Trenton limestone, gave
the gas pressure of 1,525 Ibs. Dr. Orton well says, “A rock
pressure of 1,500 lbs. per sq. in. stands for, nay demands, a
hermetic seal.” Speaking of the Potsdam sandstone and the
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dark limestone beneath it, he says, “The drillings brought
from these horizons seem normal in every respect. Certainly
there is no hint of any transformation by heat. ‘The smell of
fire has not passed on them. There is no carbon residue.
The bituminous products found in them cannot owe their
origin to the usual form of destructive distillation.””* It is
not likely that the usual form of destructive distillation as il-
lusirated in a gas retort has obtained anywhere in the opera-
tions of nature. I regard the penetration of granite beneath
bitumen-bearing rocks as a most conclusive and unexpected
support to the validity of the views herein set forth. The
longer I study the subject and the wider my experience be-
comes, the less I am prepared to assert that any formula is
capable of universal application. I would therefore suggest,
that, as we now find them, bitumens are in some instances
still where they were originally produced by a process of
decomposition of animal remains, that is at present being il-
lustrated on a small scale in the shallow bays of the Red Sea.
Further, that other deposits contain primary distillates from
the vegetable and animal remains enclosed in geological for-
mations that have been invaded by heat, steam and pressure
in past periods of the earth’s history; and finally, that in some
instances, as we now know them, bitumens have been trans-
fered and stored by a secondary invasion of bituminous de-
posits by heat, steam and pressure. The details of these
various movements await for their expression a vast amount
of chemical and geological research by those who are to come
after us. :

I have quoted thus fully from Dr. T. Sterry Hunt for two
reasons; with all his eccentricities, he was a man of untiring
industry and a profound interpreter of the phenomena of na-
ture in the light of experiment. Therefore, no writer of recent
vears has expressed views that are entitled to more respectful
consideration. He is also more widely quoted by both Ameri-
can and European writers upon the subject of the origin of
bitumens, especially as an exponent of the doctrine that bitu-
mens are indigenous to the rocks in which they are found,
than any other author.}

*Bul. Ceol. Soc. America, ix, 93.
{Proc. Amer. Philos. Soc., vol. xxxvi, 103; vol. xxxvii, 108.
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This discussion is directed mainly to the origin of petro-
leum. It applies with equal force to all primary forms of bitu-
men, whether gaseous, liquid, semiliquid or solid. The evi-
dence is constantly accumulating where bitumens occur in all
parts of the world. In Texas the petroleum occurs in sands
that are interstratified with strata that contain at a depth of
only 1,200 ft., warm artesian water. During a recent visit
to New Brunswick the author learned that anthracite had
been discovered in the western extremity of the range of hills
in which the Albertite occurs, and that petroleum had been
obtained from wells drilled at a point lying between them.
The entire region is a region of metamorphic rocks, changed
through the action of hot silicated water.

The origin of bitumens cannot be established in labora-
tories, but must be wrought out as the result of a careful
comparison of the operations of technology with the opera-
tions of nature, into which time has always entered in suf-
ficient quantity.



(GEZRARERES
THE CLASSIFICATION OF BITUMINOUS SUB-
STANCES.

A correct classification of bituminous substances divides
them into three classes, viz.: bitumens, pyrobitumens and
factitious or artificial bitumens.

The first *embraces those natural substances defined by
numerous authorities as consisting principally of carbon and
hydrogen, and occurring under gaseous, fluid and solid forms
as natural gas, petroleum, maltha, and asphaltum or asphalt,
sometimes pure and sometimes mixed in varying proportions
with other substances. They occur in outflows, saturating
beds and masses of rock and in true veins into which the solid
forms have been injected in a plastic condition. They -are
more or less soluble in various neutral liquids, but particu-
larly in chloroform and bi-sulphide of carbon. They are
usually black in mass and brown in powder or solution, and
are very inflammable.

In one of the earlier papers of Dr. T. Sterry Hunt it is
shown that certain relations exist between coal and bitumens.
Dr. Hunt read a paper at Terre Haute, Ind., in 1870, on the
“Oil-bearing Limestone of Chicago,” and later papers, in
which he makes clear the distinction between minerals that
are true bitumens, soluble in chloroform and bi-sulphide of
carbon, and minerals that are insoluble in those liquids, but
which yield, when distilled, substances that resemble bitu-
mens in physical properties. These he called pyro-schists,
and pyro-bitumens. This distinction he deemed of great im-
portance, as it really is, and he enforced it with all the energy
of which he had no lack. All coals, except anthracite, yield
bituminous products on distillation. Besides the coals, there
are deposits of carbonaceous minerals in great variety of form
and degrees of purity that are known in mineralogy as bitu-
minous schists and shales that also yield bituminous distil-
lates. These are properly referable to the second class.

62
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To the third class are referable an immense number of
substances, most of which are by-products of manufacture,
but some of which are direct products of the arts. They are
properly divided into three groups, one of which consists for
the most part of educts, obtained at low temperatures, the
other of products, resulting from destructive distillation at
high temperatures. A few are by-products of chemical reac-
tions, which are referred to the third group.

Concerning this subject, three notable papers have lately
been published that deserve the serious attention of chemists
and technologists throughout the civilized world. I refer to:

First, “The International Association for Testing Mate-
rials, Brussels Congress 1906, Report on Problem 34; Fixing
a Uniform Definition and Nomenclature of Bitumen, Pre-
sented by the Chairman of the Commission 34, Professor Dr.
G. Lunge, with an Appendix; Investigations of Asphalt, by
G. Lunge and V. Krepelka, translated by E. Ormond, Zurich.”
While this translation is very free, and sometimes incorrect.
I have not observed many serious deviations from the mean-
ing of either the French or German texts, with which I have
-made a careful comparison.

Second, “Beitrag zum Nachweis von Verfilschungen im
Naturasphalt, von Dr. H. Kéhler, Perth Amboy, N. J.” This
paper was published originally in the “Chemiker Zeitung,”
1906, 30, No. 5.

Third, “Beitrag zum Nachweis.von Verfilschungen im
Naturasphalt, von Dr. Kohler, Betreibs-direktor der Riitgers-
wirke-Aktiengesellschaft, Berlin.” This paper was also pub-
lished originally in the “Chemiker Zeitung,” 1906, 30, No. 54.

A critical examination of each of these papers will be in-
dulged and then such general discussion and conclusions will
follow as the occasion appears to warrant.

Professor Dr. George Lunge, who is chairman of Com-
mission No. 34, is the well known author of several works re-
lating to the alkali and sulphuric acid industry, and also of a
general work on Technology, the portion of which relating to
bitumen was written by Prof. Dr. D. Holde, of the University
of Berlin.

Dr. Lunge was appointed chairman of a very able com-
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mission, consisting of Vice-Chairman Dr. Jend Kovacs, Tar-
tros, Hungary (deceased); and members:

Dr. M. Albrecht, Hamburg; Dr. L. Eger, Munich; Prof.
Dr. D. Holde, Berlin, Vorsteher der Abtheilung fir Ole am
Konigl. Material-Priifungsamt. Gr.-Lichterfelde; Prof. Em.
Paterno di Sessa, Rome; Senateur du Royaume d’Italie, pro-
fesseur des applications de la Chimie a I'Universite de Rome;
L. Schmelck, Stadtchemiker, Christiania; Dr. Max Bohm,
Fabriksbesitzer, Privoz, b. m.-Ostrau; Prof. B. Kirsch, k. k.
technolog, Gewerbemuseum, Vienna; Albert Grittner, Chef-
Chemiker der kgl. ungar. Staats-bahnen, Budapest; A. W.
Dow, Inspector of Asphalts and Cements for the District of
Columbia, Washington, D. C.; Clifford Richardson, Asphalt
Expert, New York Testing Laboratory, Long Island City,
INCRE

Quoting from the English translation of the report of Dr.
Lunge above mentioned, “a circular in German, French and
English was immediately addressed to the various members,
in which the undersigned expounded his working program,
and invited his colleagues to make him definite proposals
founded on their own investigations, for a definition and
nomenclature of bitumen.” IHe further requested “to be in-
formed of the different methods employed by them in analyz-
ing and testing the different kinds of bitumen, to enable him
to draw up a system of classification founded on these in-
vestigations. In order that it would be possible for him to
carry out the control analysis in his laboratory during the
summer term, he requested that the proposals be sent to him
not later than May 1, 1903.

“In October, 1902, he together with one of his students,
Herr V. Krepelka, began an experimental work on the meth-
ods of analyzing bitumen. This investigation was finished in
the course of 1903.

“Unfortunately only a very few answers were received
by May 1, 1903; the undersigned therefore issued a second
circular in three languages, requesting replies on or hefore
November 1, and finally a third on November 20. * * *

“The undersigned did everything in his power to push
forward the work entrusted to him, but the result attained
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was very small, notwithstanding an extensive correspondence
in three languages in addition to the circulars.

“Very few answers were received although a second and
third request were sent out. Dr. Albrecht, Dr. Eger, Engineer
Locherer and Mr. A. W. Dow did not reply at all. Letters
from Dr. Holde, L. Schmelck, A. Grittner, Profs. Kirsch and
Paterno did not contain any important information. Mr.
Richardson wrote fully and gave detailed information regard-
ing American asphalt and the methods used by him in analyz-
ing the same. IHHe prepared between three and four hundred
pages of manuscript, ‘but feeling that his results were not
such as could be placed before our commission, he declined to
make any report.””

Only two opinions on this subject of any importance to
the commission were received, one from Dr. Jend Kovécs, and
the other from Dr. Max Béhm.

Dr. Kovacs (who was the Vice-Chairman of the Com-
mission, now deceased, and who was an asphalt expert of the
highest rank and a voluminous author on the technology of
bitumens), states “that he understands under ‘asphalt’ only
those materials consisting of or containing asphalt bitumen,
the bitumen of which has resulted from natural resinification
or oxidation. The materials which he divides into the fol-
lowing classes,—asphalt-bitumen, asphaltic stone, asphaltic
sand, asphaltic mastic, liquid asphalt, compressed asphalt, in-
sulating asphalt and asphaltic roofing paste, ought to be char-
acterized by the following properties: they are elastic, do not
soften at 40-50° C. or split or crack at low temperatures
(—15a—20°). They contain bodies that volatilize with diffi-
culty and do not oxidize at the ordinary temperature, and are
therefore least exposed to decay through atmospheric influ-
ences. Pure bitumen is of a bright black color with a reddish
shimmer and forms either a viscous, sticky, or else a hard and
brittle mass which is not fluid under 35° C. It dissolves com-
pietely in carbon disulphide, oil of turpentine and chloroform,
partly in petroleum spirit and benzol, and is almost insoluble
in alcohol. By the name ‘artificial asphalt,” or more correctly
‘asphalt-surrogate’ he designates those materials and products
the chief component of which is not asphalt-bitumen, but coal
tar pitch, petroleum pitch (according to him wrongly called
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petroleum-asphalt or bitumen) or other similar resinous prod-
ucts, which cannot be discriminated outwardly from the nat-
ural products, but whose inferiority or uselessness shows itself
in a short time because the binding substance does not possess
the necessary physical and chemical properties.”

Dr. Kovacs accordingly limits the term “asphalt” to the
genuine natural-asphalt, and will not hear of it being applied
to the products of coal-tar or petroleum.

“Dr. Bohm also limits the term ‘asphalt’ exclusively to
the natural product, but describes the residues remaining after
the distillation of petroleum, lignite-tar, coal-tar, and fatty
acids according to their degree of fluidity as ‘pitch’ or ‘tar’
with a prefix showing the origin of the product; as for in-
stance, coal-tar, lignite-tar, petroleum-pitch, wool-fat-pitch,
using ‘bitumen’ as a general term. Dr. Bohm agrees so far
with Dr. Kovacs that not only the artificial bitumen produced
from coal-tar, but also that derived from petroleum, ought not
to be described as ‘asphalt.” He does not, however, say how
petroleum-pitch may be distinguished physically or analytic-
ally from natural asphalt.

“Mr. Grittner informs me that he has not been able to
make such a distinction, and I have also come to the same
conclusion after the exhaustive series of experiments made
with Mr. Krepelka which are described in the appendix.

“The tenor of Mr. Clifford Richardson’s report amounts
to the same. His argument is, that the formation of genuine,
natural asphalt has been very similar to that of petroleum and
that various transition stages exist between them, which easily
explains why bitumen produced artificially from petroleum
cannot be distinguished by any particular characteristic from
natural asphalt.

“For the same reason and also on the basis of my own
investigations I consider that the term ‘asphalt’ should also be
applied to products made from petroleum, but that a distinc-
tion should be made between ‘natural-asphalt’ and ‘petroleum-
asphalt’ (Erdol asphalt). On the other hand, I quite agree
that the products made from coal-tar (and lignite-tar) and
pitch can be distinguished from the asphalts, not only in prac-
tical use, when they exhibit their inferiority, but also by lab-
oratory tests, and should be classed as pitch and tar and not
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as asphalt. I cannot, however, extend this prohibition to the
products made from petroleum ; firstly, because these products
are genetically similar; secondly, because they cannot be dis-
tinguished from one another with any degree of certainty in
the laboratory; and thirdly, because I have no positive proofs
that petroleum-asphalt, in reference to its technical uses, can-
not hold its own in competing with the numerous kinds of
natural-asphalt. Above all, I should certainly say that the
term ‘natural asphalt’ ought never to be used for the products
artificially prepared from petroleum.”

In the appendix is described in great detail, the researches
that were conducted during six or eight months. Nine natural
asphalts, four petroleum pitches and two coal-tar pitches were
extracted with chloroform and the extract evaporated under a
temperature of 150° C.

“The pure bitumen was then investigated regarding its
specific gravity, melting point, the specific gravity of the chlor-
oform solution, and its iodine value. Dr. Lunge then says, ‘No
experiments were made in the direction of fractional solution,
fractional distillation, analysis by combustion, etc., etc., partly
because only in a few cases had we sufficient material, and
partly because the investigation of such a number of sub-
stances would have taken too long. As we learned from ex-
perience, a really useful classification of the various materials
in this manner would have offered too many difficulties for
technical as well as scientific purposes.””

In his “Conclusions” he makes the following remarkable
statements: “On the addition of petroleum benzine to a
chloroform solution of coal-tar-pitch a precipitate is formed,
which is not the case with natural or petroleum asphalts.” It
was not, however, found “possible to distinguish quantita-
tively between natural asphalt and ‘petroleum asphalts’ ob-
tained from petroleum. This can scarcely be wondered at as
it is a generally accepted view that the ‘asphalts’ (semi-solid
or solid ‘natural asphalt’), found in nature mixed with more
or less mineral and other impurities, stand in very close re-
lationship to the more or less liquid petroleums and are formed
from these by analogous processes to those by which ‘petro-
leum-asphalt is prepared artificially from oils.””

The first paper by Dr. Kohler mentioned above starts out
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by quoting the statement of Lieut. Malenkovic “that the rang-
ing of petroleum pitches in line with natural asphalts can be
proved scientifically only under constraint.” His argument is,
that in the formation of natural asphalts rapid processes have
certainly not taken place, as is the case in the originating of
the petroleum pitches under the influence of concentrated and
fuming sulphuric acid. Against this must the objection be
raised that at least here in America,and probably in other coun-
tries as well, large quantities of petroleum asphalt are traded
in, from the process of formation of which the influence of
sulphuric acid is excluded; they are simply residues of raw
oil distillation, which frequently have been condensed (or
polymerized) by blowing in of air or treatment with sulphuric
acid. * * * [n science the opinion prevails generally now-
adays, that the natural asphalts are not only intimately an-
alogous to the mineral oil, but that they should be considered
straightway as having originated from them, whether a slow
evaporation of the more volatile, with gradual oxygenation of
the more complex ingredients is at the bottom of it as the
older school holds, or that, which is more probable, a con-
densation and polymerization (Mabery and others), or finally,
that besides these, simultaneously, a removal of hydrogen has
taken place. (G. Kraemer). * * * This investigation has
demonstrated that the action of sulphuric acid on raw mineral
oil is even essentially polymerizing; resinous bodies possess-
ing acid properties separating from the acid used in purifica-
tion, after its dilution with water consist of polymerized pe-
troleum components of a boiling point of more than 300° and
are in no wise different from natural asphalt or bitumen. It
makes no difference for the chemical nature of the asphalt,
whether such process has been consummated slowly in the
course of time or whether rapidly under the influence of chem-
ical reagents, as this is a fact that holds good for other prod-
ucts of polymerization.”

He then proceeds to compare ultimate analyses of natural
bitumens and petroleum residuums and begs the whole ques-
tion by asserting that the substances analyzed have not been
proved to be different and are therefore identical.

He further strengthens his position by quoting the report

.
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on the experimental work of Lunge and Krepelka which has
been quoted at length in this paper.

I next take up the third paper under discussion that is
mentioned above. After some personal explanation, Dr.
Kohler says he selected certain analyses of asphalt for com-
parison, with the remark: “I have confined myself to stating
the contents of hydrogen and carbon, not even mentioning the
sulphur, which was advisable for the very reason that the
analyses of the simultaneously adduced artificial asphalts
(pitches) do not take the latter into consideration at all.” He
seems to be without knowledge of the fact that a large part,
if not all of the sulphur has been burned out of the residuums
in the process of distillation, and further contends in support
of this remarkable statement, that “concerning the by far
major part of the sulphur, however, it is not yet even settled
whether it can be considered as chemically bound, because
such proof, owing to the well known peculiarity of the sulphur
to dissclve in high molecular carburetted hydrogen compounds
is by no means an easy task.”

Again he says: “It requires no argumentation to show
that petroleum pitches,being the residues of distillation carried
to considerably high temperatures, cannot contain any more
fractions of low boiling point; why the mineral-pitches
(Erdpeche) should furnish them is easily comprehensible, for
they contain, just because they are not residues of distillation,
a part of those highly volatile hydrocarbons of mineral oil out
of which they originated by a process of polymerization or
oxidation, which have remained excluded for some reason or
other from transformation into asphalt. That those highly
volatile fractions of the mineral-pitch are not to be consid-
ered as pyrogene products of decomposition of the former, is
evident from the fact that it is possible to isolate them by
extraction with suitable solvents, as well as by fractional dis-
tillation. Therefore no decisive significance can be attached
to the distillation curve relative to the question as to the
identity or difference of the natural asphalts and the petro-
leum pitches.”

He then goes on to say: “In Mr. Richardson’s opinion
(See The Mod. Asph. Pavement, p. 145) the asphalts consist
of a mixture of saturated and unsaturated polycyclic hydro-
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carbons as well as derivatives thereof of sulphur and nitrogen.
* * * True asphalts contain nearly no bitumen which is
insoluble in cold carbon-tetra-chloride, but soluble in carbon-
di-sulphide; the bitumen of the asphalts soluble in the last
named solvents is called ‘asphaltene’ and cannot be melted
without decomposition.

“The petrolenes or malthenes consist, according to the
hardness of the bitumen, of 20 to 50 per cent of saturated di-
or polycyclic hydrocarbons (polymethylenes) of the series of
Cn H,n-, and Cn H,n-,, the lowest member of which, C,; H,,,
with a boiling point of 165° C., has been found in Trinidad
asphalt; they consist further of unsaturated hydrocarbons,
which are easily soluble in concentrated sulphuric acid, the
nature of which is not sufficiently understood; also of sulphur
compounds which can be isolated in the same manner and
have been found identical with those of the mineral oils of
Ohio, Canada and California, and of nitrogen compounds
which probably have the same relation to the polymethelenes
as chinolin has to benzol.

“The asphaltenes are probably unsaturated hydrocarbons,
or derivatives of them, in highly condensed form, possessing
a very high molecular weight, but concerning their structure
we know comparatively nothing. They contain the major
part of the sulphur extant in asphalt (in what form is not said,
K) and are characterized usually by the presence of remark-
able quantities of it. The larger the content of sulphur the
harder the asphalt.

“Normal asphalts leave, after heating, about 15 per cent
coke residue, a fact which enables us to distinguish them by
this characteristic alone from other solid bitumens.”

I have made the foregoing extracts from these papers in
order to present the views of their authors with sufficient
clearness and thereby to set forth the grounds for the ecriti-
cism that follows.

The President of the International Association for Test-
ing Materials saw fit to appoint a committee consisting of a
number of the most prominent investigators of bitumen then
living. He placed at the head of the committee a very emi-
nent man who had devoted many years to a totally different
field of research. His report proves the absolute unfitness of
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the selection. Had he possessed even an elementary knowl-
edge of the subject submitted to the committee he would
have pursued an entirely different course. IHe details, in his
report, the apparent indifference of his associates, and then
proceeds to demonstrate that the indifference was all his own,
for the advice of the few eminent men who sought to codp-
erate with him was wholly ignored, and only inadequate and
negative results of ill-timed and hasty investigations, in
which his eminent colleagues took no part, were presented in
this report, with an excuse that really effective research work
was not entered upon for lack of time. Every member of the
committee knew, as soon as he received the ambitious pro-
gram circulated in three languages, that the chairman of the
committee had no adequate conception of the magnitude of
the task he had undertaken; hence, the seeming indifference
to the importance of a subject in which every member of the
committee would have manifested the liveliest interest had the
matter been properly submitted for their active codperation.

While this criticism. may seem harsh, let us see if the
report made by Dr .Lunge does not fully justify it. He says
only two reports of any importance were received by him
from any member of this committee; one from Dr. Kovacs,
the other from Dr. Béhm. They both emphatically declare
that .the term “asphalt” should not be used to designate arti-
ficial products, that is, residuums and pitches. Yet, ignoring
the conclusions of these very eminent specialists in bitumen,
he proceeds on purely negative evidence to assume that the
term “asphalt” should be applied to substances made from
petroleum, but not to those made from coal-tar and similar
products.

His experiments were, first, the determination of the spe-
cific gravities of the extracted bitumens. Extracted bitumens
are not technological products. An extracted bitumen may
have a specific gravity identical with a petroleum residuum
to the third place of decimals and yet contain elements, or-
ganic compounds, and even mineral ingredients, not found
in the petroleum pitch. The extracted bitumens and re-
siduums have a specific gravity of about 1.0; some sink in
water and some float, If equal parts are dissolved in equal
parts of chloroform or any other neutral liquid, no appreciable’
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difference in the specific gravity of the solutions could reason-
ably be expected.

Nor is the melting point of anything more than sugges-
tive or of arbitrary value.

Perhaps more might be expected of the iodine values, but,
when a proper consideration is had of the fact that solid bitu-
mens are mixtures like liquid bitumens of proximate princi-
ples at present unknown in composition and proportional
amount, such a purely empirical reaction as the iodine reac-
tion signifies very little. :

If any member of Dr. Lunge’s committee had spent a
summer’s vacation with a graduate student investigating any
of the vital problems involved in the manufacture of acids and
alkalis, no one would more readily and accurately judge the
inadequacy of any negative opinions they might express, than
Dr. Lunge.

The work he left undone for lack of time, every asphalt
chemist knows is the work that will fill the 20th century with
honorable research by those who are so fortunately situated
as to be able to conduct it. I can well remember the smile of
incredulity with which Cyrus M. Warren listened to me,
when in 1865 I opened several cans of California petroleum
in his laboratory in Boston, and assured him that I had in
them a new kind of petroleum that contained nitrogen and
benzoles instead of paraffines. I well remember, too, the re-
luctance with which technologists admitted that California
petroleum does not contain the hydrocarbons that are found
in illuminating oil of good quality, yet this fact was demon-
strated at an enormous cost, long before Mabery had proved
by an elaborate research that those oils contain 20 per cent of
nitrogenous basic oils, and little or no paraffines. Experi-
ments without number, similar in many respects to those
made by Dr. Lunge, in which I myself took part, had pro-
duced illuminating oils unsurpassed in color and appearance,
some of which were pronounced by experts equal to any ever
made, but they always proved inferior when burned under
equal conditions with oils made from Pennsylvania petro-
leums.

Opinions, probabilities and negative results will never
prove that unlike things are alike. Those who wish them



CLASSIFICATION OF BITUMINOUS SUBSTANCES. 73

alike for commercial reasons can devote pages to fruitless
argument and thousands of dollars of public funds to the at-
tempt to make unlike things alike, but the truth always pre-
vails in the end. 4

Dr. Kéhler assumes that all natural asphalts are derived
from petroleum. This assumption is not based on the ob-
served facts of nature, technology or chemistry. He further
assumes that the conversion of petroleum into asphaltum by
natural causes is due to polymerization. When in California
I proved by experiment that petroleums, placed in an open
vessel on a window seat, exposed to direct sunlight, evapo-
rated, both by weight and measure, with great rapidity, losing
a portion of their contents that distilled at a temperature
above the boiling point of water. I proved also by experi-
ment in 1870, that California and Pennsylvania petroleums,
subjected to parallel treatment, where air, ozone, chlorine, or
other gas that would combine with hydrogen is aspirated
through them, is in the first case converted into asphaltum-
like compounds with loss of hydrogen, and in the second case
is evaporated to a vaseline-like residue. While giving many
negative results and possessing many physical properties in
common, these petroleums are totally unlike. Any one can
prove theoretically that paraffine molecules cannot be con-
densed by polymerization. If the molecule is doubled it is
no longer a paraffine. Neither can complex molecules con-
taining nitrogen and sulphur substitution compounds be poly-
merized, nor are they. The bitumens of Trinidad pitch give
up sulphur as hydrogen sulphide below the boiling point of
water, as I have proved by experiment. The California petro-
leums when put into a still yield large quantities of hydrogen
sulphide at comparatively low temperatures. They cannot be
distilled either with or without steam without decomposition.
I have also proved by repeated experiments that both chloro-
form and turpentine solutions of Trinidad pitch and other
natural solid bitumens are precipitated on addition of an ex-
cess of petroleum ether and these precipitates often contain
sulphur. There is practically no sulphur in petroleum resid-
uums. The original Dubb’s process consists in treating the
oil with sulphur, which escapes as hydrogen sulphide, burn-
ing out the hydrogen. Air passed through the hot oil burns
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out the hydrogen in clouds of steam. When the crude dis-
tillates from these oils are treated with concentrated sulphuric
acid the tanks are enveloped in stifling clouds of sulphurous
oxide. There is every indication of very active decomposition
of both oil and acid. To call all these phenomena polymeriza-
tion and to liken them to the operations of nature is constraint
that amounts to audacity. Where in nature are such reac-
tions observed? As I have said elsewhere, we cannot reason
from the processes of technology, bounded as they are by
time and space, to the infinity of nature in which time enters
without limit in sufficient quantity.

The statement of Malenkovic that Dr. Koéhler quotes with
emphatic disapproval, “that the proof for the chemical identity
of petroleum pitches with natural asphalts has hitherto not
been adduced any more than the proof that they are service-
able as natural asphalts,” expresses an absolute truth, and is
only met by Dr. Koéhler with assumptions and probabilities.
In his second paper on page 2 (of the paper) he gives two
tables in which I am quoted as having published ultimate
analyses of Trinidad pitch in which the sum of the percent-
ages of carbon and hydrogen equal 100. I never made an ulti-
mate determination of carbon and hydrogen in any solid bitu-
men in my life. I never had any time to waste in any such
fruitless work. To quote such results along with those of
Boussingault made more than 60 years ago, before the pres-
ence of sulphur in bitumen was suspected and when oxygen
was determined by difference, is worse than a waste of time—
it is folly.

After some rummaging, I found the source of this blunder
in a paper that I published in the Journal of the Society for
Cliemical Industry for November, 1898. The sentence reads
as follows: “Mr. Richardson gives a table by which he at-
tempts to show that the bitumen of land pitch contains more
carbon than the bitumen of lake pitch. His figures do not
warrant his conclusion. His average of land pitch contains
C83.68, HH10.84, total 94.52 of hydrocarbon; of which 88.426
per cent is carbon and 11.574 per cent is hydrogen. His lake
pitch contains C82.33, H10.69, total 93.02, of which 88.507 per
cent is carbon and 11.493 per cent is hydrogen.” If this
blunder measures Dr. Koéhler’s familiarity with the literature
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of bitumens, the vagaries of his conclusions need not occasion
remark.

So Dr. Lunge refrains for.lack of time in engaging in a
research that Dr. Kéhler regards as a by no means easy task,
and both substitute for the laborious proof of the laboratory,
those “scientific uses of the imagination” that appear as as-
sumptions, opinions and probabilities upon which, as a foun-
dation, any superstructure can be erected that suits the fancy.
It is so easy to assume that natural fluid bitumens are not
distillates because they contain very volatile constituents.
Did Dr. Kohler ever study the coal-oil or Scotch shale indus-
tries? If he has, he has found the crude distillates of those
shales and coals to very closely resemble natural petroleums
of the’ Pennsylvania variety. They are both liquids that
largely consist of paraffines, and neither of them, by nature
or art, can be converted into asphaltum. It is only necessary
to subject the coals and shales to distillation at the lowest
possible temperature to obtain the whole range of paraffines
found in Pennsylvania petroleum. If these crude distillates
are again distilled, light and heavy fluids will be obtained, and
residual pitches, that are black and lustrous with a conchoidal
fracture and without either odor or taste; yet, they are neither
anthracite coal on the one hand nor glance pitch on the other;
they are simply, to use Mr. Richardson’s felicitous phrase,
“residual pitches.” g

This is the latest discussion on this subject. It is greatly
to be regretted that Dr. Lunge’s committee accomplished so
little.

This discussion, however, deals with names as well as
things. I am convinced that by a happy inspiration, Malo,
in the first instance, formulated a title to his table of 1863
that cannot be improved, viz.: “Tableau synoptique des ma-
tiéres bitumineuses.”* Under this comprehensive title he
arranged those substances that the scientific and technical
knowledge of that period brought under it; but, the more
than forty years that have since passed have greatly added
both to our knowledge of the substances included by him in
his table, and also to the number of substances properly in-

*Sur L’Asphalte, M. Leon Malo, Paris, 1863.
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cluded in such a table. This being the case, while the title
may properly be retained as he used it, a rearrangement of
the contents of the table becomes desirable.

Bituminous matérials naturally fall into three great
classes, viz.: Class A, pure bitumens, as they occur in na-
ture; Class B, pyro-bitumens, or substance yielding by heat,
educts and products more or less closely approximating nat-
ural bitumens; Class C, the artificial substances, resembling
natural bitumens, obtained as educts or products from pyro-
bitumens and other crude materials, usually by distillation,
but often by chemical processes, which may properly be
termed ‘“factice” or “factitious bitumens.”

Class A includes all of the natural bitumens, from natural
combustible gas to the most pure and solid glance pitch, to-
gether with all the mixtures of bitumens with various kinds
of minerals as they occur in nature.

These materials are:

(1) Natural combustible gas as it occurs in gas wells;
also as it escapes from petroleum wells, and also as it escapes
from springs of water, producing the phenomena of burning
springs.

(2) Natural naphtha, usually nearly or quite color-
less, and very volatile and ethereal, occurring in Persia and
different parts of the world accompanying the water of
springs, and in a few instances, flowing from wells with the
escaping gas.

(3) Rock oil or petroleum, an oily fluid, varying in
color from a pale amber through red and green to black. It
occurs flowing from natural springs and accompanying water,
also flowing from artesian wells and pumped from them. It
is very widely distributed and at present forms the principal
illuminating and lubricating material of commerce. The vary-
ing chemical composition of petroleum gives rise to a great
variety of oils from different localities.

(4) Maltha or mineral tar. This material is a brown or
black, intensely viscous, fluid. It has usually resulted from
the evaporation and decomposition of petroleum. Only cer-
tain varieties of petroleum are susceptible to the necessary
chancoes. Maltha generally contains gas and water entangled
in its viscous mass, which causes the liquid when heated to
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froth violently. Some of the water appears to be chemically
combined with the maltha as water of hydration of basic oils
that form a part of it.

() Fossil paraffine from Galicia, Utah and elsewhere.

(6) So-called asphaltic coals, Grahamite, Albertite, Gil-
sonite, etc., which yield paraffine on distillation.

(7) Asphaltum from the Dead Sea, Mexico, the West
India Islands; glance pitch, yielding on distillation other
hydrocarbons than paraffine.

(8) Maltha mixed with limestone or chalk, Seyssel, etc.

(9) Maltha mixed with sandstone, from many European
and American localities.

(10) Maltha mixed with sand, Oklahoma, etc.

(11) Maltha mixed with earthy matter, Trinidad Lake,

etc.
All of these pure bitumens may be refined at low temper-

atures or distructively distilled at high temperatures.

Class B includes all of the coals from peat to anthracite
and all of the bituminous schists and shales. Anthracite is
not strictly a pyro-bitumen, but it is introduced here to show
its relations to other coals. This class of substances was very
properly called by Dr. T. Sterry Hunt, “pyro-bitumens.”

This class embraces:

(12) Peat, from localities all over the world.

(13) Lignite or brown coal, all over the world.

(14) Bituminous coal, all over the world.

(15) Semi-bituminous coal, all over the world.

(16) Anthracite coal, all over the world.

(17) Boghead mineral and other Scotch shales, with the
paraffine shales of New South Wales, etc.

(18) Bituminous schists of Autun and other localities.
All of these pyroschists may be made to yield upon distilla-
tion, gaseous, liquid or solid, educts or products, resembling
natural bitumens. The character of the distillate will depend
upon the temperature. At low temperatures, the distillates
will be dense and they will decrease in density as the temper-
ature is raised until at very high temperatures the dissocia-
tion will be complete and the distillate will consist of hy-
drogen gas, with a residue of fixed carbon, “the carbon of the
gas retorts,” or coke.
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Class C includes the educts obtained by distiliation of
pure bitumens and pyrobitumens at low temperatures; the
products obtained from the same at high temperatures; and
certain by-products of chemical processes. All of these prod-
ucts and by-products result from decomposition of either
recent or fossil organic compounds by the application of heat
or chemical reactions. It is often observed that liquid bitu-
mens, such as the different varieties of petroleum, may be
distilled into educts until a temperature is reached at which
decomposition of the contents of the still follows, if the dis-
tillation proceeds. As an illustration: The so-called asphalt
oils of southern California, when put into a still, yield at first,
very volatile fluids that are colorless and ethereal. As the
temperature rises, decomposition (dissociation) commences,
hydrogen sulphide, and other gases, escape and may be
trapped off from the condenser and used to heat the still.
The liquid distillate increases in density, the odor becomes
very rank, and tlie residue remaining in the still, when run
out and cooled, is a solid mass, varying in composition and
properties according to the proportion of distillate that has
been run off, from a very brittle to a very cohesive and plastic
solid, which is, as far as I could discover after a prolonged
and very careful examination, asphalt only in name.. These
residuums are properly called “factice.”

This class embraces:

(19) Coal gas, street gas, illuminating gas.

(20) Refined petroleum, illuminating oil, coal oil, kero-
sene.

(21) Reduced oil, lubricating oil.

(22) Paraffine, cosmoline, ceresine.

(23) Coal tar, blast furnace tar, coke oven tar, yielding
on distillation benzoles, dead oil, anthracene and pitch.

(24) Residuum of petroleum, residuum oil.

(25) Pittsburg flux, “Dubb’s asphalt™ bylerite.

(26) Solid residuum of California and Texas petroleum.

(27) Coke pitch and brittle residuums of petroleum,
coal-tar pitch.

(28) Coke from gas works and coke ovens.

(29) Sludge acid tar and pitch.

(30) Candle tar.
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In these thirty items are included the bituminous mate-
rials known at the present time, many of which were un-
known or but little known in 1863, when Malo first attempted
to classify bituminous materials. I have made no attempt
to give them specific names. I have simply enumerated in
their proper order the substances to be named. I have too
little familiarity with the French and German languages to
even suggest names of these very varied substances, that may
be uniform in the three languages. This was the problem sub-
mitted to Dr. Lunge’s committee that was left unsolved. 1
suggest that no name or system of names should be applied
alike to the natural and artificial substances found in classes
A and C, with any expectation that present and prospective
confusion will be avoided. To give a common name—asphalt
—to the asphaltum of the Dead Sea, to Gilsonite, to Seyssel
rock and the residuum of California petroleum, with other un-
like things too numerous to mention, betrays a deplorable
poverty of language; no more consistent with scientific ac-
curacy than would be the calling of orthoclase, albite, labra-
dorite, pumice, obsidian, glass and enamel by the name of
feldspar.

From all that precedes  the following conclusions are
legitimate.

(1) That the proof is beyond question, that for years the
interested vendors of bituminous products,-especially those
used in street paving, have heen quibbling with the use of
words until no confidence can be placed in their definitions.

(2) That numerous authorities have brought together
convincing proof of the proper definition of the following
English words *

Asphalt, synonymous with Asphaltum; the solid form of
natural bitumen.

Asphalte, a limestone saturated with bitumen, occurring
at Seyssel and elsewhere. 1 have suggested the use of
this word to designate not only limestone, but sandstone and
sand saturated with bitumen, thus:

Asphalte, calcareous, Seyssel, Oklahoma, etc.

Asphalte, silicious, Lobsann, Oklahoma, etc.

*Report on Asphalt, Commissioners of Accounts of the City of New
York, Feb. 3, 1904.
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Asphalte, earthy, Trinidad.

Asphaltite, minerals occurring in true veins, having some
of the properties of asphaltum and also of bituminous coal,
yielding paraffine on distillation, Albertite, Grahamite, Uin-
taite, or Gilsonite. :

Bitumen, a generic term including substances occurring
in nature, in outflows or springs, and in veins, as natural in-
flammable gas, fluid petroleum, viscous maltha and solid as-
phaltum and asphaltite. It also occurs saturating and mixed
with limestones, sandstones, sand or earthy matter. These
mixtures are called asphalte. Bitumen varies greatly in phys-
ical properties and composition. It consists mainly of carbon
and hydrogen with oxygen, sulphur and nitrogen in very com-
plex compounds, regarding which chemists have much to
learn.

Maltha, a viscous form of bitumen in many cases shading
from petrolenm on the one hand to asphaltum on the other.

Naphtha, a volatile ethereal form of bitumen, rarely met
with in nature. A name frequently applied to the most vola-
tile distillate of petroleum.

Natural Gas, combustible gas, escaping from fissures in
the earth and springs (burning springs) and drilled wells. It
often accompanies petroleum and escapes from petroleum
wells.

Petroleum, Rock Oil, issuing from springs and wells. It
is usually accompanied with water and “natural gas.” Some
kinds consist of a complex mixture of nearly pure compounds
of carbon and hydrogen ; others contain compounds of oxygen,
sulphur and nitrogen.

(3) That the use of the word asphalt to designate bitu-
minous rock leads to confusion and should be discouraged.
That the use of the French word spelled with a final e to des-
ignate natural asphaltic mixtures whether calcareous, sili-
ceous or earthy would lead at once to clearness of definition
among English speaking people, but, perhaps is not equally
clear in German and French.

(4) That the use of the words asphalt and bitumen to
designate substances that are not found in nature is wholly
unwarranted and cannot be justified by any plea of custom
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when such custom leads to confusion in the definition and
construction of specifications and other legal documents.

(5) That the adoption of specifications in which the
word “asphalt” is defined in such a vague and unwarranted
manner as practically to define nothing, admits of the use of
a great variety of materials that are not natural products at
all, nor are they asphalt at all, as defined by the highest
authorities.



CHAPTER 1V.
DERIVATION OF NATURAL SOLID BITUMENS.
(1) EVAPORATION.

While the most extensive deposits of solid asphaltum are
found in injected veins that fill fissures in the earth’s crust,
the doctrine is advocated by numerous authors that petro-
leum is the primary source of all these solid bitumens and that
these veins were originally filled with a liquid that has been
inspissated. Inspissation when used in this connection can
mean nothing else but evaporation. How the walls of these
enormous crevices were held asunder while the inspissation
proceeded; why the lower portions, often several hundred
feet from the surface are not of a more liquid consistency
than that at the surface; in what manner a residue of 10 per
cent could fill the space occupied originally by the 100 per
cent of liquid and what suspended the angular horses in a
liquid at a point in the vein only a few feet below the cavities
from which they fell, are questions that the advocates of this
doctrine have never answered, although the questions were
asked nearly forty years ago. The author has examined per-
sonally some of these veins and has read descriptions of
others, and concludes that these questions are properly asked
concerning every one of them and should be answered.

There are horizontal beds of -asphaltum that occur in
California, Mexico and Cuba and also in Albania and other
localities in Europe-Asia, in the formation of which, evapora-
tion of liquid bitumen as it cozed from orifices in rocks or
was brought to the surface by the water of springs, has
played an important part.

(2) DECOMPOSITION.

Whenever asphaltum has been formed from the evapora-
tion of petroleum, the partial decomposition of the liquid
bitumen has contributed to the successive changes that con-
vert the petroleum into maltha, and continuing, finally result

82
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in a solid bitumen, that, if unmixed with earthy matter or
organic impurities, will, on being melted, produce glance
pitch.

The paraffine petroleums will not produce asphaltum.
These petroleums undergo evaporation and become a residue
resembling solid paraffine more or less impure. Other petro-
leums, containing unsaturated hydrocarbons, less stable under
atmospheric conditions than the paraffine, readily undergo
both evaporation and decomposition. The California petrole-
ums have both nitrogen and sulphur. Probably oxygen enters
the compound, being substituted for both hydrogen and sul-
phur.

The conversion of fluid and semifluid bitumens into solid
bitumens by burning out the hydrogen with sulphur, oxygen,
ozone, chlorine, etc., has been repeatedly performed on both
large and small scales in manufactories and laboratories. The
results vary with the raw material selected. Paraffine pe-
troleums, like those of Pennsylvania and Ohio, are mainly
evaporated to a gummy mass resembling vaseline, being little
acted on by oxidizing agents, while bitumens like those of
California, consisting largely of unstable, unsaturated hydro-
carbons, are readily acted on by them, and are converted into
hydrogen sulphide, water or hydrogen chloride, which es-
cape as a gas and a condensed body that is solid and resembles
in many respects natural asphaltum. These factitious asphal-
tums will be treated further on in this work at greater length.

(3) POLYMERIZATION.

By polymerization is meant the aggregation or condensa-
tion of two or more molecules into a new molecule. As an
illustration, two molecules of C, H, may be condensed into
one molecule of C, H,, or three into C; H;. As Prof. Mabery
has remarked, polymerization cannot take place among mole-
cules of the paraffine series as a multiple of any compound
having the formula Cn H,n-, would no longer preserve the
ratio of carbon to hydrogen observed among the paraffines;
but any compound of carbon and hydrogen having an equal
number of atoms of carbon and hydrogen may be polymer-
ized indefinitely. :
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Without any doubt, all three of these processes, viz.:
evaporation, decomposition and polymerization, contribute to
those changes which in nature convert liquid and semiliquid
bitumens into solid asphaltum. It must not be assumed, that all
solid bitumens are the product of these changes, for, it is
inconceivable that the great fissure veins of asphaltum occur-
ring in crevices in many localities could have been formed
from petroleum which had filled these open fissures, for the
long periods of time required to produce these changes.
These bitumens occurring in fissure veins are the product of
a natural distillation at a minimum temperature and pressure,
from natural causes, acting upon deep-seated strata.



CHAPTER V.
DERIVATION OF BITUMINOUS ROCKS.

There are several different varieties of bituminous rocks,
which have without doubt been produced by phenomena,
identical with or similar to those which have produced solid
bitumens. They have resulted from the condensation of
semi-fluid bitumens in the form of vapor in rock masses that
were originally more or less porous.

It is not the condensation of petroleum, but maltha, that,
penetrating these rock masses in the form of heavy vapors,
has become condensed, thus forming a solid rock mass, some-
times completely saturated, and at other times presenting all
degrees of partial saturation. The greatest variety of bitu-
minous rock masses occur in Oklahoma. There are
crystalline limestones presenting every degree of partial
saturation; masses of magnesian chalk resembling the bitu-
minous chalk of Neuf Chatel; carboniferous limestones con-
sisting largely of fossil shells, every interstice of which is
filled with bitumen. There are also sandstones saturated with
bitumen and masses of sand and conglomerate that fall as-
sunder as soon as the bitumen is removed. These rock masses
and beds of sand were formed before they were penetrated
by the bituminous vapors.

That the sand was not cemented into sandstone before
the bituminous vapor penetrated it, is abundantly proved by
the fact that when these bituminous sands are placed in boil-
ing water, the sand and bitumen separate, the clean sand
sinking to the bottom of the vessel while the bitumen rises to
the surface of the water nearly free from sand. The bitumen
thus separated is semi-fluid maltha, not petroleum.

A curious rock mass occurs in Oklahoma near
Dougherty. It consists of fragments of limestone and chert
cemented into a solid rock mass with bitumen.

When the bitumen is dissolved out of the Turrelltite of
Texas, the mineral residue retains its form and is found to
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consist wholly of shells and fragments of shells cemented to-
gether at their points of contact. That they had been sub-
jected to the action of steam or hot water before they were
penetrated by the vapors of bitumen is proved by the presence
in the cavities of the larger shells of crystals of calcite in vari-
ous forms along with fragments of shells. The carbonate of
lime had been dissolved in the hot water, very likely under
pressure, and redeposited in the cavities of the shells as
calcite, before the bitumen was condensed in the interstitial
spaces.

When the bitumen is dissolved out of the Seyssel rock
there remains a coherent mass of nearly white chalk. These
natural rock masses must have been penetrated by vapors
that were distilled at the lowest possible temperature, hence
the vapors were never subjected to overheating as is often the
case with butimens that are residues from destructive distilla-
tion, such as the residues from the various methods used in
distilling petroleum. This fact accounts for the superior qual-
ities often exhibited by these natural rocks over the most
skillfully prepared artificial mixtures.



CHAPTER VI
DERIVATION OF ARTIFICIAL SOLID BITUMENS.

Nearly forty years ago, the author discussed the chemical
phenomena associated with the “distillation of bitumens” at
high temperatures, technically termed “cracking.” This term
was at first used in the technology of liquid petroleums, and
crude coal oil distillates, to designate the slow destructive dis-
tillation of residues that were too dense for illuminating oil and
too light for lubricating oil, that accumulated in refineries.
The process became of great technical value. No research has
been undertaken, to the author’s knowledge, to prove in what
manner the products of cracking are related to the crude
petroleum that is subjected to the process. Dr. C. FF. Mabery
has shown, on purely theoretical grounds, that paraffines can-
not be molecularly subject to polymerization. On theoretical
grounds it is equally certain that the paraffine molecule can-
not be wholly cracked into molecules that are paraffines.
Whenever a paraffine molecule is cracked, a part, at least, of
the resulting molecules must be an unsaturated hydrocarbon
molecule. For, cracking always results in a partial or com-
plete dissociation of the carbon and hydrogen atoms. If the
process is carried on at a low temperature the result is a fluid
distilling at a lower temperature than the crude material, the
molecule of which contains more hydrogen atoms in propor-
tion to the carbon atoms, ar.d a fluid that accumulates in the
still that distills at a higher temperature than the crude mate-
rial, the molecules of which contain less hydrogen atoms in
proportion to the carbon atoms. If the oil is allowed to
trickle into a white hot gas retort, free hydrogen will escape
from the retort and the pure carbon of the gas retort will re-
main in it. If crude petroleum is cracked in a properly con-
structed still, a large percentage of the petroleum may be
run out of the still of such a consistency that when cold it
will appear as a solid mass, resembling a pure asphaltum in
appearance. It is not, however, identical with natural asphal-

87



88 SOLID BITUMENS.

tum, because in the processes of nature time enters in suffi-
cient quantity, which may become practically infinity, while in
the processes of technology the conditions of the problem
compel comparative haste.

As a consequence, the products of the distillation of nat-
ural fluid bitumens, under ordinary atmospheric conditions,
are almost without exception products of destructive distilla-
tion, or cracked products. Dr. Mabery has found that even
the light, colorless paraffines cannot be distilled under atmos-
pheric pressure without cracking. The colorless distillates
from California petroleum cannot be distilled without crack-
ing except under reduced pressure. In ordinary distillation
on a large scale, California petroleums yield so much inflam-
mable gas that it is trapped off from the condensers, and
forms a large percentage of the fuel required to run the stills.
The only source of this gas is the decomposition of the liquid
bitumen, into a permanent gas that cannot be condensed, and
residuum that becomes solid when cooled. Under these con-
ditions, solid residues, resembling asphaltum are asphaltum or
. asphalt only in name, and therefore, in any nomenclature of
bituminous-substances should be given a distinguishing name,
in order that they may not be confounded with natural solid
bitumens.

There are also a number of other substances still further
removed from identity with natural solid bitumens that are
often, for various reasons, called asphalt or pitch. These are
the solid residuums derived from the distillation of gas tar,
coke oven tar, blast furnace tar, wood tar, etc. They are not
identical with each other, and are in all respects very far re-
moved from identity with natural solid bitumens.

Still another class of substances is obtained by the distil-
lation of tarry by-products of various processes of chemical
manufacture. Sludge acid pitch, candle tar pitch and the tarry
residue of the wood pulp mills, are mentioned in illustration
of this class of substances.

These highly artificial substances have been classed in
our table of nomenclature as false or factitious bitumens, thus
placing them in a certain relation to bitumen and at the same
time separating them by a broad distinction from the natural
bitumens that in some respects they simulate.
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Dr. Jeno Kovacs insists that “Holdé's proposal to classify
asphalts and allied products into four groups, i. e., tar, pitch,
asphalt and coke, according to their hardness, is not consid-
ered satisfactory to the asphalt expert as the origin 'of the
material is not taken into account, whereas it is greatly to be
desired that the name “asphalt” should in no case be applied
to coal tar and naphtha products. Further, only three classes
are held necessary, viz., tar, pitch and coke, as the pitch could
be divided into hard and soft qualities if expedient.”

“For the classification of tar, pitch and asphalt materials
it is recommended :

“That the distillation products of coal tar and mmeral
oils be divided into three classes, viz., tar, pitch and coke.
That the name ‘asphalt’ shall refer only to natural products,
which occur only in the pure state or mixed with lime or sand,
being, in the pure state, black and lustrous, and at the ordi-
nary temperatures tough and sticky, or also solid and brittle,
with a dropping point (see p. 274) not under 35° C.; easily and
completely soluble in carbon disulphide, turpentine and chlor-
oform, with difficulty soluble in petroleum spirit and benzine
and almost entirely insoluble in alcohol.””*

*Chem. Rev, Fett u. Harz-Ind., 1902, ix, p. 156-161; Jour. Soc. Chem.
Ind., 1902, xxi, p. 1077.
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THE CHEMISTRY OF
BITUMENS.



CHAPTER VIL
GENERAL CONSIDERATIONS CONCERNING THE
CHEMISTRY OF SOLID BITUMENS.

There are very few subjects of equal importance to chem-
istry and technology about which chemists know so little as
the chemistry of solid bitumens. Much that passes for scien-
tific statement respecting the chemical composition of solid
bitumens reveals the paucity of our knowledge and also the
fact that beyond a few ultimate elementary analyses almost
- nothing is known concerning the complex constituents of
.solid bitumens. Mr. Clifford Richardson has done a large
amount of work upon the proximate principles that are found
in the distillates from Trinidad pitch, but his conclusions ap-
pear to be assumed rather than proved. The author, by the
use of solvents, has shown that Trinidad pitch is an exceed-
ingly complex substance that cannot be distilled except de-
structively. The same may be said of every other natural
solid bitumen that has been subjected to research by any
method hitherto employed. Notwithstanding these admitted
differences a great mass of facts, the results of various re-
searches, conducted by many chemists over a long period of
years, have accumulated and are on record as constituting
the chemistry of solid bitumens.

The earliest research that was undertaken upon solid
bitumens was that conducted by Boussingault in 1837, the di-
rect results of which, though historically valuable, have been

_ made in recent years to assume an importance out of all pro-
portion to their intrinsic worth. In order that the readers may
know for themselves exactly what Boussingault did, the
author has translated and quoted his celebrated memoir en-
tire, forming the subject matter of Chapter VIII.



CHAPTER VIII.
MEMOIR UPON THE COMPOSITION OF BITUMENS.*

Bitumens, so abundantly distributed upon the surface of
the globe, and of which the uses appear to extend each day,
have been little examined. It is to the deficiencies of chemis-
try that the confusion is to be attributed into which mineralo-
gists have fallen when they have essayed to classify bitumens.
One can correctly define the composition, and assign a place
in the system to naphtha, idrialine, or mellite, but when glu-
tinous bitumens are reached, the difficulty begins; one sees a
liquid, ordinarily liquid,. like petroleum, become viscous and
present successively all degrees of consistency until asphalt,
solid and brittle, is reached. It must be admitted, because
of their great combustibility, that bitumens are essentially
composed of carbon and hydrogen, and the water which some
varieties yield on dry distillation, leads one to presume that
they are not always free from oxygen.

My attention has just been directed to the bitumen from
the mines of Bechelbronn, in the department of the Bas-Rhin.
In this locality they exploit beds of bituminous sandstone,
which are a part of a very extensive Tertiary formation. Im-
portant deposits of bitumen usually belong to recent epochs.
They are also observed in basaltic tufas and trachytes, as at
Pont-du-Chétean, in Auvergne. It is under equivalent geo-
logical conditions that the immense masses of mineral tar are
encountered at Mendez upon the banks of the Rio Grande at
the Magdalena.

When a bitumen is found in a fluid state, it suffices to
separate it from the stones or impurities with which it is
mixed. Itis thus that the mineral tar can be obtained without
much labor at Payta on the coast of Peru. But when the
bitumen is intimately mixed with sand, as is the case in the
Department of the Bas-Rhin, and at Seyssel on the banks
of the Rhone, the extraction is made by boiling the mineral

*Translated from the French of J. B. Boussingault.
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with water. The bitumen floats on the surface of the boiling
water, and is removed by the aid of skimmers. The first
skimmings contain some sand, and are submitted to a new
boiling. The second skimmings, after being placed in wooden
tubs, and left to drain, are heated in a large boiler until the
water is all evaporated. While cooling, the fine sand which
still adheres to the skimmings, is deposited. The bitumen
thus purified is given to commerce.

Glutinous bitumens exhibit notable differences in their
consistency according to locality. Those from Lobsann (Bas-
Rhin) and from Seyssel (Ain) are tenacious at the ordinary
temperature. When cooled, they become solid. These bitu-
mens are properly tars, but they are especially employed in
the manufacture of bituminous mastic. The deposits at Pay-
ta, those of the Magdalena, and of the Island of Trinidad,
furnish bitumens that can be referred to the same variety.

There are no important deposits of asphalt known in
Europe. Asphalt which one sees in the collections comes
from the Dead Sea, or Lake Asphaltites. The uses of this
mineral are excessively limited. I can mention one very
abundant mine of asphalt; it is that of Coxitambo, near Cuen-
ca, in Peru. Humboldt first described that locality, and ad-
mits that the asphalt is found in place in the superior part of
the red sandstone.

I close this rapid review of the deposits of bitumen, by
recalling that the outflows of naphtha and petroleum are met
in abundance in the sandstone deposits of Asia, deposits that
probably belong to a recent formation. The only fact which,
in my opinion, indicates that bitumens are sometimes found
in rocks of an ancient epoch, is that observed by Humboldt in
Central America: This celebrated traveler saw petroleum
springing from mica schist, beneath the sea at Punta de
Araya, in the Gulf of Cariaco.

The bitumen of Bechelbronn, which constitutes the prin-
cipal subject of my work, is viscous, and of a deep brown
color. lIts uses have given it the name of mineral grease,
steindl, Strasbourg grease. This material is substituted with
advantage for greases ot organic origin for lessening the fric-
tion of machines; and it is employed with success for greasing
the axles of vehicles.
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Alcohol at 40° acts upon the bitumen, especially with the
aid of heat; it takes a yellow tint; after having been treated
with alcohol, the bitumen becomes much more consistent.
Sulphuric ether very easily dissolves bitumen; this solution
permits the removal of the impurities that have escaped the
refining.

Submitted to a temperature of 100° in a flask the bitumen
of Bechelbronn yields no product. It is thus evident that it
contains no naphtha. This conclusion must be admitted a
priori, from reflection upon the treatment to which the bitu-
minous sand has been subjected. As a consequence, I have
determined whether the sand contained naphtha before its
treatment. A quintal of the sand immediately after its extrac-
tion from the mines has been distilled with water and only
a trace of naphtha has been obtained.

In raising the temperature by means of an oil bath to
230°, drops of an oily liquid are seen to pass. At that tem-
perature distillation takes place with extreme slowness; but
as one has in view the extraction of the volatile principles
that bitumen could contain, without mixture of pyrogenous
products, this degree of heat should .be maintained; as, in
order to obtain ten grammes of the oily matter distillation
must be prolonged several days.

This volatile oily matter constitutes the liquid principle of
glutinous bitumen, and as it forms the essential part of petro-
leum, I name it petrolene. In order to procure a sufficient
quantity of petrolene, I have distilled with water the bitumen
of Bechelbronn in an alembic which would hold two hecto-
litres of water in which I placed 12 to 15 pounds of bitumen.

The oil obtained by this means is very fluid, but it is sen-
sibly colored brown. This was due to particles of the bitumen
projected into the worm by the boiling water. The oil was
rectified by distilling in a retort after drying over chloride of
calcium. By this second distillation, the petrolene is obtained
in a state of purity.

Petrolene is of a pale yellow; its taste is a little marked;
its odor recalls that of bitumen. At the temperature of 21° the
density is 0.891. A cold of 12° causes it to lose its fluidity ; it
stains paper after the manner of the essential oils; when it
burns it pours out a thick smoke. Petrolene thickens at 280°
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of the thermometer; alcohol dissolves a small quantity of it;
it is much more soluble in ether.
The following analyses prove that petrolene is a hydro-
carbon:
Carbonic Acid. Water.

[ 150282 (Tave v e pheivont {50 VN Sa s SRR TRt 0.837 0.303
3 o R A T G iy Bt & R A EF oI 3 e 0.896 0.311
IPIERTO SO0 AVE [Trl o o hvein. S50 eres e lr Ve apt il ot 0.927 0.310
TV O R R e ol e i e BRI S ity S g B st o 0.922 0.310
i 1I. IIL IV.
Carhon sy ol N L N L s 0.833 0880 0.885 0.8%4
LIV ARogon e i KPIE FRls 5 s 0.121 0.122 0119 0.119

1.004 1.002 1.004 1.003

Petrolene is isomeric with essential oil of citron, essence

of turpentine, and oil of copaiba. As I have not combined
petrolene with sulphuric and hydrochloric acids, I have taken,
in order to learn its atomic weight, the density of its vapor

by the process of Dumas.
The vapor of petrolene weighs 9.415,

20l volimes vapor -officarbon lequals: s i ark e L g S 8.432
16% volumesiivapor, offhydrogen! equalst . aRrs GRiER s tepl Sec s 1.101
9.533

Multiplying by 4, for the atomic weight:
R0 A10IMS! ICATDOMN, EGUATIE D -5 oye ol Ao o S SR | Oy, S 3,060.8
64 atoms hydrogen equal ...............iiiiiaiiiiiiiL 400.0
3,460.8

After Dumas, the vapor density of essence of turpentine
is 4.705. It is precisely half the vapor density of petrolene.
Petrolene, like the vils that are isomeric with it, contains :*
CaArDON e ernts S ol i et L mt i e vis Rl WLl b e S e 0.885
D0 R ) A L L T S 35 b s 3 S o 0.115

After treatment with alcohol, the bitumen of Bechel-
bronn becomes stable; the alcohol becomes charged with pe-
trolene, which it is easy to obtain, by submitting the alcoholic
tincture to distillation. By the action of alcohol, it is impos-
sible to remove all of the petrolene from the bitumen, as the
bitumen in a measure loses its fluidity when the solvent

*Weight of flask full of air..... ..78.143 gms. Bar, 745 mm.
Weight of flask full of yapor. 3 .75.280 gms. Th, 21.2°
Capacity of flask at 21°....... ek 297 c, ¢, Pres. .728 mm.
AT e A N I I Sl e I e ove T it Alotaie ety et .20 c. c. Ther. 21.2°

Temperature of vapor 310° mercurial thermometer.
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action of the alcohol diminishes. The distillation of the bitu-
men at a constant and sufficiently elevated heat, gives results
no more satisfying. After different essays, the least that I
have employed to deprive the bitumen of its volatile principle
consists in an exposure to a temperature of about 250° in a
Gay-Lussac’s oil bath until there is no longer loss of weight.
This method is prolonged; it is necessary to heat during 435
to 50 hours, even when operating upon a gramme of material.*

The solid principle of the bitumen which I obtained by
this method is black, very brilliant; its fracture conchoidal;
it is heavier than water. Toward 300° it becomes soft and
plastic. It decomposes before it melts. It burns after the
manner of resins, leaving a very abundant coke. When the
fixed principle has been extracted from a bitumen, preferably
purified by ether, it leaves no residue after its combustion.
As this body possessed all the characteristics of asphalt, of
which it forms moreover the essential part, I named it as-

phaltene.
0.299 of asphaltene burned with oxide of copper gave:
Carbonic Acid. Water. Carbon. -~  Hydrogen. Oxygen.
0.814 0.268 0.750 0.099 0.148

This composition is represented by the formula:
CyoH;,0; or by CgHg, O
which seems to indicate that asphaltene is the result of the
oxidation of petrolene.

Asphaltene is insoluble in alcohol; ether, fatty oils, and
essence of turpentine dissolve it. It is the same with petro-
lene.

The bitumen of Bechelbronn can be considered as a mix-
ture of petrolene and asphaltene; that is at least a deduction
from its analysis. :

The bitumen analyzed had been purified by ether.

Carbonic Acid. Water.

N o R A o R0 P e i I R e oot 1 D e £ i 1.125 0.360
T -0:385 7 gavEi=. o st 1 e ST W e, =, A, 1.211 0.400
I II.
Carbon; <aye i Mgl om0 dars! (el A Ay s Srerfiry, L3 AR el 0.871 0.870
Hiydrogents s e S b e o P e i By 0.113 0.112
Xy I e e N v e 0.016 0.018

*By this method it is impossible to weigh the two principles of the bitu-
men; at that temperature a part of the petrolene becomes oxidized and
passes to the solid state, or asphaltene,
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This composition seems to prove that the bitumen of
Bechelbronn contains:

] B0 S M Bk .o oo i A B AR AL e SR S 0.854

2o LT O ol 00 o ol A I RO S 0.146
On that supposition, one should have:

(Carbon eI e R TR L TR Stz s L 0.868

15 W7 EORR Tt S o o6 At ol A IR A AR S0 GRRAP e S 8 0.112

O R I a5 S it A 5 8 b T T 0.020

Whilst I have not analyzed the bitumen of Lobsann, I
have, however, proved that it contains the two principles that
I have found in that of Bechelbronn.

In conclusion, it is seen that the glutinous bitumens may
be considered as mixtures, probably in all proportions, of two
principles, each of which has a definite composition. One of
these principles (asphaltene) fixed and solid, approaches as-
phalt in its nature. The other (petrolene) liquid, oily and
volatile, resembles in some of its properties, certain varieties
of petroleum. It may, then, be conceived that whilst the con-
sistency of bitumen varies, it may be said to infinity; it suf-
fices that one or the other of the two principles dominates the
mixture, thereby giving such or such a degree of fluidity.

A soft bitumen can always be converted to a harder va-
riety by volatilizing by heat a portion of the liquid principles;
it is thus that the Indians of Payta render fit for use in paying
their vessels a bitumen naturally too fluid for that use.

The analogy that exists between asphaltene and the as-
phalt of the mineralogists leads me to ascertain if that an-
alogy is sustained by its composition. As a consequence, I
have submitted the asphalt of Coxitambo to analysis, which
can be considered as a type of the species. The asphalt of
Coxitambo has a largely conchoidal fracture; it is very
smooth to the touch (il posséde un grand éclat, on le
prendrait) ; it is of a black color and is brilliant like obsidian.
Its density is 1.68. The asphalt of Coxitambo dissolves with
difficulty in petrolene and the fatty oils. With this difference
only, which appears to prove the great cohesion of natural
asphalt, the characters of the two substances are identical.

The asphalt of Coxitambo has been reduced to powder
by means of a file. In two experiments I have found that its
combustion left 0,016 of slightly ferruginous ash.



MEMOIR UPON COMPOSITION OF BITUMENS. 97

0.307 of asphalt (deduction made for ashes) gave upon analysis:
Carbonic Acid. Water. Carbon. Hydrogen. Oxygen
0.819 0.261 0.750 0.095 0.155

This composition nearly approaches, as may be seen, that
of the asphaltene extracted from the bitumen of DBechel-

bronn.*

*Ann., de Chem. et de Physique (2), Ixiv, 141; Jour. Franklin Institute.
xxiv, 138; New Edinburg Philos. Jour., xxii, 97.
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