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DEPARTMENT OP THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY,

Washington, D. C., July 1, 1883. 
Hon. H. M. TELLER,

Secretary of the Interior:
SIR: I have the honor to transmit herewith my report of the 

operations of the Geological Survey for the fiscal year ending 
June 30, 1883.

Please accept my thanks for the interest you have mani­ 
fested in the work intrusted to my charge, alike in the efforts 
made to systematize the business operations of the Survey and 
to organize methods of research on a sound basis.

I am, with great respect, your obedient servant,

Director.
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FOURTH ANNUAL REPORT
OF THE

UNITED STATES GEOLOGICAL SURVEY.

By J. W. POWELL, Director.

INTEODUCTIOR

Prior to the beginning of the present fiscal year it was 
doubted whether the Geological Survey was authorized by 
law to extend its operations into the eastern portion of the 
United States, but in the act making appropriations for the 
fiscal year 1882-83 the Survey was required to make a 
geologic map of the United States Authority, therefore, was 
given to extend the operations of the Survey over the en­ 
tire country to the extent necessary for that purpose. The 
preparation of a geologic map necessitates the preparation of 
a topographic map, as topography is the basis of geologic rep­ 
resentation.

In inaugurating the larger work required by Congress, it 
becomes necessary to adopt a scale for the general map of 
the United States, and a method of graphic representation. 
The experience of the various geologic surveys prosecuted 
by the general government and by the several states, has 
shown that a map on a scale of jspoo; or about four miles to 
the inch, is necessary for the intelligent presentation of the 
principal facts of structural geology; and that in all those 
portions of the country where the structure is in any degree 
complex, a smaller scale is inadequate. It may be found that 
certain of the more complex districts will require a more elab­ 
orate map, but guided by past experience the scale above 
mentioned has been adopted as best for the general purpose.
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Experience has also shown that vertical relief can best be 
expressed in contours, with varying vertical intervals, depend­ 
ent upon the character of topographic reliefs; that in the more 
rugged mountain countries intervals of 200 feet will serve the 
necessary purposes, but that the intervals should grade down 
from 200 to 25 feet as topographic features become more plain. 
Experience has also shown that it is not necessary, in general, 
to run contours on the ground, but that skillful topographers 
can represent the vertical element of topography with sufficient 
accuracy for the purposes of the geologic map, on the scale 
selected for such map, by constructing contours from salient 
and controlling points, determined trigonometrically and ba­ 
rometrically at varying intervals dependent upon the charac­ 
teristic features of the landscape.

It is proposed to publish this general map in atlas sheets, 
each being Composed of one degree of longitude by one of 
latitude, in areas bounded by parallels and meridians; and such 
sheets are designated by the number of the parallel and of the 
meridian west of Greenwich intersecting at the southeast cor­ 
ner of the sheet

In order to accomplish such a topographic survey in the 
shortest time and with the greatest economy, advantage must 
be taken of all work previously done by the general govern­ 
ment, by the several states, counties, townships, &c., and by 
industrial corporations and individuals. In the western portion 
of the United States, topographic surveys have been prosecuted 
as follows:

The SURVEY OF THE FORTIETH PARALLEL, under Mr. Clarence 
King, embraced a zone of country 105 miles in breadth, ex­ 
tending from the meridian of 104° to that of 120° west of 
Greenwich, and comprising an area of 87,000 square miles. 
The map was made upon a scale of four miles to one inch, in 
contours with intervals of 300 feet of verticality.

The GEOLOGICAL AND GEOGRAPHICAL SURVEY OF THE TERRI­ 
TORIES, under Dr. F. V. Hayden, embraced areas in Colorado, 
New Mexico, Utah, Wyoming, and Idaho of about 100,000 
square miles. The maps were published on a scale of four
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miles to an inch, in contours with intervals of 200 feet of ver- 
ticality.

The SURVEY OF THE ROCKY MOUNTAIN REGION, under Maj. 
J. W. Powell, in Wyoming, Utah, and Arizona, embraced an 
area of 60,000 square miles. The maps were on a scale of 
four miles to the inch, in contours with intervals of 250 feet of 
vertically.

The GEOGRAPHICAL SURVEYS WEST OF THE 100TH MERIDIAN, 
under the direction of Lieut, now Capt, George M. Wheeler, 
of the Engineer Corps, in Colorado, New Mexico, Arizona, 
Utah, Nevada, California, Oregon, and Idaho, embraced an 
aggregate area of several hundred thousand square miles. A 
"large part of this work was on a scale too small, and was done 
by methods too inaccurate, to be utilized for the purposes of 
the Geological Survey; but an area of about 115,000 square 
miles was surveyed in such a manner as to be available for the 
present work.

Under the present Geological Survey, certain small areas in 
northern Arizona and New Mexico had been mapped prior to 
the fiscal year ending June 30, 1883.

In addition to the topographic work above mentioned, the 
operations of the COAST AND GEODETIC SURVEY have covered 
the greater part of the Atlantic, Gulf, and Pacific coasts, both 
with triangulation and with a narrow strip of topographic work. 
Where the coast is simple, the topography extends inland to a 
very short distance, but where, as along the New England 
coast, it is broken with deep inlets, narrow promontories, and 
great numbers of islands, the work, to comprise the whole 
coast, has necessarily been carried farther inland; so that 
a large portion of the states of Maine and Massachusetts, and 
nearly all of Rhode Island and Long Island, have been thus 
surveyed. In addition to its coast work, the geodetic work of 
the Coast and Geodetic Survey has been extended into the in­ 
terior in various directions, especially along the eastern border 
of the Appalachian Mountain System, through the states of 
Maryland, Virginia, North and South Carolina, Georgia, and 
Alabama. The work of connecting the triangulation on the 
Atlantic and Pacific coasts has been commenced at several
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points Joining with the Appalachian belt, it has been car­ 
ried westward across West Virginia to the Ohio River. Start­ 
ing at Saint Louis, it has been carried westward nearly across 
the state of Missouri and eastward into Illinois. Starting at 
Colorado Springs, a reconnaissance has been made eastward 
and westward; and from the Pacific coast, triangulation 
has been extended eastward across California, Nevada, and 
through Utah as far as the Wasatch Mountains. In connec­ 
tion with the state geological surveys the Coast and Geodetic 
Survey has carried triangulation over the whole or parts of 
several states, embracing New Hampshire, the greater part of 
Vermont, Massachusetts, Rhode Island, Connecticut, eastern 
New York, and a portion of New Jersey and Pennsylvania. 
Reconnaissances have been made for the same purpose in Ten­ 
nessee, Kentucky, and Wisconsin; and in the latter state sev­ 
eral stations have been occupied.

The LAKE SURVEY has mapped the shores of the Great Lakes, 
carrying triangulation around them, and connecting the head 
of Lake Michigan with the foot of Lake Erie. A belt of trian- 
gulatipn has also been carried from the neighborhood of Vin- 
cennes, Indiana, northward along the eastern border of Illinois, 
connecting with the triangulation upon the shore of Lake Mich­ 
igan.

The ENGINEER CORPS has completed a number of small pieces 
of topographic work in different parts of the country, and has 
been engaged for some-time in mapping the course of the Mis­ 
sissippi River, controlling the work by geodetic methods. It 
has also made numerous surveys in connection with river im­ 
provements in many parts of the country. Although these 
areas are small, yet in the aggregate they will materially aid 
in the preparation of a general map.

The parceling surveys of the GENERAL, LAND OFFICE have 
extended over an aggregate area of about 1,500,000 square 
miles. The township plats prepared by these surveys are 
nominally topographic maps, but longitudes, latitudes, and 
altitudes have been determined only at rare intervals. The 
topographic details of these maps—the representation of drain­ 
age, hill-work, lake-shore, &c,—are of varying degrees of
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excellence; but from the inception of the work to the present 
time its quality has been steadily improving. From careful 
examination it is found that valuable material can be derived 
from these township plats for the purpose of filling out the 
details of drainage, &c., upon outline maps previously pre­ 
pared by the survey, and by the systematic determination of 
longitudes, latitudes, and altitudes over the regions surveyed 
under the authority of the General Land Office.

Since the beginning of the century, surveying expeditions, 
mainly under direction of the War Department, have been 
extended in various directions over the mountain region of the 
West. Traverse-lines, controlled by astronomically determined 
positions, have been run, and numbers of rude maps and com­ 
pilations of these rude maps have been published. From this 
material the earlier maps of the West have been made. The 
work is of little present value for the purposes of the Geolog­ 
ical Survey.

The principal regions surveyed by state organizations are 
as follows:

The entire state of New Hampshire has been surveyed by 
the Geological Survey of that state, under Prof. C. H. Hitch­ 
cock, and the results published on a scale of 2J miles to an 
inch, in contours with vertical intervals of 100 feet. This work 
was controlled in large part by the triangulation of the United 
States Coast and Geodetic Survey.

Between 1830 and 1842 the, state of Massachusetts had 
what was for the time a very elaborate system of triangulation 
carried over its area, known as the Borden Survey. When 
provision for this'work was made by the state a legislative 
enactment was passed requiring the towns to have surveys 
made of their areas, and such town maps were adjusted to 
the triangulation and combined in a map of the state. It 
proved to be a map of unequal quality in its different parts. 
Subsequently the state, not being satisfied with the results, 
placed the matter in the hands of Mr. H. F. Walling, an ex­ 
perienced compiler, who, with much additional original work, 
succeeded in preparing a good map of the state. But the map 
thus completed does not meet the wants of the Geological Sur- 

3 INI——ii
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vey, from the fact that the most important topographic elements, 
namely, those relating to vertical reliefs, were omitted, and 
much additional work is needed to make it answer present 
requirements.

The state of New York has for some years supported a 
geodetic survey, under the direction of Mr. James T. Gardiner. 
This work is of a high character. It, is based upon United 
States Coast Survey points along the Hudson and stations of 
the United States Lake Survey in, the neighborhood of the 
Great Lakes. It is presumably the purpose of this survey to 
fit local maps of counties and townships to the triangulation 
thus begun for the purpose of making a general map of the 
state. New York has also supported a survey of the Adiron­ 
dack region.

The New Jersey Geological Survey has in progress a map 
of that state, one sheet of which has been published, compris­ 
ing an area of 1,250 square miles, on a scale of one mile to an 
inch, the contours being 20 feet apart vertically in the hill 
country and 10 feet in the more level regions The triangula­ 
tion of the Coast and Geodetic Survey is utilized. The sheet 
comprises the northeastern portion of the state, about New 
York Harbor, Jersey City, and the country lying immediately 
to the west and south. The field work is prosecuted with the 
plane-table and level.

Pennsylvania is actively engaged in topographic work in 
connection with the Second Geological Survey. The maps, 
which comprise areas of the coal and iron regions, are upon 
large and diverse scales. Many of them are mere drainage 
maps, a few only being in contours. The field work is being 
done mainly by traverse-lines, by odometer and stadium 
methods. It appears to be the plan of the director to supply 
local maps of regions especially interesting by reason of their 
mineral deposits, and not to make a connected map of the 
state.

For some years past the North Carolina Geological Survey 
has been engaged upon the field work of a topographic map 
of that state. This map was published in 1882 Its scale is 
10 miles to an inch, the orography being represented by crayon
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work. The map of the eastern part of the state was chiefly 
made from compiled material, such as railroad surveys, county 
maps, &c. The mountain portion of the state was in part 
compiled from similar material, but is mainly the result of 
surveys made by and under the supervision of Prof. W. C. 
Kerr, the state geologist, and the work of Prof. Arnold Guyot. 
The scale of this map is too small for the use of the United 
States Geological Survey, while the absence of precise defini­ 
tion of the vertical element otherwise impairs its usefulness; 
but the map serves well for the purposes of a reconnaissance, 
and by it the work in that region can be planned with economy.

In the state of Georgia some topographic Avork was done by 
the late Geological Survey of the state, but the abrupt termina­ 
tion of its labors left the accumulated material unpublished.

In Michigan certain small areas in the iron and copper 
regions of the Upper Peninsula have been surveyed, and maps 
published in contours, by the state geological survey.

In Missouri the state geological survey has published maps 
of the iron regions of Iron Mountain and Pilot Knob.

In addition to the national and state surveys above enum­ 
erated, a large amount of map-work has been done by private 
enterprise, and many of the northeastern states, and many 
counties and towns of other states, have been mapped in a 
more or less accurate way, partly by the use of material com­ 
piled from ^ailroad and other surveys and partly by original 
work. These maps and atlases, although on an amply large 
scale, and perhaps of sufficient accuracy in-point of detail of 
drainage, are entirely wanting in two elements, namely, general 
geographic position and vertical relief. Most of them are 
drainage and culture maps only. In cases where hill-work is- 
represented, indefinite hatching only is used. These maps can 
be utilized to some extent, however, when a system of triangu- 
lation has been carried over the region, by means of which 
their errors of position can be corrected; and the material for 
contours can be rapidly and easily added.

Throughout the United States there are many maps of rail­ 
road, canal, and turnpike surveys, which can be utilized to 
great advantage. Such material requires more or less exami-
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nation in the field, and constant checking by means of geo- 
detically determined positions; and the hill-work has usually 
to be supplied.

Aside from that which has been done by the general govern­ 
ment toward the preparation of a map of the United States, 
the railroad surveys furnish the most important part of the 
material now at hand. A vast net-work of trial and located 
lines have been run, which, by judicious adjustment, can be 
used to advantage, and with great economy. All the railroad 
companies of whom maps have been asked have responded 
promptly and favorably, although in many cases they were 
necessarily put to much expense thereby.

During the past fiscal year the Survey has been engaged in 
collecting, compiling, and' adjusting the materials above de­ 
scribed, preparatory to operations in the field. The accom­ 
panying map exhibits the areas which have been surveyed 
under the auspices of the general government, and the surveys 
made by states for geologic purposes; all of which is available 
and believed to be sufficiently accurate for the purposes of the 
Geological Survey.

TOPOGRAPHIC WORK.

All of the topographic work of the Geological Survey is 
placed under the supervision of a chief geographer, Mr. Henry 
Gannett In addition to the work of compilation and adjust­ 
ment above described, it was found practicable to conduct 
field operations to a limited extent during the season of 1X82. 
For convenience of administration, but controlled by geologic 
considerations, the area of the United States is divided into 
seven districts, as follows:

I. DISTRICT OF THE NORTH ATLANTIC, comprising Maine, New 
Hampshire, Vermont, Massachusetts, Rhode Island, Connecti­ 
cut, New York, New Jersey, Pennsylvania, Delaware, Mary­ 
land, and the District of Columbia.
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II. DISTRICT OF THE SOUTH ATLANTIC, comprising Virginia, 
North Carolina, South Carolina, Georgia, Florida, Alabama, 
Tennessee, Kentucky, and West Virginia.

III. DISTRICT OF THE NORTH MISSISSIPPI, comprising Ohio, 
Indiana, Illinois, Michigan, Wisconsin, Minnesota, Dakota, 
Nebraska, Kansas, Iowa, and Missouri.

IV. DISTRICT OP THE SOUTH MISSISSIPPI, comprising Indian 
Territory, Arkansas, Mississippi, Louisiana, and Texas.

V. DISTRICT OF THE ROCKY MOUNTAINS, comprising Montana, 
Wyoming, Colorado, part of Utah, New Mexico, and part of 
Arizona.

N.

VI. DISTRICT OF THE GREAT BASIN, comprising parts of Wash­ 
ington Territory, Oregon, California, Utah, Arizona, Nevada, 
and Idaho.

VII. DISTRICT OP THE PACIFIC, comprising part of Washing­ 
ton Territory, part of Oregon, and the greater portion of Cali­ 
fornia.

On the accompanying map, exhibiting the various surveys 
which are available for the purposes of the Geological Survey, 
the above-named geographic districts are delineated. Early 
in the fiscal year operations were commenced in the South 
Atlantic district, the South Mississippi district, the northern 
part of the Rocky Mountain district, the-southern part of the 
Rocky Mountain district, the Great Basin district, and the 
Pacific district

SOUTH ATLANTIC DISTRICT.

In the southern part of the Appalachian region topographic 
work was inaugurated under the charge of Prof. W. C. Kerr, 
with his center of operations at Bristol, Tenn. The districts 
surveyed were, first, a portion of western North Carolina and 
eastern Tennessee, lying south of the Smoky Mountains, east 
of the South Fork of the Holston, and west of the Blue Ridge; 
secondj a part of southwestern Virginia, lying west of the 
South Fork of the Holston, .and also a part of eastern Ken­ 
tucky; third, the region around the sources of the Watauga 
and New Rivers in North Carolina and eastern Tennessee. In 
this district the entire area thus surveyed was about 3,700 
square miles.
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SOUTH MISSISSIPPI DISTBICT.

Late in the season work was begun in this district. Prof. J. 
H. Gore was sent to Malvern, Ark , in the neighborhood of the 
Hot Springs, for the purpose of inaugurating work. A base­ 
line of more than 6,400 meters in length was measured in the 
Ozark Hills, and a reconnaissance of the neighboring country 
made, preparatory to the expansion of a system of triangulation.

KOOKY MOUNTAIN DISTRICT.

Mr J. H. Renshawe was placed in charge of the work in the 
northern part of this district. A base-line near Bozeman, Mont, 
measured under the direction of Capt. George M. Wheeler, 
United States Engineers, was occupied, and an excellent trig­ 
onometric expansion was made. In consequence of excep­ 
tionally stormy weather the extension of the geodetic work 
beyond this expansion was impracticable; and, though numer­ 
ous stations were occupied by the several topographic parties, 
their operations were impeded by storms.

Prof. A. H. Thompson was placed in charge of the work in 
the southern part of this district. He was instructed to com­ 
plete the map of the Plateau Region, the unsurveyed portions 
of which lie southeast and south of the Colorado River in Utah, 
Arizona, and New Mexico. Favorable progress was made with 
this work, though it was terminated at an earlier date than 
was anticipated by severe snow-storms, which began early in 
November and lasted through the greater part of the month.

GREAT BASIN DISTRICT.

In this district geographic work was prosecuted under the 
general supervision of Mr Gilbert, who has charge of the 
geologic survey of the district. The topographic work was 
under the immediate supervision of Mr. Albert L. Webster, 
and maps were made of the Pyramid, Winnemucca, and 
Walker lake districts, and of an area lying between parallels 
41 and 42, north latitude, and meridians 118 and 120, aggre­ 
gating an area of 8,000 square miles
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DISTRICT OF THE PACIFIC.

In this district the general work includes the survey of the 
Cascade Range in Oregon, northern California, and probably, 
in due time, Washington Territory. This region is believed 
to contain the grandest and most extensive display of volcanic 
phenomena now known in any part of the world, and the in­ 
vestigation of it promises to supply matter of great-importance 
and instruction to geologic science. The topographic work 
has been in charge of Mr. Gilbert Thompson, and during the 
season about 2,000 square miles of difficult country have been 
mapped, two primary geodetic stations have been occupied, 
and the altitudes of 125 points have been determined baro­ 
metrically. The region thus mapped includes the southern 
extremity of the Cascade Range in California.

SPECIAL MINING DISTRICTS.

QUICKSILVER DISTRICTS.

The survey of the tracts including the Sulphur Bank, 
Knoxville, New Idria, and New Almaden mines was made in 
conjunction with geologic studies which Mr. G. F. Becker. 
has been prosecuting. The topographic work was assigned 
to Mr. S. H. Bodfish. He has completed large-scale maps of 
the Sulphur Bank and New Almaden districts, and a map of 
the Knoxville district has also been completed by Mr. J. D. 
Hoffman. The topographic work upon the New Idria district 
is now in progress.

THE SILVER CLIFF AND DENVER SURVEYS.

The survey of the mining region about Silver Cliff, -Rosita, 
and Quevida was tributary to the special geologic examinations 
which Mr. S. F. Emmons is making of those mines. The topo­ 
graphic survey has been made by Mr. Anton Karl. It em­ 
braces a tract of about 50 square miles. Upon the completion 
of this work, Mr. Karl took up the survey of the district about 
Golden, Colo., comprising the two Table Mountains and coal 
outcrops in that vicinity. This survey was also completed.
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An additional piece of map-work has also been undertaken in 
the vicinity of Denver, comprising a tract of about l,00l) square 
miles, in which Denver is situated almost centrally, and includ­ 
ing the coal outcrops in the foot-hills west of Denver and at 
the base of the mountain range. This latter work has been 
intrusted to Mr. Karl's assistants in the field, while he himself 
has compiled a considerable mass of disconnected but useful 
materials from the surveys of the Land Office and of railroad 
and ditch companies.

GEOLOGIC WORK. 

STUDY OF THE EUREKA DISTRICT BY MR. ARNOLD HAGUE.

The geologic examination of the mining district at Eureka, 
Nev., and its vicinity, was completed by Mr. Hague^in 1881. 
During the past year he has been occupied in preparing for 
publication his monographic report of the results obtained by 
his investigations in the field. His work embraces a description 
of the stratigraphy, lithology, and paleontology of the district, 
as well as the associated facts in mining geology, and the sub­ 
jects have been discussed in a thorough and able manner. His 
monograph will constitute an important contribution to geology, 
as exemplified in this rich and instructive district. The atlas, 
of thirteen sheets, accompanying this work, has been printed, 
but the volume of text is not yet ready for the printer.

Mr. Hague has also been making interesting studies of some 
of the more important volcanic rocks of the West, and has made 
an extensive collection of typical rocks from many parts of the 
country, for the purpose of enlarging and perfecting the suites 
of rock specimens available for the general uses of the Survey, 
and also for the purpose of preparing duplicate collections of 
rock specimens for exchanges or distribution. He has been 
ably assisted in his lithologic work by Mr. J. P. Iddings. Dr. 
T. M. Drown, of Easton, Pennsylvania, has also rendered valua­ 
ble assistance, by furnishing chemic analyses of rocks.
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STUDY OF GLACIAL PHENOMENA BT PROF. T. C. CHAM-
BERLIN.

The remains of former glacial action upon a large scale 
in the northern portion of the United States constitute one of 
the most important and interesting subjects in the geology of 
this country. They are found throughout New England, New 
York, and a part of Pennsylvania, and north of the Ohio River 
generally, as well as in Iowa, Minnesota, and Dakota. They 
connect also with a series of the same phenomena in the Cana- 
das, and are generally interpreted as meaning the former exist­ 
ence of a continental glacier, similar to that which is believed to 
cover the greater part of Greenland. Mr. Chamberlin has been 
engaged in collating and grouping the copious evidences of this 
impressive fact from all parts of the region covered by this con­ 
tinental glacier, for the purpose of ascertaining its boundaries, 
its lines and directions of movement, and the part it has played 
in shaping the physical features of the country. He has him­ 
self visited many of the more important and instructive locali­ 
ties in this connection, and has also availed himself of local 
observations by others, for which he has rendered suitable 
acknowledgment in his report herewith.

STUDY OF METAMORPHIC EOCKS BY PROF. ROLAND D.
IRVESTG.

The country extending from the northern end of Lake Huron 
westward across Wisconsin, and around Lake Superior to the 
southeastern part of Dakota, includes the most extensive expo­ 
sure within the limits of the United States of those strata which 
are most ancient in the geologic scale, known as Archaean rocks. 
They consist of granites, gneisses, and mica-schists, with lime­ 
stones and slates, as well as some eruptive rocks. They have a 
peculiar importance with respect both to general and to economic 
geology, as their mineral contents are much more varied than 
those found in later strata. The Lake Superior region is the 
most advantageous one in the country for the study of this 
series of strata, and promises to furnish the largest accessions 
to our knowledge of them. To Professor Irving has been
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-assigned the work of investigating them. During the past 
season he has labored with great energy and zeal in prosecuting 
the research, and has made satisfactory progress.

-STUDY OF THE QUATERNARY LAKES OP THE GREAT 
BASIN BY MR. G. K. GILBERT.

The western portion of Utah and large portions of the state
- of Nevada furnish a subject for investigation which is regarded 
by all geologists as one of the most interesting in the domain
-of physical geology: viz; the traces of comparatively recent-, but

- extinct, lakes of large extent. In former years Mr. Gilbert had 
thoroughly investigated the basin in which the Great Salt Lake 
is situated, and in which, as is well known, a large fresh-water 
lake existed in recent geologic time. A second basin, in the 
western part of Nevada, was also occupied at the same period 
by another large fresh-water lake, to which has been given the

.name of Lake Lahontan. The traces of this lake, its relations 
to changes in climate and in physical features, its former ex­ 
tent, and its general history, have been investigated by Mr.

-Gilbert and his corps of assistants during the past year, and 
their united study has brought to light many interesting and 
instructive facts The work of another season will be required 
to complete this investigation.

SURVEY OP THE CASCADE RANGE BY CAPT. C. E.
DUTTON.

The geologic woik in the Cascade Range was not begun dur­ 
ing the past fiscal year, being deferred until greater progress 
should have been made in the geographic work, to which ref-

- erence has already been made. Captain Dutton occupied him­ 
self with a visit to the volcanoes of the Hawaiian Islands, for 
the purpose of studying the features and processes of a volcano 
in action, and thus obtaining the practical knowledge which 
is essential to the investigation of extinct volcanoes. Since 
his return he has prepared for publication a paper on the Ha­ 

waiian volcanoes, which is published^ herewith.
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SURVEY OF THJu MINING DISTRICTS OF COLORADO 
BY MR S F EMMONS

Aftei completing the field \\oik of the study of the mines 
and geology of the Leadville distnct, and piactically com­ 
pleting a most valuable and instinctive monogiaph theieof, 
Mi Ernmons tinned to the nnestigation of othei instiuctne 
mining fields in Coloiado, viz, Silvei Cliff, the Ten Mile dis- 
tuct, and the coal-fields He also inauguiated a suivc} of the 
Gunnison mining distnct in \\estein Coloiado In the Ten- 
Mile di&tnct woik was begun last yeii Ita m\estigation was 
supplemental} to that of the Leadville distnct, and it has 
pioved to he of unexpected complication and mteiest, pi onus- 
ing to thiow much light on the theoiy of veins and then lela- 
tions to the eiuptive locks with which tlrey aie absociated In 
the Gunnison legion occui valuable beds of both antlnacite and 
bituminous coal, of qualities unsui passed by any in the Colo­ 
iado, which promises to make this locality one of the most im- 
poi tant in that state Its 01 e bodies also appeal to be of much 
impoitance, and a piehminary leconnaissance of this field has 
been made by Mr Emmons, with a \iew to making it his next 
special field of study At Golden, also, investigations ha\e 
been begun and much piogiess made At Deuvei, Mi Whit­ 
man Cioss and Mi Wjlham F Hillebiand have, duung the 
wmtei and at times when field woik \\as irnpiacticable, made 
leseaiches upon the mineials which have been collected in the 
state, and then investigations ha\e pioved to be valuable addi­ 
tions to the chemic, mineialogic, and hthologic blanches of 
geology, so much so as to lux's e hi ought foith the commenda­ 
tion of mvestigatois in those blanches in all paits of this 
countiy and of Euiope

SURVEY OF QUICKSILVER DISTRICTS BY MK G F
BECKER

While completing and leading the final pi oofs of his valu­ 
able monogiaph on the "Geology of the Comstock Lode," Mi 
Beckei was tngaged, in conjunction with Mi Emmons, in 
tabulating and discussing the matenal gatheied by the Tenth
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Census concerning the precious metal industry of the United 
States Subsequently he proceeded' to Eureka, Nev., to ex­ 
amine the mines of that district with his assistant, Mr. J. S. 
Curtis, who is now preparing and has nearly completed a 
monograph on the ore deposits of that locality. Mr. Becker 
then went to California to undertake the investigation of the 
quicksilver mines of that state. He has made a reconnais­ 
sance of the Redington and New Idria districts, and occupied 
several weeks in the examination of the Sulphur Bank district, 
where cinnabar is said to be now in process of formation. A 
small laboratory for the investigation of the chemic proper­ 
ties of quicksilver has been established at San Francisco, in 
charge of his assistant, Dr. W. H._Melville. During the present 
and coming year the investigation of the quicksilver districts 
will be energetically prosecuted.

PALEONTOLOGIC WOEK. 

WORK OF PROF. O. C. MARSH.

The search for extinct vertebrate remains, and the study of 
them, have been conducted under the auspices of the Survey 
by Professor Marsh, whose former labors in this department of 
research have become the subject of world-wide renown and 
a matter of national pride.

No part of the world has been so prolific in the fossil re­ 
mains of vertebrates as the western portion of the United States, 
and each year adds new species and genera, and even new 
orders, to the known forms of extinct vertebrate life. Under 
Professor Marsh's direction six parties have been engaged in 
unearthing such fossils at localities where they were known to 
abound, and with gratifying success. In Oregon a very ex­ 
tensive and valuable collection of Miocene and Pliocene fossils 
has been made. In western Wyoming interesting collections 
of the remarkable order of Dinocerata were made from the 
Eocene beds. In the Jurassic strata of the same territory
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important collections of Dinosaurian remains have been made. 
Especially interesting have been the discoveries of mammalian 
fossils in the Jurassic beds of Wyoming and southern Colo­ 
rado. As the mammalian types have never been found in 
strata older than the Jurassic, and as such discoveries else­ 
where have been exceedingly meager, the enlargement of our 
knowledge of the earliest attainable forms of mammalian life 
assumes the greatest interest.

WORK OF DR. C. A. WHITE.

While the study of vertebrate fossils derives its greatest value 
from their association with the succession and development of 
organic life on our planet, the study of the humbler inverte­ 
brate fossils is doubly valuable. For on the one hand it dis­ 
closes laws and facts relating to the history and progress of 
terrestrial organisms no less instructive than those revealed by 
the vertebrates; and on the other hand, invertebrate fossils are 
chiefly relied upon by the geologist for determining the order 
of succession and the relations of the rocks he investigates, 
and they are, therefore, indispensable to his work. Dr. White 
has devoted himself mainly to the study of invertebrate fossils 
of Mesozoic and Tertiary Ages, and during the past year has, 
in addition to general labors, made special investigations of the 
so-called Laramie beds, which prevail widely at the West and 
constitute the most important part of the western coal-bearing 
horizons. He has also made an examination, in person, of the 
lower portion of the Yellowstone, and of the valley of the Mis­ 
souri River near the junction of the former stream, and has 
made extensive collections of fossils

WORK OF MR. C. D. WALCOTT.

While the labors of Dr. White have been devoted chiefly to 
fossils of Mesozoic and Tertiary Ages, the studies of Mr. Wal- 
cott have been mostly among the invertebrate fossils of Paleo­ 
zoic Age. During the past season Mr. Walcott has made large 
additional collections from the very prolific region about Eu­ 
reka, Nev.; but his principal field work was the investigation
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of certain strata situated in the depths of the Grand Canon of 
the Colorado River, near the junction of the Little Colorado. 
His discoveries there have been of the highest interest and 
value.

WORK OF MB. LESTER F. WARD.

The investigation of fossil plants collected by the Survey has 
been undertaken by Mr. Ward. He has made no field excur­ 
sion during the past year, but has examined and identified the 
specimens contained in several large collections sent in from 
the West, and has also been occupied in the preparation of a 
catalogue of American fossil plants, statistically arranged and 
discussed, for use as a work of reference.

WORK OF MR. LAWRENCE C. JOHNSON.

The geologic survey of the eastern portion of the United 
States is necessarily delayed until maps can be constructed for 
the use of the geologists; but in the mean time it is proposed 
to make certain paleontologic studies, preparatory to a more 
careful survey of the structural geology which it will be nec­ 
essary to make in the execution of the law of Congress. Pur­ 
suant to this plan, Mr. Johnson has been making extensive 
paleontologic collections from the Tertiary and Mesozoic form­ 
ations of the Gulf States. His work has been prosecuted with 
vigor, and valuable results have accrued therefrom.

CHEMIC WOEK.

PHYSICAL RESEARCHES OP DR. CARL BARUS AND MR. 
WILLIAM HALLOCK.

In the physical laboratory at New Haven much time has 
been spent in the calibration and adjustment of instruments 
of precision. The experiments upon the thermal effect of 
kaolinization have been continued, and preparations have 
been made for the determination of data with reference to the 
conditions of sublimation of cinnabar. Chief stress, how­ 
ever, has been laid upon investigations relating to the exact
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measurement of very high temperatures; for the leason that- 
precise work of this kind is an absolutely essential preliminary 
to the study of certain problems in dynamic geology. So far 
this work has related mainly to the employment of thermo­ 
electric methods, and their comparison with the method of air 
thermometry described by Krafts and Meier. Experiments 
have been made upon compound wires, consisting of a core of 
one metal with an envelope of another, and upon the electric 
properties of the various carbides of iron. In this latter con­ 
nection very interesting results have been developed concern­ 
ing the physical properties of steel, which shed much light upon, 
its exact difference from other forms of iron

STATISTICS.

MINERAL PKODITCTION OF THE UNITED STATES, BY MR. 
ALBERT WILLIAMS, JR.

The Geological Survey having been authorized by law to- 
collect "statistics in relation to mines and mining, other than 
gold and silver," Mr. Albert Williams, jr. was placed in charge 
of the work and directed to collect and compile such statistics 
from various sources, for the purpose of setting forth the rnin- 
eral resources of the United States for the calendar year end­ 
ing December 31,1882, and for the tirst six months of the cur­ 
rent calendar year. The work has been accomplished witb 
great energy and skill, and a large body of statistic informa­ 
tion has been accumulated, valuable alike to the statesman, th& 
capitalist, the manufacturer, and the miner. This material 
will be promptly published in a volume entitled ''The Mineral 
Resources of the United States." The collection of statistics 
on the same subject for the purposes of the Tenth Census was 
intrusted to the supervision of the Geological Survey, but the 
method of procedure was exceedingly elaborate, and publica­ 
tion has been delayed. The plan adopted for the report under 
consideration was greatly restricted: only the more important 
lines of inquiry were pursued, and the work was pushed forward
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with vigor in order that prompt publication might ensue It 
has proved successful. The statistics of major importance have 
been collected in time to be immediately available for the 
public, and experience has shown that the work can be thus 
accomplished with a very small expenditure of money.

More detailed account of the operations of the Survey as 
presented in the abstract above will appear in the reports of 
the several heads of divisions and independent parties appended 
hereunto

-
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REPORT OP MR. HENRY GANNETT.
UNITED STATES GEOLOGICAL SURVEY,

DIVISION OF GEOGRAPHY, 
Washington, D. 0., June 30, 1883.

SIR : I have the honor to submit the following report of work per­ 
formed by your direction, and under iny charge, from July 7, 1882, to 
date.

PLANS FOR WORK DURING 1882.

The general -work during the past year was carried on by four divis­ 
ions known as the California, Montana, Wingate, and Appalachian 
divisions. It was the intention to organize these divisions as follows: 
One party for carrying ou triangulatiou, and a number of topographic par­ 
ties. The California division was organized for the purpose of making 
a survey of the volcauic regiou of the Cascade Eange in northern Cali­ 
fornia, Oregon, and Washington, the field of work assigned to this 
division for the season comprising the southern extremity of this range in 
northern California, extending from the neighborhood of Lassen's Butte 
north as far as the season would permit; the Montana division, for the 
purpose of surveying the. region in southwestern Montana, about the 
sources of the Missouri Eiver; the Wingate division, for the purpose 
of completing the survey of the plateau region of the Colorado and its 
branches. As was stated abt>ve, this work -was commenced during the 
season of 1881 by the measurement and expansion of a base line, and a 
small amonnt of topographic work done. The Appalachian division was 
organized to make a survey of the mountain region of the South Atlan­ 
tic States, with a view to studying the vast mineral and timber resources 
therein concealed.

Owing to the prolonged session of Congress, and the fact that appro­ 
priations were not made until August, the preparations for field work 
were not completed until the early part of September. Some time prior 
to that date, however, some of the members of the California and Mon­ 
tana divisions repaired to their fields of work to make preliminary prep­ 
arations and do such work as could be carried on with a limited'force.

Besides the above, which may be characterized as general work, a 
considerable ainouut of detailed work was projected. In connection 
with the geologic study of the quicksilver deposits of California, there 
were required maps, on a large scale, of small areas, comprising the 
Sulphur Bank, Kiioxville, New Altnaden, and New Idria mining dis­ 
tricts. In the division of the Rocky Mountains it was contemplated

3
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to map the Silver Cliff mining district and a section of conntry at the 
east base of the Eocky Mountains, in the neighborhood of Denver, 
which contains valuable coal deposits. In the division of the Great 
Basin, extended geographic work was projected in connection with the 
investigation of the Quaternary lakes. A portion of this work was 
of a detailed character, consisting of local maps in the western part 
of .Nevada. The plans included, also, a survey of the area comprised 
between the meridians of 118° and 120° west of Greenwich, and lati­ 
tudes 41° and 42°, lying in the northwestern corner of Nevada. This 
work was to be done on a scale suitable to be published on a scale of 
four miles to an inch, in contours 200 feet apart, and was, therefore, 
designed to be available as a contribution to the general topographic 
work. With a view to commencing work in the Ozark Hills of Arkan­ 
sas, plans were made for measuring a base at some suitable locality in 
the neighborhood of the Hot Springs of that State. Snch.in brief was 
a sketch of the plans of topographic work as projected at the opening 
of the season.

DETAILED TOPOGRAPHIC WORK. 

MAPS OF THE QUICKSILVER MINING DISTRICTS OF CALIFORNIA.

I will now take up in as much detail as possible the history of the 
operations, and give a statement of the results accomplished, com­ 
mencing with the detailed work on the quicksilver districts of Cali­ 
fornia.

To this work was detailed Mr. S. H. Bodfish, topographer. His in­ 
structions were, in brief, to survey an area about the Sulphur Bank, 
Knoxville, and New Idria mines, approximately three miles by four 
each, in linear dimensions, comprising an area in each locality of about 
twelve square miles, and in the New Almaden district to survey ah area 
of approximately nineteen square miles. The plane-table sheets were 
to be made upon a scale of 800 feet to an inch, with a view of reduc­ 
tion in publication to 1,500 feet to one inch, or -rsirffs- Tfle question of 
the interval between the contours on these maps was left open, to be de­ 
cided upon the ground by the natnre of the relief and the other re­ 
quirements. Mr. Bodfish was ordered to the field on June 10, but, 
in consequence of ill health, was not able to leave for several days 
thereafter, and it was not until July 11 that he was prepared to com­ 
mence work. His instructions authorized him to employ upon the 
ground such assistance as might be required. The first district taken 
up was the Sulphur Bank, and the map of this district was completed 
in the latter part of August. Thence, Mr. Bodfish proceeded immedi­ 
ately to the New. Almaden district and commenced its survey. He was 
assisted in this work by finding an admirable map of the property of
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the New Almaden mine in possession of the company, which the super­ 
intendent kindly allowed him to copy for the purpose of incorporating 
in his map. The work was commenced here September 3, and finished 
by October 16. Mr. Bodfisli was delayed, more or less during all this 
time, by bad health, and during the last month he notes much bad 
weather, which also iuterfered greatly with the progress of the work. 
Upon the completion of the New Almaden survey his health became 
so poor that he was obliged to give up further field work and return to 
Washington. >

For the control of the work at New Almaden, Mr. Bodfish measured 
a base line with a steel tape 2,098.456 feet in length. The two meas­ 
urements of this base differed less than one-tenth of a foot. There 
were occupied in the survey of this district 71 plane-table stations, 
from which points were located and their heights determined.

Mr. Bodfish left the field October 16, going to San Francisco, and on 
the 2fst left San-Francisco for Washington, where he arrived on Octo­ 
ber 28. His office work during the winter has consisted in preparing 
the maps of these two districts for engraving.

Shortly after Mr. Bodfish was obliged to leave work, the California 
division was^disbanded, and Messrs. John D. Hoffmann, Mark B. Kerr, 
W. H. Eobortson, and C. C. Bassett were detailed from that division to 
make a survey of the two quicksilver districts left by Mr. Bodfish, Mr. 
Hoffmann being in/!harge. The party reached Knoxville, which had 
been decided upon as the first district to be surveyed, on November 27, 
and commenced work shortly after. The mineral belt is located on the 
summit between Eticuera, Hunting, and Davis creeks, aud extends from 
Knoxville in a northwesterly direction six or seven miles, while the 
width varies from one to two miles. South of Knoxville no mineral 
has been found. The northern limit of the metalliferous belt has not 
yet been positively ascertained. The couutry to be embraced in the 
survey is a series of hill-tops, glades, ridges, a,nd gulches, but all readily 
accessible, the northern part of the district being covered with thick 
brush. Mr. Hoffmann measured a base of 3,000 feet with a steel tape, 
and then extended a system of triangulation over the area to be 
mapped, connecting by angles with two points established by the Coast 
Survey in the vicinity. It was decided to make the map in contours 
having intervals of 25 feet. The details of the topography were worked 
in by the use of the plane table and telometer, in general, excepting in 
the more rugged portions, where cheaper methods could be more ad­ 
vantageously employed. Work in this district progressed slowly, partly 
on account of obstructions which the timber and brush offered, and 
partly on account of the bad weather which prevailed during a very 
considerable portion of the time. It was completed on February 19, 
and on the 20th the party left for San Francisco, where, as desired by 
Mr. Becker, the map of this district was prepared prior to resuming 
field operations. Early in June, the office work upon this map having
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been completed, the party repaired to the New Idria district to resume 
field operations.

DETAILED SURVEYS OF THE SILVER CLIFF AND DENVER DISTRICTS.

The survey of the mining region of Silver Cliff, Eosita, and Querida, 
and of the region about Denver, Colo., was assigned to Mr. Anton 
Karl. Mr. Karl's instructions contemplated first a survey of the first- 
mentioned region. The area comprised in this district is 49.5 square 
miles, the scale of the map npon the plane-table sheet was 2oiw> with 
contours having a vertical interval of 25 feet. The map is designed to 
make a donble atlas sheet of the ordinary size published by the Survey. 
Mr. Karl's orders for the field bore date August 25,1882, but on account 
of sickness he was delayed in Washington until September 1. The field 
work commenced on the 7th of September and was concluded on the )2th 
of November following. The base line measured for the inception of the 
triangulation was 4,051,689 feet in length, and the sides of the largest 
triangle 23 miles. The instruments employed were, for the triangnla- 
tion, a gradienter; for the topography, the plane-table, stadia, and level. 
With the exception of about 75 stations, the levels of which were de­ 
termined by barometer and by dip angles with the vertical circle of the 
gradienter, all elevations were obtained by means of leveling. All 
the roads, trails, beds of gulches, and main watercourses were mean­ 
dered, and the lines connected at frequent intervals with points located 
by the triangulation. •

The persons employed on this survey, besides Mr. Karl, were one 
assistant topographer, one leveler, two chainmen, and a cook.

Upon the completion of this work, Mr. Karl proceeded to the neigh­ 
borhood of Golden, Colo., for the purpose of completing the survey of a 
small area comprising the two Table mountains in the neighborhood 
of Golden, and the coal outcrops west of that place. The scale of this 
maP is joooo? with contours 50 feet apart. Work was commenced Ko- 
veinber 18, and concluded December 7. Upon the completion of this 
work, the season being far advanced, Mr. Karl was ordered to Wash­ 
ington to prepare the maps for engraving. Another piece of work 
which had been decided on was commenced in Denver during the win­ 
ter. This, called the "Denver map," was projected to cover an area of 
about 1,000 square miles, having Denver slightly east of the center. 
The western border was drawn so as to include the coal outcrops in the 
hogbacks. There being in existence a large amount of topographic 
material in this region of a sufficiently detailed character to be used for 
this map, its compilation was decided on, and the work was intrusted 
to Mr. Karl's assistants in Denver. The work of the General Land 
Office in this region was compiled on a scale of one mile to an inch ; 
then, to the map thus prepared, the surveys made by the different rail­ 
roads and ditch companies in this region were added. This work of 
compilation occupied the draughtsmen for three months, December,
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1882, January and February, 1883. It is proposed during the coming 
field season to carry triangulation over this area to correct this com­ 
piled material and to express the hillwork by means of contours.

GENERAL WOEK. 

THE CALIFORNIA DIVISION

The work of the California division was placed in charge of Mr. Gil­ 
bert Thompson. On June 15,1882, under orders previously received, he 
left Washington for Bed Bluff, Gal., which point was made the field- 
headquarters of the division of Bed Bluff, and on the latter date he 
set out for the occupation of Lassen's Butte. After arrival at its base, 
he made three ascents, but was able to obtain but few observations on 
accouut of the haze and smoke from forest fires. The point occupied 
was the common one of the Explorations West of the 100th Meridian, 
and the United States Coast and Geodetic Survey. He returned to Red' 
Bluff August 5, aud ou the 6th went into camp.

On August 27 he received final orders concerning the number and' 
organization of parties. Two field parties were then organized, the 
first of which was to be in charge of Mr. Thompson, with M. B. Kerr 
as assistant and C. C. Bassett as aid. The second was placed in charge 
of Mr. John D. Hoffinann, with Albert Noerr as assistant and E. V. 
MeElhone as aid, each party having a cook, teamster, and packer, 
with necessary camp equipage and rations.

It was the intention to have Mr. Thompson upon the ground some 
time in advance of the other members of the party, in order that arrange­ 
ments for outfitting could be matured and triangulation earned as far- 
forward as possible. The first of these matters was quickly arranged. 
Shoitly after Mr. Thompson's arrival at Tied Bluff, he employed Mr. 
Mark B. Kerr, an engineer who had seen service m Lieutenant Wheeler's 
Surveys West of the 100th Memhan, as an assistant.

He left Bed Bluff on June 25 for a short trip to the Coast Range, 
taking the wagon-road from Paskanta to Round Valley. He occupied 
a prominent point for triangnlation on the main divide, and gained a 
good idea of the character of that section of the country, and the 
requirements of a party to work in it successfully. He returned to Bed 
Bluff June 30.

Between this date and July 24, he occupied seveial points in the 
vieimt.v.

The barometric base station was established at Bed Bluff for the field 
season, with Henry F. Wyinan and W. H. Bobertson as observers; 
later in the season they were relieved from this monotonous duty by C. 
C. Bassett and B. F. Cummins. Before making observations for fieldi 
work, all the observers had been carefully instructed. Observations at-
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the barometric base station were made hourly, from 6 a. m. to 7 p. m., 
and, m addition, one at'9 p. m.

Mr. Thompson's party planned to begin topographic work at about 
latitude 40° and longitude 123°, working to the northward and east­ 
ward, occupying as many points for triangulation as practicable.

Mr. Hofftnann and party were to complete the area bounded by lati­ 
tudes 400 40' and 41°, and longitudes 119° 37' 30" and 122°, and as 
much more to the northward as the length of the working season would 
permit. Bach party was to survey its route of travel from and to Eed 
Bluff.

Mr. Hoffmann's party left on September 6, and Mr. Thompson on the 
9th. The latter reached Pett.vjohn's ranch September 10, and decided 
to make it his main supply camp for work in that vicinity. From this 
place to the westward the only method of transportation is by pack- 
animals over ragged, mountain trails, and this is true for an extent of 
sixty miles along the range. The real difficulty to be encountered in 
the prosecution of surveying work is the lack of grass for forage.

Mr. Thompson's party worked up the main divide from Mount Linn 
to North Yallobally, and on October 1 broke camp on the mam divide, 
and returned to Pettyjohn's, and in this day's journey of 30 miles 
passed through a howling snow-storm into the rain, and thence down 
through driving fog, breaking clouds, and rainbows, to a balmy atmos­ 
phere and repose, the total descent being something over 6,000 feet.

Mr. Hoffmann, although experienciug considerable bad weather, had 
mapped the country to Burney Valley, where he was unfortunately 
delayed for six days by rain and snow, but was a>ble on Uctober 4 to 
move out for Pall Eiver Mills.

Leaving Mr. Kerr with Eobertson as aid, and G-awin as packer and 
cook, Mr. Thompson, with Wyman as aid, and two meri} left for a second 
occupation of Lassen's Butte. After several delays by storms he 
reached Morgan's ranch October 14. The prospect was very unpropi- 
tious, as the weather was threatening in the extreme; the ranchmen 
were moving to the valley for the winter, unwilling to risk being snowed 
in with their stock, but on the 17th he moved out with Wyman and 
Stewart, and pushed as far as possible with the animals through the 
snow, and camped near Crumbaugh's Lake, digging away some three 
feet of snow to clear a place for the men to sleep and the mules to stand. 
On the 18th, a beautiful day, the ascent was made, requiring five hours 
to reach the station and three to return. The descent was very fatigu­ 
ing, as the snow had become soft and the crust broke through. He was 
successful in making the observations required.

On arrival at Eed Bluff, October 21, Mr. Thompson received the order 
for disbandment of the parties, and proceeded to make the necessary 
arrangements. The observations at the barometric base station ceased 
October 30.

Mr. Hoffmann had at this time mapped the area designated for his/
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occupation, and was on a trip to the northward. He left Adin October 
21, and after going north for two days he sent hig wagon to Pall River 
Mills, and taking with him Noerr as aid and Watson as packer and 
cook, he proceeded west, and after passing over the summit of a low 
range on the 26th, he reached the edge of a lava field about 12 miles in 
extent, finding no water and but little grass. It Laving been found 
impracticable to go farther to the westward, turning southward he 
skirted along the eastern edge of the lava field, and after experiencing 
considerable hardship from rain and snow, he reached Fall River Mills 
November 1, where he received orders to stop work.

Mr Kerr and party had already come in, and on the arrival of Mr. 
Hoffmann's party work was closed and property stored. During the 
time pending Mr. Hoffmann's arrival, level lines were run to connect 
the barometric base station with that of the United States Signal Office 
and the Central Pacific Railroad station.

The resulting altitude of the barometric base station above mean low 
water of the Pacific Ocean, at San Francisco, is 328 feet.

In accordance with orders, Messrs. Hoffmann, Kerr, Bassett, and Rob- 
ertson were detailed, as mentioned above, to the survey of the quick­ 
silver districts, and Mr. Thompson and Mr. Noerr arrived in Washing­ 
ton, D. 0., November 29, 1882.

During the working field season of about two months, which was 
broken into by frequent storms, some 2,000 square miles were mapped, 
two primary triangulation stations occupied, and the altitude of one 
hundred and twenty-five points determined barometrically. Such sat­ 
isfactory results could not have been accomplished except by a com­ 
mendable spirit of earnestness and zeal on the part of all engaged.

The 'progress sketch accompanying this report will indicate more 
clearly than any description the areas occupied, and the condition of 
work to date in this section.

During the winter Mr. Thompson has been engaged, besides plotting 
his field notes, in compiling from the maps by the "Geographic Surveys 
West or' the 100th Meridian," those portions of the atlas sheets which 
have been covered in part by the labors of this organization, prepara­ 
tory to completing these sheets from the work of this survey. Mr. 
Noerr has been engaged in compiling, from the plats of the General 
Land Office, the areas m northern California comprised in atlas sheets, 
to be used in plotting the work already done and for use during the 
coming field season. The surveys of the General Land Office in this 
section were found to be exceptionally complete and full, and the results 
will save much labor and expense. Mr. McElhone has been engaged 
during the winter mainly in computing the hypsometric work of the 
division. At the close of the field season Henry T. Wyrnan resigned, 
and February 1, 1883, William H. Robertson resigned.

THK MONTANA DIVISION.
Pending the organization of the Montana division, Mr. J. H. Ren- 

shawe was detailed to Bozeman, Mont., for the purpose of expanding
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the base measured there in 1877 by the " Surveys West of the 100th 
Meridian," under Lieutenant Wheeler, and making other preparations- 
looking to the organization of a division in that region. Mr. Eenshawe's 
orders were dated May 9,1882. He left for the field shortly after that 
date and proceeding immediately to Bozeman, accompanied by Messrs. 
H. S. Chase, Paul Holman, W. S. Eenshawe, and S. A. Aplin. He 
found no difficulty in recovering the terminal points of the base, and 
during the three months that intervened between his arrival and the 
organization of his division he effected a most admirable system of 
expansion.

About the middle of August the following men were ordered to join 
this division at Bozeman: George T. Wakefleld, Edmund B. French, 
and Joseph H. Adams, and Mr. Eenshawe was directed to organize the 
division into three parties, including the triangulation party under his 
own personal direction, and two topographic parties, respectively, nnder 
Messrs. Chase and Holman. This was done, and the parties left Boze­ 
man as soon as practicable after the means of carrying out these orders 
had been supplied, but the lateness of the season, combined with un- 
precedentedly severe weather and heavy snows, practically prevented 
work. Mr. Eenshawe, with the triangulation party, proceeded up the 
Yellowstone with the intention of connecting the triaugulation near the 
Bozeman base with that brought up from the south by Dr. Hayden's 
Geological Survey of the Territories. In the progress of this work he 
climbed Electric Eock no less than three times, but each time was pre­ 
vented by stormy weather from doing any work. He had a similar 
experience upon Mount Washburne, and then, finding there was no 
hope of doing any further work, he drove across to the Madison Eiver 
down that stream to the Gallatin Valley, and thence to Bozeman. The 
party under Mr. Chase succeeded in making two or three topographic 
stations near the foot of the Gallatin Valley, but the amount of work 
done was not of great importance. That under Mr. Holman, to which 
•was assigned the mountain region immediately south of the Gallatin 
Valley, met, at the very outset of its work, with severe snow-storms, 
which continued without cessation for nearly a month, when it gave 
up the struggle and returned to Bozeman.

For the computation of heights from barometric observations, by the 
method proposed by Mr. G. K. Gilbert in the last annual report of the 
Survey, Mr. Eenshawe established a pair of base stations, one located 
at Bozemau and the other near the summit of Bridger Peak, about———— 
miles north of the lower station and ——— feet above it. Unfortunately, 
but little material was obtained for a practical testing of this method 
of computation.

On November 18, 1883, in compliance with orders from this office, he 
left Bozeman with the members of his division for Washington.

The net results of the operations of this division during the season- 
have been the expansion of the Bozeman base and a small amount of
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topographic work in the neighborhood of the Gallatin Valley. For the 
smallness of these resnlts Mr. Kensbawe can in no way be held respon­ 
sible, inasmuch bs he acted throughout, with the utmost energy and 
good judgment.

During the winter he has been employed in reducing his geodetic 
work, and Mr. Holman in compiling topographic material. The follow­ 
ing members of his division resigned at the close of the field season: 
Joseph H. Adams, W. S. Eenshawe, and Edmund E. French.

THE WINGATE DIVISION.

Prof. A. H. Thompson was, in July, appointed to take charge of the 
Wingate division, which during the year previous had been in charge 
of Mr. Gilbert Thompson. As has been before stated, during the pie- 
vious year a base line had been measured and expanded, and a small 
amount of topographic work done in the immediate neighborhood of 
the base. On the 16th of August Professor Thompson was ordered to 
the field, and on the same date the following gentlemen were assigned 
to his division and ordered to report to him at Fort Wingatp, N. Mex : 
Herbert M. Wilson, Edward M. Douglas, Leonard H. Swett, John D. 
Atkins, Edward A. Oyster, Thomas H. Johnston, Howard Thompson, 
and S. J. Wilson.

Upon the arrival of the men at Fort Wingate a division was organ­ 
ized as follows: the triangulation party, in charge of Professor Thomp­ 
son, and two topographic parties in charge, respectively, of Messrs. H. 
M. "Wilson and E. M. Douglas. A pair of barometric stations was 
established, one at Fort Wingate, at an elevation of feet, the other 
upon Mount Bradley, upon the Zuni Mountains, at an elevation of 

feet, and the difference of elevation was obtained by means of the 
spirit level. Work was commenced early in September and progressed 
favorably, though somewhat slowly, owing to bad weather and the 
unfavorable nature of the country for topographic and geodetic work. 
It is well known that the country is, in general, composed of plateaus,, 
with very few salient points, and these arc largely covered with timber, 
making it necessary to do much chopping for opening up geodetic lines, 
and rendering the selection of stations for topographic work difficult in 
the extreme. The two topographic parties were both assigned to work 
within the " square degree " included between the 35th and 36th paral­ 
lels and 108th aud 109th meridians, Mr. Wilson being assigned to the 
northeastern part of this area and Mr. Douglas to the southern portion. 
The area covered by Mr. Wilson was about 700 square miles, and that by 
Mr. Douglas 500. Professor Thompson reports the occupation of three 
primary stations for geodetic work, from which good results were ob­ 
tained, and three points occupied for topographic purposes aud forsecond- 
ary triangulation. On November 20, Professor Thompson reported in 
Fort Wingate, having been driven in by heavy snows, which commenced 
on the 6th of the month and continued with few intermissions np to that
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date. One of his topographic parties had been driver! in from the same 
reason. He was at once telegraphed to call in his other topographic 
party and close the field work. -1

During the winter Professor Thompson was occupied in the compu­ 
tation of the geodetic and hypsometric work of the division, and Messrs. 
Douglas and Wilson in the preparation of maps for publication. The 
following men resigned at the close of the field season: Thomas J. 
Johnston, Howard Thompson, and Leonard H. Swett.

THE ARKANSAS WORK.

For the measurement of a base line in the Ozark Hills in Arkansas, pre­ 
paratory to commencing geodetic and topographic work in that section of 
the country, Prof. J. Howard Gore, astronomer, was detailed, with Mr. 
S. S. Gannett as assistant. On August 10 they proceeded to the pro­ 
posed field of work, and, after a careful examination of the.country about 
the Hot Springs, Professor Gore decided that the most practicable loca­ 
tion for this base was along the line of the Saint Louis, Iron Mountain, 
and Southern Kailroad, commencing at the town of Malvern, Ark., and 
running southwestward for approximately four miles. This location 
having been authorized by telegraph from this ofiice, the work of meas­ 
urement was commenced August 16, pushed forward rapidly, and com­ 
pleted August 31. The reduced results of the two measurements of 
this base are as follows: The first measurement, 0406.2307 meters; sec­ 
ond measurement, 6406.3822 meters. The adopted one is 6406.3004 
meters, the error being .038 meter, or T57o%Vow> °f the entire length. 
This measurement was made by means of a pair of four-meter secondary 
base bars belonging to the United States Coast and Geodetic Survey, 
kindly loaned to the Geological Survey for the purpose. The azimuth 
of the south end of the base from the north end is determined by obser­ 
vations upon Polaris. In addition to Mr. S. S. Gannett, Professor Gore 
was assisted by Mr. H. M. Woolrnan, formerly county surveyor of Gar­ 
land County, and six laborers. Professor Gore returned to Washington 
immediately after the completion of the measurement of the base, to 
resume his duties at Columbian University, while Messrs. Gannett and 
Woolman were occupied in a reconnaissance for points for expansion 
and in the erection of a tower at each end of the base.

During the month of October I visited the ground for the purpose of 
deciding whether it was advisable to continue the work during the fall 
and winter, but under all the circumstances I decided it was best to 
close work for the season, upon which Mr. Woodward was discharged 
and Mr. Gannett was ordered east, to other duty.

Although this base is unquestionably located in the most favorable 
position for measurement, for expansion its location is extremely unfa­ 
vorable. It is upon the left-hand side of the Ouachita River, about two 
miles from that stream ; the Ozark Hills rise almost immediately upon 
the right-hand bank, but very gradually aud without any decided
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features The first rise is about 100 feet m elevation above the valley 
whence the country slopi s upward to the west, forming a. pi it< au, m 
which the streams cut narrow, deep valleys Farther on ton ard the 
west and northwest the country becomes much more decided in its char 
acter, erosion having produced sharply defined ridges and summits 
Had the base been located within the hills, m the immediate neighbor 
hood of the Hot Springs, the expansion would hive been a eotnpara 
tively easy matter As it is, the first two or three figures will he diffi 
cult to form, and the erection of high signals, necessitated by the forests 
which cover th'e country, will make the expansion an expensive matter 
The forests consist mainly of hard wood, the trees on an average having 
a height of 50 feet, abo\ e which tower scattering pines to the height of 
70 or 80 feet

THE APPALACHIAN DIVISION

It was decided to institute topographic work in the Southern Appa 
laclmn region preparatory to a study of the geology, and the mineral 
and timber resources of that section, and in the latter pai t of August and 
early in September a division was organized for this purpose, withheld 
quarters at Bristol, Tenn The following detail of men was made to 
this division Prof W C Kerr, in charge of the tnangulation, with 
Mr Hayes and, subsequently, S S Gannett as assistants In chaige 
of the topographic parties were Messrs C M Yeates, Morris Bien, and 
F M Pearson As assistants in these parties were detailed, respect 
ively, Messrs B C McKmney, H S Leonard, and John W Gentry To 
Mr Yeates was assigned that portion of western North Carolina and 
eastern Tennessee lying south of the Smoky Mountains, east of the 
south fork of the Holston, and west of the Bine Ridge, with directions 
to work as far to the northeast as the reason would permit To Mr 
Pearson was assigned that portion of Virginia lying west of the south 
fork of the Holston, with a small area in eastern Kentucky To assist 
in the computation of barometric elevations, by means of Mr Gilbert's 
method, a group of four barometric base stations was established upon 
and around Boan Mountain, N C These stations were under the gen 
eral charge of Mr Arthur P Davjs, with directions to see that they 
were properly kept np, to obtain, by leveling, the difference in height 
between them, and by connecting them with some station upon the 
nearest railroad (Eoan Mountain station, on the East Tennessee and 
Western North Carolina Railroad), to establish their height aboye sea 
level Further, he was directed to establish the heights of neighboring 
mountain summits by means of levels, in order that jcomparison might 
be made between them and heights determined by barometer Thefol 
lowing men were detailed as barometric observers at these stations 
Arthur P Davis,JohnL Henderson,Eobert Chapman, James A Maher, 
William G Newman, and Henry L Reynolds, jr Subsequently, Mr 
Abner F Dunnington was ordered to Eoan Mountain as a barometric 
observer, and Mr Henderson was relieved The stations used were as
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follows: First, atCloudland Hotel, on the summit of Eoan Mountain, at 
an elevation of——— feet; second, at Searle's saw-mill, just below Car­ 
ver's Gap, at an elevation of ——— feet; third, Stratton's mill, at an eleva­ 
tion of ——— feet; and fourth, on the Kblechucky Eiver, near the mouth 
of Eock Creek, at an elevation of ———— feet. I personally superin­ 
tended the outfitting of.this division, and spent several days with each 
party iu the field in order to get them well started in their work. The 
weather with them, as everywhere else in the country during the past 
autumn, was very unfavorable, and this, combined with other untoward 
circumstances, conspired to render the progress of the 'work compara­ 
tively slow. The character of the mountains in this section of the coun­ 
try being bold and massive, with few or no sharp summits, lias made it 
absolutely necessaryx in order to obtain any degree of accuracy what­ 
ever, in geodetic work, to place artificial signals upon all stations. 
Although these signals are of a crude nature, consisting generally of 
three trees lashed together at the head in the form of a tripod, or of a 
single tree left standing while the rest of the summit is cleared away, 
still the necessity of preparing stations in advance delays the progress 
of triangulation. The work was begun by the occupation of Poor's 
and Benn's knobs upon the Blue Ridge. These points are upon the 
west line of a series of quadrilaterals established by the Coast and Geo­ 
detic Survey. The distance between them is ——— miles. From these 
points triangulation was carried in a generally northwest direction over 
to the Tennessee Valley. Professor Kerr occupied in this work the follow­ 
ing points: Hibriten. Grandfather, Table Rock, Eoan Mountain, Mitch- 
ell'sPeak, Big Bald (in the Smoky Mountains overlooking the valley of 
•east Tennessee), Snake Mountain, Beech Mountain, and Holston. The 
instrument used,was a six-inch theodolite, reading to ten seconds.

It became evident to me, upon a brief examination of the country, that 
the ordinary methods of topographic work employed in the West, that 
is, by the use of portable plane-tables, could not be profitably used here. 
The country is densely covered with forests extending over the highest 
mountain summits, which, with the exception of a few points, are not 
sufficiently sharp to make it practicable to clear the timber away, and 
the topographic work therefore necessarily has to be done very largely 
by means of traverse lines and by sketching from any and all points 
from which an outlook can be obtained. Added to this is the fact that 
the parties were outfitted not with pack trains, which would enable them 
to go anywhere over the country, but with wagons, which necessarily 
confined them to the roads and therefore necessitated long trips away 
from the wagon in order to reach mountain stations, thereby rendering 
it almost impossible to carry about with them more than the most port­ 
able instruments.

In the district assigned to Mr. Ycates, which comprised, the highest 
part of the mountain region of North Carolina, these remarks do not 
apply with as great force as in the districts assigned, to Messrs. Bien
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and Pearson, as, by the exercise of good judgment in the selection of 
points, Mr. Yeates was enabled to carry on his work almost entirely 
from the mountain summits. He succeeded in extending his work
•southwestward to the line of the French Broad River and to Swanan- 
noa Gap, covering an area of approximately 1,500 square miles.

The section assigned to Mr. Bien was probably the most difficult of 
the three, as the mountains were lower, the bare summits and points 
for observation fewer in number, while the country has not the bold, 
decided character which it has farther to the southwest. The area cov­ 
ered by him does not exceed GOO or 800 square miles, most of which lies 
about the heads ot the Watauga and Few Rivers in northwestern North
•Carolina and northeastern Tennessee.

Mr. Pearson's party started from Bristol and traveled in a general 
west course to Cumberland Gap, cutting as wide a swath through the 
country as practicable. In Kentucky he surveyed the country between 
the Pine Mountain and the Cumberland, comprising almost 500 square 
miles, and then returned to Bristol, most of the way by a different route 
from that which he,went out, adding considerably to the breadth of the 
strip surveyed. The total area surveyed by this party is probably in 
the neighborhood of 1,500 square miles. Mr. Pearson reported at Bris­ 
tol in the latter part of November, having been forced to abandon work 
on account of the bad weather. Immediately upon his arrival, orders 
were sent from this office to Messrs. Kerr, Yeates, and Bien, directing 
them to put their work in good shape for resumption during the next 
season, and to return to Bristol as soon as practicable. This was done, 
and the members of these parties returned to Washington early in 
December.

During the winter Professor Kerr and Mr. S. S. Gannett have been 
occupied mainly in reducing the triangulation, Messrs. Yeates, Bien, 
and Pearson iu plotting their field work, and Mr. Davis in computing 
the hypsometric work of the division. Tlie following men resigned 
at the close of the field season: W. G. Newman, Henry S. Leonard, 
Henry L. Eeynolds, and James A. Maher.

There is in all parts of the country, especially in the older portions, 
a large amount of topographic woik of a fugitive nature, consisting of 
railroad and canal surveys, of surveys for river improvements, maps 
of townships, counties, &c., a large portion of which is of valne and 
can unquestionably be used to good advantage in making up a general 
map, by proper handling. It seemed to me advisable that all of this
•material which could be collected within the regions under survey 
should be brought into this office and used as far as possible for expe­ 
diting the topographic work. For the purpose of collecting this mate­ 
rial, Mr. W. A. Shumway, a graduate of the Columbia College School of 
Mines, was appointed in October, and was at once ordered to this work. 
He traveled extensively duiing the fall and winter in the cities of Vir­ 
ginia, Tennessee, aud Kentucky, and collected a large quantity of this
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material, most of it bearing directly upon the work in hand, while a 
large quantity was secured relating to regions which it is hoped will 
be taken up by the Survey in the near future.

In connection with Mr. Gilbert's investigation of the Quaternary 
history of the Great Basin, an area of about 8,000 square miles, lying 
in the northwestern corner of Nevada, was surveyed under the direc­ 
tion of Mr. Gilbert. This work was done upon such a scale as to make 
it available for publication upon a scale of four miles to an inch, thus 
forming a part of the general topographic work of the Survey.

The total area surveyed during the past season is in the neighborhood' 
of 15,000 square miles. It is hoped that, inasmuch as this season was 
a very short one, allowing an average of not more than two month's 
field work, much of which time was lost through bad weather, and,* 
furthermore, that as this was a year of organization and preparation, 
the outcome of work will not be considered as discouraging.

It is hoped that during the coming year, with a much longer field 
season, and an ample corps of well-trained men, a much larger arrount of 
work will be produced.

I am, very respectfully, your obedient servant,
HENEY GAFNETT,

Chief Geographer.
Hon. J. W. POWELL,

Director U. 8. Geological Survey, Washington, D. G.

EEPOET OF ME. AENOLD HAGUE.
UNITED STATES GEOLOGICAL SURVEY,

New York, July 10,1883.
SiE: I have the honor to submit herewith the following report of 

operations conducted under my charge during the year ending June 
30, 1883.

No field work has been undertaken by any member connected with 
this division during the fiscal year just closed, all work being confined 
exclusively to office labor.

Since my last annual administrative report the atlas of thirteen plates 
of maps and sections which forms a part of the report on the Geology of 
the Eureka District has not only been completed but printed, and is 
now ready for distribution, only awaiting the volume of text. Much 
time and care has been given to its preparation and publication; the 
color distinctions employed for the different geological formations have 
been carefully selected with a view both to an adherence to the scheme 
of colors adopted for the maps and charts of the Geological Survey, 
and to artistic harmony in tones.

All the plates required for the report have been prepared and are
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ready for the volume. The last illustrations to be completed were 
delivered in May, consisting of four plates of photo-micrographs to 
accompany the report on microscopic petrography. They have been 
finished in a most acceptable manner, and quite worthy of the original 
negatives as prepared by Dr. J. W. S. Arnold. They show certain 
minute peculiarities in structure of the andesitic and rhyolitic rocks of 
Eureka that can easily be understood at a glance by any student of 
lithology. I feel quite sure that illustrations of similar subjects have 
never been excelled in clearness and delicacy.

The only new scientific material obtained from Eureka during the 
past year has been the result of the labors of Mr. C. D. Walcott, who 
visited the district last summer for the special purpose of making more 
extensive collections in paleontology, Mr. Walcott made a report to 
you of his journey, and I only mention it here to say that although he 
brought back large collections, there is, with the exception of the fauna 
from one horizon in the Carboniferous, but little material that is en­ 
tirely new, and nothing which necessitates any changes in my conclu­ 
sions and de,ductions formed from observations in the field. This result 
is especially gratifying, as it shows how well the paleontological work 
had been carried out during the survey of the district.

The completion of the report upon the Geology of the Eureka District 
has been delayed, partly owing to the time given to the investigation of 
the volcanic rocks of the Great Basin, and partly from a desire to obtain 
the results of the latter work before finishng that portion of the report 
which treats of the igneous extrusions, which play not only a very im­ 
portant part in the geological history of the Eureka Mountains, but are 
intimately associated with the igneous rocks of other districts m Central 
Nevada.

The re-examination of the acidic volcanic rocks collected from the 
Great Basin by the Fortieth Parallel Exploration has progressed steadily, 
and has developed far more than was anticipated when we commenced 
the research. The work has grown upon our hands, and has assumed 
proportions greater than was expected, and has extended in directions 
which were not at first suggested. A large part of Mr. J. P. Iddings's 
time has been employed in this investigation. During the progress of 
this research a large amount of new material has been gathered to­ 
gether, and when the geological data and microscopical observations 
are properly correlated, they will, I think, be considered of interest to all 
engaged in the study of volcanic phenomena.

In addition to the volcanic rocks embraced within the area of the map 
of the Fortieth Parallel Exploration we have studied collections from 
California, Oregon, Idaho, and Arizona, and the additional knowledge 
obtained from the study of rocks from these distant localities has thrown 
a Hood of light upon several problems, aiding us to arrive at some 
important conclusions in regard to the Great Basin.

A good deal of time has been given to an investigation of the nature 
of the pyroxene in the andesitic rocks, and the results tend to confirm 

3 INT——2
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in a most interesting manner the conclusions which Mr. Whitman Cross 
has reached, and which he has recently published m a bulletin of the 
United States Geological Survey.

We agree with him upon the following points:
First. As to the independence of hyperstheiie andesite as a subdi­ 

vision of the ande&itic group.
Second. As to the existence of many rocks which have been classed 

as augite-andesite, in which the hyperstheue is not only a far more 
prominent ingredient than augitc, but also plays the part of an essential 
constituent.

In our final report upon the volcanic rocks of the Great Basin the 
name hypersthene-andesite will be adopted as one of the subgroups 
into which the Andesites are divided.

In carrying on these researches I have been greatly aided by Dr. T. M. 
Drown, of Easton, Pa., who, at my suggestion, has followed np the 
results of the mineralogical and microscopical examinations with some 
most thorough analytical work. Besides a number of complete chemi­ 
cal analyses, he has conducted a series of experiments by which he has 
been able to isolate hypersthene from other ferruginous minerals of the 
same high specific gravity. He has also been able in several cases to 
separate with sufficient purity minute feldspars from the glass base in 
which they were imbedded, and then to analyze the two products, ob­ 
taining most interesting results.

Considerable work has been accomplished in obtaining the necessary 
types and cabinet specimens of crystalline rocks for the educational 
rock suites which you propose making to illustrate the sedimentary and 
igneous rocks of the country. The work which I have done is, how­ 
ever, mainly confined to those rocks which are best shown in this part 
of the country.

I have already 200 duplicate specimens of several varieties of rock, 
as nearly uniform in texture and composition as possible, well dressed 
and ready for the collections. Among them are such well-known rocks 
as the hornblende and mica-gneiss of New York Island, the diabase of 
Connecticut and New Jersey, and the characteristic elBeolite-syenite, of 
northern New Jersey, which, although a typical rock, here occupies a 
restricted area.

I desire to express my indebtedness to the trustees of the American 
Museum of Natural History, who, through their president, Mr. Morris 
K. Jesup, have, as heretofore, kindly afibrded us every facility during 
the past year for conducting our investigations and in preparing the 
results for final publication. The use of their valuable library and large 
collections has been of great service to us in our work. 

Very respectfully, your obedient servant,
AENOLD HAGUE.

Hon. J. W. POAVELL, N
Director U. 8. Geological Survey, Washing ion, J). G.
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REPORT OF MR. G. K. GILBERT.

UNITED STATES GEOLOGICAL SURVEY,
DIVISION OP THE GEEAT BASIN,

Salt Lake City; Utah, July 2,1883.
SIE: I have the honor to submit the following report of field opera­ 

tions and office work in the division of the Great Basin during the fiscal 
year ending June 30, 1883.

The chief subjects of field investigation were the Quaternary his­ 
tory of the western portion of the Great Basin, as revealed by the 
vestiges of Lake Lahoutau, and the history of the ancient lake and 
glaciers of the Mono Basin. The preceding summer was spent by my 
chief assistant, Mr. Israel C. Eussell, in a reconnaissance of these 
regions, and the plan for geologic field work in the summer of 1882 was 
based on information afforded by his report. A preliminary compila­ 
tion, by Mr. Gilbert Thompson, of the material available for a topo­ 
graphic map of the region, served in like manner to define the nature 
and amount of geographic work necessary to the production of the 
topographic base for a map of Lake Lahontau.

At the beginning of the fiscal year two parties were already in the 
field: a geologic party under Mr. Eussell, with Mr. Willard D. Johnson 
as topographer; a geographic party under Mr. Albert L. Webster. 
Early in July they met at Winnemucca, Nev., where the one was joined 
by Mr. W. J. McGee, geologist, and the other by Mr. Eugene Eicksecker, 
topographer. In the latter part of August, Mr. Russell's force was 
increased by the arrival of another geologic assistant, Mr. George M. 
Wright. All these gentlemen have continued in the corps to the present 
present time.

Prom Winnemucca Mr. Eussell proceeded to Humboldt and Carson 
lakes, and thence to Pyramid and Winnemucca lakes. The lower canons 
of Tiuckee and Carson rivers were then visited, and, after these, Walker 
Lake, Mason Valley, and Mono Valley. From time to time, as occasion 
required, his party was divided.

Except in the Mono Basin the work of the party consisted in an exam­ 
ination of the more important vestiges of the ancient Lake Lahoutan 
and of its~mod'er"u, shrunken representatives. Humboldt, Carson, Pyra­ 
mid, Winnemucca, and Walker lakes were systematically sounded, and 
samples of their waters were obtained for analysis. The deeper lakes 
were sampled at various depths and in different parts. A map was made 
of Pyramid and Winnemucca Lakes, and another of Walker Lake. 
Maps were also made of Anaho Island, of the great wave-built embank­ 
ment at the foot of Humboldt Lake, of a group of smaller embankments 
in CartiOii Desert, and of other local features. The Lahontan strata were 
everywhere scrutinized, but especially along the courses of the Hum-
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bolclt, Truckcc, Carson, and Walker rivers, where tbey are exposed in 
section. From tbern were gathered many fresbwater sbells and a few 
bones of elepbauts, borses, camels, and fisbes. Samples of tbe Laboutan 
sediments were collected for cbemical investigation; also many speci- 
.ineus of modern lake deposits and playa muds. Samples were pre­ 
served of tbe modern river waters of tbe basin and of tbe water of Lake 
Taboe. Tbe wonderful tufas of Pyramid Basm and tbe Carson Deserfc 
were carefully studied with reference to tbeir bearing on tbe cbeimcal 
bistory of tbe old lake, and large collections were made. Tbe mapped 
outline of Lake Laboutan was revised, and at many points tbe beigbts 
of tbe lake terraces were determined by leveling.

Tbe survey of tbe Mono Basin was taken up last, and was soon in­ 
terrupted by storms and snow. An examination was made, however, 
of tbe numerous glacial moraines projecting into tbe valley, and a map 
of tbe Bloody Gallon moraines was completed. A general map of tbe 
basin was commenced and a brief study was made of the tufa deposits.

Tbe party carried a dry plate photographic apparatus and used it 
effectively, especially in portraying the scenery of tbe tufas and tbe 
moraines.

Tbe work in Mono Valley was suspended early in November, and tbe 
field material was deposited in tbe station-bouse at tbe terminus of tbe 
Bodie and Beutou Railroad, tbe building being generously placed at 
tbe disposal of tbe Survey. Mr. Eussell then visited Carson Valley for 
tbe purpose of studying tbe geologic relations of the strata bearing tbe 
celebrated fossil footprints; Mr. MeGee re-examined tbe sections of 
lacustrine strata on tbe banks of the Walker and Humboldt Rivers; Mr. 
Wngbt established tbe berd of animals for tbe winter in Mason Valley; 
and finally all assembled at the office in Salt Lake City before tbe end 
of November.

Tbe geographic party carried a secondary triangulation over its field, 
connecting with the triangulatiou of tbe United States engineer surveys, 
and deriving its linear element and azimuth therefrom. Tbe topography 
was sketched by means of the plane table on a scale of two imlet> to the 
inch, and its vertical element was determined by augulation, tbe old 
beach of Lake Laboutau being assumed as a datum contour. Tbe area 
mapped is bounded by meridians? and?, and parallels ? and?

Tbe site of tbe engineer astronomic station at Wiunemucca, record 
of which bad been effaced by vandalism, was determined by means of 
check bearings, and a stone monument, furnished by the Engineer Corps, 
was erected.

Tbe operations of tbe party were materially facilitated through tbe 
courtesy of tbe Commissary-General of tbe Army, who permitted tbe 
purchase of supplies from tbe stores at Fort McDennitt. Its work 
was seriously retarded by unfavorable weather, but was finally com­ 
pleted about tbe middle of December, when tbe topographers repaired
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to Salt Lake City. The field material was stored at Winnemucca and 
the animals were ranched in a neighboring valley.

The elaboration of the geologic and geographic field notes was pros­ 
ecuted through the winter and spring at the Salt Lake office. Mr. Bus- 
sell also prepared for publication a report on a reconnaissance in south­ 
eastern Oregon, and Mr. McGee a paper on river terraces, in which the 
law of varigradation is developed.

A senes of chemical examinations of earths and brines of the Great 
Basin was made at the expense of the National Museum, by its chem­ 
ist, Dr. F. W. Taylor.

The mammalian fossils were submitted to Prof. O. C. Marsh, who has 
made a brief preliminary report.

The invertebrates were sent to Mr. E. Ellsworth Call, and he has 
reported oil them at some length. The questions suggested by his 
report are of such nature as to indicate that the invertebrate faunas 
of Lakes Bonneville and Lahontan should be studied together, and in 
connection with the modern fauna of the region; and this study he has 
consented to prosecute, so far as the materials warrant, spending a few 
weeks in the field to familiarize himself with the geologic relations of 
the fossiliferous strata.

A suite of specimens of thinolitic tufa has been sent to Prof. Geo. J. 
Brush, who has kindly undertaken to rediscuss the problem of its chem­ 
ical history.

My own tune has been largely devoted to duties of a general nature 
connected with the administrative work of the central office. A set of 
graphic tables for the computation of heights from barometric data has 
been devised and is nearly ready for publication. The manuscript for 
the accompanying text has been prepared.

In accordance with your instructions the Salt Lake office was discon­ 
tinued on the 30th of June; the future offic'e work of the division 
will be performed at the central office. Mr. Eussell and the writer are 
now about to take the field in California and Nevada, and with us are 
Mr. Call, to whom reference has already been made, and Ensign John 
B. Bernadou, TJ. S. 1ST., who has been recently detailed for service in the 
Survey. Mr. Johnson started for Mono Valley a week ago to make 
preparations for the summer's campaign. Mr. McGee, having duty 
assigned at the central office, is now on his way to Washington. Messrs. 
Wright and Ricksecker have been transferred to the corps undertaking 
the survey of the Yellowstone National Park. 

Very respectfully, your obedient servant,
G. K. GILBERT,

Geologist-in-charge.
Hon. J. W. POWELL,

Director U. 8. Geological Survey, Washington, D. G.
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KEPOBT or CAPT. C. E. DTTTTON.

UNITED STATES GEOLOGICAL STJRVEY,
Washington, D. <7., June 30,1883.

SiE: Conformably toj^ur instructions under date of 12th instant, I 
have the honor to submit to you the following report of work done by 
me during the fiscal year ending June 30, 1883:

A little more than a year ago it was your wish and decision that I 
should engage in the geologic study of the Cascade Range in North­ 
ern California and in Oregon. With that view you caused the geo­ 
graphic and geodetic work to be begun in the field season of 1882, under 
the immediate charge of Mr. Gilbert Thompson. Inasmuch as the 
geologist must be preceded by the topographer, it was considered that 
the beginning of geologic work in that year would be premature. The 
Cascade Eange is pre-eminently a volcanic range, and in respect to the 
extent and variety of its volcanic characters is certainly one of the 
grandest m the world. For its study it was necessary that the observer 
should bring with him. as much knowledge as possible, derived from the 
investigation of corresponding phenomena in other regions. My own 
field studies in volcanism had been limited to the facts presented in 
Utah and Arizona, but unfortunately did not include any observations 
upon volcanoes in activity. It would have been most probably a well- 
founded criticism upon further work for any one to suggest that this 
field had been intrusted to one who had never seen a live volcano, and 
such a criticism I felt axious to avoid. The completion of the work 
upon the "Tertiary History of the Grand Cafion District," and the pub­ 
lication of the monograph on that subject, left me, so to speak, with a 
year's time on my hands in which to prepare for the important work 
in prospect. To utilize it to the greatest advantage, it seemed that 
no better course could be found than to visit some region of active 
volcanism, and spend a long season in studying it for my own edifica­ 
tion. The choice of regions lay between Iceland and the Hawaiian 
Islands. Concerning the Mediterranean volcanoes much has been writ­ 
ten, and information almost as good as actual examination can be ob­ 
tained by reading. To a less extent, but still in a marked degree, the 
same consideration applies to Iceland, and, moreover, the difficulties of 
travel are so great in that island that it seemed doubtful whether much 
could be accomplished in the brief space of an Arctic summer. All 
things considered, it seemed as if the Hawaiian Islands promised the 
largest return for a given expenditure of money and effort, and it was, 
with your approbation, decided that I should visit them.

Accordingly, on the 4th of May, 1882, I embarked at San Francisco 
and arrived at Honolulu May 11. Proceeding thence to the southern 
part of the island of Hawaii, I organized a pack-tram, and with a small
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party ? consisting of a packer, guide, and cook, began my journey of ob­ 
servation. Nearly four months were spent on Hawaii, during which 
every accessible point which promised to yield any instructive matter 
was visited and studied. Thence I went to the island of Maui, where 
three weeks only were spent in the examination of the great extinct 
volcano Haleakala. Still later I visited the islands of Kauai and Mo- 
lokai, which are maoii more ancient volcanoes than the others, but full 
of interest and instruction. The island of 'Oahu, on which Honolulu 
is situated, was also examined, but in a hasty and general manner.

Returning to Washington late in December, I have put m written 
form the results of my observations, and the manuscript will be sub­ 
mitted to you in the course of a few weeks. To this written account I 
must refer for the results obtained.

Very respectfully, sir, your obedient servant,
C. E. DUTTON,

Captain of Ordnance. 
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF ME. T. C. CHAMBERMN.
UNITED STATES GEOLOGICAL SUKVEY,

Beloit, Wis., July 20, 1883.
SIK: I have the honor to submit the following brief administrative 

report of the operations of the survey under my charge for the fiscal 
year ending June 30, 1883.

The earlier part of the year was devoted to a continuation of investi­ 
gations previously inaugurated, the latter portion to the initiation of 
new ones.

The central subject of the former was the great system of moraines 
and associated deposits that stretch across the northern and eastern 
States, from Dakota to the Atlantic. For the general plan of investi­ 
gation and the progress previously made in its pursuit, I beg leave to 
refer to my previous report.

Attention was turned during the year to those portions that seemed 
to most urgently demand it, either because of previous want of study 
or because of obscurity of development, complication with other forma­ 
tions, post-glacial modification, or other causes, which rendered inter­ 
pretation more or less uncertain. Some of the more available of the 
results of the studies of the summer months were incorporated in a 
paper prepared toward the close of the last calendar year, and pub­ 
lished in the Third Annual Eeport. Eeference to results will therefore 
be omitted from this outline.
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During the preceding year I had examined the Coteau des Prairies 
of eastern Dakota, from the plains into which it merges at the south 
to its head near the 4Gth parallel. Immediately upon the opening of 
the fiscal year, Prof. J. E. Todd took up the investigation of the latter 
point and carried it northward to the line of the Northern Pacific Bail- 
way. His attention was directed not only to the great morainic aggre­ 
gations that crown the head of the Coteau, but to the minor belts of 
hilly drift that seem to mark the fluctuations of glacial advance and re­ 
treat, and to define the ice margin at stages subsequent to its maximum 
extension. He then carried a line of observation across the Dakota 
valley southwesterly through Barnes, Lamoure, and Dickey Counties to 
Ellendale, and spent the remainder of his available time in examina­ 
tions of the western border of the valley in Dickey and Brown Coun­ 
ties and the adjacent portion of the Missouri Coteau, which was twice 
traversed in Logan and Emmons Counties. To meet other engagements 
his work closed September 1.

Starting with the limits of Professor Todd's field on the line of the 
Northern Pacific Eailway, Prof. F. H. King, assisted by Mr. H. S. Pisk, 
examined a tract of ridged drift that lies adjacent to the Sheyenne 
Eiver and between it and the James Eiver, and stretches northward to 
Devil's Lake and beyond. This interesting region was traversed by 
zigzag lines of observation as far as the lake by August 10.

An excursion was then made from Fort Totten, on Devil's Lake, 
westward about 90 miles to the butte known as Maison du Chieu, or 
Dog's Den, on the eastern face of the Plateau du Coteau du Missouri. 
This line intersects several minor belts of moraiuie aspect, the extent 
and signification of which remain to be determined. From the Dog's 
Den the party reconnoitered the country southward and southeastward, 
near the margin of the Coteau, for about 20 miles. Provisions approach­ 
ing exhaustion, the party turned "eastward, and reached Sykesville 
August 17. From this point they went south to Jamestown, where field 
work terminated. The examinations of this party were embraced be­ 
tween July 19 and August 22.

As set forth in reports previously presented, the terminal portions of 
the morainic loops in the level and relatively low country bordering the 
extremities of Lakes Michigan and Erie are less conspicuous and un­ 
equivocal in their development than most other parts. They were, on 
this account, among the portions most urgently demanding further 
study, and Professor Wooster gave his attention from July 18 to Sep­ 
tember 22 to this region.

Commencing work on the inorainie tract concentric with Lake Michi­ 
gan, near the boundary between Wisconsin and Illinois, he followed it 
by zigzag, traversing lines in its curve about the head of the lake and 
northward on its east side into southern Michigan, connecting there" with 
his examinations of the previous year.

He then worked eastward along a morainic tract lying near the bound-
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ary of Michigan and Indiana, and regarded as a terminal moraine of 
the glacial lobe that had for its axis the Saginaw valley.

From the junction of this belt with the right-hand moraine of the 
Mautnee glacier in Hillsdale County, Michigan, the latter moraine was 
followed southwesterly to the vicinity of Logansport, Ind.

Thence he went eastward with the purpose of determining its con­ 
nection, or otherwise, with the ridges of Mercer, Auglaize, and adjacent 
counties of Ohio, described and interpreted as moraines by Professor 
Winchell. The results were not fully conclusive.

Starting from the latter county, an attempt was made to add more 
decisive data to those gathered by me in a previous reconnaissance re­ 
garding a morainic loop, embracing the Scioto Valley. Logau, Cham­ 
paign, Clarke, Madison, Fayette, Pickaway, Fairfield, Licking, Frank­ 
lin, Morrow, Eichland, Ashland, Wayne, and Stark Counties were trav­ 
ersed in greater or less part. Massillon, in the last-named county, was 
the most easterly point visited by Mr. Wooster. The return lines were 
less discursive, and, in general, lay to the south of the sinuous tract pre­ 
viously examined, and were chosen partly with reference to adding 
direct observations on the previously ascertained morainic tracts and 
partly with reference to determining the absence of such accumulations 
in the adjacent region. The following counties were traversed: Holmes, 
Kuox, Delaware, Union, Champaign, Logan, Shelby, and Darke, Ohio; 
Randolph, Delaware, Madison, Tipton, Clinton, Tippecanoe, and Ben- 
ton, Indiana; Iroquois, Livingston, La Salle, Kendall, Kane, Lake, and 
McHenry, Illinois.

Assisted by Mr. E. D. Salisbury,'! resumed personally, on the 24th 
of July, the study of the complex morainic accumulations of southern 
and south central New York, which had been commenced in the pre­ 
vious year. After some preliminary examinations in the critical region 
of Cattarangus, Allegany, and Wyoming Counties, where the moraines 
coming up from the south west curve to the southeastward and diverge, 
a special study was made of the remarkable chain of accumulations that 
lie opposite the southern extremities of the series of linear lakes that 
form so notable a feature of western New York. Lateral excursions 
for the determination of associated phenomena were made in conjunc­ 
tion with this.

A few days were then given to examinations m the Mohawk Valley, 
in Herkimer and Montgomery Counties, especial search being made 
for striae and topographic modifications indicative of the direction of 
glacial movement in the valley.

Later, the glacial phenomena along the northern Catskills and in the 
semi-mountainous region west of the main mountain cluster, and thence 
southward to the Delaware, were partially examined.

Parting from me in Sullivan County, Mr. Salisbury carried a line of 
observations westward in the valley of the Delaware, Snsquehaiina,
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Chemung, and Canisteo Rivers in southern New York, and, later, made 
some supplementary observations in Cattaraugus and Chautauqna 
Counties.

Meanwhile I visited hastily some of the "moraines of recession," and 
a portion of the extreme terminal moraine in northern New Jersey, so 
well described in the geological reports of that State, for purposes of 
comparison and the better appreciation of these interesting deposits. 
For a like reason I visited southeastern Massachusetts, -where the 
terminal moraine has been well described by Warren TJpham.

Returning to New York, I again visited portions of the upper Sus- 
quehanna, the Unadilla, and the Mohawk Valleys, to supplement pre­ 
vious observations on certain points deemed important. Work iu New 

, York was closed on September 1.
Such time as I was able to give to the' National Survey during the 

succeeding four months was devoted to the preparation of a preliminary 
paper on the moraines of the second glacial epoch, which was published 
in the Third Annual Eeport of the Survey.

February, March, April, and half of May were spent in Washington 
in efface work and in studies germane to the special investigations 
assigned me.

The latter half of May was consumed in transfer from Washington 
and miscellaneous arrangements preparatory to field work, which was 
resumed during the first week in June.

One of the special subjects proposed for study during the current 
season being the establishment of available criteria for discrimination 
between stony clays produced by glaciers on the one hand, and by float­ 
ing ice, in its several forms, on the other, I made a brief re examination 
of the pebble and bowlder clays adjacent to Lake Michigan, in the 
vicinity of Milwaukee, the origin of which was thought to be demonstra- 
bly known.

In view of the somewhat confident maintenance, on the one hand, 
that the drift is little else than residuary cUys and loose surface rock 
rewrought, and that the abrasive effects of glacial action are altogether 
trivial, and, on the other hand, that the drift is a true mechanical- 
product and a monument of glacial and corrasive power, it seemed of 
some importance to trustworthily determine the average amount of 
residuary clays and loosened rock which covers the dnftless regions 
within and immediately adjacent to the drift-bearing areas; in other 
words, the regions that most nearly represent the preglacial conditions 
of the drift districts.

In view of the further fact, which seems to have been quite generally 1 
neglected, that to compute the approximate quantity of drift it js 
essential to estimate the amount consumed in the fillnig np of buried 
valleys which, under the hypothesis of little or no glacial abrasion, 
remain essentially intact, while under the opposite contention they are 
more or less obliterated by glacial planing, it was deemed of some
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^value to attempt an estimate of the relative capacity of the valleys of 
dnftless regions.

A third important subject in this line of comparative studies is the 
chemical and-physical character of the residuary clays and loosened 
rock.

There is no region more pre-eminently fitted to become a standard of 
comparison than the unique driftless district of Wisconsin, Illinois, 
Iowa, and Minnesota, surrounded, as it is, on all sides by some hun­ 
dreds of miles of drift, covering the same and similar formations of like 
elevation and altitude. The investigation was therefore begun there, 
witli no intention, however, of limiting it to this region. Its execution 
was intrusted to Mr. E. D. Salisbury, who took the field June 11 in 
southern Wisconsin, and is still engaged in its prosecution.

The subjects assigned myself for personal study were the relations of 
the earlier and later drifts and the character of the outer margin of 
the exotic drift of northeastern derivation. I took the field on the 14th 
of Jnne.

It had been my purpose to give several weeks to a study of the drift 
relationships so favorably presented in north central Iowa, a field in 
which I had made some incomplete but significant observations in 1878,' 
a field rendered attractive by the earlier observations of White on its 
moraines, and of St. John on its loess relationships, and additionally 
so by the late observation of Upham on the terminal moraine of its later 
glacial epoch, and those of McGee and Call on the associations and 
fauna of the loess at Des Moines; but, learning that similar studies 
were contemplated by another, I contented myself with a brief visit 
incidental to reaching a more western field.

A short visit to Professor Call, at David City, Nebr., for consultation, 
gave opportunity for a cnrsory examination of the relations of the loess 
and drift at several points in eastern Nebraska, and to form a general 
mental estimate of the denudation it has suffered since its deposition.

My working plan contemplated making the Missouri Eiver a base of 
operations, and extending from thence lines of observation westward 
across the drift margin at the most practicable and economical points. 
Only two such lines were accomplished by the close of the fiscal year, 
June 30, viz, one in Nebraska, along the Sioux City and Pacific Railway 
to a short distance beyond Fort Fiobrara, and another in the Lower 
Brule Reservation in Dakota, the latter of which was completed on the 
last day of the fiscal year.

Very respectfully, your obedient servant,
T. C. CHAMBEELIN.

Hon. J. W. POWELL,
Director U. 8. Geological Survey, Washington, D. C.
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REPORT OF PROF. ROLAND D. IRVING.

UNITED STATES GEOLOGICAL SURVEY, 
Madison, Wis., June 30,1883

SIR I have the honor to submit the following report of operations in 
the division of the Geological Survey under my charge, for the year 
ending June 30,1883.

My work during the year has been the inauguration of what it is de­ 
signed to make a comprehensive study of the Archtean crystalline 
schists—the so called Laurentian and Huroman—of the Northwestern 
States These formations cover an area extending from the northern 
end of Lake Huron to the southeastern part of Dakota. Towards the 
west they disappear underneath the Cretaceous and Tertiary of the 
Great Plains; and towards the south, underneath the Paleozoic forma­ 
tion of the Mississippi Valley. To the northeastward, however, they 
are continuous with the crystalline schists which form so large an area 
in British America to the east, south, and west of the Hudson's Bay 
Basin.

The western and southern boundaries of this area, being produced by 
the coming in of unconformably overlying newer formations, are not 
simple lines, but, on the contrary, are quite intricate. The newer for­ 
mations, having been subjected to much erosion, are left m isolated 
patches here and there within the area of the crystalline schists, whilst 
the latter frequently appear within the region occupied by the horizon­ 
tal strata along the bottoms of the valleys of the larger streams, and 
again in isolated protruding masses sometimes a number of square 
miles in extent. Some of these protruding masses, as for instance those 
of Sauk and Dodge, in Wisconsin, and of southeastern Dakota, he many 
milet> south of the northern and eastern boundaries of tne horizontal 
formations. By the aid of these isolated masses of crystalline schists 
and of the records of various artesian borings through the newer stiata, 
we are able to extend our knowledge of the nature and subordinate dis­ 
tribution of the oldei rocks far beyond the maiu area at which they are 
at the surface. Unfortunately even within this area, though technically 
the surface formation, these rocks are in places so badly buried beneath 
the gieat Glacial accumulation characteristic of the Lake Eegion as to 
be no more readily accessible than where, to the west and south, they 
are covered by the Mesozoic and Paleozoic formatious. Yet another 
obstacle in the way of the study of these ancient rocks is the great for­ 
est, mostly of evergreen timber, which covers all those portions of the 
region lying within 150 miles of the shores of Lake Superior.

Notwithstanding these obstacles a great deal of geological work has 
already been done upon these rocks. Fioin time to time during the 
past foity years reports have been published b\, the geologists of Mich-
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igaii, Wisconsin, and Minnesota upon various detached portions of this 
large area. Yet more important and extensive reports have been issued 
by the Geological Survey of Canada upon the direct continuation of 
these rocks on the Canadian sides of Lakes Superior and Huron. No 
attempt, however, has heretofore been made to correlate the results 
contained in these various reports, or, taking their results as a starting 
point, to make a comprehensive examination of the "whole area with 
regard to the more general and important structural and genetic rela­ 
tions of these interesting rocks. Such an attempt it is now proposed 
to make. That it may meet with success we are encouraged to hope, 
not only from the fact that so much pioneer work has already been done, 
but also because of the rapid development and settlement of the coun­ 
try that have gone on within very recent years, and because of the great 
advances that have of late been made in the methods of lithological 
investigations and in the knowledge of the nature of rocks generally.

In planning for this work it has been my object to obtain a personal 
acquaintance, at least of a general nature, with all portions of the area 
under investigation, with much of which I was already familiar, having 
been engaged in studying its geology since 1873. At the same time I 
have planned for the detailed examination of various portions of the 
area by subordinate parties whose field notes and specimens—made and 
collected in accordance with a uniform system that I have devised as 
especially adapted to the region and formations under survey—all corn­ 
ing to my office, are studied together and compared with each other. 
The results of the work of the various State surveys above referred to 
will of course be utilized so far as possible.

With this brief explanation of the object and plans of the work that 
I have begun, I pass to a statement of what has been accomplished 
during the past fiscal year, which has been one more of preparation 
than of accomplishment, although a not inconsiderable amount of new 
material has been obtained both in the field and in the office.

FIELD WORK.

My commission bears date August 18, but the work did not begin 
until the 1st of September, because during the interval, in accordance 
with your instructions, 1 devoted myself to the completion of an ab­ 
stract—for publication m the Third Annual Eeport of the Survey for 
18Sl-'82— of my memoir on the Copper-Bearing Eocks of Lake Supe­ 
rior, which forms Vol. V of the monographic series of reports of the 
Survey.

This memoir was prepared between July, 1880, and March, 1882, 
under the auspices of the division of the survey then in charge of Prof. 
E. Pumpelly.
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The season being already so far advanced and the funds at my dis­ 
posal small, I planned, in accordance with instructions received from 
you, to put pnly one small party in the field before the coming on of 
winter. For the work of this party I selected the triangular area in 
eastern Minnesota, included between the Saint Paul and Duluth and 
Northern Pacific Eailroads and the Mississippi Eiver. This area was 
selected partly because my previous examinations had extended as far 
west as-the line of the first-named railroad, but more especially on ac­ 
count of the important bearing any exposures here to be found must have 
upon the behavior, to the westward, of the two crystalline schist areas 
which had already been traced westward, respectively, from Michigan 
and northern Wisconsin on the southern side of Lake Superior, and 
from northeastern Minnesota on the northern side of that lake. Within 
this area these two sets of crystalline schists unite, entirely cutting off 
any further extent hi that direction of the copper-bearing series of 
rocks which for the most part form the immediate shores of the west­ 
ern end of Lake Supeiior upon both the northern and southern sides. 
West'of the Mississippi Eiver, as has already been said, the older forma­ 
tions make a continuous belt far into southeastern Dakota. It was 
therefore desirable, before beginning work to the west of the Mississippi, 
to cover as far as possible this intervening area. Unfortunately, 
although so important, the rocks underneath mnch of this area are ill- 
exposed, the drift be'iiig heavy and the forest covering dense. In such 
a country geological work resolves itself into a sort of hunt for exposures, 
and not a little skill in woodcraft has to be called in to aid in finding them 
and in "locating" them when found. In the western and southwestern 
portions of the area the country is more open and the exposures are more 
easily found. On the 30th of August, in company with my assistant, 
Mr. W. K. Merriam, I proceeded to Duluth, Minn., which place was 
visited with a view of making an examination of the slates of the Saint 
Louis Eiver and vicinity, as well as to procuring the necessary outfit 
and supplies for a camping party. The preparations for this party 
included, besides the procuring supplies, packer, woodsman, etc., the 
copying of a large number of township plats from the records of the 
United States Land Office. For this purpose Mr. Merriam was obliged 
to visit also'the offices at Taylor's Falls and Saint Cloud, Minn., the 
Duluth office not covering all the territory to be visited.

The first camp was established on the llth of September near the 
point at which the Northern Pacific Eailroad crosses the Saint Louis 
Eiver. From here the route of the party, consisting of Mr. Merriam, 
with \* oodsman and one packer, lay up the Saint Louis Eiver to the 
last exposure in that direction at Knife Falls, thence down the line of 
the Saint Paul and Duluth Eailroad to Sturgeon Lake, which point was 
reached September 30, and to which point from the southward my exami­ 
nations had extended in 1880. Turning now again northward, the party 
returned to Moose Lake, thence went westward to Kettle Eiver, followed
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that stream northward to the north line of T. 46, E. 14 W., and thence 
westward along the Mille Lacs trail to the west line of range 21, and 
thence descended the west branch of Kettle Eiver to its junction with 
the main stream. Farther west, and everywhere in the region lying 
south of the Northern Pacific Railroad and north of the southern line

t

of Mille Lacs the country is very heavily drift-covered, and is nearly or 
quite without rock exposures. The party was therefore now transferred 
to Brainerd on the Mississippi Eiver, from which point it was designed 
to descend the river until the Archaean rocks become buried beneath the 
Cambrian sandstones of the Mississippi Valley. Before beginning this 
trip an excursion was made by way of Mille Lacs to Eum Eiver, along 
the upper part of which stream some important exposures occur.

Eeturuing now to Brainerd, the descent of the Mississippi was begun 
on the 28th of October, and'was continued uninterruptedly as far as 
Elk Eiver, Minnesota, which point was reached the 13th of November. 
Near here occur the southernmost exposures of the older rocks to be 
met with along the line of the river. The party was now disbanded 
for the season.

The field work for that portion of the season of 1883 prior to the first 
of July has also been carried on by but one party, the funds not proving 
sufficient to put the other parties arranged for at work before the begin­ 
ning of the new fiscal year. The party referred to is under the charge 
of Prof. C. W. Hall, of the University of Minnesota. The work marked 
out for Professor Hall is the examination and location of the rock expos­ 
ures of the region stretching west and south from the Mississippi to the 
Minnesota Eiver, i. e., is a direct continuation of the work done by Mr. 
Mernam's party-in the preceding fall. The country to be examined by 
Professor Hall, being for the most part well settled and traversed by 
roads, he is not obliged to adopt the slow and laborious method of 
traveling by foot necessary in the heavily-wooded regions of Lake 
Superior. His party, consisting of himself and one teamster and gen­ 
eral assistant, is provided with team and wagon, and full camping outfit. 
He took the field on the 18th of June, and is at this writing working in 
the Sauk Eiver Valley, Stearns County, Minnesota.

A statement as to the organization of, and the work planned for, the 
parties which will take the field in July will find its proper place in the 
report for the next fiscal year.

OFFICE WOKK.

Immediately npon my return to Madison in September, the proof of 
the memoir above referred to and of the abstract of it for the Annual 
Eeport of 1SS1-1SS2 began to come in from Washington. The reading 
of the proof of the abstract was finished early m November, but the
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correction of the proof and illustrations of the memoir has occupied 
much of my time throughout the year, not being completed even at the 
present writing. Besides the reading of proof there has been not a 
little other work in connection with the printing of the memoir, in the 
way of the preparation of an index, draughting of additional illustra­ 
tions, and the making of sundry microscopic and chemical examinations 
for the sake of reinforcing and testing certain of its conclusions.

A work occupying not a little time in the winter months was the 
cataloguing and arranging of the various articles in the office, including 
rock specimens, thm sections, maps, instruments, and all other property 
belonging to the Survey in my hands. It should be said that a large 
amount of material, including especially a collection of some 1,800 rock 
specimens (working specimens) made during my work in the Lake 
Superior country in 1880, about 700 thin sections, and 139 maps and 
township plats, had been accumulated during my connection with Pro­ 
fessor Pumpelly's division of the Survey, and was now formally trans­ 
ferred by him to my charge. Most of this material is of 'immediate 
value in connection with my present work, so that I have had all of it 
included with the new material obtained since August last in one general 
system of cataloguing. Allusion may be made in this connection to the 
important aid rendered to our work by the large collection of speci­ 
mens and thin sections of crystalline rocks made by the Wisconsin 
State geological survey and now in the cabinet of the State University 
at Madison. The library facilities at Madison are also unusually great 
for a town of its importance, the general library of the State Historical 
Society including over 100,000 volumes, and the special library of the 
University over 12,000.

One of the most important parts of our office work has been the 
microscopic study not only of the specimens gathered by Mr. Merriam's 
party above referred to, but also of much material previously ou hand. 
In this work I have had the assistance of Prof. C. E. Vanhise, of the 
University of Wisconsin, who has for some years past been my assistant 
111 microscopic work, so that, both for him and for myself, the work of 
the past year has been a direct continuation of that of previous years. 
It would be premature to announce the results of this work, since it 
iorms merely the beginning of what we hope to make an extended 
investigation. I may allude, however, to some special results obtained 
in connection with the study of certain Archaean quartzites. An out­ 
line statement of these results and of the observations upon which they 
are based will bo found in the American Journal of Science for June, 
1883, having been published in advance by your special permission. 
Some of my observations and conclusions were but repetitions of those 
made by Sorby in England nearly two years before, although I was not 
acquainted with his "work until mine was nearly completed. I have been 
able, however, to extend his conclusions in some very important respects, 
and to determine that the alteration which has produced from sand-
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stones certain Archaean quartzites and quartz-schists, is of the same 
nature as the induration which affects, quite independently of any 
igneous action, irregular areas in wholly undisturbed and elsewhere 
wholly unaltered sandstones, and even as the surface induration pro­ 
duced in solne sandstones by mere weathering. All of these changes 
are due, not to a general molecular rearrangement of the constituents 
of the original rock, but the deposition of an interstitial quartz in such 
a manner as to form areas crystallographically continuous with the 
original elastic particles. Another special result has been the exten­ 
sion of the territory within which we had previously determined all of 
the hornblende of the crystalline rocks to be a paramorphic alteration 
of augite. A statement of our results in this connection will be found 
in the American Journal of Science for July, 1883.

In connection with the microscopic work an investigation, not yet 
completed, has been begun by Professor Vanhise into the nature of the 
plagioclastic ingredients of certain of the Lake Superior eruptive rocks. 
In carrying out this work the optical examination has been conbined 
with the separation of the feldspars by Thoulet's iodide of mercury 
process aud with chemical analysis, the chemical work having been 
performed for us by Prof. W. W. Da^iells, of the University of Wis­ 
consin. So far as optical mf/fchods taken alone make it possible, I had 
already determined the nature of the p'agioclases of many of these 
rocks, the results of my work being given in the memoir above referred 
to, but, as was well recognized at the time, the optical method taken 
alone has certain defects, which in some cases make it difficult to de­ 
termine if we have to deal with a single plagioclase feldspar, or with 
more than one; or even when only a single feldspar is concerned, which 
species is present. So far as the investigation has gone it has tended 
to establish the substantial correctness of the results announced in my 
memoir, i. e., has failed thus far to indicate the presence of more than 
one prominent feldspar, and has shown that the determinations of the 
species are correct, except in a few cases where anorthite has been 
placed for labradorite, or vice versd. If the view of Tschermak, that the 
intermediate triclinic feldspars are but isomorphous mixtures of anorthite 
and albite, be accepted, as it now almost universally is, then the failure 
always to distinguish between labradorite and anorthite is a matter of 
little importance. It should be said that in the course of his investiga­ 
tion a number of determinations, both optical and chemical, have been 
made upon the feldspars of a rock which is met with in large detached 
masses included within the great flows of gabbro of certain points of the 
Minnesota coast of Lake Superior, and which is composed -entirely of 
coarse anorthite crystals, and that the results of these determinations 
are wholly confirmatory of Tschermak's view.

A good deal of Mr. Merriam's time in tne office has been given to the 
draughting of maps. A plan has been made for the preparation of a 
systematic set of large-scale working maps, upon which shall be platted 
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during the winter months the results of the field work of each previous 
season, so that the progress made by our work may always be seen. 
Besides beginning upon this set of working maps, Mr. Merriam, with 
some outside assistance, has made duplicate tracings of a large number 
of township plats, obtained from the General Land Office at Washing­ 
ton, as well as from various district land offices in the region under 
survey. These duplicate tracings are to be carried into the field by the 
several parties who are to be at work during the present season, it 
being thought necessary to keep a complete set of the township plats 
obtained constantly in the office.

A beginning has been made upon a general bibliography of the Ar- 
clirean rocks of the United States, about 270 titles having thus far been 
entered upon the cards.

It being designed to make use in the field, so far as possible, of dry- 
plate photography, I have had Messrs. Merriam and Yanhise spend 
some time during the spring months in acquiring a familiarity with the 
process.

Not a little time has been consumed during the year, and especially 
during the spring months, in arranging for the organization and equip­ 
ment of the several field parties.

The only assistant whom I have employed permanently during the 
past year lias been Mr. W. N". Merriam, who has performed the duties 
not merely of a field assistant but also of a draughtsman and general 

- office assistant. From time to time I have been aided by the following: 
In microscopy, by Prof. C. B. Yanhise; in chemistry, by Prof. W. W. 
Daniells; in field assistance, by Prof. C. W. Hall; in indexing and proof­ 
reading, by Prof. E. A. Birge; and in various ways, by Messrs. W. M. 
Chauvenet, T. W. Haight, and McC. Dodge. 

I am, with respect, your obedient servant,
BOLAND D. IBVING,

United States Geologist.
Hon. J. W. POWELL,

Director U. 8. Geological Survey, Washington, D. G.

REPORT OF MR. 8. F. EMMONS.
UNITED STATES GEOLOGICAL SURVEY, 

MINING GEOLOGY, DIVISION OP THE BOCKY MOUNTAINS,
Washington, D. C., June 30,1883.

SIB: I have the honor to present the iollowing report of operations
in the Division of the Bocky Mountains during the fiscal year 1882-'83.

Owing to the fact that the appropriations made by Congress for our
work were not available until the middle of August, the work of the
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year has beeii somewhat irregular iii its character, and the field season 
was necessarily a very short one.

Under these circumstances, no new work of any considerable impor- 
tauce could be carried to completion in 1882, and the resumption of field 
work the following spring has been delajed by a deficit in our funds, 
arising from the unexpected cost of completing work already commenced. 
The labors of the members of the division have therefore been directed 
now to one subject, now to another, according as the season and other 
circumstances made it more advisable.

In the following report I shall endeavor to classify the results of their 
labors under separate heads, disregarding in a measure the consecutive 
order in which they were carried on, in order to show more clearly what 
has definitely been accomplished during the year.

As the preparation of detailed maps is a necessary preliminary to all 
geological work, the work of the topographer must first be noticed.

TOPOGRAPHICAL, WORK.

Mr. Anton Karl was assigned to the charge of this work in the di­ 
vision in the month of August, and proceeded to Denver as soon as 
the appropriations were made available. He immediately organized a 
field party, consisting of Assistants Dur and Woods, and Topographical 
Aids Thompson and Vaille, with one camp man, and took the field at 
Silver Cliff about the 1st of September.. Owing to his excellent sys­ 
tem, and the diligence with which the work was prosecuted, he had by 
the 1st of November completed the field work of a most detailed and 
accurate map of this region, including an area of about six (6) by ten 
(10) miles, which will serve as a basis for our proposed investigation 
into its geology and mines. This map, which is drawn on a scale of 
roooTr with contours at a vertical interval of 25 feet, is a model of car­ 
tographic accuracy, delineating not only all the surface features of the 
region, but indicating every mine and prospect-hole, and the position of 
the prominent outcrops. In November, before the breaking up of his 
party, a week or ten days was spent in making an addition, fonnd neces­ 
sary for geological reasons, to the map of the Golden Mesas.

During the progress of geological investigations in the Ten-mile Dis­ 
trict, it was found that the map prepared for the region was entirely in­ 
adequate to illustrate the complicated natureof its structure. Consider­ 
ably more detail, and the location of mines and prospect-holes were 
required for this purpose, which necessitated the employment of tempo­ 
rary assistant Mr. V. G. Hills, who, with the aid and under the general 
siipervision of Assistant B. Jacob, was employed at intervals until the 
latter part of December. The expense of the additions to this map 
has proved it to be much more economical to devote more time and
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expense to the original preparation of a map, even though one cannot 
always be sure that the geology will be so complicated as to render all 
the detail necessary.

Since the completion of the field work, the Silver Cliff, Ten-mile, and 
Golden maps have been brought to final completion, and are now ready 
for the engraver. In addition to the above maps, all the available 
material has been gathered and compiled, which may serve as a basis 
for a map of the Denver coal fields. This includes the surveys of the 
many railroads which center at that city, the Land Office plats, and the 
original notes of both the Hayden and Wheeler Surveys. It is pro­ 
posed to make a large map of this region on a scale of one mile to the 
inch, and of far greater accuracy in detail than any which now exist, 
and which shall serve as a basis for a geological investigation of the 
coal basin. The recent rapid increase in the population and wealth of 
this portion of the State seems to demand such an investigation; and 
the work has been undertaken because it can be done at comparatively 
small expense, and at' times when field work in the more mountainous 
regions is rendered impossible by the inclemency of the weather.

Mr. Karl has also compiled the available cartographic data in regard 
to a portion of the Gunnison region, of which it is proposed to make a 
map during the coming season, including the valuable and interesting 
coal fields of that country, which contain both anthracite and bitumin­ 
ous coal, as well as of some of the more interesting mining districts.

These maps, though intended primarily as a basis for the representa­ 
tion of the geological structure of the region, will be of great use to the 
general public as affording a scale of accuracy in detail which can be 
found in no other maps. As, however, the geological investigations 
must necessarily occupy a very considerable time after their completion, 
it would seem to be a matter of public utility if authorization were 
given to sell or distribute them simply as topographical maps as soon 
as they are completed.

GEOLOGICAL FIELD WORK. 

TEN-MILE DISTRICT.

Field work was here resumed in the latter part of August, by Assist­ 
ants Jacob and Cross, the former outlining the geological formations, 
and the latter devoting himself to the study of the lithology of the 
region. I joined them myself after having laid out the topographical 
work at Silver Cliff for Mr. Karl. This district, whose examination 
was undertaken as supplementary to the investigation of the Leadville 
deposits, has proved to be of unexpected interest and complication, and 
its study promises to throw valuable light on the theory of vein forma­ 
tion, and the relations of Secondary and Tertiary eruptive rocks, the
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former of which are here developed on an almost unprecedented scale. 
No less than seventeen distinct intrusive bodies, more or less parallel 
with the stratification, have been traced on a single peak, and the num­ 
ber included in the whole area, whose dimensions are only about seven 
(7) by nine (0) miles, will probably amount to nearly one hundred (100). 
The amount of vein material accumulated in the region is proportionate 
to the development of the eruptive rocks, although its quality is rela­ 
tively poor, being generally of low grade in silver, with such an admix­ 
ture of base metals as renders it difficult to reduce.

The map, which had been somewhat hastily prepared on the supposi­ 
tion that the geology would prove extremely simple, was found to want 
the necessary detail for properly showing its complicated geological 
structure. It was therefore found necessary, as already stated, to de­ 
vote considerable time and expense to its elaboration.

GCNNISON REGION.

During the fall I personally made a short visit to this district, de­ 
voting several days to a hasty reconnaissance in the neighborhood of 
Crested Butte. The valuable beds of anthracite and bituminous coal 
occurring here, whose quality is surpassed by no other known beds in 
the State, seem destined to render it in the future the center of the 
mining industry on the west slope of the Eocky Mountains. Moreover, 
the study of its geological structure promises to solve the many ques­ 
tions which have been brought up by the investigation already made 
hi this division with regard to the relations of the earlier eruptive rocks 
to the ore bodies. I have therefore judged it advisable to devote the 
next monograph to this region. With your approbation, then, Mr. Karl 
has been instructed to prepare during the coming season a map of a 
portion of the region including an area of 30 miles in an east and west 
direction, and 15 to 17 north and south.

GOLDEN MESAS.

Owing to its proximity to Denver, field work upon this region has 
been pursued somewhat iutermittentiy at such times when it was not 
feasible to do work in more distant regions. I myself, during the month 
of November, examined the ground with Mr. Cross, and verified the 
observations which he had previously been making. The report which 
is being prepared upon this region involves a large amount of chemical 
and microscopical work, the results of which often necessitate a further 
visit to the field. Had funds admitted of field work during the spring,' 
it would have been entirely completed. As it is, final completion and 
publication will be postponed until the close of the present field season.

A large number of zeolitic minerals have been identified and ana,- 
lyzed by Messrs. Cross and Hillebrand, and descriptions of chabazite,, 
thomsonite, analcite, apophylhte, calcite, and mesolite have been pub­ 
lished during the year in the American Journal of Science.
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FIRE'S PEAK.

During a vacation trip in the spring of 1882, Assistant Cross visited 
several interesting mineral localities at Pike's Peak, and among the 
material brought back from there found on examination a number of 
minerals hitherto unknown in this locality. The field proved to be so 
interesting a one that under my directions he made a second visit; and 
the examinations since made by him, and in the laboratory by Mr. 
Hillebrand, have resulted in many determinations of great interest to 
mineralogists. Descriptions of those which have been finally deter­ 
mined have been published during the year iu the American Journal 
of Science; among these are zircons in remarkably perfect crystals, 
phenacite, a silicate of glucina, cryolite, a fluoride of sodium and alu­ 
minium, and all the varieties which are found associated with this min­ 
eral in Greenland, the only other locality in which it is known to occur in 
any quantity. The description of the cryolite minerals is an extremely 
interesting one from a scientific point of view, and may prove of 
economical value.

TYPICAL BOCK SPECIMENS.

Under your instructions, four sets, of two hundred specimens each, 
of the following rocks, namely, nevadite, porphyrite, Archaean granite, 
and dolerite, have been collected by Assistant Chaplin, the design 
being thus to gather in time, at comparatively small expense, two hun­ 
dred suites of characteristic specimens of the different varieties of rocks, 
which should be distributed among institutions of learning throughout 
the country, and serve as a guide for instructors in geology and lithology.

OFFICE WORK.

At Denver office work has consisted in laboratory examinations, mi­ 
croscopical determinations of the eruptive rocks, and drafting of the 
maps for the various reports above outlined.

I myself returned to Washington at the close of the year; and during 
January and February was occupied in writing a geological sketch of 
the States and Territories in my division, with special reference to 
their mines, for the Census volume on " Statistics and Technology of 
the Precious Metals," which has been jointly prepared by Mr. Gr. F. 
Becker and myself. - The manuscript for this volume, which includes 
technical papers, and very full tables of statistics with regard to the 
"Precious Metals," compiled by Mr. Albert Williams, jr., from data gath­ 
ered in our respective divisions by Mr. Becker and myself, was delivered 
.to the Superintendent of the Census at the beginning of February.

JSince that time the Public Printer has ordered work to be resumed 
on the Leadville Atlas, and the correction of proofs for these maps has
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occupied a considerable portion of the time elapsed since, the balance 
having been occupied in preparing for the press the manuscript of the 
report. In October I transmitted the manuscript for a Bulletin on 
Hypersthene Andesite, by Assistant Cross and myself, which was 
issued trom the Government Printing Office on the 1st of March. This 
little article has proved to be of considerable interest to lithologists, 
both here and in Europe; and since its publication the author has 
been in receipt of letters from prominent lithologists, giving interesting 
confirmation of the correctness of his observation from their own ex­ 
perience in the field.

Very respectfully, your obedient servant,
S. F. EMMONS,

Geologist in charge. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey, Washington, D. C.

REPORT OF ME. G. F. BECKEK.

UNITED STATES GEOLOGICAL SURVEY, 
Mraraa GEOLoay, DIVISION OF THE PACIFIC,

Sulphur Bank, Cal, June 30, 1883.
SIB: During the first four months of the past nscal year I was chiefly 

occupied in correcting the proofs of a monograph on the geology of the 
Comstock Lode, a summary of which appeared in the second annual 
report. The volume was stereotyped in November, and I am informed 
that the edition is now being struck off. During the same period I was 
also engaged in directing the tabulation and discussion of the material 
gathered by the Tenth Census concerning the precious-metal indus­ 
tries of the country, and especially in the preparation of a volume by 
Mr. Bmmons and myself on the statistics and technology of these 
metals. To the completion of this work I gave my entire attention 
from the first of November to the first of February, at which time 
the manuscript was transmitted to the Superintendent of the Census. 
It was our intention to have presented a summaiy of its contents for 
publication in the Fourth Annual Report, but as no proof sheets have 
yet been received, it has not been practicable to prepare an abstract, 
for which, however, we shall request a place in the next, or Fifth, An­ 
nual Eeport. " Statistics and Technology of Precious Metals" embraces 
a large amount of tabulated data, accompanied by comments and dis­ 
cussions concerning the deep mines, hydraulic mines, mills, smelting 
works, the production of the precious metals during the census year, 
and allied subjects. These are preceded by sketches of the geology of 
•the various States and Territories west of the 100th meridian, which
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are of course for the most part compilations or abstracts from memoirs 
and papers already in print, but embrace some facts hitherto unpub­ 
lished. Mr. Emmons has taken the occasion, for example, to make 
some suggestive remarks on the origin of ore deposits in the description 
of Colorado, and I have pointed out the coincidence of the chief mineral 
belts west of the Wahsatch Mountains with the great lines of upheaval 
in past geological times, an association which forms a fresh link between 
the general geology and the mining geology of the country. The in­ 
formation obtained from the Census experts and the collections gath­ 
ered by them also yielded not a little new and valuable information. 
The sketches are accompanied by topographical maps of the States and 
Territories, on which the distribution of the metalliferous deposits is in­ 
dicated. The data embraced in the technical portions of the volume 
are believed to be of very great importance. Indeed, so copious was 
the material that great difficulty was experienced in making such a 
selection as to reduce the volume to a thousand pages, according to 
the instructions of the Superintendent of the Census. Throughout 
this work I had the valuable assistance of Mr. Albert Williams, jr., to 
whom the greatest credit is dne.

Late in January I reached Eureka, Nev., and proceeded to examine 
the mines in that district with my assistant, Mr. J. S. Curtis, an abstract 
of whose forthcoming monograph on this subject appears elsewhere in 
this volume. Mr. Curtis has in my opinion succeeded in throwing much 
light upon the Eureka deposits, about the character of which, as is well 
known, there has been great diversity of opinion. His investigations 
clearly show the causes of this diversity, which has led to much litigation; 
and perhaps one of the most important conclusions to be drawn upon his 
work concerns the hopelessness of defining ore deposits of various classes 
in such a manner as to render the terms employed convenient or suit­ 
able as a basis for legislative enactments. Mr. Curtis shows that the 
occurrence of ore bodies in Euby Hill is dependent upon the presence 
of a system of fissures, through which in all probability the ore was car­ 
ried in solution to its present position, and the difference between these 
deposits and ordinary veins appears to be due mainly to the fact that 
the country rock is limestone and therefore soluble in water charged 
with carbonic acid. Mr. Curtis's memoir will be ready for the printer 
early in the autumu.

By your instructions I proceeded to California early in February to 
undertake the field work for a monograph on the Geology of Quicksil­ 
ver. My first step in this direction was to establish a chemical labora­ 
tory in San Francisco, Dr. W. H. Melville, hitherto instructor in chem­ 
istry and mineralogy in Harvard College, having been appointed my 
assistant. As soou as practicable a chemical investigation of certain 
classes of the chemical relations of quicksilver was commenced and for 
some weeks occupied my entire time. The results of this investigation 
will be offered you for publication as a bulletin during the coming
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autumn. I have also made a reconnaissance of the Eedington Quick­ 
silver Mining district, andof the NewIdriaMiningdistrict,andhavebeen 
occupied for some weeks past in the final examination of the Sulphur 
Bank district, where highly heated waters reach the surface and cinna­ 
bar is said to be still in active process of formation. It is as yet too 
early to announce any positive results of these examinations, which will 
embrace the other prominent quicksilver mining districts of California 
and will occupy nearly or quite the whole of the coming fiscal year. 

Very respectfully, your obedient servant,
G. F. BECKEK,

Geologist vn charge. 
Hon. J. W. PowELL,

Director U. 8. Geological Survey, Washington, D, 0.

REPORT OF PROF. O. C. MARSH.
UNITED STATES GEOLOGICAL STJKVEY,

DIVISION OF PALEONTOLOGY, 
New Haven, Conn., July 12,1883.

SIB: I have the honor to submit the following report of progress in 
this division during the past year:

In accordance with your letter of instructions, dated July 1, 1882,1 
at once proceeded to organize parties for the, collection of fossils in the 
West, selecting for exploration the fields of operation which seemed to 
promise the most important new discoveries, or to furnish valuable 
material to supplement those already made.

One party began work in the Tertiary deposits of Oregon, and before 
the close of the working season had secured a very valuable collection 
of fossil mammals, mostly from the Miocene and Pliocene formations.

Two other small parties explored the Eocene of western Wyoming, 
and met with good success. An interesting collection of remains of 
Dinocerata was thus obtained, which cleared up several doubtful points 
in the anatomy of this remarkable group of gigantic mammals. Other 
vertebrate fossils of interest were collected in the same region.

In the Jurassic beds of Wyoming, two parties were engaged in col­ 
lecting. One of these made a special search for Jurassic mammals, and 
met with fair success; the other devoted itself entirely to Dinosaurian 
reptiles, and made important collections.

At the beginning of the present season nearly the same parties began 
work, and thus far have met with good success. In addition to these, 
a new party was placed in southern Colorado to investigate the Jurassic 
deposits near the Arkansas river. Interesting discoveries have already 
been made here. One of the most important of these is the discovery 
of a deposit containing Jurassic mammals, which appears to be identi-
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cal with the horizon that has yielded so many interesting fossils of this 
class in Wyoming. ' ' <

The work of preparing memoirs for publication has also made good 
progress. The plates for the volume on the Dinocerata, fifty-six in num­ 
ber, have been completed and printed, and the volume itself will, it is 
expected, be ready for publication within the present year.

The memoir on the Sauropoda, the gigantic reptiles from the Eocky 
Mountain region, is also well advanced in preparation. Of the ninety 
plates it will contain, over eighty are finished, and about half of them 
are already printed.

For the remaining volume on the Stegosauria, thirty plates have been 
engraved and others are in progress.

It is designed to make each of these three volumes a complete mono­ 
graph of the remains described, and the material already accumulated 
for this purpose is abundant.

Yery respectfully, your obedient servant,
O. C. MAESH,

Paleontologist.
Hon. J. W. POWELL,

Director United States Geological Survey.

REPORT OF DR. C. A. WHITE.
UNITED STATES GEOLOGICAL SURVEY,

Washington, D. C., June 30,1883.
SIR: I have the honor to submit the following report of work per­ 

formed by my division during the fiscal year ending June 30,1883.

FIELD WORK.

On July 1, 1882, in accordance with your instructions, I proceeded 
to that portion of Montana Territory which is traversed by the lower 
portion of the Yellowstone Eiver and the adjacent portion of the Missouri 
Eiver for the purpose of prosecuting geological and paleontological in­ 
vestigations in the field; Glendive, Mont., was selected as the point 
from which to outfit for operations in the field, and at this place I was 
joined by Midshipman Le Boy M. Garrett, United States Navy, and Eich- 
ard Poster, of Kansas, as field assistants. The region examined was that 
of the Valley of Yellowstone Eiver, from a point 40 miles above Glendive 
to the mouth of that river, a distance of 125 miles; and also the Yalley 
of Missouri Eiver to a point 40 miles above, and to an equal distance 
below the mouth of Yellowstone Eiver.
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With the exception of a comparatively limited exposure of the upper­ 
most of the marine Cretaceous formations about 15 miles above Glendive, 
the only sedimentary formation to be found in all that region is the Lar- 
amie Group. The entire season's work was therefore devoted to a field 
study of that important formation, which was prosecuted with satisfac­ 
tory results.

Inclement weather put a stop to field work in the first week in Octo­ 
ber, when, together with my assistants, I returned to Washington, having 
shipped the collections of specimens to this office by way of the Northern 
Pacific Eailroad.

OFFICE WOKE.

Since the return of my party from the field some progress has been 
made in the registration and arrangement of the collections which were 
made during the past season and previously. In this work I have had 
the assistance of Messrs. Garrett and Foster for about two months each.

Besides the collections which were made by my own party, Mr. Law­ 
rence C. Johnson has collected largely from the Cretaceous and Tertiary 
formations of Mississippi and Alabama. Up to the present time he has 
sent forward thirty-two boxes, which'have all been received at this 
office. A part of these have been unpacked and the contents have been 
found to indicate that the collections Mr. Johnson is making are impor­ 
tant and valuable.

A preliminary study of the collections which were made by my own 
party has proved that they constitute a vaiuable addition to the mu­ 
seum, and also an important addition to our knowledge of the fauna 
and flora of the Laramie Group. Among the more instructive results 
of the study of these collections is a large addition to the evidence that 
the fauna and flora of the great Laramie Group have essentially a strict 
integrity over the whole great area which it occupies in western North 
America.

Since my return from the field my own time has been devoted to 
writing up and studying the results of my field observations and in the 
preparation of a contribution to your Fourth Annual Eeport, entitled 
"A Review of the Fossil Ostreidae of North America." I have just 
completed and submitted for your approval the manuscript of the lat­ 
ter work.

By your permission I have also published the following articles in the 
American Journal of Science, which give the results of certain observa­ 
tions which I made in the field during the past season.

(1.) " Glacial Drift in the Upper Missouri Eiver Region."
(2.) "Late Observations concerning the Molluscan Fauna and the 

geographical extent of the Laramie Group."
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(3.) "On the existence of a deposit in Northeastern Montana and 
North western Dakota which is possibly equivalent with the Green Eiver 
Group."

(4.) "On the burning of Lignite in situ."
(5.) "On the commingling ancient faunal and modern floral types in 

the Laramie Group."' , 
I am, with respect, your obedient servant,

0. A. WHITE. 
H6n. J. W. POWELL,

Director United States Geological Survey.

REPORT OP MR. CHARLES B. WALCOTT.
UNITED STATES GEOLOGICAL SURVEY,

Washington, D. C., July 2, 1883.
SIB : In conformity with the request contained in your letter of June 

12, 1883,1 have the hono? to present the following report of operations 
conducted under my charge during the fiscal year ended June 30,1883:

On the 1st day of July, 1882, I left New York and proceeded to Eu­ 
reka, Nev., accompanied by Mr. 0. H. Haskell, a collector sent out by 
the Museum of Comparative ZoSlogy, of Cambridge, Mass. The party 
was further enlarged at Eureka by the arrival of Prof. S. B. Tillman, 
of the United States Military Academy, West Point, N. Y., and Mid­ 
shipman Edward E. Hayden, United States Navy.

My object in going to Eureka and thence to the White Pine District 
and the north end of the Pifion Range was to make some geologic ob­ 
servations requested by Mr. Arnold Hague, geologist in charge of the 
Geologic Survey of the Eureka District, and to collect fossils as exten­ 
sively as possible from the various Paleozoic groups occurring there.

A small camp was formed west of the town of Eureka, and arrange­ 
ments made to take our meals in town and to hire horses in order to 
push the work forward as rapidly as possible.

After completing the work requested by Mr. Hague, special attention 
was given to the study of a band of limestone and argillaceous rock 
carrying land plants and shells of freshwater origin. This deposit is 
near the base of the Lower Carboniferous limestone, and is of great in­ 
terest. The recent genera Physa and Ampullaria are represented, and 
the flora promises to be of a rare and distinct character. From about 
the same horizon, a few miles distant, a large collection of lamellibran- 
chiate shells was obtained, many of the species being identical with 
those of the Lower Carboniferous in the Mississippi Valley. From Brush 
Peak and Lone Mountain a valuable suite of Lower Devonian fossils was 
collected.
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A careful review of the central portion of the area surveyed by Mr 
Hague and party during the field season of 1880 failed to detect any 
errors in the maps prepared by Mr. Hague from the data then obtained.

The party, increased by the addition of a teamster and a cook, left 
Eureka, August 1, for the White Pine mining district, camping the 
first night at Pinto Mill, and the following day at Manhattan Mill, 
northeast of the town of Hamilton. There was little activity in mining, 
and the air of decay and desolation which pervaded Hamilton, Treasure 
City, and Eberhardt was oppressive.

Our object being to make some sections for comparison with the sec- 
tions in the Eureka District, Messrs. Tillman and Haydeu began with 
the black Devonian shale, while I reviewed the Devonian or Treasure 
Hill and Mount Argyle, Mr. Haskell collecting fossils. The black shale 
was found to be over 1,000 feet thick northeast of the Manhattan Mill. 
This is COO feet more than it is north of Eberhardt, where the section 
was taken by the geologists of the Fortieth Parallel survey.

Several days were given to the study of Pogonip Eidge, on the west 
side of the district, and with very satisfactory results both in geologic 
and paleontologic data. The entire section of 8,500 feet was found to 
be of Silurian age; of this, 1,200 feet were referred to the Niagara and 
Upper Silurian.

On our return to Eureka, the 12th of August, Professor Tillman left the 
party to return East. He rendered efficient service in field work, and, 
being a most genial associate, we parted with him reluctantly.

The collections from White Pine and Eureka were packed, field notes 
reviewed, and our work at Eureka closed, so that, on August 18, Mr. 
Hayden, Mr. Haskell, and I left for Parry's Banch on the Eureka 
and Palisade Bailroad. A section was taken of the Pmon Range in the 
vicinity of the Raven's Nest and Pinto Peak, and a quantity of grapto- 
lites collected from a cut on the railroad where the track crosses the 
Pinon Eange.

On August 23 we left Parry's Ranch for Kanab, Utah, via Salt Lake 
City and Fremont's Pass from Beaver, arriving at Kanab August 30. 
Preparations were made to take the field, and early in September we 
moved out of Kanab with the necessary camp outfit—saddle animals, 
team, and wagon—the camp being in charge of a cook and one herder.

The study of the stratigraphy of the Permian and the collecting of 
fossils was continued west of Kauab forty miles and eastward to Paria, 
thence south, west of the Vermilion Cliffs, to House Rock Spring. Re­ 
turning to Kanab for supplies early in October, a trip was made to the 
western side of the Kaibab Plateau for the purpose of collecting from 
the Aubrey limestone. At Manguin and Ochre Springs many fine 
specimens were found. October 14, a ^now-storm drove us back from 
Ochre Spring to the lower ground in Shin-u-mo Canon, and confined 
our study to the strata in the vicinity of Nailes's Ranch.

Returning to Kanab October 30, we parted with. Mr. Hayden, as he
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had already remained beyond the date at which he expected to return 
when leaving Washington. A keen and accurate observer, his services 
were of a character to be appreciated, and our little party felt the loss 
of his cheerful presence at the camp fire.

Early in November Mr. George W. Shutt arrived with instructions 
from you to accumulate supplies and a force of men at the lower end 
of House Eock Valley. Illness prevented iny taking an active part in 
this and the building of the trail down into the Grand Canon at the 
head of Nun-ko-weap Valley, under your personal supervision. When 
this difficult undertaking was accomplished I was left by you, Novem­ 
ber 2G, at the Trail camp, in Nun-ko-weap Valley, with instructions to 
study the pre-Carboniferous strata a's far south in the canon as possible.

The party consisted of Charles H. Haskell, collector; John Brown, 
cook; Joseph Hamblin, packer. Provisioned for three months and pro­ 
vided with nine saddle and pack mules to transport the party, neces­ 
sary supplies, and camp equipage, the work was at once begun by a 
detailed study of the Tonto Group. A mass of limestones passing down 
into sandstones below the Tonto was speedily proved to be of Cam­ 
brian Age throughout, and to underlie the Carboniferous red-wall lime­ 
stone conformably by dip, but nnconforaably by a line of erosion.

The strata beneath the Touto Group was studied first in Nun-ko-weap 
Valley, then in Kwa gunt, and on to Chuar Valley. Trails were built 
over the high ridges separating these valleys, as it was found imprac­ 
ticable to follow along the shore of the Colorado Elver; and the Great 
Buttes, separating the river from the inner caQon valleys, forced us to 
cross the ridges connecting them and the walls of the Kaibab Plateau 
to the west.

The third camp was in the upper portion of Chuar Valley—a name 
proposed by you for the second large valley south of Nun-ko-weap Val­ 
ley. At this camp Mr. Haskell succumbed to the feeling of depression 
resultant upon living in the depths of the canon, and I was obliged to 
send him to Kanab and thence home. Mr. Hamblin and the Indian 
mail carrier accompanying him to Kanab. Mr. Haskell is an excellent 
collector, and I regretted his going at that time, as 1 was left with 
but one man for two weeks, and was obliged to undertake many dan­ 
gerous climbs on the canon walls alone.

On January 2, 1883, Joe Hamblin returned, bringing with him B. L. 
Young, and Achilles Brown as substitute for John Brown, the latter 
returning to Kanab. After this the party was not broken up until dis­ 
banded at the close of the field work.

Camp was moved down to the shore of the Colorado, below Chuar 
outlet, early in January, and for the first time we were in the Grand 
Canon proper, the inner canon valleys forming a great amphitheater 
between the Kaibab Plateau and the Buttes stretching along and form­ 
ing the west side of the lower portion of Marble Canon. From this 
point a detailed stijdy was made of Chuar Lava Hill to determine the
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character and thickness of each flow of lava and also the relations of 
the hill to a great fault line which had been traced from its inception 
in Nun ko-weap Valley along the west base of the six great buttes to 
the east end of Chuar Valley, where it forked, passing each side of the 
lava hill. It was here the data were obtained showing that the Ter­ 
tiary fault had been superimposed on an old pre-Tonto fault, with a 
reversing of the throw of the latter.

Moving back into the lower end of Chuar Valley, a trail was made up 
on to the ridge next south, advantage being taken of the one break in 
the Tonto cliff, up through which a trail could be built. When on the 
Tonto terrace (2,200 feet above the Chuar camp), we followed along its 
edge for several miles, camping the first night in a little canon beside a 
few shallow water-pockets. The following day a heavy wind, accom­ 
panied by snow, compelled our remaining near camp, as the danger of 
falling off the cliff was greatly increased by the light, loose snow cov­ 
ering the crumbling debris. The wind quieting down, I went up to the 
summit of the Tonto Group and was delighted to find a narrow belt of 
Devonian sandbtone and limestone between it and the Carboniferous. 
Obtaining a few fish-scales and several brachiopods, the return to camp 
was hastily made, as the temperature rapidly lowered with the clearing 
away of the clouds. During the night the water iu the sandstone water- 
pockets was frozen solid, and we were compelled to build large fires and 
pile the ice about them in order to obtain water for the animals.

Starting out, a trail was cleared as we proceeded, sometimes along the 
level terrace and again on the brink of the cliff, where a stumble or a 
false step would have sent man or animal over a cliff of from 300 to 
800 feet in height and down a terraced slope a thousand feet or more. 
Heading the canon of Un-kar Valley a broken place in the Tonto cliff 
permitted a trail to be worked zigzag down to tue caiion bed, and as 
night closed in we camped at the upper end of the narrow, dark inner 
caiion through which the Colorado flows in the Kaibab division of the 
Grand Caiion. From this camp the Lower or Grand Canon Group of 
the pre-Tonto unmetamorphosed rocks were studied, including the 
mterbedded lava beds, a displaced portion of which forms Chuar Lava 
Hill. To reach the Archaean, south of Vishnu's Temple, the Tonto ter­ 
race (2,200 feet above camp) was scaled and followed along for several 
miles to a narrow cleft which gave a passage down to the Archaean, 1,700 
feet below. This terminated the work iu that direction. The animals 
were getting weak from hard work and poor pasturage. The supplies 
were running low, and the building of a trad further was impracticable 
with the men and tools at hand.

The section of the pre-Tonto Groups had been taken from the sum­ 
mit on the ridge between Nun-ko-weap and Kwa-gunt Valleys down to 
the Archaean, and the search for fossils to determine the geologic age 
of the strata continued until further search appeared useless in the 
Grand Canon Group.
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January 25, camp was broken in Un-kar Valley and the back trail 
was taken to the water pockets. A short stop was made in Chnar and 
Nun-ko-weap Valleys to review the original observations made on the 
lava beds. February 5, the camp was moved up to the foot of the 
trail leading out of the canon, and the following day we reached the 
old wagon camp on the slopes facing House Kock Valley. In going 
out one mule was killed outright and two badly injured.

Several days were spent in tracing the extension of the Cambrian 
strata up Marble Canon and in repacking the specimens brought out 
of the Grand Canon. Putting the collections and what remained of 
our camp outfit into a wagon, the party returned to Kanab. After 
repacking the collections in boxes, the men were discharged, a contract 
for the delivery of the boxes at Milford, Utah, made, and I accompanied 
the wagons, via Toquerville, to-that point.

Keporting to you March 14,1 went to New York City, to see Mr. 
Hague relative to the data obtained in Nevada for him, and to pack np 
the paleontologic "collections of the Eureka District Survey and those 
of the Fortieth Parallel Survey.

Eetnrning to Washington April 18, the work of unpacking and record­ 
ing the Enreka collections was at once begun, with the aid of Mr. J. 
W. Gentry. This, with a preliminary study of the fossils of the Car­ 
boniferous and Devonian of the Eureka District, the fitting up of an 
office and working room in the National Museum, and the writing up 
of notes on a remarkable fault line in the Grand Canon, occupied my 
time to the close of the fiscal year.

June 5, Mr. Cooper Curtice reported to me as a paleontologic aid, and 
began work on the collections.

Very respectfully, your obedient servant,
CHAS. D. WALCOTT, 

Assistant Geologist in charge.
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. G.

REPORT OF MR. LAWRENCE C. JOHNSON.
UNITED STATES GEOLOGICAL SURVEY,

Tuscaloosa, Ala., June 30, 1883.
SIB: Pursuant to your request of the 12th instant, I have the honor to 

furnish a report of the operations of this subdivision of the Survey from 
the 1st of October, 1882, when my connection with it began, to the 30th 
of June, 1883.

According to the plan of the work assigned me, on the 1st of October 
last I proceeded to Corinth, Miss. Finding that the best localities in



JOIIKBOS] THE HEADS OF DIVISIONS. 49

this immediate vicinity lie two, five, and seven miles from the town, 
and that to visit one or the other of them daily would involve loss of 
time and much additional expense, on the 3d of the month I proceeded 
to Booneville, 27 miles further south, where the Mobile and Ohio Bail- 
road cuts through the principal layers of this group. Collections were 
continued in it over a considerable portion of the three adjoining coun­ 
ties, Alcorn, Prentiss, and Lee, and a part of Union, as far south as 
Tupelo.

Two localities near Corinth itself should be revisited, one on the 
Memphis and Charleston Railroad, and the other southwest, on Tuscuin- 
bia Creek.

The latter part of October and first week of November were devoted 
to the Kipley Group of the Cretaceous. The collections here also, though 
interesting, were incomplete. A portion of the formation near Orizaba, 
Tippah County, 20 miles west of the railroad at Baldwyn, Miss., from the 
difficulty of transportation at that time, was passed by without a visit. 
Arrangements were afterwards made to fill up this gap any time after 
the 4th of July.

The greater part of the month of November was devoted to the North­ 
ern Lignitic Group of Mississippi and its superincumbent Orange Sand, 
without any very important results. These deserve special and sepa­ 
rate attention. The few fossils to be found are widely scattered.

The Jackson Group of the Tertiary next required a month, without 
half exhausting its fruitful localities. It should be revisited, now that 
the subsided waters will permit a more complete collection. Byrain, in 
the same vicinity, but of a later division of the Tertiary, could now 
also be visited with profit.

The valuable and varied localities in and around Vicksburg, Miss., 
occupied a part of the month of January. Continuous rains, the rising 
of the Mississippi, and other causes, detailed at the time, prevented 
anything like justice being done to these fine deposits.

The line of the new railroad from Jackson to Natchez, running mainly 
through the Loess, would, from all I could learn on the spot, pay a col­ 
lector well to search for mammalian remains. As yet no collections of 
these have been made. ,

Another set of localities radiating from Jackson, or Vicksburg, de­ 
serving further attention, are to be found on the Yazoo Eiver and its 
tributaries.

Large collections -were made in the vicinity of Enterprise, Miss., all 
within the Claiborne Group of the" Tertiary. New and fine localities 
were found at Wabtubba and other cnts on the line of the new road 
from Meridian to New Orleans.

In the beginning of April the survey was extended to the Alabama 
and the Tombigbee Rivers, the floods having partially subsided; but a 
sudden and unexpected rise again drove me away from the bluffs. - Dur­ 
ing April and May, and the beginning of June, collections were prose- 

3 INT——4
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cnted in the highlands and small creeks of Dallas, Perry, and Wilcox 
Counties. Almost every locality visited—Selma, Veto, Burnesville, 
Massillon, Carlowville, Hamburg, Allenton—was exhausted. Perhaps 
Allenton, Hamburg, aud the Batt Smith bluff, near Burnesville, might 
be visited again with profit. But there are other places of cognate de­ 
posits, in Lowndes, Autauga, and other eastern counties of Alabama, 
demanding some attention, and which will probably contribute materi­ 
ally to the illustration of the Cretaceous and Tertiary of the Gulf. Better 
knowledge of the localities than can be derived from books, or from 
local unprofessional information, will enable future collections to be 
prosecuted with greater vigor and success.

The close of the month of Jnne finds me, according to orders, assort­ 
ing and packing, with the assistance of Prof. Eugene A. Smith, the fos­ 
sils of the University of Alabama, at Tuscaloosa, to be shipped to Wash­ 
ington as a loan to the Survey for study.

Very respectfully, your obedient servant,
LAWRENCE C. JOHNSON, 

Assistant Geologist, United States Geological Survey. 
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF ME. TESTER F. WARD.
UNITED STATES GEOLOGICAL STJKVEY,

Washington, D. C., June 30, 1883.
SIK : In compliance with your directions of the 12th instant, I Lave 

the honor to submit the following report of the operations of my division 
for the fiscal year now closing:

As is well known to you, I was, in 1881, designated by Professor 
Baird as honorary curator of the Department of Fossil Plants in the 
National Museum, which position I accepted. In that capacity I have 
already reported to the Director of the Museum the work accomplished' 
in the Department during the calendar year 1882, and shall do the same 
for 1883 at the close of the year.

As no field work has been done during the fiscal year, there remains 
very little to report to the Geological Survey.

A collection of fossil plants, made by Dr. C. A. White in 1882, from 
the Laramie of the Lower Yellowstone, has been studied during the 
year with some care; the species already known Lave been identified, 
and those supposed to be new have been classified preparatory to being 
figured, described, and published.

Another collection of exceptionally fine material, probably Miocene,
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made by Captain Bendire, IT. S. A., during 1881, in the John Day River 
country,Northern Oregon, has also beeu prepared for examination, and 
many genera and species provisionally determined.

It may be appropriate to this report to state the nature of the objects 
which, aside from the routine work incident to the curatorship, it is 
aimed to accomplish in the division.

The primary object, as I understand it, of paleontological collections 
is their use in determining the geological horizon of the localities from 
which they are taken. The value of vegetable remains for this purpose 
is admitted to be much less than that of animal remains. That the 
former may be rendered useful to this end is, however, also universally 
admitted; but before this can be done successfully on this continent a 
more systematic presentation of the results thus far attained in Ameri­ 
can paleobotany than has hitherto been made must be secured. Thus 
far the work has been executed in a very fragmentary manner by a 
number of specialists, each confining his investigations to some limited 
area or particular formation.

The need of a condensed exhibit, logically arranged, of these num­ 
erous scattered works was apparent at the outset, and has become more 
pressing with each attempt to apply the knowledge we have to the solu­ 
tion of practical problems.

I have therefore undertaken the preparation of a catalogue of Ameri­ 
can fossil plants, to be statistically arranged and discussed, which, when 
the details are completed, I propose to employ as a basis for future work. 
It can be published either as a bulletin of the Geological Survey or of 
the National Museum. In it will be included the species discovered in 
British America, in Alaska, in Greenland, and in the other Arctic re­ 
gions of America. But, as a large percentage of American fossil plants 
are referred to species already found in Europe, there will be great need 
of extending this work of systeinization so as to embrace every vege­ 
table fossil known to science. The task of preparing even a bare cata­ 
logue upon this plan would be quite large did there not already exist 
in Schimper's "Traite" de Pale"ontologie Ve'ge'tale " a work in which this 
has been practically accomplished down to the year 1874. To bring 
this down to date and embody it with the American catalogue is highly 
desirable, and will be accomplished, if possible. This work has all been 
thoroughly planned, and the labor of cataloguing has already advanced 
considerably.

I am, very respectfully, your obedient servant,
'LBSTBR F. WARD, 

Assistant Geologist, United States Geological Survey.
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. (7.
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REPORT Or DR. CARL BARTJS.
UNITED STATES GEOLOGICAL SURVEY,

PHYSICAL LABORATORY, 
New Raven, June 28, 1883.

SIR : I have the honor of submitting to you herewith a report of the 
work done at the physical laboratory during the fiscal year ending 
June 30,1883.

At the close of the last annual report we were still located at the 
American Museum of Natural History of New Tork. These quarters 
had recommended themselves emphatically because of the facilities of 
obtaining foundations directly on rock in place—a desideratum of fore­ 
most importance. But it was found that laboratory operations here 
would, in the course of time, probably conflict with certain recent pro­ 
jects of the trustees of the museum. A change of location at an early 
date—that is, before our work should have progressed to a stage at 
which such a move would be seriously detrimental—therefore appeared 
advisable and in the interests of all parties. Conformably with the 
instructions of Messrs. Becker and Hague, we thereupon visited a num­ 
ber of the^advantageously located Eastern towns, with a view of select­ 
ing some house suitable for use as a laboratory.

Our present location in New Haven, though deficient iu many im­ 
portant particulars, will, nevertheless, fairly meet the requirements of 
the earlier work, while its proximity to Tale College affords us many 
desirable facilities. We believe that the experiments on high tempera­ 
tures can be completed here. The work on high pressures, however, 
will require such safeguards and' special resources as must be looked 
for elsewhere.

Since our arrival iu New Haven, on November 15,1882, our time has 
been principally occupied in getting the laboratory in readiness for 
practical work. All the instruments were to be adjusted and corrected ; 
their own constants as well as those of the locality determined. These 
introductory experiments, as every physicist is aware, are unusually 
onerous. After this we gave our attention to the thermometry of high 
temperatures. The investigations to be made aim at a thorough com­ 
parison between thermo electric and air-thermometric methods. Those 
at present in progress will be briefly referred to below. Their full devel­ 
opment may occupy us during the whole of the next fiscal year. In 
connection with this work, it appeared expedient to continue the experi­ 
ments on the thermal effect of kaolinization. Finally, some prepara-
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tion has been made for the determination of data with reference to the 
conditions of sublimation of cinnabar.

On a former occasion permission was extended to Dr. V. Strouhal 
and one of us to pursue an earlier research of ours on the physical char­ 
acteristics of iron carburets. Owing to the resignation of the former 
observer, the research has remained fragmentary, though the results 
are of sufficient interest to be added here.

As introductory to the projected thermo-electric researches, the study 
of the behavior of wires consisting of two'thermo electrically different 
components permanently joined iu multiple arc appeared of importance 
to us. There are, a priori, two cases for consideration: Either a body 
or core of one metal is surrounded by an envelope of a second (known 
as compound wires in what follows), or the component wires are entirely 
exterior to each other, forming, as it were, a kind of fagot, with their 
ends soldered to a common pair of terminals. So long, however, as the 
sections of the individual wires remain unaltered the thermo electric 
power .of a compound wire will, cast, par., not be changed ; for the Ohm- 
Kirchhoff laws in connection with the equation of Avenarius 1 lead to 
the result:

s

in which the letters have the following signification: Let a be the ther­ 
mo-electric constant of a compound wire; let o>i, «?, «j, s2 , q\, g$, represent 
the thermo-electric constants, the specific resistances, and the right sec­ 
tions of the component wires, respectively; then a—a — 0%, A=OI — «2j 
c=s\ | »2> f=Qt | <b' But the case of core and envelope possesses special 
aud ulterior interest, in virtue of a practical application of which it is 
capable. Our experiments were therefore made in such a way as to 
give it preference.2

The following citation from the large number of results in hand will 
for the present purposes suffice. The data are derived from fourteen 
compound wires (Nos. 21-34) made by surrounding steel wires having 
a common diameter and identical thermo-electric properties, uniformly, 
but to different thicknesses, with an adhering envelope of lead. The 
ratio between the section of the lead (Q) to that of the steel (q) of each 
of these is given in the second column of the table. The third and 
fourth contain the thermo-electric constants (a), observed or calculated 
as there specified, the latter having been derived with the aid of the 
above formula. In the final column the difference between observed

1 Pogg. Ann., CXLIX., p. 374, 1873. The thermo-electroraotive force, e, is expressed 
in terms of the temperatures, I, t', of the junctures by e = a(i' — <) + &(*' 3 — i3), where 
a aud 6 are constants. Thia result agreea with the more elaborate onea of Tait 
(Trans. R. S. E., XXVII., p. 125-141, 1872-'73).

3 Experimenta with fagots were made by Joule." (Phil. Trana., CXLIX, part I., p. 
97, 1859.)
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and calculated results are shown, 
referred to errors of observation.

These discrepancies are readily

No

21
22
23
24
25
26
27 
28
29
30
31 
32 
33
34

Q:g.

0.00
0 69
2.07
3 69
5 82
7 95 
9 40 

13.69
14 42
19 28
20 36
28 58 
38.25

OQ

a
observed.

_ 8 00
- 5 00
- 3 09
- 1 87
_ 1 25
- 0 94 
- 0 83 
- 0 56
- 0.35
- 0 45
— 0.33 
- 0 15 
- 0 17
- 0.00

a 
calculated.

- 8 00
- 4 95
— 2 82
- 1 87
- 1.29
- 0 99 
- 0 85 
— 0 61
- 0 58
- 0 44
— 0 42 
- 0 30 
- 0.23
- 0.00

Sa

± 0 00
- 0 05
- 0 27
- 0 00
+ 0 04
4- 0.05 
4- 0 02 
+ 0 05
+ 0 23
- 0.01
+ 0 09 
+ 0.15 
+ 0 06
± 0 00

c = 1125.

Eesults similar to the above were obtained by replacing steel by 
argentine and by iron. In all about forty compound wires were exam­ 
ined.

With the questionable exception of platinum, the metals available 
for the construction of an electric thermometer suitable for high tem­ 
perature work are invariably deficient in a number of important, or at 
least desirable, qualities; they present, when combined with platinum, 
either insufficient sensitiveness or an anomalous behavior, or they possess 
comparatively low melting points; are too readily oxidized or affected 
by reagents; are unavailable in virtue of their mechanical properties, 
etc. These remarks apply even more emphatically to alloys. Any ex­ 
pedient which may, under circumstances, add to our limited resources 
acquires at once an importance sufficient to call for the_test of experiment. 
Again, questions relating to the thickness with which one metal must be 
covered with another in order, in a first case, to practically realize the 
thermo-electric power of the latter, or, in a second case, where the object 
is that of protection, to practically retain the thermo-electric property of 
the former; such, moreover, as refer to errors introduced by the forma­ 
tion of oxide or of sulphide coats during the measurement, admit of a 
theoretical solution. But the adequacy of these inferences in practical 
cases cannot, without direct experimental inquiry, be immediately 
relied upon. Considerations of this character led to the above re­ 
search.

Our work on high temperatures is not sufficiently advanced to require 
more than a cursory remark. We are endeavoring to apply the ingen­ 
ious method of air-thermometry due to Krafts and Fr. Meier. 1 The plan 
consists in measuring an approximately constant high temperature, 
both with this apparatus and with thermo-elements, simultaneously.

With the object of pursuing the experiments on the thermal effect of 
kaolinization we employed the resistance method for the measurement of 

1 Comptes Rend., XC, p, 606, 1880.
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small increments of temperature, in the manner described in the Second 
Annual Eeport.1 Unfortunately, however, feldspar at 100° centigrade 
proved to be a conductor to an extent which rendered the necessary 
accuracy unattainable. Phenomena of polarization, moreover, seriously 
interfered. It follows that the thermo-electric method of research orig­ 
inally employed probably remains the only one available. But as it 
will be difficult to improve upon the nicety of the measurements there2 
made without considerably complicating the method, further experimen­ 
tation will for the present be abandoned.

In order to make the data on the physical classification of iron car­ 
burets most easily intelligible, it would be necessary to premise certain 
results obtained with steel.3

The electrical properties of steel, regarded as functions of its hardness, 
are distinguished by au unusual—in fact, when contrasted with similar 
effects in the case of other material, abnormal—range of variation. This 
is in accordance with the phenomenal change ot mechanical state. It 
is an easy matter and requires very ordinary means to recognize be­ 
tween the glass-hard and soft states, as extremes, a, thousand differ­ 
ent intermediate degrees. The corresponding increment of specific vol­ 
ume, though also relatively large, is much less easily capable of satisfac­ 
tory determination.

Between the thermo-electric constant a, defined by the equation 
e=a(t'—t) + b (V2 — t2 ), the specific resistance and probably also the 
specific volume of the same steel rod, when regarded as functions of its 
hardness, there exists a linear relation. This fact immediately suggests 
the following consideration: The thermo-electric constant is valuable 
as an index of hardness, because it has no reference to the dimensions 
of the material under experiment. But it is doubly specific, depending 
on the nature of both the metals forming the element. To avoid this 
inconvenience, i. e., with the object of basing all measurements on qual­ 
ities inherent in steel itself, we will introduce the term thermo-electric 
hardness, and define it thus: Suppose the law just enunciated to hold 
indefinitely, then the thermo-electric constant of an element consisting 
of the imaginary rod-of the specific resistance zero and any given rod, is 
the thermo-electric hardness of the Tatter. This datum, insomuch as the 
reduction to the imaginary normal can always easily be made, is to some 
extent absolute.

A glass-hard4 rod subjected to the action of different temperatures 
above that of the water in which it was chilled loses more or less of its

1 Second Annual Eeport, etc., by J. W. Powell, p 32S-330,1882. 
3 Eeport on the Geology of the Comstock Lode, 1882.
3 See Phil. Mag. (5), viu., p. 331-368,1879; Wied. Ann., XL, p 930-977, 1880.
4 The terms'' glass-hard " or " rapidly chilled," and " soft" or " thoroughly aiinealed " 

have reference to two critical and opposed processes; in the first the rod is cooled 
from a temperature of bright, redness as rapidly as possible; in the second, On the 
contrary, the rod-is cooled fiom the same temperature as slowly as possible. Discus­ 
sions relative to this temperature are out of place here.
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hardness. This loss is dependent on the temperature of the annealing 
bath, and on the time of exposure in such a, way; the effect of time is 
more and more negligible in proportion as the temperature is greater. 
If the action of temperature be indefinitely prolonged, its annealing 
effect reaches a limit. Finally, the maximal annealing effect (limit) cor­ 
responding to any temperature, t', is independent of the possibly pre­ 
existing effects of the temperature, £, and is not in any way influenced 
by a subsequent application of the latter, provided t' > t.

It follows, therefore, that in the case of one and the same rod the 
thermo-electric power enables us to derive important inferences relative 
to its mechanical hardness. But the considerations made are capable 
of being amplified. It is with such a generalization that we have at 
present to do.

If we ask what signification is to be attached to the extreme values 
of thermo-electric hardness (i. e., those corresponding to the glass-hard 
and soft states of a given rod), the necessary inference is that they 
must be associated with its chemical composition. Suppose, therefore, 
that we start with pure iron. Let this be combined with greater and 
greater quantities of carbon until we have passed from our originally 
pure material through steel into the cast irons.' For each particular 
degree of carburation there will exist two values of thermo-electric hard­ 
ness, corresponding to the thoroughly annealed (soft) and rapidly chilled 
(hard) states of the given carburet. Experiment has shown that the 
difference between these values is small for iron, enormously large in 
comparison for steel, and usually intermediate for cast iron. This re­ 
flection suggests at once a means for the classification of the series of 
irons in question. We moreover have, as will be seen presently, in ad­ 
dition to this difference, a characteristic change 'of the values of ther- 
mo electric hardness corresponding to the soft states, to serve as a cri­ 
terion. Reasons, however, into the adequate discussion of which we 
cannot at present enter, induce ns to put stress, not upon the simple 
difference referred to, but upon the difference between the logarithms 
of correlated extreme values of thermo-electric hardness. In other words, 
if oil be the thermo-electric hardness of the soft'state, a% that of the 
hard state qf the same .product, then log a?,—logai is the function by 
the aid of which our diagram of classification is to be constructed.

In the following table experimental values of the quantities under 
discussion are contained. . In the cases of iron and steel mean values 
from the large number of results published elsewhere 8 are cited. The 
results for cast iron are such as were obtained from samples chosen at 
random. The table will be intelligible at once by remembering that «i

1 The existence of iron carbiuets, especially among tlie cast irons of the same car- 
bnration, bnt of thoroughly different physical and cliemical properties (white pig, 
gray pig, etc.), is temporarily ignored he^e, to be considered furthei along. This 
does not invalidate the general remarks in the text.

3 Wied. Ann., xi, p. 971-972, 1880.
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<* a represent the thermo-electric hardness of the soft and hard states, 
respectively; that Aa— a2 — a 1} Alog a—log a^—loy a\. Inasmuch as 
the above remarks, mut. mutand., apply equally well to the specific re­ 
sistance (s) of iron carburets, a full series of these data is also given : 
^s=Si—«i; A Jog s=lotj s2—l

Material.

Do..................
Do..................
Do....... .......
Bo..................
Do ..................
Do ..................
Do ..................
Do ..................
Do..................
Do ..................
Do ..................

No.

0 
2 
3
r

8 
9 

10 
11 
12 
13 
14 
15

Th. E. hardness.

ni

5.2 
0.7 

20.73 
22.63 
22.40 
20.21 
20,00 
20.00 
20.11 
19.82 
19.77 
19.91 
19.62 
20.13 
20.45

02

5.2 
17.1 
22.83 
24: 00 
23.91 
22. 21 
22.57 
20.96 
22.08 
21.89 
22.33 
21.74 
22.72 
21.02 
22. 37

Spec, resistance.

81

12.8 
16 
61.9 
60.0 
59.3 
69.4 
71.7 
70.0 
71.1 
73.4 
70.9 
72.8 
75.9 
76.5 
69.43

S3

12.8 
42 
93.5 
77.0 
76.0 

102.7 
107.2 
87.0 

105.6 
94.7 

101.5 
99.2 

105.2 
103.3 
90.12

4a

0 
10.4 
2.10 
1.40 
1.51 
2.00 
2.57o.no
1.97 
1.57 
2.57 
1.83 
3.10 
1.49 
1.92

AS

0 
20 
31.9 
17.6 
16.7 
33.3 
35.5 
10.4 
34.5 
21.3 
30.0

29.3 
26.8 
26.09

A lo£a 
X103

0 
41.0 
41.9 
27.1 
28.4 
40.9 
52.5 
19.1 
40.6 
33.1 
53.1 
38.2 
03.7 
31.1 
39.1

A logsxio3

0 
410 
179 
112 
108 
170 
175 

91 
172 
111 
150 
134 
142 
130 
148

For the sake of perspicuity let the mean results be constructed graphi­ 
cally by laying off carburation (0 per cent, for iron, 1.3 per cent, for

FIG. 1.

steel, 4.5 per cent, for cast iron) as abscissas, the corresponding thermo­ 
electric hardness as ordinates. This has been done in Fig. 1, annexed, 
and a hypothetical curve passed through the points. 

If we examine the curve for A log a, it will appear that there is a
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FIG 2

maximum in the region of steel. The purposes of the present re'sume' 
preclude a full discussion; but there is great probability in favor of 
the view that z/loga= maximum selects from all possible iron carbu­ 
rets the particular one to which the term "steel" may, with greatest 
propriety, be applied. Irrespective of hypothetical views, however, 
it is the important deduction of these experiments that in the region 
of steel a singular product, capable of exact physical definition, exists. 

To give full development to the present consideration, it will be neces­ 
sary to discriminate between iron carburets of the same percentage

composition, but in which the car­ 
bon is differently combined. This 
part of our investigation is incom­ 
plete. We will for the present 
postulate a datum expressive of 
the manner of combination of 
carbon and iron, and suppose it 
laid off parallel to the T axis. 
With this addition our diagram 
becomes a surface. Its contour 
will probably be such as is repre^- 
sented in Fig. 2. To give definite- 
ness to our hypothesis we may as­ 

sume that the XZ plane intersects our surface in a curve, a b c, cor­ 
responding to mechanically mixed carbon and iron throughout its ex­ 
tent; that the most remote of these parallel intersections, def, contains 
the curve for chemically combined carbon and iron. Then in any inter­ 
mediate section parallel to XZ the cu-rve refers to an increase of carbon 
from zero on, in such a \vay that there shall be a constant ratio between 
the free and the combined quantities.1 The cylinder with vertical direc­ 
trix, eghb, having the line of maxima ef in common witli the surface, 
contains the infinite number of steels possible.

It will be seen that the above remarks apply equally well to iron 
carburets with foreign admixtures. For we have only to start originally 
with the impure iron, and then suppose the carburation to increase from 
zero onward, to be enabled to draw inferences similar to those for pure 
material. In short (he general equation of our diagram would be

z/loga=F (a, b, c,....y,x),
where x is the percentage quantity of carbon contained, y a datum 
expressing the way in which this element is combined with iron; a, b, o... 
are parameters indicating the percentage quantities of impurities (Si, S, 
P, etc.) in the"given iron carburet under consideration. The equation 
for iron is therefore

F (a, I, o ... y, o) — o:

'The current views are heie in a general « ay adopted. The reader desiring full 
information is referred to Percy-Wedding, Eisenlmttenk., pp. 130-187, Braunschweig, 
1864; to the discussion by Dr. Matthiessen in Rep. Br Assoc., 1876, etc.
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and for steel
F (a, 6, c,... y a?)=maximum.

We conclude with the following general remark: If we have given 
any iron carburet whatever, the extreme values of its thermo-electric 
hardness (i. e., those corresponding to the thoroughly annealed and 
suddenly chilled states) fix its position iu a diagram adapted to express 
its chemical constitution. The intermediate values of thermo-electric 
hardness (i, e., those lying between the extremes just mentioned and 
obtainable by processes of tempering) determine its position in a scale 
of hardness peculiar to the particular iron carburet under consideration. 

As has been stated, the present investigation is fragmentary. The 
remarks have for the main object the development of a working hypoth­ 
esis for further research. The wide range of variation of the physical 
quantities involved, 1 the comparative ease with which they are deter- 
minable, the singular and interesting relations already obvious, all of 
these, we believe, lend the subject an interest sufficient to justify the 
unintentional length of the present account.

I am, very respectfully, your obedient servant,
CAEL BAEUS, 

Physicist, in charge of laboratory. 
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF MR. ALBERT WILLIAMS, JR.
UNITED STATES GEOLOGICAL SURVEY, 

DIVISION OF MINING STATISTICS AND TECHNOLOGY,
Washington, D. C., June 30,1883.

SIR: I have the honor to submit the following brief account of the 
work of this division during the past fiscal year:

On December 21,1882,1 reported to you in Washington for active 
duty iu the investigation to which you had assigned me, namely, the 
study of the mineral resources of the United States from a statistical 
and technologic point of view. By an act passed at the first session of 
the Forty-seventh Congress, the United States Geological Survey was 
directed to report upon the mining industries of the country other than 
those of gold and silver. This report has been completed by the date 
fixed by yourself, and is herewith respectfully submitted. It will appear 
in the form of an octavo volume, of 787 pages, entitled " The Mineral 
"Resources of the United States."

'Joule believed that these properties might be advantageously used as a test for 
the quality of steel. Phil. Trans , CXLDL, Part I., p. 96-97, 1859.
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While it would be absolutely impossible to discuss with cyclopedic 
minuteness all of the numerous branches of mining in this country in 
the space allojved by the limits of a single volume, I trust that you will 
find the report to contain a tolerably complete view of the present con­ 
dition and progress of the American mining industries: and to that 
end I have taken the liberty to add a short chapter on the gold aud 
silver production for purposes of comparison and completeness. The 
special subjects discussed are as follows:

Coal (anthracite and bituminous; the Cretaceous and Tertiary brown 
coals and lignites, with some serni-anthracitic coals, being as a matter 
of convenience grouped under the general head " Bituminous," inas­ 
much as in very many instances it is impossible to draw a line of de- 
markation between the several groups).

Iron (including iron ore, fuel, fluxes, etc.; pig-iron, and iron in the 
first stages of manufacture; Bessemer steel and finished products).

Gold and silver (a brief discussion of the statistics of production 
merely).

Petroleum. Tin. 
Copper and bluestone. Antimony. 
Lead. Bismuth. 
Zinc. . Arsenic. 
Quicksilver and vermilion. Platinum. 
Nickel and nickel alloy. Iridium. 
Cobalt. Molybdenum. 
Manganese. Tellurium. 
Chromium (chromic iron). Uranium. 
Tungsten. Vanadium. 

Structural materials (including building stone, brick, tile, etc.; cement 
aud soapstoue).

Clays (kaolin and potter's clay, and fire-clay).
Abrasive materials (corundum and emery, buhrstone, Berea grit, grind­ 

stones, infusorial earth, and pumice stone). 
Precious stones and gems.
Fertilizers (bone phosphates, apatite, marls, gypsum, and artificial 

fertilizers containing mineral constituents). 
Salt (salt wells and springs; rock salt and sea salt 1 .

Borax. Lithographic stone. 
Sulphur. Niter. 
Barytes. Nitrate of soda. 
Strontia. Carbonate of soda. 
Mica. • Sulphate of soda. 
Talc. Asphaltum. 
Quartz. Alum. 
Fluorspar. Cryolite. 
Asbestus. Ozocerite. 
Graphite. .
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In a few instances, as, for example, feldspar, chalk, mineral paints, 
pyrites, terra alba, fuller's earth, and gas wells, the information col­ 
lected was of too meager and unsatisfactory a nature for publication. 
These exceptions, however, are not numerous.

All the statistics are carried up to the close of the calendar year 1882; 
in most of the more important branches they have also been compiled 
for the first six months of 1883, and in the remaining cases estimates, 
based on the best authority, are substituted. The matter is therefore 
fresh, and in its .collection my assistants have displayed not a little 
enterprise and energy, a considerable portion of the work falling within 

-the last few days. In addition to the statistical information, under 
which head the question of production is necessarily preeminent, the 
report contains matter of industrial and economic interest, such as is 
thought would be of value to persons engaged in the several branches 
of mining and manufacture of the raw mineral products.

I have been aided in the collection and compilation of statistics by 
specialists who stand at the head of their several professions. It is to 
this fact, and to this only, that any merit which may belong to tho 
work must be attributed. No one man possesses sufficient knowledge 
and grasp of the multifold ramifications of the mining and metallurgic 
arts to be in a position to discuss each and all with confidence and 
authority. I have therefore intrusted to others the entire work in sev­ 
eral important cases, reserving for myself the control and revision of 
their work, and at the same time aiding them with information gath­ 
ered directly by this office. Under this system the published results 
carry with them an authority which could not attend.the work of any 
single investigator.

A number of contributions on metallnrgic topics are added to the 
statistical portion of the report; and in these papers the writers have 
confined themselves to recent improvements in practice, and have 
avoided so far as possible such elementary matter as is to be found in 
the text books.

A feature of this work, which it is hoped will be of special utility, is 
the addition of a series of lists of tlie useful minerals occurring in each 
of the States and Territories. , These lists show the minerals and min­ 
eral substances which are at present mined in this country, and the 
localities where they are worked; and under a separate head are cited 
such occurrences as are known, and are of sufficient prospective import­ 
ance, but which are not now utilized. In the Far West very many 
substances, owing to the lack of transportation facilities and the high 
rates-of labor, are of this latter class. The compilers of these lists are 
well known mineralogists, and their work, while unavoidably not ex­ 
haustive, is thoroughly sound so far as it goes. "The results reached by 
tliein enable one almost at a glance to form a conceptiou of the variety 
and wide distribution of our mineral resources; and these lists will 
form a nucleus in future work which can be added to as discoveries 
progress, with a view to still greater completeness.
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Whatever may be the defects and shortcomings of this report—and 
they are doubtless many—it at least refutes a somewhat general impres­ 
sion that such work, on a comprehensive scale, cannot be published within 
a reasonable time after the expiration of the period to which it refers. 

, It also proves that the most economical, as well as the most satis­ 
factory (under the restricted conditions), way of collecting statistics is 
to take advantage of systems already existing; and in lieu of employing 
a large force of inexperienced canvassers, to secure the cooperation of 
the men who are already engaged in this very work. The gentlemen 
who have aided me have done so as a matter of professional interest 
and public spirit—a fact which is abundantly shown by the simple 
statement that thoir compensation and the entire expenses of this 
office have been about one forty-fifth of the sum expended by the 
last census in the same field, and that the payments which my 
co-workers have accepted were in most cases barely sufficient to 
coyer purely clerical expenses. Indeed, in no other way could 
such work be accomplished- without the expenditure of very large 
sums of money. In some countries there is a complete system of 
mine inspection and record, which renders the compilation of direct 
statistics a comparatively simple matter. Here there is no such general 
system, though it exists to a limited extent in portions of the coal area, 
and it is hardly probable that it will ever be introduced. In the col­ 
lection of statistics, therefore, the Government must either make a com­ 
plete and original canvass of each of the thousands of productive 
establishments—a method which, even when backed by large resources, 
very often fails—or it may utilize existing means, such as the regular 
trade and transportation statistics. In the case of a few branches of 
mining, where the product comes from a single or a limited number of 
sources, the direct system is not a difficult one. But when it is ex­ 
tended to the collection of statistics of coal, iron ore, petroleum, etc., 
the results are not only laboriously obtained, but are often uncertain. 
Very fortunately, however, in almost every trade, the demand for cor­ 
rect and prompt information as to production, etc., has developed a 
class of individual work which cannot be too highly commended; and 
the practical value of these trade statistics is best shown by the fact 
that people are glad to pay for them. Of such a character is the work 
of Mr. James M. Swank, secretary of the American Iron and Steel 
Association, who is the recognized authority in matters pertaining to 
iron; of Mr. P. E. Saward, editor of the Goal Trade Journal, and Mr. 
S. H. Stowell, editor of the Petroleum Reporter, and others, who have 
for a long series of years carried on their researches, have amplified 
their means of acquiring information, and have systematized the work 
to a high degree. As before stated, I have applied directly to men of 
this class, and have thus been enabled to utilize their experience and 
the machinery of their respective offices. On the other hand, a large 
number of subjects discussed in " The Mineral Eesources" have never
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been treated from a statistical point of view in this country; and yet 
even in these it is a fact that there are always to be found a certain 
number of persons who, as a matter of self-interest, are obliged to be 
informed as to the progress of the times, and who if they do not them­ 
selves collect statistics can at least point out the means of obtaining 
them.

Some of the more important results reached in the inquiry which I 
have briefly sketched are as follows:

Coal.—The only statistics in which the trade is interested are those 
relating to the amount of coal which is mined for and reaches the mar­ 
ket. There is besides a local and colliery consumption which is usually 
disregarded in statistics, and which ranges from 5 to 6J per cent, on the 
total shipments. Of what may be called the commercial product, the 
quantities in 1882 were: Pennsylvania anthracite, 29,120,09G gross tons; 
bituminous, brown coal, lignite, and small lots of anthracite mined out­ 
side of Pennsylvania, 57,963,038 gross tons; total, 87,083,134 gross tons. 
The spot value of the commercial product was as follows: anthracite, 
$65,520,216; bituminous and other coals, $72,453,797; total, $137,974,013. 
During the first six months of 1883 the output was: Pennsylvania an­ 
thracite, 14,010,767 gross tons; bituminous and all other coals, 30,000,000 
gross tons; total, 44,010,767 gross tons. The spot value of the com­ 
mercial product during the first half of 1883 was : Pennsylvania anthra­ 
cite, $31,524,226; bituminous and other coals, $37,500,000; total, 
$69,024,226. Including the local consumption, etc., the total product 
in 1882 may be stated at 92,219,454 gross tons; namely, 31,358,264 
tons of Pennsylvania anthracite and 60,861,190 gross tons of other coals; 
and the value at the mines was: Pennsylvania anthracite, $70,556,094; 
bituminous coal, etc., $76,076,487; total, $146,632,581. •>

Iron.—The principal iron statistics for 1882 are as follows: Pig iron 
made, 4,623,323 gross tons; spot value, $106,336,429. Iron ore mined, 
9,000,000 gross tons; spot value, $32,400,000. Domestic iron ore con­ 
sumed, 8,700,000 gross tons; spot value, $31,320,000. Imported iron 
ore consumed, 589,655 gross tons. Total iron ore consumed, 9,289,655 
gross tons. Total spot value of all iron and steel in the first stage of 
manufacture, excluding all duplications, $171,336.429. Anthracite con­ 
sumed in all iron and steel works, including furnaces, 3,800,000 gross 
tons. Bituminous coal consumed in all iron and steel works, including 
furnaces, 6,600,000 gross tons. Coke consumed in all iron and steel 
works, including furnaces, 3,350,000 gross tons. Charcoal consumed in 
all iron and steel works, including furnaces, 107,000,000 bushels. Lime­ 
stone consumed as flux, 3,850,000 gross tons; spot value, $2,310,000.

For the first six months of 1883 the totals are as follows: Pig iron 
made, 2,352,019 gross tons; spot value, $47,040,380. Iron ore mined 
(and consumed), 4,500,000 gross tons; spot value, $12,375,000. Im­ 
ported iron ore consumed, 185.000 gross tons. Total iron ore consumed, 
4,685,000 gross tons. Total spot value of all iron and steel in the first
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stage of manufacture, excluding all duplications, $71,003,000. Anthra­ 
cite consumed in all iron and steel works, including furnaces. 1,810,000 
gross tons. Bituminous coal consumed in all iron and steel works, 
including furnaces, 3,140,000 gross tons. Coke consumed in all iron 
and steel works, including furnaces, 1.780,000 gross tons. Charcoal con­ 
sumed in all iron and steel works, including furnaces, 38,750,000 bush­ 
els. Limestone consumed as flux, 1,950,000 gross tons; spot value, 
$1,072,500.

Gold and silver.—The Mint authorities furnish the following statistics 
for 1882: Gold, $32,500,000; silver, 146,800,000; total, $79,300,000; or 
an increase of $1,600,000 over the output in 1881. For the first six 
months of 1883 the product is estimated at $16,250,000 gold, $23,400,000 
silver, and $39,650,000 total; the rate of production being assumed to 
be the same as in 1882.

Petroleum.—The production of crude petroleum in the oil fields of 
Pennsylvania and New York in 1882 was 30,053,500 barrels of 42 gal­ 
lons each, worth, at an average spot value of 78$ cents per barrel, 
$23,704,698. During the first six months of 1883 the yield was 11,291,663 
barrels, worth, at an average spot value of $1.00J per barrel, $11,305,778. 
In addition to the quantity above stated, California produced in 1882 
about 70,000 barrels.

Copper.—The production of copper in 1882 was 91,646,232 pounds, 
worth, at an average value of 17£ cents per pound in New York, 
$16,038,091. For the first half of 1883 the production is estimated at 
58,000,000 pounds, worth, at an average price in New York of 14.65 
cents per pound, $8,500,000. The spot value of the copper at the point 
of production is a matter which cannot be stated with any accuracy; 
nor was any attempt made to ascertain the tons of copper ore mined. 
In 1882 3,325,000 pounds of bluestpne, worth $191,187, were made; and 
in the first half of 1883 the manufacture of bluestone is estimated at 
1,(562,5UO pounds, worth $95,593.

Lead.—In It82 132,890 net, tons of lead were produced, worth, at an 
average value of $95 per net ton on the eastern seaboard, $12,624,550. 
For the first half of 1883 tlie production is estimated at 70,000 net tons, 
worth, at $90 per ton, $6,300,000. In this case, as with copper, it is 
impossible to state the average spot value of the lead, or the tons of 
lead ore mined. A very large proportion of the lead ore smelted is 
argentiferous, and is worked for its silver contents and not for the valueof 
the lead. In the census year ending May 31,1880, the amount of white 
lead corroded was reported at 123,477,890 pounds, worth $8,770,699.

Zinc.—The production of metallic zinc in 1882 was 33,765 net tons, 
worth, at an average value of 5.4 cents per pound in New York, 
$3,646,620. The production during the first six months of 1883 is esti­ 
mated at 18,000 net tons, worth, at an average value of 4f cents per 
pound in New York, $1,065,000. In addition to the spelter and sheet 
zinc made in this country, there is also a large manufacture of zinc oxide
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made directly from the ore. As in the case of copper and lead, it is im­ 
possible to fix an average spot value for the product, and the collection of 
statistics of zinc ore miucd has not been attempted. In the census year 
1880 the amount of zinc oxide manufactured, including- that made from 
scrap zinc, was reported at 20,121,761 pounds, worth $700,337.

Quicksilver.—In 1882 the production of quicksilver was 52,732 flasks 
(of 7GJ pounds each = 4,033,998 pounds), worth, at an average price in 
San Francisco of 3GJ cents per pound, $1,487,;137. During the first six 
months of 1883 the production was 22,740 flasks (= 1,739.610 pounds), 
worth, at an average price of 35J cents per pound, $013,213. During 
the year 1882 700,000 pounds of vermilion were made in the United 
States, having a total value of $315,000.

Nickel.—The production of pure grain nickel in 1882 was 277,034 
pounds, worth, at $1.10 per pound, $304,737. There was also a produc­ 
tion of 50 per cent, copper-nickel alloy containing 4,582 pounds of 
uiokel, worth $5,040. The total nickel production was therefore 
281,010 pounds, worth $309,777. The only nickel reduction works iu 
the United States were closed during the first half of 1883.

Cobalt.—The value of cobalt ores and matte for 18S2 was about 
$15,000. The amouut of cobalt oxide made was 11,053 pounds, worth 
$32J016.

Manganese.—The production of manganese ore in 1882 was 3,500 gross 
tons, and the spot value at the mines, estimated at $15 per ton, was 
$52,500.

Chromium.—The production of chrome irou ore in 1882 was about 
2,500 net tons, worth, at an average price of $40 per ton in Baltimore, 
$100,000. The spot value cannot be ascertained.

Tin.—A trifling amount of tin ore was mined in 1882 and the first half 
of 1883, and production of metallic tin began on a small scale towards 
the close of the latter period.

Antimony,—The production of metallic antimony, so far as ascer­ 
tained, was CO tons in 1882, worth about $12,000.

Building stone.—It is estimated that the value of the building stone 
quarried in 1882 was $21,000,000,

Brick and tile.—It is estimated that the total valne of the brick and 
tile made in the United States in 1882 was $34,000,000.

TAmc.—There were 31,000,000 barrels (of 200 pounds each) made iu 
1882. having a total spot value of $2l,700,():iO at the kilns.

Cement.—The amouut of art fluial Portland cement made in 188J was 
85,000 barrels, worth, spot, $19l,2oO. Of the cements manufactured from 
natural cement rock there were 3,105,000 barrels made, worth, spot, 
$3,481,500. The total production of cement was 3,250,000 barrels, worth 
$3,072,750.

Clays.—Complete statistics of the quantity of tire and potters' clay 
mined in 1882 were not obtained. The value of the whiteware made 
was over $5,000,000.
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Precious stones.—The spot value of the precious stoues found in 1882, 
before cutting, was between $10,000 and $15,000; after cutting, between 
$50,000 and $00,000.

Corundum.—It is estimated that 500 tons were mined in 1882, worth 
on an average only about $12.50 per ton, crude and unground; total, 
$0,250. The value of the ground corundum manufactured during the 
same year was about $135,000.

Grindstones.—The value of the grindstones made from domestic rock 
in 1882 is estimated by leading dealers at $700,000.

Pumice stone.—There were 70 net tons quarried in 1882, worth about 
$1,750.

Phosphates —The production of washed phosphate rock in 1882 by 
the land mining companies of South Carolina was 191,305 gross tons; spot 
value, $1,147,830. By the river mining companies, 140,772 gross tons, 
spot value, $844,632. Total, 332,077 gross tons; spot value, $1,993,462.

Marls.—In New Jersey, 1,080,000 net tons of marl were dug in 1882. 
The average spot value at the pits is 50 cents per ton, making the total 
$540,000. There was a small yield of marls m some of the Southern 
States, the amount of which has not been ascertained.

Gypxum.—The most complete statistics for 1882 are thqse of the out­ 
put of Michigan, namely, 37,821 net tons of land plaster and 135,005 
barrels (of 300 pounds each) of stucco. The manufacture of plaster-of- 
paris on the Atlantic seaboard was 525,000 barrels (of 250 pounds each), 
chiefly made, however, from Nova Scotia stone. Colorado produced 
10,350 sacks (of 100 pounds each). The production of California and 
some other States was not ascertained.

8aIt.—T\iQ amount of salt made in 1882 was 6,412,373 barrels (of 280 
pounds each=1,795,404,440 pounds), having a spot value of $4,320,140. 
During the first six mouths of 1883 the production is estimated at 
3,200,18(5 barrels (=897,732,080 pounds), worth $2,100,070, the rate of pro­ 
duction being assumed to be the same as in 1882.

Bttrax—The production in 1882 was 4,236,291 pounds, having a spot 
value at the works of $338,903. For the first half of 1883 the output 
is estimated at 2,800,000 pounds, worth, spot, $224,000.

Sulphur.—Complete statistics were not obtained. The production in 
the census year was stated at 1,200,000 pounds, worth $21,000.

Bnryt<».—The amount of crude barytes mined in 1882 was 20,000 
tons, worth at the point of production $100,000. The value of refined 
and ground barytes manufactured from the crude product above stated 
was about $440,000.

Mien.—The quantity of merchantable mica mined in 1882 is estimated 
by leading dealers at 75,000 pounds, worth $250,000. The production 
is rapidly increasing.

Soaptttone.—The amount quarried in 1882 is estimated at 6,000 net 
tons, worth $90,000 at the quaines.

(Juartz.—The amonnt of quartz mined in 1882 for glass making and 
abrading purposes is estimated at 75,000 net tons.
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Asbestus.—Amount mined in 1882,1,200 net tons, worth $36,000 at 
the poiut of production.

Graphite.—Amount mined in 1882, 425,000 pounds, worth, crude, at 
the point of production, $34,000. Daring the first six months of 1883 
the production is estimated at 262,500 pounds, worth $21,000.

Carbonate of soda.—Over 1,600,000 pounds were produced in 1882 
from native deposits.

Asphaltum.—The production in 1882 was 3,000 net tons, haviug a spot 
value of $10,500.

Alum.—T$o statistics. In the census year the amount of manufact­ 
ured artificial alum was reported at 39,217,725 pounds, worth $808,165.

Copperas.—The amount of copperas manufactured in 1882 is estimated 
at 15,000,000 pounds, worth $112,500.

The production of the following-named substances was insignificant: 
Apatite, arsenic, bismuth, infusorial earth, iridium, lithographic stone, 
nitrate of soda, ozocerite, platinum, strontia.

No reliable statistics were obtained of the following substances: 
Buhrstones, chalk, feldspar, fluorspar, mineral paints, pyrites (for acid 
manufacture), sulphate of soda, talc (other than "soapstone").

None of the following substances are known to have "been mined in 
1882 or in the first half of 1883: Carbons, cryolite, rottenstone. wolfram.

Totals.—It is impossible to state the total mineral product in any 
form which shall not be open to just criticism. It is evident that the 
production statistics of such incongruous substances as iron ore, me­ 
tallic gold and silver; the spot value of coal mined and the market 
value of metallic copper after having been transported hundreds of 
miles; the spot value of a crude substance like unground, unrefined 
barytes, and the value of a finished product like brick (in which the 
cost of manufacture is the leading item), such details cannot well be 
taken as items in a general summary. The statistics have been com­ 
piled with a view to giviug information on those points which are of 
most interest and utility, and are presented in the form usual in the 
several branches of trade statistics. The result is that the values 
stated for the different products are necessarily taken at different stages 
of production or transportation, etc. Theoretically perfect statistics 
3f mineral products would include first of all the actual net spot value 
of each substance in its crudest form, as taken from the earth; and yet 
for practical purposes such statistics would have little interest other 
than the fact that the items could be combined in a grand total in which 
each substance should be rated on a fairly even basis. The following 
groupings, therefore, are presented with a full realization of the incon­ 
gruity of many of the items:

Values of the metallic products of the United States in 1882.
Pig iron, spot value.......................................... $106,330,429
Silver, coining value......................................... 46,800,000
Gold, coining value ...................... .................... 32,000,000
Copper, value at New York City.............................. 10,038,091
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Lead, value at New York City .... ................ ...... ..... $12,624,550
Zinc, value at New York City ................................ 3,646,620
Quicksilver, value at San Francisco .......................... 1,487,537
Nickel, value at Philadelphia....... .......................... 309,777
Antimony, value at San Francisco ............................ 12,000
Platinum, value at New York City...... ...................... 1,000

Total.........-.-..-..'. ................................ 219,75(5,004

Values of some of the non-metallic products of the United States in 1882 (all spot 
, values, except chrome iron ore).

Bitumiiions coal, brown coal, lignite, and anthracite mined out­ 
side of Pennsylvania.... .................................... $76,076,487

Pennsylvania anthracite ...................................... 70, &56, 094
Crude petroleum ............................................... 23, 704,698
Lime .......................................................... 21,700,000
Building stone ................................................ 21,000,000
Salt ........................................... ~.............. 4,320,140
Cement....................................................... 3,672, 750
Limestone for iron flux ._..'..._..........._.......___.•....._... 2,310,000
Phosphate rock ............................................... 1,147,830
New Jersey marls ............................................. 540, 000
Crude borax ...................................... ........... 338,903
Mica ......................................................... 250,000
Crude barytes ................................................ 160,000
Chrome iron ore, value at Baltimore ........................... 100,000
Soapstone ................................................... 90,000
Manganese ore ...-................../....................,.-.. 53,500
Asbestns.... ..............................."....;.............. 36,000
Graphite ..................................................... 34,000
Sulphur ...................................................... 21,000
Cobalt ore and matte.......................................... 15,. 000
Precious stones, uncut ........................................ 12,500
Asphaltnm ................................................... 10,500
Corundum ......'.............................................. 6,2.~>0
Pumice-stoiio ................................................. 1 750

Total............. ............ ............................$226,156,402

Kesiimf of the values of the metallic and non-metallic mineral substances produced
in the United States in 1882. 

Metals................. ..................................... 1219,756,004
Mineral substances named in the foregoing table.............. 226,156,402

445,912.406
Fire-clay, kaolin, potter's clay, common brick clay, terra-eotta, 

limestone used as flux in copper and lead smelting, iron ore 
used as flux in lead smelting, pyrites (for acid making), 
zinc white made directly from ore, marls (other than New 
Jersey), apatite, gypsum, tin ore, bismuth, arsenic, iriclos- 
iniue, niill-biihrstoiie and stone for making grindstones, 
lithographic stone, talc (other than " soapsrone"), quartz, 
feldspar, fluorspar, term-alba, chalk, crude mineral paints, 
nitrate of soda, carbonate of soda, sulphate of soda, native 
alum, ozocerite, mineral soap, strontia, etc.—certainly not 
less than................................................. 8,000,000

Grand total...-----.... ..--.- ...... .................. 453,912,406
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The grand total might be considerably reduced by substituting the 
value of the iron ore mined for that of the pig iron made; by deducting 
the discount .on silver; and by considering lime, salt, cement, borax, etc., 
as manufactures. It will also be remarked that the spot values of 
copper, lead, zinc, and chrome iron ore are much less than their re­ 
spective values after transportation to market.

In view of the very large number of gentlemen who have directly as­ 
sisted in the compilation of these statistics, or who have furnished in­ 
formation or have extended courtesies which have facilitated the work, 
it seems invidious to single out a few for personal acknowledgment. A 
mere mention of the names of those who have resi>onded, often at con­ 
siderable sacrifice of time and trouble, to the thousands of inquiries 
which have been addressed to them through the mails, would in itself 
occupy many pages. I desire, however, to testify to the uniform cour­ 
tesy and interest displayed by miners, manufacturers, and dealers in 
mineral products; and also to the fact that in hardly one case in a 
hundred have these inquiries remained without an answer of one form 
or another.

Special thanks are, however, due to yourself for the facilities placed 
at the disposal of this division, and for your friendly superintendence 
of its work; to Messrs. S. F. Emmons and G-. P. Becker, and Prof. W. 
G. Kerr, of the Survey, for kind cooperation; to Mr. Henry Gannett, also 
of the Geological Survey, whose long experience in statistical work, 
and acquaintance with methods and men, have rendered his assistance 
invaluable. To Dr. E. W. Eaymond, late United States Mining Com­ 
missioner, than''whom no one is better acquainted with our mineral re­ 
sources, the writer is especially indebted, as well as to many members of 
the American Institute of Mining Engineers, and of the State geolog­ 
ical surveys, particularly those of New Jersey, Pennsylvania, and Ala­ 
bama. State commissioners and other officers have also furnished much 
information. Hon. Horatio C. Burchard, Director of the Mint, and Mr. 
Joseph .TSTimino, jr., Chief of the Bureau of Statistics, have allowed free 
access to their material, and have kindly made original investigation of 
certain subjects.

The foreign legations in this country have always responded most 
courteously to requests for recent mining statistics of their several gov­ 
ernments.

Mr. Charles Kirchhoff, jr., editor of thvEngineering and Mining Journal, 
of New York, who has had special charge of the statistics of copper, 
lead, and zinc; Mr. C. G. Tale, editor of the Mining and Scientific Press, 
San Francisco, who was placed in charge of the Pacific division; and 
Mr. F. F. Chisolm, of Denver, who collected data for the Eocky Mount­ 
ain region, have been indefatigable assistants. The material furnished 
by Messrs. Yale and Chisolm forms the basis of the discussion of the 
mining industries in their territory. Mr. Yale was largely assisted by
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Dr. Henry De Groot iu the general collection and compilation of ma­ 
terial; and desires to extend his especial thanks to Mr. J. B. Eandol, 
manager of the ]STew Almaden quicksilver mine, for statistics of quick­ 
silver production; to Messrs. Scofield and Tevis, for information re­ 
garding petroleum; and to Messrs. P. B. Cornwall and E. D. Chandler, 
for statistics of coal. In the Eocky Mountain region Mr. Chisolm 
was greatly assisted b.y the following-named gentlemen: Hon. D. O. 
Clark, coal agent Union Pacific Eailroad, Omaha, Nebr.; B. L. Sav­ 
age, superintendent Atchispn, Topeka, and Santa Fe" mines, Eaton, 
N". Mex.: E. Wilder, treasurer Atchison, Topeka, and Santa Fe" Eail­ 
road, Topeka, Kans.; J. W. Bayliss, coal agent Atlantic and Pacific 
Eailroad. Gallup, N. Mex.; F. S. Douty, secretary Eocky Mountain 
Coal and Iron Company, San Francisco, Gal.; James M. John, superin­ 
tendent Consolidated Stone and Coal Company, Trinidad, Colo.; John 
Hopkins, superintendent Denver, South Park, and Pueblo Eailroad coal 
mines, Como, Colo.; 0. D. Peppard, manager Golden Brick and Coal 
Company, Golden, Colo.; J. H. Ferguson, superintendent Star Coal 
Mining Company, Erie, Colo.; H. T. Smith, superintendent Anthracite 
Mesa Coal-Mining Company, Crested Butte, Colo.; M. P. Fox, superin­ 
tendent Fox Coal-Mining Company, Langford, Colo.; Thomas Evans, 
superintendent Union Pacific coal mines, Erie, Colo.; J. B. Daniels, 
agent Atehison, Topeka, and Santa F6 Eailroad, Cerillos, N. Mex.; Hon. 
W. S. Marshall, Marshall Coal Mining Company, Denver, Colo.; G. H. 
Stewart, Colorado Springs, Colo.; Colorado Coal and Iron Company, 
Pueblo, Colo.; Edward L. JSerthoud, Golden, Colo.

The names of the contributors of special technical or descriptive pa­ 
pers appear in connection with the articles furnished by them; and to 
the value of the latter the professional standing of the writers is in 
itself a sufficient testimony—Mr. Charles A. Ashburner, of the State 
geological survey of Pennsylvania, and Mr. F. E. Saward, on coal; Mr. 
James M. Swank, on iron; Mr. S. H. Stowell, on petroleum; Dr. Ed­ 
ward D. Peters, jr., Mr. James Douglas, jr., and Mr. J. B. Gignoux, on 
copper; Mr. O. H. Hahn, on lead; Mr. F. L. Clerc, on zinc; Prof. W. 
P. Blake, on nickel; Mr. F. W. Taylor, on cobalt; Prof. David T. Day, 
on manganese and chromium; Mr. Otto A. Moses, on phosphates; Mr. 
George F. Kunz, mineralogist for Tiffany & Co., on precious stones; Dr. 
E.. W. Eaymond, on the divining rod; Mr. 0. O. Mailloux, on electro­ 
metallurgy; Mr. E. L. Packard, on aluminum; Prof. F. A. Wilber, on 
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HAWAIIAN VOLCANOES

BY CAPT C E

CHAPTEE I 

GEOGRAPHY OF THE HAWAIIAN ISLANDS

The Hawaiian Islands are situated between the meridians 154° 30' 
aud 160° 30' west of Greenwich and between the parallels 18° 40' and 
22° 15' north A line of the least curvature drawn through the axis of 
the group, or through the centers of gra\ itj of the areas of the principal 
islands, would ipproxiinate roughly the segment of a large circle com ex 
towards the northeast The chord of this segment connecting the most 
widely separated points of the extreme islands would have a course 
abont north 60° west, and would have a length of about 350 nautical 
miles, or 40D statute miles The distance of tlie group from San Fran 
Cisco may be stated at 2,000 miles, the steamers of the Pacific Mail 
Steamship Company, which sail monthly to Australia, reckon the dis 
tance to Honolulu at 2,080 miles, and make the trip to that port in about 
seven daj s

Twelve islands are usualh spoken of as composing the group Four 
of these are mere barren rocks which may count for nothing Of the 
remaining eight, four are large islands and four are of much inferior 
though still notable extent, and quite habitable The following list 
shows the approximate extent of the habitable islands

Names

Hawaii
Mini
Oahn
Kanai
Molotal
Lanai
Nnhan
Kadoolawe

Length

Miles
90
48
46
25
40
17
20
11

Breadth

Miles
74
30
25
22
7
9
7
8

Areas

Sq miles
3 950

620
S30
600
190
100

90
60

All of these islands are volcanic No other rocks than volcanic are
found upon any of them excepting a few remnants of raised sea beaches
composed of consolidated coral sands All the lirger ones are very
mountainous and lofty The culminating points of the island Hawaii

3 INT——6 81
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are Manna Kea, 13,900 feet, and Manna Loa, 13,700 feet high. The 
summit of HaleakalA on East Maui is 10,350 feet, and the mountains of 
West Maui attain 5,900 feet.* Oahn has peaks on the eastern side of the 
island 2,900 feet high, and others on the western side 3,850 feet high. 
The loftiest point of Kanai is 'G,200 (?) feet above the sea. All of these 
data are referred to sea-level. Deep-sea soundings in the vicinity have 
recently disclosed the fact that these volcanic piles are only the sum­ 
mits of gigantic mountain masses rising suddenly from the bottom of 
the Pacific, which for' many hundreds of miles around them is only 
moderately diversified. The slopes of Mauna Loa east, -west, and south 
descend beneath the surface of the ocean with a gradient fully equal to, 
if not greater than, the visible slope of its flanks. The submarine slopes 
of all the other islands in directions perpendicular to the principal

* Since Hawaiian names must often occur in the following text it may be desirable to- 
indicate a few simple rules foi their pronunciation.

1. The consonants all have the German sound except w, which is pronounced as in 
English; or better still, they all have the English sound without exception.

2. The simple vowels generally have the pnre German sound. Thus a sounds as the 
German a iu faliren; e has always the same sound as e in mehr; i is the same as the 
French », or as the German ic. The o is the same as in all European languages. The 
« has the sound of oo in English or u (withoutithe umlaut) iu German. There is no- 
other M-sound than this in the language.

3. Vowels in juxtaposition ofteu have the effect of diphthongs. Thus au has the 
German sound as in haus; ao together give the same sound as au; ai has the sound of 
the German ei; and ae sometimes occurs with the sound of the German ei. I believe 
there are no other vowel coinbiuatious which produce diphthong effects. Hawaiian 
scholars deny that there are any real diphthongs in the language and maintain that 
there are only five pure vowel sounds, a, e, i, o, u. The apparent diphthongs are merely 
the inevitable result of the rapid enunciation of two consecutive vowels. Thus if 
anybody will take the sounds of a and u or a and o, as above described, and repeat them 
over and over again as rapidly as possible he will get the German an sound in spite 
of himself. So with a and i, he will get the German ei. The rapid pronunciation of 
a aud e will also give the German e\. The only virtual diphthongs are au, ao, ai, ae

4 There are no silent letters in the written Hawaiian language.
5. No invariable or easily-applied rules for the accentuation of syllables can be 

given, but the following will cover a large majority of cases: (1) Accent every 
alternate vowel or diphthong. (2) Arrange the alternate accents in such a way 
that the final syllable (which is always a vowel or virtual diphthong) shall be unac­ 
cented. Thus, Ho'-no-lu'-lu, Lau'-pa-ho'-e-ho'-e, O-a'-hu, Mo-ku'-a-we'-o-we'-o, Ka- 
ho'-o-la'-we. Perhaps the most important,exceptions to this majority rule of accent­ 
uation which we shall encounter in the following text will be in the name Ha'-le-a'- 
ka-la', where the accent falls on the last syllable; aud in the name Ka-u', where not 
only is the accent pressed strongly upon the last vowel but the a aud u sounds are 
kept as distinct as possible and not permitted to run together into a virtual diph­ 
thong. Where a word ends in two vowels which tend to run together into a diph­ 
thong, the virtual diphthong so produced is almost sure to bo accented. Thus 
Mo'-lo-ka'-i would conform to the majority rule if the last two vowels were kept per­ 
fectly distinct. But in practice they are not; so that the word'becomes-Mo'-lo-ka'i. 
Perhaps a large class o'f exceptions can be made to conform to the rule in the follow­ 
ing way: When a word ends in a virtual diphthong resolve the terminal diphthong 
(but not the preceding diphthongs) into its two constituent vowels and then apply 
the alternate accents so that the last resolved vowel shall be unaccented.
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axis of the group are equally great and possibly somewhat greater. The 
depths attained by these continuous slopes within 30 to 50 miles of the 
shores vary from 2,400 to 3,100 fathoms, or 14,000 to 19,000 feet. Mauna 
Loa and Mauna Kea, referred to their true bases at the bottom of the 
Pacific, are therefore mountains not far from 30,000 feet in height. And 
in general the island group consists of the summits of a gigantic subma­ 
rine mountain chain, projecting its loftier peaks and domes above the 
water.

There is reason to believe that this same submarine chain continues 
in gieat force many hundred miles to the west-northwestward of Kanai, 
for the charts of that portion of the Pacific show iu that direction 
minute islands and shoals strung along at intervals of fifty to a hun­ 
dred miles. These are all in the continuation of the main axis of the 
Hawaiian group. In the year 1875 the Challenger expedition ran a 
line of soundings from Japan to the Hawaiian Islands, about 300 to 500 
'miles south of this presumptive range and parallel to its trend. A re­ 
markably uniform depth of 2,500 to 3,100 fathoms was found.

The magnitude and prqportions of this great mountain range may be 
illustrated by a diagram drawn to scale, representing in the most gen­ 
eral way its transverse profile (PL III). The submarine portion of this 
profile must be interpreted with the greatest latitude. The soundings 
have been made at intervals too wide apart and along lines much too 
few to give us any knowledge of its details. We'do not know whether 
it descends with a uniform sweep or goes tumbling down in ragged, 
ridgy confusion. Further knowledge of the configuration of the sea- 
bottom in the vicinity of these islands is greatly to be desired.

Ou the island of Hawaii the volcanic forces are still in operation. On 
the eastern portion of Mani, they have rested at a very recent epoch. 
In the other islands they have long been extinct, and the piles they 
built up have been greatly ravaged by erosion. On Hawaii there are 
at present two grand foci of volcanic eruption where the fires are still 
raging. These are Mauna Loa and Kilauea. Just west of Mauua Loa 
is the large volcano Hualalai, which gave forth three eruptions in the 
early part of the present century, but^which has been dormant since 
1811. Mauna Kea gives evidence of having reposed for many centuries— 
or throughout a period which, historically considered, may have lasted 
some thousands of years; though, if we value time by the geological 
scale, the date of its last activity would be regarded as very recent. 
Haleakala on Maui gives indications of considerably greater recency in 
its last eruptions than Mauna Kea, but the natives have no traditions 
of any outbreak from it, and we may infer that it has been quiet for 
several hundred years. With regard to the other volcanic centers, we 
have no means of judging of the antiquity of their final action except 
the progress made by erosion in demolishing them, and this progress 
is, in every instance, considerable. It is most conspicuous on Kauai 
and Oahu, and almost equally so on Molokai and West Maui. From
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this it is inferred that the western islands of the group have longest 
enjoyed immunity from eruption. Kauai, especially, is frequently 
spoken of as the oldest island of the group, and judging from the 
amount of destruction wrought upon it by the eroding forces the state­ 
ment is in some-measure apparently justified—but only to this extent: 
the period which has elapsed since the cessation of eruption has probably 
been longer there than in the other islands. It does not follow, however, 
that the eruptions began there any earlier than on Hawaii. Whether 
they did so or not is a question which I see no way of determining.

Mauna Loa—"The Great Mountain."—is certainly the king of modern 
volcanoes. No other in the world approaches it in the vastness of its 
mass or in the magnitude of its eruptive activity. There are many vol­ 
canic peaks higher in air, but they are usually planted upon elevated 
platforms, where they appear as mere cones of greater or less size. 
Begarding the platforms on which they stand as their true bases, the 
cones themselves and all the lavas which have emanated from them 

' never approach the "magnitude of Mauna Loa. JBtna and all its ad­ 
juncts are far inferior, while Shasta, Hood, and Earner, if they were 
melted down and run together, would fall much below the volume of 
the island volcano. We do not know at what level the base of Mauna 
Loa is situated. We only know that it is below sea-level, and probably 
far below it. But on the other hand, it may not be so low as the 
adjoining depths of the Pacific, for, as will appear in subsequent chap­ 
ters, there is evidence that its platform has been hoisted, and to a cou- 
siderable amount, during the progress of its eruptions.

Mauna Kea—"The White Mountain "—is also a colossus among volca­ 
noes, and, in truth, I do not recall another in the world which is equal to 
it in magnitude, except its neighbor, though possibly Mount St. Elias 
may be nearly so. The summit of Mauna Kea is a trifle higher than that 
of Mauua Loa, but its slopes are steeper, and its base is therefore much 
smaller. The magnitude of Mauna Loa is due chiefly to the great area 
of its base, which is nearly elliptical in shape, with a major diameter of 
74 miles and a minor of 53 miles, measured at sea-level.

In the aggregate of its eruptions Mauna Loa is also unrivaled. Some 
of the volcanoes of Iceland have been known to disgorge at a single out­ 
break masses of lava fully equal to them. But in that island such ex­ 
travasations are infrequent, and a century has elapsed since any of such 
magnitude have been emitted, though 'several of minor extent have 
been outpoured. The eruptions of Mauna Loa are all of great volume, and 
occur irregularly, \\ ith an average interval of about eight years. Taking 
the total quantity of material disgorged during the past century, no 
other volcano is at all comparable to it. A moderate eruption of 
Mauna- Loa represents more material than Vesuvius has emitted since 
the days of Pompeii. The great flow of 1855 would nearly have built 
Vesuvius, and those of 1859 and 1881 are not greatly inferior. 

1 Mauna Loa and Kilauea are in many important respects abnormal
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volcanoes. Most notable is the singularly qniet characte: of their erup­ 
tions. Barely are these portentous events attended by any of that 
extremely explosive action which is characteristic of nearly all other vol­ 
canoes. - In only one or two instances within the historic period, have 
they been accompanied by earthquakes or subterranean rumblings. 
The vast jets of steam blown miles high, hurling stones, cinders, and 
lapilli far and wide, filling the heavens with vapor and smoke, and 
hailing down fragments and ashes over the surrounding regions, have 
never been observed here. Some action of this sort is indeed repre­ 
sented, but only in a feeble way. The lava wells forth like water 
from a hot, bubbling spring, but so mild are the explosive forces that 
the observer may stand to the windward of the grandest eruption, and 
so near the source that the heat will make the face tingle, yet with­ 
out danger. Ordinarily the outbreak takes place without warning and 
without the knowledge of the inhabitants, who first become aware of it 
at nightfall, when the sky is aglow and the fiery fountains are seen 
playing. As the news spreads hundreds of people flock to it to witness 
the sublime spectacle, and display almost as much eagerness to approach 
the scene of an eruption as the people of other countries show to get 
away from one.

A direct consequence of this comparatively mild and gentle behavior 
is the absence of those fragmental products which form so large a pro­ 
portion of the products of other volcanoes. The acnte cones which ter­ 
minate the summits of the volcanic masses of the Mediterranean, the 
Andes, the Cascades, the Philippines, are composed very largely of 
scoria, cinders, ashes, and lapilli. Around them and on their flanks 
may be seen a tumultuous throng of parasitic cinder-cones formed of 
lapilli blown upward and showered down around orifices from which 
lavas have in most cases been extruded. On Manna Loa and Kilauea 
few piles of snch fragmental matter are seen, and snch as occur are gen­ 
erally insignificant in size and abnormal in appearance. On neither of 
them is there any summit cone. Their tops are broad, flat-tables, with 
immense pits sunken in them. The ejecta are altogether massive lavas 
and almost nothing else. This is all the more noteworthy, because their 
giant neighbors, Hualalai and Mauna Kea, as well as Kohala Mountain, 
at the northern extremity of the island, are thickly covered with cinder 
cones of most typical form and structure. Neither of the three last men­ 
tioned, however, have any large dominant terminal cone overpowering 
all the rest, like 2Etna, Teneriffe, and Sliasta, but they are sprinkled all 
over from base to summit with cinder cones which are of identical pattern 
whether planted high or low. On the broad, tabular summits they appear 
to cluster'more thickly, but they exhibit no marked superiority of size 
over those below.

The great magnitude of the individual eruptions of Mauna Loa and 
Kilauea, and the absence of fragmental products, supply an explanation 
ot their abnormally flat profiles. Fragmental ejecta pile np around the
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vents from which they are projected, but great streams effluent lava 
inn far away from their sources

The large pits or so called craters which are sunken in the summits 
of Kilauea and Mauna Loa, and the still more remarkable one on Hale 
akala, are not entirely unparalleled, though their analogues in other 
regions are \ ery uncommon Descriptions of these wonderful features 
cannot be given here without anticip itmg too much, and they are there 
fore reserved for subsequent chapters

Earthquakes are of common occurrence m the islands, but they usu 
ally have their centers of disturbance around Mauna Loa and Kilauea 
In the islands to the northwestward the shocks are infrequent and 
feeble and generally consist of the waves generated at Mauna Loa, and 
dj ing out as they recede from it Those frightful devastating convul 
sions of the earth which are so calamitous in some other regions some 
times happen in southern Hawaii, but only at intervals of many years 
Such a one occurred in 1868 But even at the focus of disturbance 
the shocks are seldom of a very alarming or destructive character 
Small or moderate tremors, however, are \ ery frequent

The lavas of all the islands are basaltic throughout Some varieties 
appear to approach or e\ en correspond to andesite (augitic), but they 
are not common * Eocks of the acidic j>r trachytic type are unknown

* The general leader 19 often troubled to understand the meaning of the terms em 
ployed in designating the \ arious species of volcanic rocks It may comfort him to 
know that his perplexity is shared by the profoundest students of llthology, who find 
the greatest difficulty m defining the varieties with which they deal There are, how 
e\ei, some broad and well settled principles to which it may be well here to advert

All lavas are complex compounds of silica and alumina, with oxides known as alka 
line and earthy bases Silica is by far the largest constituent in all of them Second in 
importance is alumina Besides these we have two "earths," lime and magnesia, and 
two alkalis, soda and potash Iron oxide, too, is rarely absent, and frequently forms 
a \ery lirge ingredient Thus we have seven oxides wmch are found in all lav is 
Karely is auy one of them absent, though sometimes the quantity ot some one of them 
may be very small Other oxides are often found, but always under circumstances 
winch lead us to regard them as aecideuta^oecurrences

The proportions of these constituents vary rather widely Ihe following table
shows their ordmaiy ringes of percentages

Per cent
Silica 50 to 75 
Alumina 8 to 18 
Lime 2 to 10 
Magnesia 1 to 6 
Soda 1 to b 
Potash 1 to 6 
lion oxide 1 to 14

Sometimes the percentages are found lying outside of either of the extremes, but 
not tar

Two primary divisions of lavas have long been recognized In one division the 
quantity of silica is very large—say from 62 to 75 01 even 80 per cent , and the other 
constituents are correspondmglj diminished Ihis group has usually been termed the 
aeicTic group from the large quantity of silicic acid (i e, silica) which it contains
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There is a considerable range in the variety of basalt presented, but the 
main features of the group are always strongly pronounced. The lavas 
of Mauna Loa appear to be extremely basic and abound in olivin and 
augite; indeed the quantity of those minerals, especially olivin, is phe­ 
nomenally great in most of the recent flows. The composition of the 
lavas cannot be regarded on the whole as presenting any novel features, 
though the extreme basicity of many of them is quite striking.

Very pleasing are the studies in the pi'ocesses and results of erosion 
which these islands offer to the geologist. In all those portions of the 
islands where quiet has long prevailed the scenery has habitudes of 
extreme boldness and animation. It is always picturesque, very often 
beautiful, and sometimes grand. Cliffs, crags, and canons are carved in 
the mountains with as much 'sharpness and spirited detail as in the 
Plateau country. In West Maui and Kauai may be found walled val­ 
leys and amphitheaters which almost rival Yosemite. The windward 
fronts of Oahu and Molokai present cliffs 2,000 feet high, carved 
in a manner which is quite unique and rarely surpassed by the finest 
sculpture in the valley of the Colorado. Ou the weather sides of 
Hawaii and Maui the gentle slopes of the mountains terminate upon 
the ocean in walls a few hundred feet high, while the platforms are 
gashed with canon-valleys which are marvels of beauty. Over all is 
spread the mantle of a tropical vegetation so rich and splendid that it 
"makes the pomp of emperors ridiculous."

It is- not a little surprising to find those carvings and general details 
of laud sculpture which are produced in the arid climate of our western 
plateaus again confronting us in the extremely wet climate of these

In the other division the silicic acid ranges from 50 to, say, 62 per cent,, and contains 
a correspondingly larger quantity of alkaline and earthy bases. It is, therefore, 
termed the basic group. No hard and fast line separates these two primary divisions, 
but they shade iuto each other with respect to composition, aud even overlap each 
other Still the two divisions may be said to hold good just as wo may say that an 
island has an eastern part and a westeru part, though we may not bo able to point 
out any exact line where the two portions can bo sharply and logically separated. 
The acidio rocks were formerly called trachytes aud the basic locks basalts.

In most cases the two groups are leadily distinguished by the experienced eye, but 
in many instances this immediate distinction is very difficult. As a general rule the 
tray elites are lighter-colored and of less specific gravity ; the basalts are dark or black 
and heavier But this diagnosis is too unsafe to be trusted. A more accurate method 
is found in the study of the minerals or crystals which most lavas contain This, 
however, regimes an extended knowledge of mineralogy and cannot be discussed 
heio

The two primary divisions of acidic and basic rocks have proved to be insufficient 
to meet the wants of lithologists who desne to use great precision in treating of the 
lavas ,This want has led to a subdivisio'n of each division into two groups. The 
trachytic or acid rocks have by many writers been subdivided into a more acidic and 
a less acidic portion. For the more acidic group the name rhyohte has been employed, 
while the name tiachyte has been restricted to cover the moderately acidic rocks. 
Similarly the basalts have been subdivided into a moderately basic group termed 
Jiudesite, while the name basalt has been restricted to the most basic portion.
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islands with such modifications only as seem to be due to the different 
character of the rocks themselves Cliffs, canons, crags, and pinnacles 
are found here m habitudes as typical as those of Utah and Arizona 
The walled amphitheaters of Kauai are as bold and abrupt as those of 
the Vermilion Cliffs in Utah The gorges of Maui and Northeastein 
Hawaii are as truly cations as many of the tributary valleys of the 
Colorado, and yet the climates of the two regions offer the strongest 
possible contrast In the one region the rainfall rarely exceeds 15 
inches per annum, and is, in home localities, less than 8 In the 
other it ranges from 150 to 240 inches Many have supposed that these 
sharp, angular topographic forms in America are due chiefly to the 
aridity of the climate But while there can be no doubt that under 
the circumstances there existing the aridity on the whole favors the 
production of such features, we hive long been awire that it is not to 
be inferred that they may not be produced without it The causes 
which determine the habitudes of topography are very complicated, 
though, capable of being formulated We uow possess a knowledge of 
them which may not be complete though it is adequate to the solution 
of most problems, and it is perfectly intelligible that cliffs and canons 
may be formed in a moist climate as well as a dry one Some brief 
discussion of this will be attempted in subsequent chapters

The climate of the islands piesents considerations of very great 111 
terest It is difficult to find anywhere greater constancy of atmospheric 
conditions than those prevailing over the ocean within the heart of the 
trade wind belt The temperature varies but little from winter to sum 
mer, and the general duft of the atmosphere is rarely interfered with 
by storms and cyclones And yet upon the islands themselves it maj be 
said that there are almost as many clim ites as there are square leagues 
And the differences of climatal condition exhibited by localities sepa 
rated only half a dozen miles are extreme As a geneial rule the wind 
wird sides are excessively rainy, the precipitation frequently exceeding 
200 inches in a year The leeward sides are generally arid, but to this 
there are some (striking exceptions, especially under the lee of Maun i 
Loa, where the rainfall is almost as great as on the weather side The 
explanation of this apparent anomaly is interesting In ascending the 
lofty domes of Mauna Loa we find that above 10,000 feet or e\en 
above 8,000 feet the trade wind is no longer felt, however strongly or 
steadily it may be blowing below Still higher, at 12,000 to 13,000 feet, 
we find the drift of the atmosphere to be in the opposite direction 
This fact is rendered visible below by watching the drift of tne clouds 
The trade wind clouds, which hang low, sail ever to the southwestward 
while the higher cirrus ind stratus float almost m the opposite direc 
tion Wherever the land barrier is low enough to permit the trade wind 
to blow over it the lee of the barrier is invariably dry, and sometimes 
is as paiched and barren as the sage plains of the Bocky Mountains 
The winds throw down their moisture copiously as they rise to the
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dividing crest, and descend hot and dry. But when the barrier is lofty 
enough to effectually oppose the drift of the air the lee becomes subject 
to the simple alternation of daily land and sea breeze. As the sea 
breeze_comes m and ascends the slope it sends down rain. As the land 
breeze floats downward and outward it is dry and clear. The sea breeze 
sets in a little before noon, and the land breeze goes out a little before 
midnight. Relatively to human comfort the climate is perfection. It is 
never hot, and at moderate altitudes it is never-cold. The heat of summer 
is never sufficient to bring lassitude, and labor out of doors is far more 
tolerable than in the summer of New England or Minnesota. The air 
is health itself. Pestilential diseases are unknown, and indeed there is 
no disease of a local character, or which may be regarded as having any 
special development in the islands, except syphilis and a closely allied 
form of leprosy to which the native race is exceptionally susceptible.

Only a small proportion of the area ot the islands is capable of sustain­ 
ing a dense population. The most habitable tracts are near the sea-coast, 
and only a part, or even a small part, of these are really fertile. The 
interior portions are mountainous and craggy, with a thin soil, admirable 
in a few localities for pasturage, but unfit for agriculture. Many parts 
of the shore-belt are arid and almost barren. Others are covered with 
lavas too recent to have permitted the formation of soil, and still others 
are trenched with ravines so deep and abrupt that access is difficult. 
Deep rich soils at altitudes adapted to the growth of the sugar-cane 
probably form less than the fortieth part of the entire area. Shallower 
soils, however, are a little more extensive and yield other crops of tropical 
staples m abundance. The native food consists largely of the taro 
plant (A rum eseulentum), of which the best varieties are grown in shallow 
ponds of fresh water, and I believe in the correctness of the estimate 
that about 40 sqnare feet, or say 2 meters square, will yield taro enough 
to snpply one man for a year, this being his principal food. Wet taro 
lands are limited to a few hundred acres on account of the scarcity of 
running water; but these few hundred acres would have supported 
nearly a thousand-men per acre! Humboldt's estimate of the food 
capacity of the banana is lower. Another variety of taro is grow upon 
the mountain slopes, in moist soil, but it is regarded as_somewhat 
inferior. The sweet potato grows among the rocks in a marvelous way, 
almost without-soil, and 'flourishes in belter ground m a most prolific 
manner. The common potato sometimes thrives greatly, but is gen­ 
erally ravaged by worms. Wheat was formally cultivated on high 
lands for the California market, but the islands now receive all their 
cereal products from California. The coffee plant not only flourishes < 
here, but the quality is equal to that of the most famous and choicest. 
The " Kona" coffee is superior to the Mocha and eqnal to the best Libe- 
rian. The climate is also very favorable to the growth of the long- 
staple sea-island cotton, but as this variety must be picked by handj in-
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stead of being ginned, the high price of labor in the islands renders its 
culture unprofitable.

Tropical fruits of nearly all kinds grow in the greatest abundance, 
tho orange, lemon, lime, mango, pineapple, chirimoya or custard-apple, 
the alligator pear, pomegranate, and guava, all of which are exotic. 
The banana is indigenous, and is the most abundant of all fruits. One 
fruit, very common and peculiar to the Pacific islands, is the ohia-apple, 
which is soft, juicy, mildly acid, and beautiful to the eye, but rather de­ 
ficient m flavor. It is about as large as a rather small apple, and con­ 
tains a single large drupe. Mucli zeal has been shown by the white 
residents in introducing many varieties of tropical trees and shrubs, so 
that now a very large part of the flora is of exotic origin. Many varie­ 
ties of palms, the choicest trees of India, the caoutchouc, the papaya 
of New Grenada, the traveler's tree of Madagascar, are among the 
more conspicuous, and they appear to flourish as well as in their original 
soils.

The chief industry of the islauds is the cultivation of the sugar-cane. 
For this their soil seems better adapted than any other in the world. 
The yield will average about 5,000 pounds of sugar to the acre, and 
choice fields sometimes yield twice that amount. Under the existing 
reciprocity treaty between the United States and the Hawaiian Islands 
this industry has expanded with great rapidity until it has brought 
under cultivation very nearly all of the easily available land which is 
suited to it. Large amounts of American capital have been invested in 
the plantations and in the accessory commerce, with great advantage 
to both countries.

I regret most deeply that 1 have been unable to procure a good map 
-of the island of Hawaii—the largest of the Hawaiian group and the 
theater of the great living volcanoes. There is no such map in exist­ 
ence. But fortunately much progiess has been made towards the con­ 
struction of one which will, no doubt, rank high among first-class maps. 
I ani indebted to Prof. W. D. Alexander, the surveyor-general of tlie 
Hawaiian Kingdom, for excellent maps of Maui and Oahu, which have 
been reproduced for this memoir on one-fourth the original scale. The 
survey now in progress under Professor Alexander is an admirable one; 
in truth, a model m its way. The circumstances which have led to it 
are worth reciting.

When the Sandwich Islands were discovered by Captain Cook the 
people were by no means savages, but had a state of society so well 
organized as to be quite as much above savagery on the one hand as it 
was below civilization on the other. In truth, it is with no little sur­ 
prise that the student finds this social condition to have been remark­ 
ably similar to that of Europe in the dark ages. The social system was 
almost exactly the feudal system. The French and Saxons of the ninth 
and tenth centuries, no doubt, were greatly in advance of the primitive 
.Hawaiians of the eighteenth century in respect to the arts; but it is
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difficult to understand in what respect their social organization was 
.any higher. These old Hawauans held land by about the same sort of 
tenure as the subjects of Charles Le Gros and King Knut. The king 
was a petty suzerain in whom alone the allodium vested. The chiefs 
held lands substantially in fief and for military service, while the com­ 
mon people were mere villeins and tenants at will. Civilization made 
progress with this people as rapidly as it has with the Japanese. In 
twenty-five years after the landing of the missionaries (1820) the whole 
people had, in a great measure, become Americanized. With the great 
social revolution came the necessity for a change in the system of land 
tenure from the feudal system to the fee simple, with a record title. 
Lauds had always been subdivided by metes and bounds from.time 
immemorial, and their locations had, in the absence of the art of writing, 
been handed down—by tradition, indeed, but with an accuracy and 
rigor for which tradition is only an imperfect expression. To make 
these titles, as defined in metes and bounds, subjects of court record a 
survey was necessary. It was undertaken and carried forward on a 
scale commensurate with its importance, and the Hawaiian Government 
is to be congratulated in having secured for the work an administrator 
so able, faithful, and efficient as Professor Alexander. The survey of 
Oahu and Lanai, so far as the general map is concerned, is complete. 
Maui is nearly finished. Much has been done on Hawaii, but the end 
is so far away that some years must elapse before a good map-is possi­ 
ble. The survey of Kauai is begun on the new system, but the map of 
that island now existing is a compilation from former surveys upon a 
less systematic plan.

I cannot sufficiently thank Professor Alexander for his courtesy in 
supplying me with copies of maps specially drawn for my purposes. 
But the want of a good map of Hawaii I lament greatly. So imperfect 
is the only one at present obtainable that I have felt obliged to refrain 
from attempting to delineate upon it some very important features con­ 
nected with recent eruptions, from the fear that they would be mis­ 
leading.



CHAPTEE II. 

A JOURNEY TO KILATJEA.

The supreme attractions which these islands present to the geologist 
are the great volcanoes of the island of Hawaii. This island is very 
scantily inhabited; is of great extent, and presents certain difficulties 
in the way of travel which require special preparations to encounter 
them successfully. Most travelers rely upon the hospitality of the 
islanders for furnishing the necessary facilities. Although this hospi­ 
tality is rendered with a heartiness and freedom which no one can recall 
without emotion, an European or American traveler is generally reluc­ 
tant to lay himself under such obligations. He soon finds, however, that 
it is necessary to accept these kindly attentions in the spirit m which 
they are tendered. But if he contemplates a journey outside of the 
beaten paths of travel, and desires to see any considerable portion of the 
island, he mnst rely upon other resources. I therefore determined to 
fit ont a pack train, after the customary manner of the Geological Sur­ 
vey in its explorations of the Kocky Mountains, aud for this purpose 
purchased at Sau Francisco and Honolulu the necessary material.

In selecting a point on the island of Hawaii as the base of operations 
I was governed by the following considerations. Travelers generally 
land at Hilo for the purpose of visiting the volcanoes. This town is sit­ 
uated upon the rainy side of the island, and wet weather is very obnox­ 
ious to the field geologist. The southern side of the island is much 
drier, and the country more open and free from forest. The great vol­ 
canoes are quite as accessible from the south as from the east, and.the 
difficulty of obtaining animals and packers was no greater. I there­ 
fore selected the southern or Kau side of the island as the point from 
which to approach Mauna Loa and Kilauea. A steamer runs weekly 
from Honolulu to Hilo. A second steamer inns from Honolulu to the 
southern coast of the island, making the round trip in ten days. Tak­ 
ing passage on the Kau steamer on Tuesday afternoon, I reached the 
southern side of Hawaii-early on the Thursday morning following, land­ 
ing m boats a little before daybreak. I was most kindly entertained 
and cared for at the Naalehu sugar plantation, situated near the village 
of "Waiohmu. Here I was -so fortunate as to secure nine serviceable 
animals, and the assistance of a white resident of that village, named 
Macomber, who had resided on the island for about thirty years. He 
was a clever tradesman, being a good carpenter, blacksmith, and sad­ 
dler, and thoroughly accustomed to the management of animals. The 
use of packs, after the manner of our western mountaineers, was little
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known here, and I therefore gave it .my personal supervision. In the 
course of six days everything was in readiness. One more man was 
needed to assist in taking care of the animals and packs, and for this 
purpose Macomber obtained for me the services of a native who was 
said to be more familiar with Mauna Loa than any person now living. 
He proved to be an excellent man, and of great assistance in many 
emergencies.

My packs contained a tent, blankets for the entire party, cooking 
utensils, six weeks' provisions, and a dry-plate photographic apparatus. 
It also contained two sheet-iron vessels for carrying water, each having 
a capacity of about eight gallons.

The first journey was to Kilauea, the distance from Waiohinu being 
by road about forty-five miles. The entire route was full of interest 
and instruction, and it may be well to note some of the more striking 
details by the way.

It is to be remembered that the long and gentle slopes of Mauna Loa 
are merely the surface of a mass of lavas which have been piled over 
each other in the form of lava streams poured out at intervals through­ 
out an epoch of vast but unknown duration. These great lava floods 
burst out seemingly in a most capricious manner here, there, and every­ 
where. They break out far more frequently at or near the summit than 
npon the lower flanks of the mountain, and so vast is the amount of 
lava outpoured at each eruption that the streams often reach literally 
from the summit to the sea, spreading out from a quarter of a mile to 
two or three miles in width. Upon such a broad surface as that of 
Mauna Loa it must necessarily happen that some portions may lie for 
many centuries unscathed by fire, aud during tins period of immunity 
the lavas decay, soil is formed upon them, and accumulates"to the depth 
of many feet. The district of Kau, therefore, exhibits many wide ex­ 
panses of comparatively recent lava streams with intervals which have 
escaped the devastating flow of lava for so long a period that they are 
now deeply buried in soil. Upon such an interval is located the large 
Naalohu sugar plantation, which extends for a space of about four miles 
from the village of Waiohinu to the village of Honuapo. The land 
here is from 600 to 800 feet above the sea, and descends by a very 
gentle slope towards the ocean, suddenly ending in lofty cliffs~which 
plunge at once into deep water. A little distance inland the country 
rises suddenly by steep slopes to a height of about 1,800 feet, forming 
bold and well-rounded hills. These hills are, for the most part, com- 

. posed of soil, holding, however, intercalated beds of lava which crop 
out here and there. The principal mass of these hills is soil. If we 
iascend their summits we find ourselves, at a height of about 1,800 feet 
above the sea, upon a broad terrace which has a gentle, almost imper­ 
ceptible slope upwards towards the mountain. I shall have frequent 
occasion to allude to this peculiar mode of formation, for it has an im- 

• portant bearing upon certain conclusions to which I have been led
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concerning the progressive upheaval of the southern part of Hawaii. 
The same formation occurs around the entire southern part of the island, 
though it is often more or less masked by recent lavas. The general 
idea which I wish to convey is that as the slopes of Mauna Loa ap­ 
proach the sea they disclose two and sometimes several terraces, one 
from 1,800 to 2,500 feet high, the other from 500 to 1,000 feet high. 
These terraces are composed of alternations of heavy beds of soil and 
lava sheets, the masses of soil largely predominating. We shall see 
more of these terraces as we proceed on our journey.

A good road leads from Waiohinu to Honuapo, the distance being, 
about five miles. Through about two-thirds of that distance it runs 
along the terrace, at a height of 600 to 800 feet above the sea, and at 
length winds down the hillside to the beach at'Honuapo. As we de­ 
scend the hill we have upon our right a vertical cliff formed by the 
waves driven against it by the trade-wind. Directly in front of us, to 
the northeastward, are the long slopes of Kilauea descending, by a very 
gentle declivity, to the ocean, and projected against the horizon, 30 or 
40 miles away. Here was pointed out to me a scarcely perceptible 
break or jog in the far distant profile of that slope, and I was told that 
it was the brink of the western wall which looks down into the great 
amphitheater of Kilauea. When night comes the observer may from 
this point behold the heavens aglow with the fires of that wonderful 
place.

As we reach the bottom of the hill we find ourselves upon a low 
platform a few feet above sea-level. The terraces now recede inland 
two or three miles, and present themselves under forms which are quite 
novel and striking. The view of them is somewhat distant, but is more 
comprehensive for that very reason. The eye of the traveler will be 
caught instantly by some large hills of singular form situated about 
four miles to the northeastward of Honuapo. Any one who has seen 
the mesas and buttes of the Plateau Country of- the Eocky Mountain 
region will be instantly struck by the resemblance which these hills 
offer. In reality they are veritable buttes, having the flat summits, the 
steep slopes, with the. angular and rectilinear ground plans, so often seen 
in the western regions of our own country. These masses are separated 
from each other by wide valleys having every appearance of valleys of 
eros on. Down these valleys vast streams of lava have descended, 
spreading out in wide fields over the low plain which lies between the 
terraces and the sea. Near the ocean they are black, gloomy, and hor­ 
rible in appearance, exhibiting a roughness which, when beheld for the 
first time, impresses the beholder with a feeling which is half amaze­ 
ment, half amusement. As the eye follows these streams upward to­ 
ward the source whence they came, it perceives that vegetation gradu­ 
ally appears, becoming more and more abundant the further upward it 
is followed, until the blackness of the stream is finally lost to sight in 
the mantle of living green. It is always interesting to note that those
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portions of the recent livi beds which are situated in a drj climate re 
main foi v erj long periods without a trace of \ egetatiou, while the por 
tions which are kept moist by rain ire clothed with herbage and even 
trees after the lapse of a very few jears He may observe, also, how 
the stream becomes verv narrow where the slope is steep, but as soon 
it strikes a very gentle declivity it spreads out to tenfold or even 
twenty fold width, and attains increased thickness

The plain to the east of Honuapo and between the recent lava flows 
is quite smooth It is floored with more ancient lava, which is only half 
covered by a film of soil a few inches m thickness Here it is ueces 
saiy to describe the two strongly contrasted forms presented by lava 
streams on these islands

The first form is called by the Hawanans pa ho e h6 e Its general 
character can be appreciated-far better by a drawing or photograph 
thin by verbal descnption Imagine an army of giants bringing to a 
common dumping ground enormons caldrons of pitch and turning them 
upside down, allowing the pitch to rnn out, some running together, some 
being poured ovei preceding discharges, and the whole being finally left 
to solidifj The individuality of each vessel full of pitch might be half 
preserved, half obliterated The surface of the entire accumulation 
would be embossed and rolling, by reason of the multiplicity of the 
component masses, but each mass by itself would be slightly wnnkled, 
yet, on the whole, smooth, involving no further impediment to progress 
over it than the labor of going up and down the smooth surfaced hnm 
mocks We always considered journeying over pahoehoe as good trav 
eling by comparison

The second form of the lavas is called by the natives a a, and its 
centrist with pahoehoe is about the greatest imaginable It consists 
mainly of clinkers sometimes detached, sometimes partially aggluti 
nated together with a bristling array of sharp, jagged, angular frag 
ments of a compact character piojecting up through them The aspect 
of one of these aa streams is repellent to the last degree, ind may 
without exaggeration be termed horrible For one who has never seen 
it, it is difficult to conceive such superlative roughness

Why the same lava stream should in some portions of its extent take 
the form of pahoehoe and in otheis take the form of aa seems at first 
mysterious, bnt the explanation is not difficult, and it will appeal very 
clearlv when we come to examine the virying conditions which attend 
the flow of lavas and the circumstances under which they finally cool 
and sohdifv When these lavas are discharged they come up out of the 
grouna in enormous volumes, are intensely heated, and are very liquid 
The vents being situated high up on the mountain where the slopes are 
considerable, they at first descend with immense velocity, running fifteen 
or twenty miles per honr, and so copious is the supply that they often 
reach a distance of eight or ten miles from the orifice before they feel verv 
sensibly the effect of cooling Wherever the slope is steep they run with
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great velocity. Where the declivity is less the velocity greatly dimin­ 
ishes and the flood spreads out over wider areas. As they become cooler 
they become more viscous. The cooling takes place upon the surface 
of the mass while the interior still remains hot and preserves a viscous 
liquidity. The superficial crust of cooled lava undergoes rupture at 
numberless points, and little rivulets of lava are shot out under pres­ 
sure. Preserving their liquidity for a short time, they spread out very 
thin and are quickly cooled, forming pahoehoe. Scarcely is one of these 
little offshoots of lava cooled when itis overflowed by another and similar 
one, and this process is repeated over and over again. In a word, pa­ 
hoehoe is formed by small offsoots of very hot and highly liquid lava 
from the main stream driven out laterally or in advance of it in a suc­ 
cession of small belches. These spread out very thin, cool quickly, and 
attain a stable form before they are covered by succeeding belches of 
the same sort.

The fields of aa are formed by the flowing of large masses of lava 
while in a condition approaching that of solidification. Ordinarily 
they are very thick and cover a very large area, representing therefore 
an enormous mass comparable to that o't a glacier. The movement is 
in some respects glacier-like, but with this difference ; instead of having 
a sensibly constant temperature throughout, it is hot within and more 
or less viscous and nearly cooled on the surface. A mass so large but 
still plastic undergoes, for a considerable time, a slow movement 
amounting to perhaps a few hundred yards or even a few hundred feet 
in a single day, gradually becoming slower until at last it ceases. Dur­ 
ing this slow glacier-like motion crushing strains of great intensity are 
set up throughout the entire mass, and its behavior conforms strictly 
to that of viscous bodies. The superficial portions in part yield plasti­ 
cally to the strains, in part yield by crushing, splintering, and fissunug. 
The result is a chaos of angular fragments. The aa streams are always 
thicker than the pahoehoe and rise from 50 to 80 feet above them, being 
bounded by a margin of low cliff and talus.

As already remarked, the same lava stream may exhibit pahoehoe 
or aa, according to the circumstances attending the flow, and the final 
form which the stream takes is quite independent of the chemical con­ 
stitution of the lava. Excellent illustrations of both kinds may be 
foundright here at Honuapo,and, in truth, there are 110 better contrasts 
of the two methods of solidification upon the island. About a mile 
from the village, as we proceed eastward, is an immense stream of quite 
recent aa a mile and a half in width and extending inland to one of 
the valleys between the terrace buttes before alluded to. A very good 
trail has been macadamized across the field, which would otherwise be 
literally impassable. As we traverse it we are deeply impressed with 
its rough, horrible aspect. Although this flow has an appearance of 
extreme recency the natives have no tradition concerning the period of



BUTTON] BUTTES AND TERRACES. 97

its outbreak. No doubt it is more than a century old, and very likely 
more than two centuries.

The trail after leaving this stream descends again upon older pahoe- 
hoe partially covered with thin soil, and this continues for a little more 
than a mile, when it ascends a second field of aa broader and more rug­ 
ged if possible than before. It has also the same aspect of recency, 
though tradition is equally silent concerning its age. From the sum­ 
mit of this stream the eye again reverts northward to the terraces, 
now a little more than two miles distant. Their aspect and form are 
now more striking than before. It was here that their meaning first 
began to dawn upon me. Eight at the base of the most striking one, 
as well as upon its slopes and summit, is situated what is known as the 
Hilea plantation. In the latter part of my journey I visited this local­ 
ity, where I was most hospitably entertained by the manager of the 
plantation. I examined these buttes and terraces and found them to 
consist of masses of soil, with intercalary sheets of lava, identical in all 
essential respects with the terraces at Naalehu and Waiohinu. Per­ 
haps this is as good a place as any in which to discuss them and their 
meaning. (See PI. IV.)

The alluvial material which constitutes the greater part of thesebnttes 
is mostly fine and contains but little coarse fragmental matter. The 
deposition of such material as surface alluvium is governed by perfectly 
definite laws, which are now pretty well understood.* The fragmental 
material produced by the decay of rocks is gathered by the streams and 
carried downward. This debris is in all stages of comminution from the 
finest silt to coarse rubble and bowlders. The power of the stream to 
transport it depends upon the velocity of the running water, and this 
velocity in turn depends upon the declivity of the bed. This declivity 
varies along its length in an irregular manner, but on the whole, or tak­ 
ing averages, the declivity of any stream becomes greater the higher 
up we go towards its sources. Therefore its ability to transport debris 
is greater above and less below. Hence, too, the d6bris which it gathers 
and carries easily in its upper reaches is in part dropped or deposited 
lower down. Thus we find the explanation of the generally observed 
fact that streams tend to cut down their channels in their upper courses 
and often build up their beds by deposition lower down. We may be 
very sure therefore that when a stream deposits at any place consider­ 
able quantities of fine detritus its gradient at that place must be more 
feeble. Now the buttes at Hilea stand from two and a half to three 
miles from the sea, and the lower ones are about 1,200 feet high. Under

* We must, of course, be sure in the first place that the materials under discussion 
are really alluvial. Soil often forms in situ by the decomposition of lava beds, and in­ 
stances of it are abundant on Maui and Oahu, some of which will be spoken of here­ 
after. Some of the soils so formed might be easily mistaken for alluvium, though 
careful examination of good exposures will generally decide the question. In the pres­ 
ent instance there is abundant evidence of the alluvial origin of the deposit.

3 INT———7
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the conditions now existing it is obviously impossible that these large 
masses of fine debris could have been deposited as alluvium. The average 
gradient between them and the sea is far too great. Some other state 
of affairs quite different to that we now see must have existed when 
they were built up. Nor is the required condition hard to suggest. If 
we assume that the land has risen 1,200 to 2,000 feet the difficulty van­ 
ishes. We should then find the running water checked by its confluence 
with the sea at these levels and able to deposit sediment in abundance. 
In further support of this inference let us look at the valleys which sep­ 
arate the buttes. These are like any other valleys of erosion, and rep- 
icsent presumably just so much material removed from the intervals 
between buttes. The cause of the valleys becomes plain. The rise of 
the land would at once give greater declivity to the streams seawards, 
and the process of alluvial deposition would give place to one of excava­ 
tion. The streams would cut down their beds into the soft earth, and 
the rains would wash the sides of the cuts, gradually widening them out 
into broad valleys. This is the process of butte formation, exemplified 
in thousands of clear cases in the Plateau country and in many other 
regions. The bnttes are mere remnants of a large alluvial formation 
which was originally continuous.

The evidence of such an occurrence as the one supposed, if it be a 
veritable occurrence, connects itself with many other facts, and the 
force of the evidence of its verity is chiefly in its cumulative charac­ 
ter, like that of the reality of a glacial period. The more we see of this 
country the more will the evidences accumulate that these buttes are 
silent witnesses of an extensive upheaval of this part of the island at 
an epoch not very remote.

The terrace of which these bnttes are remnants is seen with more or 
less distinctness all around the southern part of Hawaii, except in those 
places where it has been completely buried by many lava streams. 
Sometimes it is so much ravaged by erosion that the mind fails in the 
effort to restore it imaginatively. But at the right places we are sure 
to find it, even though it is sometimes battered and mutilated. The 
existence of such a terrace, indeed of two or three of them, raises at 
once the conviction of some common cause for them, and the cause sug­ 
gested meets the problem exactly.

It is difficult to estimate with precision the amount of elevation at­ 
tested by these terraces, but there are evidences still legible of several of 
them—one of them 1,200 to 1,400 feet high, another about 2,800, and per­ 
haps, though more doubtful, a third at 3,400 feet. Behind the fore­ 
most buttes of Hilea may be seen the remnants of an older and loftier 
terrace in a much more advanced stage of decay. This upper terrace 
is so far wasted in this vicinity that the geologist might hesitate to 
draw any conclusion from the remnants. But further to the northeast 
it presents itself in a more significant form, and the evidence becomes 
more coherent.
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Descending from the second field of aa, the road again reaches the 
beach at a little village called Punaluu. Just where the trail strikes 
bottom is a little pool containing tule-grass and water-cresses. The 
water is slightly brackish, and a stream is seen emerging from a tunnel 
in the rocks at about the level of mean tide. Since this is a common 
occurrence and has much significance, it may be nsed as a text for a 
short sermon upon the drainage of Mauna Loa. Upon all the broad 
surface of this mountain there is hardly a living stream, however small. 
Yet the amount of precipitation is very great; but the rain instantly 
sinks into the rocks, and only during the most copious showers and 
storms does it gather even temporarily into floods or rivulets. The 
waters escape to the sea by subterranean passages. As we shall see 
further on, the mountain mass is full of such passages, and some of 
them, no doubt, receive the drainage. The escape of the waters is much 
like what would happen if water were poured upon a pile of loose sand 
or gravel resting upon an impervious platform. It would sink into the 
interstices ar 1 escape around the base of the pile. It is so with Mauna 
Loa. At very many points around its base and just at the level of the 
sea may be noted these escaping s' .earns. Many of these subterranean 
rivulets find access to the ocean below sea-level, and I have frequently 
been told of places along the coast of Hawaii where the natives take 
their canoes or swim out from shore and plunge down to the bottom to 
obtain fresh water. I have also been told that a species of sturgeon is 
caught near the southern cape of Hawaii in a hundred fathoms of water, 
where the T .tives assert that it is only brackish. They also assert that 
this fish is caught nowhere else.

At Punaluu the road leaves the sea-coast and extends inland, ascend­ 
ing by a long and gentle slope. It lies over pahoehoe partially covered 
by thin soil. At several points it crosses shallow channels scored in 
the rocks by streams which run only during the heaviest rains. It is. 
well to note such facts, for they show us that although there are no per­ 
ennial streams upon the mountain as yet, there are spasmodic ones, 
and whenever the volcano becomes extinct these may at length become 
permanent water channels, unless they are overflowed by future erup­ 
tions.

About five miles from Punaluu is the Pahala plantation. It is situ­ 
ated upon the lower portions of the alluvial terrace. Here the thinly 
covered lava platform gives place to great depths of flue, rich soil. 
Towards the mountain the alluvial land rises rapidly with a few inter­ 
calary masses of lava. The terrace is here much broken down and 
sloped off by erosion, but its lineaments are still perfectly distinguish­ 
able, and its character is not to be mistaken. Winding onward through 
the plantation for a distance of about three miles and steadily ascend­ 
ing, we at last reach the summit of the lower terrace, at a height of 
about 1,600 to 1,800 feet above the sea. Its surface is somewhat un­ 
even, and the altitudes at different points may vary as much as 200
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feet. Still further inland the higher terrace now presents itself more 
conspicuously than heretofore, and in a very striking manner. Its 
height is about 1,000 feet above the lower terrace. Its upper plat­ 
form is sensibly smooth to the eye, while its face descends by a very 
steep slope. It is composed principally of alluvial soil containing beds 
of lava.

Here the road deflects to the right a little, and leads along the surface 
of the lower terrace and about a mile from the foot of the upper one. 
It soon crosses what is known to the inhabitants by the name of the 
great mud-flow, which took place in the year 1868, during the prevalence 
of a period of terrible earthquakes, accompanied by an immense wave 
from the sea rolling in upon the southern coast, and also by one of the 
great eruptions of Mauna Loa upon the southwestern side of the mount­ 
ain, about thirty miles from here. The scenes which occurred during 
that momentous period were described to me by several people who 
witnessed them, and an account of them will be given in another chap­ 
ter. The so-called mud-flow of Kapapala took place during the culmi­ 
nating part of this earthquake period, aud was very probably started by 
one of the severest shocks. The principal alluvial terrace at this 
point is composed of unconsolidated clay, and it was saturated with 
water supplied by springs. The face of the terrace is very steep as 
well as very lofty, and it is easy to understand how the mass saturated 
with water might have been put in motion by a severe earthquake 
shock. Certain it is that a great land-slip occurred, and an enormous 
mass of clay containing some gravel and a few small bowlders detached 
itself from the great bank and flowed about two miles and a half, with 
great swiftness and in a stream about a third of a mile in width. So 
sudden and swift was the movement that the people of a native village 
directly in front of it who saw it coming were overwhelmed by it, and 
about thirty of them were buried. Not an individual who was in its 
way had time to escape, and those who were spared were such as hap­ 
pened at the time to be in positions which the flow did not touch. So 
far as I can learn, no evidence of hoat or volcanic action attended this 
catastrophe, although some accounts (which I do not credit) represent 
that it was accompanied by exploding steam. It appears, however, to 
have been a genuine land-slip detached by an earthquake, the materials 
composing it having been rendered sufficiently fluent by saturation 
•with water. For several months the mud stream was so soft that it was 
iimpassable. At present it is overgrown by rank grass which affords 
excellent pasturage. Its thickness appears to be between forty and 
sixty feet.

A little beyond is situated what is known as the Knpapala ranch. 
It is one of those localities which seem to possess local importance and 
interest for which no sufficient reason can be assigned. Probably, how- 
fiver, its notability may be associated with the fact that it is the last 
watering-place on the road to Kilauea, and is also a halting-place for
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travelers who wish to ascend Mauna Loa. The traditional hospitality 
of the natives to whom it originally belonged, and of the white propri­ 
etors who have succeeded them, is, no doubt, a still more intelligible 
reason. It also has an importance somewhat analogous to that of some 
of our western hamlets where several lines of railroad intersect, for at 
this point several divergent roads lead to as many different parts of the 
island. Here, too, we begin to pass into a tract of lavas which appear 
to be associated in part at least, if not chiefly, with Kilauea as distin­ 
guished from Mauna Loa.

It is customary to speak of Kilauea as a mere appendage of Mauna 
Loa and situated upon its flanks. As my familiarity with the lelations 
of the two increased, it produced a growing impression of distinctness 
in the two volcanoes. As we approach Kilauea from the Kau side this 
impression of distinctness will, I think, become stronger and stronger.

From Kapapala the road winds on, slowly and steadily ascending 
over ancient fields of pahoehoe thinly covered with soil. The lavas here 
have buried the lower terrace, and now and then an ancient flow from 
Mauna Loa is seen descending from the upper terrace, merging with the 
lavas below. Half a mile from the ranch the trail passes a deep cavity 
in the ground, and the rocks ring hollow beneath the feet. It is a 
common occurrence, and one which we might have noted before, because 
we have passed many such already on our route. It is an old lava pipe. 
A lava stream which has been flowing for several days gradually forms 
an outer covering by the superficial cooling of the lava, making a regu­ 
lar tunnel. Probably no great eruption takes place without the forma­ 
tion of several such tunnels, perhaps many of them. They are often 
of great extent and even as much as three or four miles in length. Here 
and there the roof of the tunnel falls in. Sometimes a single slab drops 
in, forming a skylight for the cavern below. More frequently the tun­ 
nel preserves its arch. There are literally thousands of these tunnels 
throughout the mass of Mauna Loa. Their transverse dimensions are 
highly variable, sometimes expanding into a great chamber GO or 80 feet 
in height and of corresponding width, again contracting to an aperture 
of a few square yards. So numerous are these caverns that it seems as 
if they must form some appreciable part of the entire volume of the 
mountain.

The lavas we are traversing in the vicinity of Kapapala no doubt 
originated from Mauna Loa. But a little to the right and seaward is a 
barren wilderness of black lava which certainly originated in chief part 
at least from the purlieus of Kilanea; for at a distance of about four 
miles from Kapapala the trail descends upon this plain, reaching a spot 
from which the general surface again ascends in all directions except 
to the southwest. Manna Loa is npon onr left and the long declivity 
of Kilauea is upon our right, and we ride along a line where the two con­ 
ical surfaces intersect. Undoubtedly the lavas from the two sources 
are blended together and alternate with each other. Upon our right
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also, at a distance of about three miles, may be seen four or five cinder 
cones standing upon a line which, if prolonged, would pass into the 
great basin of Kilauea. These cones are conspicuous rather for their 
rarity than for anything else. The geologist who has rambled much 
among the scenes of recent volcanism will greatly miss these almost 
invariable accompaniments of activity, and wonder at their paucity. 
The line of cones seen upon our right is situated upon a fissure, the pro­ 
longation of which carries it directly into the pit of Kilauea. There 
are several fissures traversing this great lava-plain, all radiating from 
Kilauea, and from some of them volumes of steam are still issuing. 
This is a noteworthy fact, pointing to the individuality of Kilauea as a 
distinct volcanic center. We shall find that similar fissures radiate 
from the summit of Mauna Loa.

And now for a time the trail winds pleasantly along upon a grassy 
bottom of soil with the lava beds upon our right and an alluvial bank 
upon our left. This alluvial bank, no doubt, is a degraded exposure of 
one of the alluvial terraces hitherto noted, which just here has escaped 
burial by recent lavas. At length the trail leaves the alluvial bottom 
and runs into the broad fields of naked pahoehoe. Around us and 
reaching southward and eastward into the dim distance is a barren 
desolate waste of rolling and smoothly rounded hummocks of solid 
rock. Once, no doubt, they were black as coal, but now they are 
faintly brownish or ruddy from weathering. The path winds tortuously 
among them, now making a detour to escape some shattered pile or 
ragged crack, now tumbling over a wrinkled, contorted knoll of solidi­ 
fied lava.

The first impression produced by the sight of one of these vast fields 
of naked lava is very memorable. It has something akin to the first 
prospect of the sea or the great plains, or an arctic ice-field. It con­ 
veys a sense of grandeur, solemnity, desolation, but above all, monotony. 
Very impressive, too, is the sense of magnitude and power which it pro­ 
duces. Barely are such widespreading lava wastes to be found else­ 
where in the world. Probably those of Iceland equal them, and those 
of the Snake River country incomparably surpass them, but I know of 
no others of equal magnitude. The journey over them is monotonous 
and wearisome, for the rolling surface for the most part shows no more 
diversity than the prairies of Iowa or a newly planted corn-field. And yet 
there is one diversion. After a few miles of pahoeboe we find ourselves 
in front of an ugly, ominous barrier, which scowls and bristles across 
ithe path as if to forbid a nearer approach to the Inferno beyond. It is 
ithe edge of a great field of aa, stretching for many a weary mile across 
tithe broad expanse of rolling pahoehoe. A good trail has been macad­ 
amized across it with a course as straight as an arrow. It has the ordi- 
.nary aspect with which we have already become familiar in the great 
ifields of aa between Honuapo aud Punaluu. It seems, however, to be 
iSomewhat older than those, or rather it has been more discolored by
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•weathering, which, however, is not a safe guide to inferences concern­ 
ing age, siuce the amount of weathering depends altogether upon cli­ 
mate. This field of aa came from a prehistoric though doubtless recent 
eruption, from a vent situated upon the northeastern flank of Mauna 
Loa, at an altitude of about 8,000 feet, and about seventeen or eighteen 
miles from the summit. It rivaled in magnitude the great historic erup­ 
tions, and it eventually reached the sea on the Kau coast about five 
miles east of Punaluu. The entire length of the stream was about 
twenty-three miles. The upper portion of it is composed largely of 
pahoehoe. But where it strikes this phlegrean field on which we are 
traveling the very feeble slope checked its velocity, enabling it to spread 
out and to flow sluggishly. In accordance with the mechanism already 
described, it here takes the form of aa. But further on to the south­ 
ward, where the slope again becomes much greater, the stream narrows, 
and for the most part takes the form of pahoehoe. Here at its narrowest 
part the field of aa is a little over a mile in width, and its thickness is 
probably between 60 and 80 feet. There is no tradition indicating the 
time of its eruption.

Descending the eastern wall of this field of aa we are once more upon 
a vast expanse of pahoehoe. The journey now becomes toilsome. The 
hummocks of lava are large and high and the animals lurch and strain 
as they scramble over them. But as the surface in detail is otherwise 
smooth the hardship is limited to severe work, the foothold being per­ 
fectly secure. For about four miles the trail keeps near the barrier of aa, 
winding among the hummocks of pahoehoe. At length it deflects away 
from the aa and points as straight as possible for Kilauea. The ascent 
is very gradual and it is only by consulting the barometer that we be­ 
come conscious how rapidly we are gaining in altitude. After about 
twelve miles of floundering among these hummocks we find ourselves at 
the foot of a rather steep hill which is broken away on the right by an 
abrupt cliff. As we ascend it, the trail, rising out of a little rain gully, 
leads us to a narrow platform. In front of us the surface of the earth 
instantly drops from the face of a vertical wall about 500 feet high, and 
Kilauea is before us.



CHAPTER III. 

KII/AUEA.

The Kau trail first strikes the edge of the Kilauea amphitheater upon 
its western side, and, following the western rim, circles around the north­ 
ern end until it reaches the Volcano House. A few hundred yards 
beyond this point, where the volcano first breaks into view, we reach^ 
by a sharp acclivity, the loftiest point of the encircling crest-line of the 
amphitheater. It is a memorable spot. Behind us rises the dome of 
Mauna Loa, and nowhere else upon the island is the superlative grandeur 
of this king of volcanoes displayed to such advantage. When the cur­ 
tain of clouds is drawn aside, we behold also far to the northward the 
almost equally majestic mass of Mauna Kea. In front of us and right 
beneath our feet, over the crest of a nearly vertical wall, more than 700 
feet below, is outspread the broad floor of the far-famed Kilauea. It is 
a pit about three and a half miles in length and two and a half miles in 
width, nearly elliptical in plan, and surrounded with clifi's for the most 
part inaccessible to human foot, and varying in altitude from a little 
more than 300 feet to a little more than 700 feet. The altitude of the 
point on which we stand is about 4,200 feet above the sea. The object 
upon which the attention is instantly fixed is a large chaotic pile of 
rocks, situated in the center of the amphitheater, rising to a height which 
by an eye estimate appears to be about 350 to 400 feet. From innumer­ 
able places in its mass volumes of steam are poured forth and borne 
away to the leeward by the trade wind. The color of the pile is in­ 
tensely black, spotted and streaked here and there with red—not the 
red of fire, but of iron persalts, alternating with the magnetic black. Its 
general form is conical, holding a large crateriforin depression within. 
But it is so shattered and broken that it has a craggy, ominous aspect, 
which may well be called hideous. Around it spreads out the slightly 
undulated floor of the amphitheater, as black as midnight. To the left 
of the steaming pile is an opening in the floor of the crater, within which 
we behold the ruddy gleams of boiling lava. From numerous points in 
the surrounding floor clouds of steam issue forth and melt away in the 
steady flow of the wind. The vapors issue most copiously from an area 
situated to the right of the central pile and in the southern portion of 
the amphitheater. Desolation and horror reign supreme. The engird­ 
ling walls everywhere hedge it in. But upon their summits and upon 
the receding platform beyond are all the wealth and luxuriance of trop­ 
ical vegetation heightening the contrast with the desolation below.

Yet we can pause here but a few moments. The journey has been 
104



U. B GEOLOGICAL BUBVEY ANNUAL BEPOET 1883 PL. VII

VIEW OF KILACEA FROl THE VOLCANO HOUSE.



BUTTONJ KILAUEA——THE CALDEEA. 105

long and wearisome and we mnst seek rest and shelter, in order to sur­ 
vey the scene with deliberation. A ride of two miles further brings us 
to the Volcano House, which is a very comfortable hostelry, affording 
much needed shelter, for we are almost sure to reach it in the midst of 
a driving rain. The entire distance from the Kau coast to the verge of 
the amphitheater lies through a country which is almost arid. And yet 
as soon as we reach the summit point of the surrounding wall, we pass, 
in the space of half a mile, from a very dry region to a very moist one. 
These rapid transitions from wet to dry and vice versd are common on 
the island of Hawaii. And nowhere is this transition more abrupt than 
at Kilauea. The transverse axis of the pit may be used as a sharply 
dividing line between two strongly contrasted climates. Forth of it the 
rainfall is excessive. South of it the rainfall is very deficient.

I have hitherto carefully avoided applying the term "crater' to 
Kilauea. It has so little in common with the orifices from which lavas 
and other volcanic products emanate that the word is little more than 
a misnomer here. All the accessories of Kilauea differ immensely from 
those associated with normal craters, and it seems necessary to apply 
to it some designation expressing its distinct characters. Counterparts 
of Kilauea are not common. I can think of but one in the Mediterranean 
volcanoes which appears to be at all homologous to it, and that is the 
Val del Bove; though my acquaintance with European volcanoes is 
insufficient to enable me to say whether or not this is the only one in 
Europe. On these islands the exact counterpart of Kilauea is the great 
pit on the summit of Mauna Loa named Mokuaweoweo. The vastly 
larger depression on the summit of Haleakala, though differing much in 
form, is in my opinion strictly homologous. Numerous small crateriform 
depressions are found in many parts of Hawaii, which also seem to me 
to be homologous with Kilauea, some of which are only a few hundred 
feet in diameter, and none of them exhibit any signs of recent activity. 
Considered with reference to their origin the evidence is conclusive that 
they were formed by the dropping of a block of the mountain crust 
which once covered a reservoir of lava, this reservoir being tapped and 
drained by eruptions occurring at much lower levels. A great deal of 
misconception and confusion of ideas have arisen from the practice of 
characterizing these depressions by the term craters. For example, few 
people speak of Haleakala without calling it the greatest crater in the 
world. My understanding is that it is not a crater at all, and that we 
have therefore nothing to compare it with except such formations as 
I have just mentioned. It seems necessary therefore to adopt some 
term which will apply to the very limited class of amphitheaters of 
which- Kilauea may be considered as the type. Perhaps the term cal- 
dera may be as unobjectionable as any, though I am far from regarding 
it as quite satisfactory, aud am fully prepared to find it severely criti­ 
cised. It is the best one I can offer, and hereafter I shall employ it in 
speaking of these formations wherever they occur m these islands.
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The morning after reaching the Volcano House. I descended to the 
floor of Kilauea. • The wall of the caldera at its northern end has settled 
into a series of steps by the sinking of successive portions which have 
faulted off from the main platform of the country. This dropping of 
successive spalls of great size, many hundreds of yards in length and 
from 20 to 200 yards in width, is conspicuous around many portions of 
the parapet. Each of these great spalls forms a shelf or ledge, backed 
by a steep and sometimes vertical cliff. Wherever the escarpment is 
sloped a good foot trail has been dug, allowing of a steep but safe and 
easy descent. By such a trail the floor of Kilauea is reached without 
difficulty. As soon as we reach the bottom we find ourselves upon 
brand new pahoehoe, of the most typical kind. We travel over rolling, 
smooth surfaced bosses of rock without difficulty fo» a distance of about a 
mile and three-quarters, when we reach a rapidly ascending slope, which 
rises a little more than a hundred feet. Gaining the summit, we find 
ourselves upon the brink of a pool of burning lava. This pool is about 
480 feet long and a little over 300 feet in width. Its shape is reruform. 
It is surrounded by vertical walls 15 to 20 feet in height. When we 
first reach it the probabilities are that the surface of the lake is coated 
over with a black, solidified crust, showing a rim of fire all around its 
edge. At numerous points at the edge of the crust jets of fire are seen 
spouting upwards, throwing up a spray of glowing lava drops and 
emitting a dull, simmering sound. The heat for the time being is not 
intense. Now and then a fountain breaks out in the middle of the lake 
and boils feebly for a few minutes. It then becomes quiet, but only to
•renew the operation at some other point. Gradually the spurting and 
fretting at the edges augment. A belch of lava is thrown up here and 
there to the height of 5 or 6 feet, and falls back upon the crust. Pres­ 
ently, and near the edge, a cake of the crust cracks off, and one edge of 
it bending downwards descends beneath the lava, and the whole cake 
disappears, disclosing a naked surface of liquid fire. Again it coats 
over and turns black. This operation is repeated edgewise at some 
other part of the lake. Suddenly a network of cracks shoots through 
the entire crust. Piece after piece of it turns its edge downward and 
sinks with a grand commotion, leaving the whole pool a single expanse 
of liquid lava. The lake surges feebly for a while, but soon comes to 
rest. The heat is now insupportable, and for a time it is necessary to 
withdraw from the immediate brink. Gradually the surface darkens 
with the formation of a new crust, which grows blacker and blacker
•until the last ray of incandescence disappears. This alternation of the 
"freezing of the surface of the lake and the break-up and sinking of 
the crust goes on in a continuous round, with an approach to a regular 
period of about two hours. The interval between the break-ups varies, 
so far as observed, from forty minutes to two hours and a quarter. 
Probably the average interval is somewhat less than two hours. The 
explanation of the phenomenon is not difficult. It is now believed that
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lavas at temperatures a little below tlie point of solidification have a 
specific gravity slightly less than that of liquid lava; but when they 
have cooled considerably below the point of congelation their specific 
gravity is greater in the solid than in the liquid state. Hence, when 
the crust first forms it is light enough to float, and is very thin, but 
it gradually thickens, and the upper part grows denser. At length a 
stage is reached at which the mean density of the crust is greater 
than that of the lavas beneath, and the position of the crust then 
becomes unstable. This instability is first shown at the edges of the 
lake, where the mechanical support of the crust is interrupted by the 
escaping gases and by the feeble boiling of the liquid mass within. As 
the density of the crust increases the strain set up by the yielding at 
the edges at length becomes sufficient to propagate itself through the 
whole mass and break it up into fragments, which at once sink.*

When the lava is freshly exposed in the lake it has exactly the 
appearance of melted cast iron, its color shading from red through 
orange into yellow. It is easy to see that the temperature of the freshly 
exposed surface is by no means so great as many have been led to sup­ 
pose. Basic lavas are very fusible, and those before us have the ap­ 
pearance of being decidedly viscous and sluggish in their movements. 
It is very probable that the basalts which come np out of the earth in

* Since the above attempt to explain the periodic break-ups was put in writing I 
have felt distrustful of it. As these pages are undergoing revision I therefore take 
advantage of the opportunity to amend it. It seems to me that the conclusion that 
lavas expand in solidifying is open to question, and that the experiments from which 
it is derived may have been vitiated by an omission to take account of the following 
facts. It is certain that the melted silicates readily occlude notable quantities of 
water, and when they solidify they exclude the water j ust as water itself exeln des air 
in freezing The excluded gas or vapor, bowever, is mechanically entangled in tbe 
solidifying mass in the form of bubbles or vesicles. As these vesicles are often minute, 
they may have been neglected and no account taken of them But as their number 
is vast they may have seriously diminished the apparent density, in the case of lava 
or cast iron, though it is not to be supposed that this would affect the main fact 
(expansion in solidifying) in the case of water

Now, the silicates, when passing from the melted to the s,olid condition, pass through 
a very considerable range of temperature within which they are viscous. If the lava 
be kept for a long time, say an hour 01 two, well within this range of tempei ature 
the steam vesicles would have an opportunity to disentangle themselves from the 
mass and escape just astbeydo in a glass furnace. The amendment, therefore, which 
I would offer is as follows. The first inch or two of crust which forms is cooled quickly 
and becomes stiff and black in a few minutes. Its absolute density is presumably 
greater than that of the liquid below; but, being full of vesicles and spongy, it is 
light enough to float. Subsequent additions to ita thickness are made to its under 
surface. Each successive film so added has a'longer and longer time in which to 
disengage its gaseous contents. Therefore they successively become more and more 
compact, and their successive specific gravities approach more and more nearly the 
absolute density of tbe substance. Hence, as the thickness of the crust increases, its 
specific gravity increases When the mean specific gravity becomes greater than that 
of the liquid (as it surely does) the position is unstable, and rupture once started is 
•quickly propagated through the entire crust, which goes to pieces and sinks.
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great eruptions reach the surface at a far higher temperature than those 
seen in this lake, being, in fact, most probably at a white instead of a 
red or yellow heat.

The phenomenon of Pole's hair is often spoken of in the school books, 
and receives its name from this locality. It has generally been explained 
as the result of the action of the wind upon minute threads of lava drawn 
out by the spurting up of boiling lava. Nothing of the sort was seen 
here, and yet Pole's hair was seen forming in great abundance. When­ 
ever the surface of the liquid lava was exposed during the break-up the 
air above the lake was filled with these cobwebs, bnt there was no spurt­ 
ing or apparent boiling on the exposed surface. The explanation of the 
phenomenon which I would offer is as follows: Liquid lava coming up 
from the depths always contains more or less water, which it gives off 
slowly and by degrees, in much the same way as champagne gives off 
carbonic acid when the bottle is uncorked. Water-vapor is held in the 
liquid lava by some affinity similar to chemical affinity, and though 
it escapes ultimately, yet it is surrendered by the lava with reluctance 
so long as the lava remains liquid. But when the lava solidifies the 
water is expelled much more energetically, and the water-vapor sep­ 
arates in the form of minute vesicles. Since the congelation of all sili­ 
ceous compounds is a passage from a liquid condition through an inter­ 
mediate stage of viscosity to final solidity, the walls of these vesicles 
are capable of being drawn out as in the case of glass. The commotion 
set up by the descending crust produces eddies and numberless currents 
in the surface of the lava. These vesicles are drawn out on the surface 
of the current with exceeding tenuity, producing myriads of minute 
filaments, and the air, agitated by the intense heat at the surface of ttte 
pool, readily lifts them and wafts them away. It forms almost wholly 
at the time of the break-up. The air is then full of it. Yet I saw no 
spouting or sputtering, but only the eddying of the lava like water in 
the wake of a ship. The country to the leeward of Kilauea shows an 
abundance of Pele's hair, and it may be gathered by the barrel-full. A 
bnnch of it is much like finely shredded asbestos.

The lava pool before us is called the New Lake. It was formed in 
May, 1881. It opeued suddenly in the floor of the caldera, and was at 
first of much smaller dimensions than at present. It has been gradu­ 
ally enlarged by the cleaving off and engulfment of successive slices of 
its encircling wall. In truth the lava lakes do not, as a rule, main­ 
tain any constant position. They have been seen to open in various 
parts of the floor, aiid after some months or years of activity, similar to 
that already described, they freeze up permanently, and are entirely 
obliterated. Five or six lakes were known in 1853. Four years ago 
(1878) a large open lake existed near the north end of the pit, but its 
location is no longer descernible. In truth, the floor of the caldera is 
liable to open and become a lava pool at almost any point. The changes
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have been very great within historic times, and some recital will be 
be made presently of its condition in the first part of the present century.

There is a second and larger lake presenting a somewhat more dra­ 
matic appearance. It is situated less than half a mile from the New 
Lake, within the large chaotic pile of rocks or cone which first attracted 
our attention when we reached the brink of the caldera. It has occu­ 
pied its present situation many years, so long in fact that the imperfect 
records kept of its changes hardly permit us to form an idea of the 
exact period of its origin. Its name is Halemaumau. This name was 
applied to the great central lake of Kilauea, as it was first seen by 
Elhs in 1823, and Halemaumau may be fairly considered as representing 
what now remains of that great feature. As we pass from the New Lake 
to Halemaumau, we have abundant evidence that we are treading upon 
the thin crust of a slumbering volcano. Numerous cracks on either 
hand emit steam and sulphurous vapors. The rocks are corroded and 
chemically changed by the action of acid gases, and are warm to the 
touch upon the surface. A stick plunged into one of these cracks is 
quickly charred. Signs of instability, such as shattering and heaving 
movements, are seen all around, and the thoughts of a catastrophe are 
ever before the mind. At length we reach the encircling cone which 
surrounds the older lake. At the north end the barrier is broken down 
into a mass of rubble and sharp angular fragments, over which progress 
is somewhat difficult. Ascending a steep slope of lava fragments, we 
soon reach the summit of it, and the lake is before us. We cannot, 
however, approach it as we could the New Lake. A vertical cliff, at 
the foot of which is a series of yawning cracks and fissures, sending 
out intensely hot steam and the most acrid vapors, forms an insuperable 
barrier. Still we may command from an elevation of about a hundred 
feet a very good view of the greater part of the pool. Its aspect is some­ 
what different from that of the New Lake. There is more activity, and its 
surface is covered with boiling fountains of liquid lava, but none of them 
spout to any great altitude. In the presence of this ebullition a thick 
crust like that of the New Lake cannot form. The surface is too unqniet. 
Still, the greater part of the lake is covered with a thin black crust 
which floats in detached sheets which sink from time to time. The 
periodical changes and alternations between congelation and the sinking 
of the crust are not so well marked. From time to time periods of 
comparative quiet supervene, followed by periods of general activity 
throughout the pool. The area of Halemaumau also is larger than that 
of the New Lake, being nearly 1,000 feet in length, with a width of 
nearly GOO feet.

The cone which surrounds this lake is a very striking construction, 
or rather destrnction. It is not composed of fragmental material like 
au ordinary crater, but of masses of lava which have been apparently 
pushed up. The elevatory movement has been accompanied with much 
shattering and contortion, and the rocks have been thrown into such
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attitudes that it seems as if a breath would knock the whole tiling 
down. Still it is a definite structure, having some features in common 
with the summit cone of Vesuvius. It consists, in fact, of cones within 
cones. That it has really been hoisted is testified by those who have 
occupied the Volcano House since 1875, and the greater part of the up­ 
heaval has taken place within the last three years.

The amount of steam and gaseous exhalations is very much greater 
in Halemaumau than in the New Lake. The ebullition in the former 
is constant, while in the latter it is very feeble and almost insignificant. 
Fountains of liquid lava rising to the height of 5 to 10 feet, as nearly as 
could be judged by an eye estimate, are seen at all times in Halemau­ 
mau. But they are generally confined to a few localities at any given 
time. They change about frequently from place to place, breaking out 
suddenly in one spot and gradually dying away in another. The amount 
of condensed steam floating away in the form of white vapor is not so 
very great, when we consider the very large surface from which it ema­ 
nates. Most of this visible steam, however, does not come apparently 
from the surface of the lava itself but from the fissures and nnmberless 
vent holes in the wall of the surrounding crater. It is probable, how­ 
ever, that the intense heat of radiation from the pool itself prevents the 
condensation of the steam until it has diffused itself throughout a con­ 
siderable body of the atmosphere. Over the entire surface of the burn­ 
ing lake is spread a pall of translucent vapor, through which the remoter 
wall of the crater is still visible, though somewhat clouded. What pro­ 
portion of these vaporous exhalations consists of sulphur gases it is im­ 
possible to estimate, though I have no doubt that it is considerable. 
Some of it is probably in the form of sublimed sulphur, which collects in 
small quantities upon the leeward side of the crater. Some of it may 
perhaps be anhydrous sulphuric acid. But as no precipitate or deposit 
of this acid has been detected, I have no better ground for this conjecture 
than the fact that some of the white fumes did not appear to have the 
odor either of sublimed sulphur or of sulphurous acid, being far more 
acrid. The presence of hydrochloric acid would have been readily de­ 
tected by its peculiar odor, which is quite unmistakable. Still there 
are some indications that hydrochloric acid is among the exhalations of 
this volcano. In many places the lava is bleached by the abstraction 
of its iron protoxide. In many small spots are seen brilliant red, orange, 
and saffron colors. The bleaching would be most readily accomplished 
by hydrochloric acid, and similar red and orange spots are known to be 
produced by the conversion of iron chloride so formed into peroxide.

In general, there is not disclosed to the eye an amount of condensed 
vapors which seems to be adequate to account for the amount of ebul­ 
lition taking place over the surface of the lake, and it is quite probable 
that much of the vaporous products are carried off by the wind in the 
form of invisible vapor. To these gaseous emanations we may look for 
an explanation of the persistent liquidity of the lava within the lake.
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They rise, no doubt, from very great depths in the form of bubbles at a 
temperature very much higher than that of the lava at the surface of 
the lake and replace all the heat which is lost at the surface by radia­ 
tion. In their ascent it is probable that they produce also convection 
currents consisting of ascending eddies of hotter lava and descending 
eddies of cooler lava.

It seems necessary, however, to pursue our inquiries a little further in 
this direction. At great depths below the surface we may presume the 
vapors to have a much higher temperature than at the surface. But 
they are also nnder enormous pressure, and as they ascend in the lava 
column the diminishing pressure ought to be accompanied by an elastic 
expansion of the vapors, and this in turn would lower the temperature 
by reason of heat becoming latent. Thus it may happen that unless 
these vapors are most intensely heated below and have temperatures 
very greatly above that of the surface the loss of temperature by this 
expansion would render them incapable of imparting more heat to the 
superficial portions of the lava column. No estimate of this possible 
loss of temperature, however, is practicable. But the convection cur­ 
rents would not be liable to this criticism.

The earlier visitors to Kilauea whose accounts of it are now accessible 
speak of a phenomenon which did not exist at the time of my visit. I 
refer here to what have been termed "blowing cones" within the lake. 
Ellis, in his account of Kilauea in 1823, describes them as " conical in­ 
verted funnels" rising to heights varying from 20 to 40, or even 50 feet 
above the surface of the lake, with openings at the top from which jets 
of vapor and sometimes spouts of lava were thrown out. As many as 
fifty were seen at one time within the great lava lake then existing, and 
most of them were simultaneously active. The same phenomenon was 
described in 1825 by parties from the H. B. M. frigate Blonde. They 
were also seen by Wilkes in 1841, and have frequently been seen within 
the last ten or fifteen years by many other visitors. They appear to 
have been composed of solidified but very hot lava. Fone of them were 
permanent, bnt after a short period of activity they were either melted 
down or shifted their positions. Ultimately, no doubt, they were re- 
melted. That they shifted their positions is fully attested by many 
observers. Most probably they were masses of solidified lava floating 
like bergs in the lake. During my visit two masses of solid lava formed 
within the New Lake. These had no orifices at their summits and 
showed no action at all suggestive of blowing cones. They appeared 
to be simply masses of solidified lava formed out of the pool itself. In 
the course of several days these islands, as we called them, certainly 
shifted their positions by a very considerable amount, one of them mov­ 
ing across two-thirds of the shorter diameter of the lake. We may 
perhaps account for their buoyancy by the supposition that lava at a 
temperature a little below that of congelation is specifically lighter than 
lava a little above that temperature. There is difficulty, however, in



112 HAWAIIAN VOLCANOES.

understanding bow a considerable mass of lava could so congeal within 
the pool at all. The principal mass of lava surrounding it is still in a 
liquid condition. I have been nnable to find any satisfactory explana­ 
tion of this problem.

Leaving ETalemaumau and passing around the rocky cone which in­ 
closes it, we may enter the southern half of Kilauea. Half a mile to 
the southwest of the cone the aspect of the floor of the caldera becomes 
very repellent. Great quantities of steam and bluish vapor rise from 
innumerable rifts and cracks, and blending into a dense cloud, float 
away to the leeward. Here existed a few years ago a large lava lake, 
which is now entirely frozen over, though the clouds of steam still 
indicate plainly the thinness of the covering. This pool of lava was 
known by the name of the Old South Lake. Although it has ceased 
to exist as a distinct lake, it still emits at intervals of a few months or 
even a few weeks considerable quantities of lava, which overflow por­ 
tions of the adjoining floor. It requires some courage to venture upon 
an area so dangerous, though in reality the risk of accident is not very 
great, if ordinary caution is exercised. Very little knowledge, how­ 
ever, is to be gained by such a journey, for it is impossible to visit the 
places'we would most like to inspect on account of the great quantities 
of pungent gases emanating from the numberless fissures. The surface 
consists wholly of pahoehoe, which has an unusually spongy and ves­ 
icular character, and which crumbles beneath the feet. Innumerable 
blisters occur, which break beneath the tread and let the foot down 
into holes, from which it must be instantly withdrawn to prevent the 
shoe from being burned to a crisp. The black color of the lava has 
been discharged in many places by the reaction of acid vapors, here 
changed to a snowy white, there to an orange, red, or saifrou color.

The Old South Lake sealed up about three years ago, but the erup­ 
tions from it have been frequent since that time, though most of them 
have been quite small.

It is interesting to recur to the accounts of Kilauea given by those who 
visited it iu the early part of the century. Prior to the discovery of 
the islands by Captain Cook (1776), we have no accounts excepting the 
most fanciful myths. There is, however, a tradition which was learned 
by the earliest missionaries concerning an eruption of Kilauea, which is 
supposed to have taken place in the year 1789, and to which a certain 
amount of credence is given by the most intelligent among the earlier 
writers. This account relates that Keoua, King of Hilo, being at war 
with the King of Kau, marched his army in three divisions past Kil­ 
auea ; that while the columns were in movement a violent eruption took 
place, during which great volumes of smoke were shot high in the air, 
carrying with them great quantities of rocks and hot stones, and that 
one division of the army was destroyed to the last man by the inhala­ 
tion of the sulphurous vapors. As this event took place during the reigu 
of Kainehameha T, and must have been fully within the recollection of
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many people living at the time of the advent of the missionaries, and 
as it is very circumstantial in its account, there may be justification for 
the belief that an eruption of an unusual and violent character took 
place at that time. It is certain, however, that no subsequent eruption 
has been attended with the like degree of violence, or with action re­ 
sembling in character that which the tradition describes. All primitive 
peoples are addicted to the grossest exaggeration, and are quite incapa­ 
ble of describing any natural phenomenon with accuracy. The most 
that we are at liberty to infer from this account is that an eruption of 
great violence may have taken place iu that year attended with occur­ 
rences which have not since repeated themselves.

In the year 1823 the Rev. William Ellis, an English missionary, made 
an extended tour of the island of Hawaii, and reached Kilauea from 
Kau by way of Kapapala, the same route "which has been described in . 
the preceding chapter. The description which he gives leads to the 
belief that Kilauea presented at that time an aspect differing greatly 
from the present one. He says:

"We found ourselves on the edge of a steep precipice with a vast 
plain before us 15 or 16 miles in circumference aud sunk from 200 to 
400 feet below its original level. The surface of this plain was uneven, 
and strewed over with large stones and volcanic rocks, and in the cen­ 
ter of it was the great crater, at the distance of a mile and a half from 
the precipice on which we were standing. Descending into the crater 
and walking some distance over the sunken plain, which in several 
places sounded hollow under our feet, we at length came to the edge of 
a great crater, where a spectacle sublime and even appalling presented 
itself before us. Immediately before us yawned an immense gulf in the 
form of a crescent about two miles in length from northeast to south­ 
west, nearly a mile in width, and apparently 800 feet deep. The bottom 
was covered with lava, and the southeast, northeast, and northern parts 
of it were one vast flood of burning matter in a state of terrific ebullition, 
rolling to and fro its fiery surge and flaming billows. Fifty-one conical 
islands of varied form and size, containing as many craters, rose either 
around the edge or from the surface of the burning lake, twenty-two 
constantly emitting columns of gray smoke or pyramids of brilliant 
flame, and several of these at the same time vomiting from their ignited 
mouths streams of lava which rolled in blazing torrents down their black 
indented sides into the boiling mass below. The sides of the gulf before 
us, although composed of different strata of ancient lava, were perpen­ 
dicular for about 400 feet and rose over a wide horizontal ledge of solid 
black lava of irregular breadth, but extending completely around. Be­ 
neath this ledge the sides slope gradually towards the burning lake, 
which was, as nearly as we could judge, 300 or 400 feet lower. It was 
evident that the large crater had been recently filled with liquid lava 
np to this black ledge, and had by some subterranean canal emptied 
itself upon the sea or upon low land on the shore; and in all probability 
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this evacuation had caused the inundation of the Kapapala coast, which 
took place, as we afterwards learned, about three weeks prior to our 
visit. The gray, and m some places apparently calcined sides of the 
great crater before us; the fissures which intersected the surface of the 
plain on which we were standing; the long banks of sulphur on the op­ 
posite side of the abyss; the vigorous action of the numerous small 
craters on its borders; the dense columns of vapor and smoke that 
rose at the north and south end of the plain, together with the range 
of steep rocks by which it was surrounded, rising probably in some 
places 300 or 400 feet in perpendicular height, presented an immense 
volcanic panorama, the effect of which was greatly augmented by the
constant roaring of the vast furnaces below.
#******

"Between 9 and 10 in the evening the dark clouds and lava fog that 
since the setting of the sun had hung over the volcano gradually cleared 
away, and the fires of Kilauea, darting their fierce light athwart the 
midnight gloom, unfolded a sight terrible and sublime beyond all we 
had yet seen.

"The agitated mass of liquid lava, like a flood of melted metal, raged 
with tumultuous whirl. The lively flame that danced over its undulat­ 
ing surface, tinged with sulphurous blue or glowing with mineral red, 
cast a broad glare of dazzling light on the indented sides of the insu­ 
lated craters, whose roaring mouths, amidst rising flames and eddying 
streams of fire, shot up at frequent intervals, with very loud detonations,
spherical masses of fusing lava or bright ignited stones.
*******

"As eight of the natives with us belonged to the adjoining district, 
we asked them to tell us what they knew of the history of this volcano 
and what their opinions were respecting it. From their account and 
that of others with whom we had conversed we learned that it had been 
burning from time-immemorial, or, to use their own words, from chaos 
until now, and had overflowed some part of the country during the 
reign of every king that had governed in Hawaii; that in earlier ages 
it used to boil up, overflow its banks, and inundate the adjacent coun­ 
try ; but that for many kings' reigns past it had kept below the level 
of the surrounding plain, continually extending its surface and increas­ 
ing its depth, and occasionally throwing up with violent explosion huge 
rocks or red-hot stones. These eruptions, they said, were always ac­ 
companied by dreadful earthquakes, loud claps of thunder, with vivid 
and quick succeeding lightning. No great explosion, they added, had 
taken place since the days of Keoua; but many places near the sea had 
since been overflowed, on which occasions they supposed Pele went by 
the road under ground from her house in the crater to the shore."

I quote this last paragraph, not because I attach much weight to 
primitive traditions, but because the statements it contains seem so in­ 
trinsically probable. There is no evidence that the lavas have, within
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any recent period, overflowed the outer rim of the caldera. On the 
contrary, the fields of pahoehoe, which now form the crests of the sur­ 
rounding walls, are quite ancient and are considerably decomposed by 
many centuries of weathering. Yet there is reason to believe that at 
some ancient epoch such outflows actually occurred, because the streams 
of lava in some instances, perhaps in many instances, radiate away 
from the rini of the caldera. That the great pit has progressively en­ 
larged its dimensions through a considerable period of time is also 
most probable, for there is strong evidence that this enlargement is still 
going on from time to time by the sinking of large spalls or slices which 
break off from the walls of the surrounding precipice. The black ledge 
referred to in Elhs's description was at that time, no doubt, one of the 
most striking features of Kilauea. It is described a few years later in 
some detail by Mr. Stuart, who accompanied Lord Byron, commanding 
H. B. M. frigate Blonde. In Lord Byron's narrative Kilauea is figured 
in drawings made by Lieutenant Maiden, E. N., and his sketch shows 
the great interior pit and the black ledge as very conspicuous features.

The Wilkes Exploring Expedition visited these islands in 1840-M1, 
and Lieutenant Wilkes has given a very excellent account of the condi­ 
tion of Kilauea at that time. He says:

"When the edge is reached, the extent of the cavity becomes apparent, 
and its depth became sensible by comparison with the figures of some 
of our party who had already descended. The vastness thus made 
sensible transfixes the mind with astonishment, and every instant the 
impression of grandeur and magnitude increases. To give an idea 
of its capacity, the city of New York might be placed within it, and 
when at its bottom would hardly be noticed, for it is three and a halt' 
miles long, two and a half wide, and over a thousand feet deep. A black 
ledge surrounds it at the depth of G60 feet, and thence to the bottom is 
384 feet. The bottom looks in the day-time like a heap of smouldering 
ruins. The descent to the ledge appears to the sight a short and easy 
task, but it takes an hour to accomplish.

"All usual ideas of volcanic craters are dissipated upon seeing this. 
There is no elevated cone, no igneous matter or rocks ejected beyond 
the rim. The banks appear as if built of massive blocks which are in 
places clothed with ferns nourished by the issuing vapors. What is 
wonderful in the day becomes ten times more so at night. The immense 
pool of cherry-red liquid lava in a state of violent ebullition illumi­ 
nates the whole expanse and flows in all directions like water, while 
the illuminated cloud hangs over it like a vast canopy.

"We sat on its northern bank for a long tune in silence until one of 
the party proposed we should endeavor to reach the bank nearest to 
and over the lake; and having placed ourselves under the direction of 
Mr. Drayton, we followed him along the edge of the western bank; but 
although he had been over the ground the day before, he now lost his way 
and we found ourselves still on the upper bank, after walking two or
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three miles. AVe then resolved to return to the first place that appeared 
suitable for making a descent, and at last one was found, which, how­ 
ever, proved steep and rugged. In the darkness we got many a fall 
and received numerous bruises; but we were too near the point of our 
destination to turn back without fully satisfying our curiosity. We 
finally reached the second ledge and soon came to the edge of it. We 
were then directly over the pool or lake of fire, at the distance of about 
five hundred feet above it, and the light was so strong that it enabled 
me to read the smallest print. This pool is 1,500 feet long by 1,000 feet 
wide, and of an oval figure.

" I was struck with the absence of any noise except a low murmuring 
like that which is heard from the boiling of a thick liquid. The ebul­ 
lition was (as is the case where the heat is applied to one side of a ves­ 
sel) most violent near the northern side. The vapor aud steam that 
were constantly escaping were so rarifled as not to impede the view, and 
only became visible in the bright cloud above us which seemed to sink 
and rise alternately. We occasionally perceived stones or masses of 
red hot matter ejected to the height of 70 feet and falling back into 
the lake again. The apparent flow to its southern part is only because 
the ebullition on the north side causes it to be higher, and the waves it 
produces consequently pass over to the opposite side.

" The black ledge is of various widths, from 600 to 2,000 feet. It ex­ 
tends all around the cavity, but it is seldom possible to pass around 
that portion of it near the burning lake, not only ou account of the 
stifling fumes, but of the intense heat. In returning from the neigh­ 
borhood of the lake to the point where we began the ascent we were 
one hour and ten minutes of what we considered hard walking ; and ill 
another hour we reached the top of the bank. This will probably give 
the best idea of its extent and the distance to be passed over in the 
ascent from the black ledge, which wasfound to be 660 feet below the rim. 
Messrs. Waldron and Drayton finally reached the floor of the crater. 
This was afterwards found to be 384 feet below the black ledge, mak­ 
ing the whole depth 987 feet below the northern rim. Like the black 
ledge it was not found to have the level and even surface it had ap­ 
peared from above to possess; hillocks and ridges from 20 to 30 feet 
high reached across it and were in some places so perpendicular as to 
render it difficult to pass over it. The distance they traversed below 
was deceptive, and they had no means of ascertaining it, but by-the 
time it took to walk it, which was upwards of two hours from the north 
extreme of the bottom to the margin of the large lake. It is extremely 
difficult to reach this lake ou account of its overflowing at short inter­ 
vals, which does iiot allow the fluid mass time to cool. The nearest 
approach that any one of the party made to it at this time was about 
1,500 or 2,000 feet. They were then near enough to burn their shoes 
and light their stakes in the lava which had overflowed during the pre­ 
ceding night. '
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a The smaller lake was well viewed from a slight eminence. This lake 
was slightly in action; the globules (if large masses of red fluid lava 
several tons iu weight can be so called) were seen heaving up at regu­ 
lar intervals six or eight feet in height; and smaller ones, were thrown 
up to a much greater elevation. At the distance of 50 feet no gases 
were to be seen nor was any steam evident; yet a thin smoke-like vapor 
rose from the whole fluid surface; no puffs of smoke were perceived at 
any time.

" At first it seemed quite possible to pass over the congealed surface 
of the lake to within reach of the fluid, though the spot on which they 
stood was so hot as to require their sticks to be laid down to stand on. 
This idea was not long indulged in, for in a short time the fluid mass 
began to enlarge; presently a portion would crack and exhibit a bright 
red glare; then in a few moments the red lava stream would issue 
through and a portion would speedily split off and suddenly disappear 
in the liquid mass. This kind of action wen ton until the lake had ex­ 
tended itself to its outer bank and had approached to within 15 feet of 
their quarters, -when the guide said it was high time to make a retreat. 
The usual course is for the lake to boil over, discharge a certain mass, 
and then sink again within its limits. It is rarely seen to run over for 
more than a day at a time."

Similar accounts of the condition of Kilanea between the years 1823 
and 1841 have been given by other parties who visited it during that 
period. The most striking feature at that time .must have been the 
great inner cavity of the caldera and the surrounding black ledge. 
This interior depression has now wholly disappeared. It has been filled 
up completely. And not only that, but the portions which it once occu­ 
pied are built up so far that they now form the highest part of the floor 
of the main caldera. Over what was once the most active part of this 
great lake has been built up the choatic pile of erateriform rocks which 
now encircle the pool of Halemaumau. Both the north and the south 
lakes have disappeared, having been frozen over completely, and in 
their stead the New Lake, situated half a mile northeast of Hale- 
rnauinau has made its appearane

It appears that in 184JU*£Ke level of the liquid lava at the bottom of 
the great interior pit was a little more than a tho'nsand feet below the 
highest point of the outer wall of the caldera. At the present time the 
level of the liquid lava in the New Lake is about 580 feet below the high­ 
est point of the rim, and its level in Halemaumau I judge to be about 
the same, but it was impossible to obtain access to it in order to verify 
this iuference. At the present time, then, the liquid lava columns 
stand about 435 feet higher than they did forty years ago. No record 
.has ever been kept of the progressive action by which these changes 
have been brought about. Nothing remains to show the successive 

. steps in the accretion of lavas which gradually filled up the interior pit. 
The only guides we have are the fragmentary accounts of numberless
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visitors describing the condition of Kilauea from time to time. These are 
all so incoherent and so grossly wanting in precision that it is impossi­ 
ble to frame a connected account of the process. There are, however, a 
few general features of the process which appear, and these may be 
briefly summarized. All accounts go to show that the height of the 
liquid coluinn oscillates in an irregular manner, and while most of these 
oscillations are small, usually not exceeding 10 to 15 feet, yet in excep­ 
tional cases they are very much greater. Whenever the liquid column 
rises there is a tendency to overflow the margin of the pool which sur­ 
rounds it, and this frequently happens. The quantities of lava thus 
outflowing and spreading out over a considerable area vary extremely, 
being sufficient sometimes to cover no more than a few acres to the 
thickness of a very few feet, while on rare occasions a square mile or 
two may be overflowed with a considerable body. The duration of 
these overflows is also extremely variable. Sometimes it is a single 
belch or surge lasting but a few minutes. Ift is quite common for the 
lava to run in this way for a whole day, and in larger overflows it may 
run for two or three weeks withoutinterrnption. Sooneror later thehqnid 
column sinks and the overflow ceases. The eruptions are not by any 
means confined to the lakes, but break outrat unexpected places. One 
of the most favored spots for this action is the former locus of the Old 
South Lake, which for several years has been completely frozen over. 
The cooling lava invariably takes the form of pahoehoe.

In reading the earlier accounts of Kilauea and in comparing them 
with the condition prevailing at the time of my visit, I was at flibt im­ 
pressed with the idea that there had been on the whole a decrease in 
the amount of volcanic energy within the last forty years or more. But 
a more careful and critical study of these accounts has tended to efface . 
thatimpression. It is evident that the writers were profoundly impressed 
with the sublime spectacle, and their deepest emotions were stirred. It 
is natural under such circumstances that their writings should portray 
the intensity of their feelings. It is not to'be suspected for a moment 

_.that they intended to exaggerate, but under the spur of intense enthusi­ 
asm they^nieTl'7a"t'&e"r*t'0"texpi!essi>^at they felt than to give a rigorous 
and exact description in cool, formal language. The reader of these ac­ 
counts also is apt to be somewhat at fault, for ne is liable to be intent 
upon the dramatic aspect of the scene and to share the enthusiasm of 
the writers and to forget or be indifferent to the strictest exactitude. 
Scrutinizing these earlier accounts more closely it will be seen that there 
is little reason to suppose that the amount of suiface of liquid lava 
exposed to the atmosphere was any greater then than now. The amount 
of energy displayed would depend entirely upon the quantity of vapor­ 
ous products given off. And it is by no means certain that there has 
been any diminution in this respect. In truth, this form of energy is 
never constant. It increases and diminishes from week to week and 
month to month, and it is a common saying that Kilauea is never twice
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alike. At the time of my visit it was probably more quiet than usual. 
And yet, immediately after I left it, there broke out from a point near 
the New Lake one" of the largest eruptions which has ever been known 
to take place within the caldera. The lava flowed steadily for nearly a 
mouth, and completely overflowed more than half of the floor of the 
caldera, profoundly changing the aspect of its details. The boiling and 
surging, the spouting upward of the lava in fountains was feeble and uu- 
frequent during my visit; but it had occurred a short time before with 
great power, and there is no reason to doubt that it may occur still more 
forcibly hereafter. The phenomenon of the blowing cones, however, 
has not been witnessed for some years.



CHAPTEE IV. 

PURLIEUS OF KILAUEA.

Having examined the salient points of interest in the great caldera 
it will be instructive to take a broader and more general view of the 
volcanic pile of which Kilauea is the focus. It has been habitual on 
the part of almost all writers to speak of Kilauea as situated upon the 
flanks of Mauna Loa and forming merely an appendage to that mount­ 
ain. Many considerations have led me to regard it as a distinct 
volcano, having no more connection with Mauna Loa than any other 
volcanic center of the Hawaiian group. The horizontal distance from 
Kilauea to the summit of Mauna Loa is about 19 miles. The distances 
from the summit of Mauna Loa to the summits of Mauna Kea and of 
Hualalai are respectively 22 and 20 miles. So far as the length of the 
interval is concerned it is quite sufficient for as great a degree of inde­ 
pendence as that prevailing between any two adjacent volcanoes. The 
difference in altitude between the lava lakes of Kilauea and the central 
pool of Mokuaweoweo is about 9,300 feet. The idea of a liquid connec­ 
tion or continuity through subterranean passages between these lava 
lakes seems to be so thoroughly opposed to all hydrostatic laws as to 
be incredible upon the very face of it. It seems impossible that the 
two vents can derive their lavas from a common reservoir.

If we take our stand upon the western brink and highest point of 
the wall inclosing Kilauea, we shall observe that the profile of the 
country descends towards Mauna Loa. A slight but still decided de­ 
pression exists towards the latter mountain. Across this depression a 
horizontal line_ will strike the nearest portion of Mauna Loa at a dis­ 
tance of about 4£ miles, and the intervening depression along this line 
amounts to about 340 feet. This indicates to us the fact that Kilauea 
is situated upon a totally distinct mountain pile. The distinction, how- 

""ever,'lias beea in -seme, measure masked and rendered inconspicuous 
from a variety of causes. InJt'EeTBrsti'jTl'acej-all.the profiles or mountain 
slopes in this vicinity are exceedingly flat and weak. This is true both 
of Kilauea and Mauna Loa. Again, the space intervening between the 
two mountains is a region where the lavas from the two sources have 
in former periods overflowed each other and are now intercalated. 
But the gigantic floods from Mauna Loa have been emitted probably 
more frequently and in much larger volume, and, no doubt, constitute 
much the greater part of the lava masses occurring in this interval. 
Thus the two mountains have, so to speak, grown into each other. 
And if we might be permitted to look forward to an indefinite growth 
of the colossal pile of Mauna Loa, we might conceive of it as ulti- 

(120)
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inately overcrowing and burying Kilauea completely. It is difficult 
here to form a purely mental conception of the enormous scale upon 
which the mass of Mauna Loa has been constructed, or to imagine the 
immense spread and volume of its far-reaching flanks. Yet Kllauea 
has much the same character, being quite as flat in all its profiles, if 
not more so, and in proporti on to its altitude, spreading out quite as 
broadly. The most generalized view which can be taken of Kilauea is 
that it is an exceedingly flat cone intersecting or adjacent to the much 
larger cone of Mauna Loa. As we become gradually acquainted with 
the topographical details of the country lying within 5 or 6 miles of 
Kllauea we at length become confident of the fact that it is a distinct 
cone or dome.

The caldera of Kilauea, however, is not situated at the apex of this 
independent mountain pile, but lies about four or five miles to the west­ 
ward of the apex, and by just so much the nearer to Mauiia Loa. It is 
apparent that it has not always been the center or iocus of the volcanic 
activity of the mass. No doubt, at some former epoch this focus was 
situated at the apex, and it has been transferred to its present situation 
at an epoch which is presumably recent. Evidence of this may be found 
in riding around the pit and examining the lava beds which form, the 
surface of the adjoining couutry. These radiate, for the most part, 
from the apex of the main cone, as if they flowed originally from that 
direction. Still other evidences may be found, of which the most strik­ 
ing are the. occurrence of those singular abnormal, abortive cinder cones 
which stand over the cracks or fissures radiating from the summit of 
the pile. These radiating fissures are very characteristic both of Kil- 
auea and Mauna Loa, and diverge from volcanic centers. In-much more 
recent times a great fissure has been formed, starting from the southern 
end of Kilauea and reaching a distance of about 16 miles to the south- 
southwest. It is still open, and emits steam at many points, and was in 
that condition when seen by Elhs in 1823. But the older fissures, with 
here and there a cone formed above them, radiate from an. apex four or 
five miles to the eastward.

The summit platform in the immediate vicinity of the caldera dis- 
clo^-es numerous points of interest; and I propose to describe them as 
they present themselves to the observer who makes the circuit of Kil­ 
auea-, taking the Volcano House as a starting point.

The first feature which will catch the attention of the geologist is the 
manner in which the platform in the vicinity of the pit is riven by faults. 
Large fragments of the wall cleaving off from the main platform have 
sunken to various depths; and this feature manifests itselt around the 
entire circumference. The most complicated instance of this fracturing 
and sinking of detached blocks is presented along the trail descending 
from the Volcano House to the floor of the caldera. The courses of the 
faults are, with some notable exceptions, parallel to the rim of the sur­ 
rounding walls. The magnitudes of the sunken blocks are always con-
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siderable, and in same cases their upper surfaces have areas which form 
a considerable fraction of a square mile. Those in the immediate vicin-

FIG 3 —Faults in tlie northern wall of the oalilera at Kilauea.

ity of the upper wall are, in some cases, nearly a mile in length, and 
vary in width from 20 or 30 yards to more than 300 yards. The accom­ 
panying section will exhibit in the most concise form the apparent rela­ 
tions of these faulted fragments in front of the Yolcano House. (Fig. 3.)

Immediately west of the hotel a road descends about 100 feet upon a 
sunken platform of very large proportions. It is well figured on the 
map drawn by the Wilkes Exploring Expedition. Towards the south 
this platform ends upon the brink of Kilauea, and upon all other sides 
it is inclosed by ledges evidently originating in a circuitous fault, with 
displacements varying from 30 to 150 feet. Numerous fissuies traverse 
this platform, having courses parallel to the brink of the caldera. They 
open in gaps from two to six feet in width and are of unknown depths. 
From nearly all of them hot steam issues, and it is evident that the heat 
is intense at depths of only a very few feet below the surface. From 
most of them nothing emanates but the vapor of water. But in that 
portion of the platform nearest to the Volcano House large quantities 
of sulphur vapor exhale which condense in the forms of arborescent and 
acicular crystals of sulphur which are very beautiful. At other places 
fumes of sulphurous acid are given off in abundance. It is not a little 
remarkable that these three classes of volcanic products should, as a 
general rule, be quite distinct. The larger portion of the emanations 
consists of steam which shows no trace of acid. Over the steam cracks 
ferns and bushes grow with such rank luxuriance that the crack is often 
concealed, arid the traveler must be on his guard while walking through 
the shrubbery lest he be precipitated into one of them. The evidence 
is abundant that the volcanic fires underlying this sunken platform 
have a very slight depth.

Proceeding around the northern end of the pit, the ground steadily 
ascends upon the northwestern and western sides. Here, too, are ob-

IlG 4 —Faults in the western wall of the caldera at Kilanea.
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servable many open cracks, which still maintain a general parallelism 
with the brink of the main precipice. At about the middle of the west­ 
ern side of Kilauea we reach the highest point of its surrounding wall, 
which has an elevation of about 730 feet above the floor in its vicinity. 
Here, too, the faulted and sunken blocks are shown very clearly and 
are of large proportions, being about a mile in length and from 100 to 
350 yards in width. This is also the most commanding spot from which 
Kilauea may be viewed and the best idea obtained of its general features. 
Farther southward the wall declines in altitude, but still maintains its 
abruptness, being very nearly vertical. Passing around the southern 
end new features engage our attention. Notable among these are the 
fragraental products scattered over the ground. It should be remem­ 
bered that the northern and eastern portions are upon the windward 
side, while the southern and western portions are upon the leeward. 
Whatever volcanic products may be cast up into the atmosphere and 
wafted away by the winds are to be seen upon the leeward, and never 
upon the windward border. Moreover, the leeward side is arid, while 
the opposite is very rainy and continuously clothed with vegetation. 
Hence these fragmental products are well preserved and well exposed. 
Among them are considerate quantities of coarse sand or fine lapilli 
occupying the swales between the bosses of pahoehoe or drifting about 
in little sand dunes. This material is seen in considerable abundance 
in coming from Kau. It has been swept by the infrequent rains into 
the low, broad washes and carried to the distance of eight or ten miles. 
It is supposed by many of the white residents that this blaclf sand was 
thrown out in the traditional eruption of 1789, alluded to in the last 
chapter. Nor does the supposition seem at all improbable.

Another very common product here is a peculiar pumice. It is won­ 
derfully light and spongy, and has a dark olive-green color. Many 
heaps of it are scattered about, consisting of small fragments seldom 
larger than a lemon, and usually smaller. It is the lightest pumice I 
have ever seen. Pele's hair is also very abundant, and may be gath­ 
ered in wisps where it has been caught and held by some projecting 
fragment of rock.

At the south end of the pit we come suddenly upon a yawning fissure 
from 12 to 15 feet in width, extending indefinitely towards the south- 
southwest. This is known amon g the residents as the Sixteen-mile Crack, 
for it extends that distance away from the wall of the amphitheater in 
a nearly straight line. About a mile and a half from the brink two 
considerable cinder cones have been thrown up immediately over this 
fissure. At many points along its len gth clouds of steam escape and float 
away in the trade wind. Some search is necessary in order to find a 
place where this crack is narrow enough to be crossed. After passing 
it we still find the platform rifted in several places by small faults, some 
of which are parallel to the rim of Kilauea. Others radiate from it, so 
that the general arrangement is like that of a cobweb. None of them
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have any great width, but being concealed in places by drifted sands 
which form an insecure bridge, caution is necessary as we proceed.

Moving up the eastern side of the amphitheater, we at length come 
upon a large, deep pit, sunken in the platform at a distance of only a 
few hundred yards back of the crest of the main wall. Its diameter, 
judging by the eye, is about 1,500 or 1,GOO feet, and the opening is 
approximately circular. The surrounding walls are nearly vertical most 
of the way down. It is known by the name of Kilauea-iki, or little 
Kilauea, and is one of a class of pits of which a considerable number are 
found upon the island of Hawaii.

Moving northward along the brink we come, at the distance of about 
a mile from Kilauea-iki, to a steep declivity or hillside trending away 
from the rim of the mam amphitheater. About midway down this slope 
there is an old fissure from which in the year 1832 a small eruption of 
lava took place. The course of this fissure is nearly perpendicular to 
the mam wall of Kilauea and opens along the hillside. Eeachiug the 
foot of the hill, a portion of the lava deflected to the west and poured 
down into the mam amphitheater. Another portion of it deflected to 
the east, and poured down into a large pit situated about one-third of a 
mile from Kilauea and known by the name Poli-o-keawe. This pit is 
also nearly circular, with a diameter a little less than three-fourths of a 
mile, and a depth of about 750 feet, which is considerably below the 
floor of Kilauea. The neck or isthmus which separates it from Kilauea 
is also sunken below the level of the surrounding platform by about 200 
feet. This siukage has evidently taken place by faults radiating from 
the main amphitheater towards Poli-o-keawe.

The eruption of 1832 was a very small one, but is remarkable from 
the fact that the fissure from which it emanated opens at a level ot more 
than 400 feet above the present lava lakes, and probably 700 or 800 feet 
above the lava lakes as they existed in 1832. So far as known, the lavas 
within Kilanea showed no sympathy with this eruption at the time it 
occurred.

Proceeding along the separating isthmus we encounter an exceedingly 
sharp, abrupt cliff upou the north end of the neck, which is somewhat 
difficult to mount, although its altitude above the neck is only about 240 
feet. Beaching the upper platform we find it rifted with cracks, which 
give issue to steam. Their course is parallel to that of the wall. A 
further jouruey of a mile through the forest brings us back to the Vol­ 
cano House.

Before proceeding to summarize our observations, it is desirable to 
note another series of important facts connected with Kilauea. In a 
line extending nearly eastward from the caldera is a continuous eham 
of pits and craters, reaching qnite to the sea-coast, near the eastern 
extremity of the island. Along this line it is apparent that from time 
to time through the past centuries fissures have opened, disgorging lavas 
and building cinder cones. One of the uiost striking facts connected
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with this action Las been the formation of large circular pits similar 
to Kilauea-iki, and Poli-o-keawe. The natives residing in the Puna 
district have always averred that eruptions have taken place along this 
line with considerable frequency, aud within the reign of every king of 
that district from time immemorial. The last one occurred in the year 
1840, and was of very great magnitude. It has been described in con­ 
siderable detail by Dr. Coan. And in the year following the outbreak 
it was visited by Lieutenant Wilkes and investigated with considerable 
care. It first manifested itself in an open crack,- about 7 miles to the 
eastward of Kilauea, where a small quantity of lava was disgorged. 
At various points still further eastward lava came up in small quantities 
through fissures. The main eruption broke out about 12 miles from the 
sea-coast and about 25 miles east of Kilauea, and an enormous mass of 
lava was outpoured. It spread out in a stream nearly 3 miles in width, 
and reached the ocean at Nanawale. This eruption lias often been 
spoken of as emanating from Kilauea and flowing underground to the 
principal point of outbreak. This view is scarcely credible. It is much 
more rational to suppose that the several points of outbreak had a 
common connection with a single line of fissure, and that the principal 
outbreak took place merely at the lowest point.

The number of circular pits in the vicinity of Kilauea and along this 
line of volcanic energy is considerable. Fifteen of them are now known, 
and it is by no means certain that the number is not considerably 
greater. They are situated in a region which is densely forest-clad, 
and which the traveler crosses rnly by means of trails hewn through 
the woods. On the road from Kilauea to Puna I passed within a dozen 
yards of a large one without seeing it until I was called back by one 
of my packers, who pulled aside the dense curtain of shrubbery, dis­ 
closing a pit nearly 2,000 feet wide and GOO feet in depth. These pits 
are either circular or elliptical in form, with remarkably regular out­ 
lines, and the sides are partly precipitous, and for the remainder, very 
steeply sloped. They are usually spoken of as of craters, but as the 
term crater in this connection seems to commit us to the idea that they 
have some affinity with true craters, I avoid using it.

Along the line of volcanic activity, extending from Kilauea to Nana- 
wale, are numerous cinder cones. There are several lines of these, which 
are very nearly parallel and separated by short intervals. Most of them 
are quite small, but there are two or three of considerable magnitude. 
The larger ones are perfectly normal in structure, and are composed of 
lapilh of ordinary type. I have already remarked upon the absence of 
normal cinder cones upon the mass of Mauna Loa, and so far as Kilauea 
is concerned, the number of such normal cones is small, considering the 
mass of mountain.

It is difficult at the present time to distinguish the character of the 
many eruptions which have no doubt taken place along this line of ac­ 
tivity. Vegetation is so luxuriant, the rainfall is so great, and the dis-
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integration of the rocks by atmospheric weathering is so rapid, that 
eruptions a few centuries old are completely obscured as to their details. 
But at many points we become conscious of the fact that many large 
eruptions which seom to emanate from this line of volcanic activity have 
followed each other in rather rapid succession. If we go from Kilauea 
to the sea-coast on the southeastern side of the island, then follow this 
sea-coast for 20 or 25 miles to the easternmost cape of Hawaii, we shall 
cross many large streams of lava flowing directly seawards from the 
principal line of fissure five miles inland. Many of these streams ap­ 
pear to be moderately recent; that is to say, not more than a few cen- 
tnries old. E"o soil as yet covers them; still there are numberless plants 
which grow upon the rocks themselves as readily as the ivy grows upon 
the walls of an old cathedral; and lava beds without a trace of soil are 
completely overgrown with luxuriant vegetation.

We are now prepared to conjecture something concerning the origin 
and mode of formation of this great depression of Kilauea, though our 
conclusions must of necessity be very limited. There can be very little 
doubt that its formation has been gradual. It is quite possible that 
violent action hasm past times occurred, though there isno reason to sup­ 
pose thatithasever been of such extreme character as would be necessary 
to produce so large a cavity at a single convulsion. The long continu­ 
ance of just such a process as we now either perceive clearly or directly 
infer would be ample to explain its development. The many pits in the 
neighborhood, and of which Poh-o-keawe is a good type, may suggest 
to us the condition of Kilanea in its earlier stages. We may conceive 
a column of lava penetrating the rocks upward until it nearly or quite 
reaches the surface. At times it may erupt and pour out lava streams 
of variable magnitude. Once established, this column remains for a 
long time in a liquid condition, being kept hot by the rising of intensely 
heated gases from below or by convection currents which these rising 
gases set up. The height of the column oscillates from month to month 
or from year to year, but within small limits—say a very few hundred 
feet of altitude. Gradually the rocks in its vicinity ar« melted, but at 
a slow rate. This rate would depend upon the difference between the 
supply of heat from below and the loss of heat by escape into the at­ 
mosphere. The melting of the rocks in contact with the lava column 
not only enlarges the pipe itself but robs the superficial beds adjacent 
to the orifice of their support, and they sink down in successive spalls 
and are gradually remelted below. From time to time the reservoir 
thus formed is emptied temporarily by some eruption trom a distant 
fissure or crater with which it is for a time brought into connection. 
But this distant eruption ceases, the fissures and subterranean conduits 
close up, the reservoir is refilled, and the lava column comes back to its 
former condition, and the process is renewed. That the caldera has 
been enlarged by the sinkage of large fragments is sufficiently borne out 
by the appearance of such fragments, more or less sunken, all around
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its riin. At nearly every sharp shock of earthquake the slipping of 
these fragments is witnessed, and I noted in the great wall which is on 
the left as we descend by the trail from the Volcano House into the 
caldera the fresh face of the escarpment between two parallel lines 
which appeared to mark the former height of the sunken spall m front 
of it. Such marks would doubtless appear more frequently were not 
the growth of vegetation so rapid and the rains so incessant that they 
are soon obliterated. On the northwe&tern verge of the pit a largo 
spall was shaken down by an earthquake in 1878, and the manager of 
the Volcano House assured me that such occurrences had happened 
under his observations many times. This is understood to be the case 
by those who have frequent occasion to pass by Kilauea.

The height of the lava column in Kilauea has varied considerably 
from year to year. It is probably higher now than at any time within 
the historic period. When Ellis visited it in 1823 it must have been 
nearly four hundred feet lower. By its rising it has filled up com­ 
pletely the great inner cavity within the historic black ledge, and has 
built up the whole floor of the caldera with new lavas to a height which 
is variable, but which may average nearly a hundred feet above the 
former level of the ledge. The rise of the lava column, however, has 
not been uniform, but the height has oscillated up and down with a 
gain of altitude on the whole of about 400 feet in sixty years.

Beneath the floor of the caldera we may conjecture the existence of 
a lake of far greater proportions than those which now expose a fiery 
surface to the sky. The visible lakes might be compared to the air 
holes in the surface of a frozen pond. That such a lake of large pro­ 
portions really exists with a thin covering of congealed lava, and open 
in only two spots, may derive support from the fact that whenever 
eruptions take place within the caldera (and no year passes without 
several of them), they do not come from the overflow of the open lava 
pools, but break out anywhere in the floor, and always at unexpected 
places. Wisps of steam are seen rising at many points, and even from 
cracks in the summit above. A few feet and often a few inches below 
the surface within these cracks the temperature is scalding hot, and 
sometimes hot enough to char a stick thrust into them. It is very 
doubtful, however, if this great lava lake underlies the whole caldera 
and the cliffs of the entire surrounding rim. This is matter of the 
purest conjecture without facts sufficient for guidance. We can per­ 
haps justify the belief that the open surface of liquid lava is but a 
fraction—perhaps a small fraction—of its area, but we have no means of 
estimating either its extent or configuration.

It may be asked, Why should not the solid crust above this lake break 
up and sink like the crust in the open lakes? This maybe readily 
answered. The rocks forming the floor of the caldera aud of the sur­ 
rounding platform above it are pahoehoe, which is very porous and 
spongy. A glance at a fragment of it shows thousands of closed vesi-
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cles. Its specific gravity, then, is small and much below the absolute 
density of the constituent material. In a word, it is so light that it can 
readily float. The scum formed on the burning lake, though it may 
have such vesicles at first, yet by remaining a long time in contact with 
hot lava in a viscous condition the vesicles disappear just as they do 
from glass in the glass furnace by protracted heating, and the specific 
gravity of the scum becomes about equal to its absolute density, until 
at last it is heavy enough to sink. That it is very viscous at the 
moment of break-up is seen distinctly in the easy way the cakes bend 
down their edges like a piece of leather when they sink.

It may be interesting to compare Kilauea with other depressions 
around volcanic vents, which seem to show similar action. Perhaps 
the most striking instance outside of these islands is the summit of 
Tenenff'e and the great "cirqtie" around the Pico de Teyde. This has 
been splendidly figured by Fntsch, Hartung, and Eeiss, and shows a 
nearly elliptical depression in the summit portion of the island, whose 
diameters are about twelve and eight miles respectively, while the en­ 
girdling walls are from one thousand to fifteen hundred feet high.* In 
the center of it rises the lofty cone Pico de Teyde, which is frequently 
steaming, and has within the last hundred years given forth lava. The 
peak rises more thau four thousand feet above the floor of the cirque, 
aud nearly covers it with its ample base. The descriptions and illus­ 
trations of it suggest an origin for the depression similar to that pro­ 
pounded here for Kilauea. The central cone may be in chief part of 
subsequent accumulation. '

Another instance apparently similar is the Volcan de Taal on the 
island of Luzon, about forty miles south of Manila.

* This is larger than Haleakala, though the depth is considerably less; but the 
indications are that much of the depth bas been refilled by materials ejected from the 
central and surrounding orifices.



CHAPTER V. 

MAUTSTA TjOA.

Our next objective point is Mauna Loa. From almost every point 
on the rim of Kilauea the great dome of this mountain is in full view. 
In truth, it is difficult to imagine a much more advantageous way of 
viewing so vast a mass than from the rising knoll of Kilauea, No forest 
obstructs tbe view, and all. that portion of the dome whicb lies higher 
than the 4,000-foob level is fully presented. We cannot realize its 
magnitude. It rises nearly 10,000 feet above us, and occupies about 
130 degrees of tbe horizon. Its slopes are very gentle and uniform, 
and the absence of details is its most peculiar characteristic. There 
are no ravines, no spurs nor sharp crests, no knobs, cinder cones, nor 
monticules. In one or two places, however, may be seen a few minute 
prominences, which we recognize at once as tbe abortive attempts to 
form cinder cones, which characterize many of the eruptions of this vol­ 
cano. The roundness and smoothness of the pile is, in a topographical 
sense, its most conspicuous feature. The mottling of light and shadow 
upon its surface gives us some premonition of its real character. Here 
a long dark streak, reaching many miles down its slope, indicates some 
lava-flow of recent date, which has not, as yet, lost its blackness by 
weathering. Far up toward the summit these black streaks increase in 
number and merge together. Tbe upper limit of vegetation is generally 
well marked, but forms a very uneven line, here ascending, there de­ 
scending. The greater part of tbe altitude of the mountain seems to 
be above this limit.

From the Volcano House there are several methods of approaching 
the mountain. Perhaps the most common one is by the trail leading 
back to Kapapala, over which we canie as we approached Kilauea from 
Kau. Having traversed this route once, I determined to select one lead­ 
ing more directly to the object. Leaving the Volcano House, and pass­ 
ing along tbe northern rim, we moved away from Kilauea towards the 
northwest, crossing the depression or saddle which separates the two 
mountains. The trail soon enters a region covered with patches of koa 
forest and along rich grass strikingly similar to the grasses found high 
up in the mountains and plateaus of the Eocky Mountain region. Tbe 
koa forests are eminently characteristic of the island, and form one of 
the most attractive features of its vegetation. The trees are large, hav­ 
ing trunks often two and a half to three feet in diameter, and growing 
very closely together. The wood of this tree is very dark and hard, 
having a color somewhat similar to the black walnut, and even more 
ornamental. It is also quite as hard, if not harder. It was from these 
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trees that the natives formerly made their canoes. The boa does nofc 
flourish on this island below 4,000 feet, though straggling groves and 
individual trees are occasionally found at considerably lower levels. 
From 4,000 to 6,000 feet, and sometimes higher up, it is the dominant 
forest tree. The koa forests, though still rather extensive, were formerly 
much more so. But they have within the present century been greatly 
ravaged by wild cattle. The alternation of forest and grassy park Is 
very pleasing, and if water-were abundant the region would be a para-' 
disc.

The trail soon enters upon the naked lava. Wide fields of pahoehoe 
stretch inimitably to the south and southwest, alternating here and there 
with bands of clinkers. About four miles from Kilanea we reach the foot 
of the ascending slope of Mauna Loa, and for a time we leave the naked' 
lava and enter upon a rising slope of soil, clothed with grass nearly waist 
high. The ascent now becomes somewhat rapid, though never steep- 
After gaining about a thousand feet of altitude, we reach an abandoned 
ranch named Ohaikea. Here stands a decaying and abandoned cottage 
built out of planks sawed by hand from koa trees. Several cisterns or 
large hogsheads contain rain-water gathered from the roof. The moun­ 
tain slopes in the vicinity are deeply clothed with soil, and appear to- 
have enjoyed for a long period immunity from the devastations of flow­ 
ing lava. During the summer season the climate here is rather dry, 
but during the winter the rainfall is copious. The altitude is about 
4,800 feet.

Leaving Ohaikea, we turn sharply to the southwestward, moving 
along the flank of the mountain, and, on the whole, gradually descend­ 
ing. A few miles iu front of us is a long lava stream which flowed in- 
the latter'part of 1880, forming what is termed the Kau branch of the- 
great eruption of that year. It ends just where the slope of Mauna Loa 
meets the slope of Kilauea. As it consists mostly of aa, and has a width 
of about half a mile at its narrowest, it is better to go around it rather 
than to attempt to cross it. After a ride of about four miles from 
Ohaikea, we reach the termination of this flow, and find it ending iu a. 
bristling mass of angular fragments, fringed with a steep slope about 
40 or 50 feet iu height, and repulsive to the last degree. The whole mass 
seems to have thoroughly cooled, and no traces of heat were detected. 
Skirting around the end of this flow, we again move a little way up the 
slope of Manna Loa and thence along its base. Upon our right is a steep- 
slope, suggestive of the face of a terrace, rising about 300 feet very ab-. 
ruptly. Whether this is another and higher member of the series of 
terraces which we saw in the vicinity of Hilea, Pahala, and Kapapala 
it is difficult to say, but there are many appearances which suggest 
that interpretation. It is tolerably well marked for the distance of 
about 16 miles upon the eastern flank of the mountain, and at either 
end is overflowed and buried by numerous eruptions. Traversing the 
base of this terrace seven or eight miles, we at length ascend to the-
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summit of it. Winding among the koa groves, and through the open 
meadows of mountain grass, we at length reach an inhabited ranch 
called Ainapo. Here a large cistern has been constructed of cement 
and filled with rain-water from the roofs of the houses.

Ainapo is a charming spot in the summer time. It is situated at an 
altitude of about 4,200 feet, among open grassy parks and groves of 
koa. The air is cool, and the trade-wind ever blows gently. The view 
seawards is a commanding one, though often obstructed by the drifting 
banks of trade-wind clouds. Par down the mountain slopes, which here 
descend with a gentle declivity, may be seen the broad, black, desolate 
fields of pahoehoe which have flowed from Kilauea over a very gently 
descending plain to the southwestward. Still further beyond is tbe 
faint glimmering expanse of the sea merging into the sky without a vis­ 
ible horizon. To the eastward is seen the cloud which always over­ 
hangs the furnace of Kilauea, and when the night comes the glare of its 
fires suffuses the clouds with a rosy red "flaring like a dreary dawn." 
The rim of its amphitheatre is distinctly visible, and jnst behind it the 
chaos of jagged rocks which encircles the fiery pool of Halemaumau.

Ainapo is the last halting place in the ascent to Mauna Loa where 
the traveler will find the three great requisites of camp life, fuel, water, 
and grass, in proximity to one another. Using this as a base "station, 
my first objective point was the sources of the last great eruption of 
Manna Loa, 1880-'81. They are situated high up on the northeastern 
flank of the mountain. To find them a guide is necessary. A deter­ 
mined traveler might reach them without one, but only with immense 
labor and loss of time, if not with loss of animals. I had been so for­ 
tunate as to secure the services of a native goat hunter, who knows the 
entire sonthern portion of Mauna Loa more thoroughly than any other 
man. Leaving Ainapo early in the morning, we moved obliquely to the 
northeastward, slowly and steadily gaining in altitude. For about 7 
miles we followed cattle trails leading through koa groves and grassy 
parks; then crossing a stream of aa we turned sharply up the mountain 
slopes, and in an hour or two had reached the upper limit of vegetation 
at an altitude of about 6,700 feet. Hard by was the Kau branch of the 
flow of 1880. Here we camped for the night, the afternoon being spent 
in foot excursions among the various lava streams, most of which are 
of very recent origin, though of unknown dates. These lavas vary but 
little in composition, all of them being highly olivinitic and heavily 
charged with iron. They are very vesicular, and really compact speci­ 
mens are difficult to find. Most of the lava has taken the form of pahoe­ 
hoe, though many broad fields of aa alternate with it.

At the first streak of dawn we began the final march to the summit, 
or rather to a point a few miles northeast of it. The whole distance 
lies through barren fields of naked lava. . Innumerable streams descend­ 
ing from the summit are all around us, showing by the varying degrees 
to which they have been affected by weathering just so many different
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epochs of eruption. These streams vary in width from a few hundred 
yards to a mile or more, ami many of them have taken the form of aa. 
Between them are broad lanes of pahoehoe, along which we lay our line 
of travel. Frequently the streams of aa are seen to coalesce further 
up the mountain, and whenever this is noticed it becomes necessary to 
look for au easy place to cross the aa on the right or left, in order to 
find another lane of pahoehoe which will carry us further up. The 
crossing of one of these clinker fields is harassing to the animals. So 
keen and sharp is the loose rubble of clinkers that the fetlocks of the 
mules are lacerated as they flounder through it. The poor brutes dread 
the ordeal not a little, and it usually requires something more than 
mere moral suasion to induce them to enter upon it.

The lavas present many curious forms along the way, arising from the 
varying circumstances under which they have cooled and solidified. 
Wherever it has poured over sharp ledges or down steep slopes it takes 
the form of a matted and tangled mass of large ropes. On the gentler 
declivities it is, for the most part, typical pahoehoe, spreading out in 
large belches 20 to 40 feet square with wrinkled surfaces. In a few 
places we found some appearances which were difficult to explain. 
Long straight gutters or trenches looking like ditches in the soil which 
have been dug by hand, are seen with banks a foot or a foot and a half 
high, and with the bottoms two or three feet wide. Within these troughs 
the lava reproduces in stone the appearance of water running swiftly 
through a wooden flume.

As we approach the summit the fields of clinkers become more abun­ 
dant and of larger proportions. The upper 2,000 feet of the mountain 
seems to be surfaced chiefly with this form of lava. The guide showed 
admirable acuteness in-dodging the greater part of these formidable 
fields and selecting lanes of pahoehoe. But at the very best, we must 
have crossed iu the ascent rather more than two miles of aa, and the 
condition of the animals was most pitiable.

At au altitude of 11,800 feet we were obliged to dismount and tether 
the mules to the rocks. For in front of us and on every haud was a 
chaos of clinkers and rubble, with yawning cracks and fissures, which 
must be crossed on foot. Lashing our instruments and photographic 
camera on our backs, we journeyed about a mile, crossing several large 
fissures until at last we reached one which gave unmistakable signs of 
being the object sought. It stretched as far as the eye could follow it 
both up and down the mountain. It was very narrow for the most part, 
but at several places it expanded into large holes where no bottom 
could be seen and from which there still issued copious volumes of steam. 
From these great holes the last draiuings of the lava flow are seen 
streaming away down the mountain slope. It has the appearance of 
basaltic obsidian. It is highly vesicular, and the vesicles, contrary to 
the usual habit in basalt, are very elongated and much drawn out, like 
those so often seen in rhyolite or pumice. It has a dark olive-green
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color, and as we step upon it it grinds, shatters, and crackles beneath 
our feet. Nothing like a cone has been erected over the orifices. The 
uppermost of these large vent holes gave rise to a stream of lava of 
enormous dimensions which flowed more than half a mile wide down 
the northern slopes of the mountain, reachmg nearly to the base of 
Mauna Kea and spreading out 011 the intervening plain between the 
two great volcanoes, in a field the extentof which could only be guessed, 
but which from an eye-estimate seemed to be 12 or 15 square miles in 
area. This constituted the first part of the eruption and flowed for 
abeut three weeks. Soon afterward another vent opened along the 
same line of fissnre about a mile further down the mountain slope, and 
gave issue to the Kau branch of the flow, which has a length of about 
10 miles and a width varying from half a mile to a mile and a quarter. 
Still again along the same line of fissure and about half a mile further 
down the slope broke ont the principal branch of the eruption which 
flowed down the northern side of the mountain into the intervale be­ 
tween Mauna Loa and Mauna Kea, then deflected to the right andflowed 
eastward to within half a mile of the town of Hilo. The length of this 
branch of the flow is about 45 miles and the width varies from half a 
mile to 3 miles. No cone was formed at any of the three upper orifices. 
Many parallel cracks are seen on either side of the main line of fissure, 
from some of which lava issued at the same time. In the vicinity of 
the upper orifices the cracks widened out and gave vent to the lavas 
along a considerable line of opening on either side of the hole.

To convey a more complete idea of the circumstances connected with 
this eruption, it seems necessary to explain one of the features connected 
with the form and arrangement of the mass of Mauna Loa. The base 
of the pile is by no means of circular form, but its figure is elongated 
into an oval shape, with the major axis extending northeast and south­ 
west. In the elongation towards the northeast we may conceive some 
analogy to a flat and feebly-pronounced spur, reaching the sea m the 
vicinity of Hilo. Along this spur the slope of the mountain is less thau 
along any other descending element of its cone. Nowhere, however, 
does it present that sharp, ridgy appearance which we usually associate 
with mountain spurs; but the projection is well rounded, and when 
viewed as a whole is remarkably smooth. No ravines aud gorges, how­ 
ever small, occur.. It is along the line of longest slope and minimum 
declivity that the rapture took place. The cracks extend directly from 
the summit downwards and are many in number, always preserving a 
very approximate parallelism. The appearances indicate that the lavas 
broke forth from more than one of these fissures and from very many 
points, the numerous streams finally coalescing into three principal 
ones. There is, however, much difficulty in tracing out all the subsidi­ 
ary facts of the case, for there is nothing to guide us here excepting the 
recent aspect of the several constituent streams. It is not a little re­ 
markable that an event of such importance has left none of the ordi-
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nary monuments of a great eruption. Of the stupendous mass of mate­ 
rial extravasated only small traces have been left around the sources. 
All flowed down the mountain sides and came to rest in localities many 
miles away. The vents from which the greater part of the lava issued 
were found to be much smaller than was anticipated. It seems extra­ 
ordinary that so vast a mass of lavas could have issued from orifices so 
small; but, on the other hand, the flows were continuous for a period of 
about eleven months, and -when the vents were in action the lava was 
ejected with immense velocity.

It is difficult to obtain from eye witnesses of this eruption any very 
detailed and precise account of the particular phenomena which we 
would most like to have a full description of. It was seen by several 
persons who viewed it from the base of Mauna Kea, which on the 
whole would afford about the best standpoint for a distant observation. 
They all speak of seeing fountains of fire projected to a great altitude, 
variously estimated at 400, 500, and even 1,000 feet. These, how­ 
ever, must be regarded as mere guesses. No one could see whether 
this fire consisted of jets of lava or of incandescent vapors. All of the 
observers were impressed with the idea that the lava itself was pro­ 
jected upwards in fountains to a great altitude. Of the varying aspects 
of the eruption during its various stages no circumstantial account is 
obtainable.

A very interesting circumstance connected with this eruption was 
the fact that for several months before it took place an intense activity 
prevailed in the great summit caldera. As soon as the eruption broke 
out, the fires on the summit appear to have ceased suddenly, and from 
that day to this have shown no indications of renewal. It seems little 
•doubtful that the eruption tapped the lava lake at a lower level. The 
highest vent of the eruption of 1880 is situated about 800 feet lower 
down than the surface of the lavas in Mokuaweoweo. Nor is this coin­ 
cidence by any means unprecedented, for according to all accounts the 
same thing happened in 1855 aud again in 1859, the great eruptions of 
those two years being preceded by intense activity at the summit fol­ 
lowed by complete but temporary repose. With none of the last four 
great eruptions of Manna Loa has Kilauea shown any apparent sym­ 
pathy.

There is a strange fascination in wandering over this vast expanse 
of desolation. No doubt the dominant idea is the immensity of it. 
The best couception of the magnitude of Mauna Loa is to be obtained 
by attempting to traverse any limited district of it on foot. Mile after 
mile may be traversed but the landscape seems ever the same. All 
the great landmarks seem to stand just where they stood an hour be­ 
fore. One locality is as much like another as any two parts of the 
lovi a prairies or of the Great Plains of Colorado. The only alterna­ 
tions are from aa to pahoehoe. Traces of recent eruptions are seen 
everywhere, but all (he views are fragmentary. So extensive has each
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and every one of them been that the greater portions of them always 
reach far beyond the limits of vision, and mingling together are lost in 
the confusion of multitude. The imagination is discouraged at the 
thought that this colossal pile has been built up by thousands upon 
thousands of these eruptions. 

In the vicinity of the last eruption stand several small knobs or cones
-of unknown date, which we may examine in detail. Their origin is no 
doubt the same as that of ordinary cmder cones. In the truncated 
summit of each is a crateriforin depression which is, in fact, a true 
crater. The pile is built up of large clots and fragments of basalt 
thoroughly welded together, as if the constituent fragments had fallen 
in a pasty condition. The fine lapilli and volcanic ashes seen in ordi­ 
nary cinder cones are wanting here. They are insignificant in size, none 
of them exceeding 120 feet in height. One of them has been split 
asunder by a large fissure traversing it, and a little lower down on this 
same fissure is situated one of the vents of the last eruption.

The source of the great eruption of LS55 is situated not far from that 
of 1880, lying a little further to the northwestward, a little below the 
line where the great mountain spur begins to descend to the north­ 
ward. I could not feel quite sure that I had hit upon the exact locality 
though I considered it probable that it was found. The most remark­ 
able circumstances connected with it are the comparatively light traces 
which have been left of an event so momentous, and the indistinct char­ 
acter of the few which remain. This outbreak flowed unceasingly for 
thirteen months, and the lava covered an area of nearly two hundred 
square miles; and yet at the fountain head the earth shows but a few 
insignificant wounds. This eruption also issued from a crack radiating 
from the summit of the mountain along the main spur. The general 
appearance of the ground in the vicinity is very similar to that pre­ 
sented in the eiuption of two years ago. Of the great flows of 1855 and 
1SSL we shall see more during a later stage of our journey.

Descending the mountain slope to reach our camp at the timber line, 
we have many opportunities to note at our leisure the varying phases
-of the flowing lava streams which are still perfectly preserved, even in 
those eruptions which have considerable antiquity. It has been re­ 
peatedly noted hitherto that the solidifying lava takes the form of 
either pahoehoe or aa. We have abundant opportunities to verify the 
conclusion already reached that it takes the form of aa wherever the 
cooling mass is very large or where a cousiderable body of hot and 
highly viscous lava moves at a very slow rate. The pahoehoe, on the 
other hand, is formed by highly liquid belches shot out in comparatively 
small quantities from the interior and hotter parts of the coulee. Nearly 
every stream, and perhaps literally all of them, show in some parts of 
their courses long tunnels, and in numerous places the arch above the 
hollow pipe has fallen in, leaving a deep pit in the ground and reveal­ 
ing the continuation of the gallery both upwards and downwards.
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Some of these galleries are, no doubt, miles in length, and I have been 
informed by credible persons that they have followed old galleries for 
three or four miles without finding any opening or termination. Their 
dimensions vary considerably, being sometimes sixty or eighty feet in 
diameter, and frequently constricted to eight or ten feet. The number 
of these tunnels in the mass of Mauna Loa must be vast indeed. As a 
general rule, they are not disclosed, and we become aware of their 
presence only when we find a spot where the arch has fallen in. Un­ 
doubtedly these tunnels are the agency by which the lavas are able to 
flow to sash immense distances as forty or fifty miles from the vent and 
yet preserve to the end a high degree of liquidity. The radiating power 
of these lavas is very great, but their conducting power is excessively 
feeble. Wherever a fresh molten surface is exposed nakedly to the 
atmosphere, it blackens with very great rapidity, and a solid skin is 
formed in a very few minutes. But this skm immediately acts- as a 
protecting mantle or jacket to the hot lava within, and its very feeble 
conductivity preserves the interior heat for a long time.

Beaching our camp at nightfall, we passed a comfortable night and 
the next morning returned to Ainapo. Halting a day to recuperate the 
weary and half-starved animals, we began the ascent to the summit 
platform of the mountain. For this undertaking a guide is very neces­ 
sary. There is one, and only one, route by which it can be accomplished 
with comparative ease. To deviate from that route is to become en­ 
tangled in a wilderness of impassable clinker-fields, where progress is 
possible only on foot, and even then with extreme difficulty. My guide 
knew the trail thoroughly, and is perhaps the only guide now living 
who does know it. By the proper route it is possible to ride to the apex 
of the mountain without dismounting from the saddle. As a feat of 
mountaineering it is not worth mentioning. The only difficult feature 
about it is the very great length of the journey, for, as the trail runs, 
the distance to the summit is fully twenty miles from Ainapo and the 
altitude to be gained is about 9,500 feet. It was thought best, there­ 
fore, to make two journeys of it, the first day being consumed in trav­ 
eling to the upper limit of vegetation. The trail winds among groves 
of koa and grassy parks, here leading over a flat plain, there ascending 
a strong acclivity. Upon our left is the border of a compact forest, 
which covers the southern slope of Mauna Loa between the altitudes of 
2,000 and 6,000 feet. To the right of us the country is much more open, 
and the trees stand in clusters. This dissimilarity has its origin in a 
difference of rainfall. The density of the forest is everywhere propor­ 
tional to the amount of precipitation. Concerning the climatology of 
this island, I shall perhaps have something to say hereafter.

As the distance to be made is only about seven miles, it was thought 
a good opportunity to indulge in a little hunting. Game is perhaps as 
abundant here as in any locality in the world, but the kind of game and 
the kind of hunting are certainly exceptional. The mountain literally
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swarms with pigs, cattle, and goats, all of which are thoroughly wild. 
Wildhorses'and asses are also metwith, and occasionally eveii wildinules. 
The commonest beast is the hog, and the facility with, which it was 
caught and slaughtered by ray native guide was most amusing. A 
large well-trained dog suddenly darts into the shrubbery, and in a mo­ 
ment the squealing begins. The guide, dismounting from his horse, at 
once comes to the rescue, and as the pig and the dog are tussling in op­ 
posite directions he seizes the former by the hind legs, trips his fore legs, 
turns him upon his back, and with a large sheath-knife severs the jngu- 
lar vein in less time than it takes to tell it. The dog and the kanaka 
are then after another pig and with the same result. Many of these 
animals are vicious creatures, with sharp tnsks four or five inches in 
length, and an assault upon them is apt to be dangerous, especially to 
the dogs. Most of them are black, with singularly long snouts and large 
heads. These pigs were abundant in the islands at the time of their 
discovery. They are said to ha^e a very close resemblance to the wild 
hogs which are so abundant in the East Indian archipelago, from which 
part of the world they were no doubt derived.

Wild goats are also very abundant. These were brought to the islands 
near the close of the last century by Vancouver, and they have multi­ 
plied rapidly. The native method of hunting them is decidedly unique. 
The goat hunter follows a flock on foot. As he approaches they gallop 
away over the rocks, leaving the pursuer far behind. But they soon 
halt, tired and blown by their exertions, while the kanaka keeps on. 
It becomes a question of endurance between the steady jog trot of the 
pursuer and the alternate halts and spasmodic efforts of the pursued. 
The kanaka wins every time. In the course of a couple of hours the 
animals are too weary and too much discouraged to tiee further. Reach­ 
ing the first laggard, the hunter breaks its hind legs across his knee, 
and the remainder of the flock are treated in like manner. Returning 
upon his track, he skins the animals at his leisure. The goats have 
little or no value except for their skins, many thousands of which are 
exported from the islands annually. The flesh of the ewe goat proved 
to be much better meat than I had ever supposed, being quite as good 
as veal or mutton, with a flavor intermediate between the cwo.

The wild cattle are also very abundant. They were introduced by 
Vancouver in the year 1792, and a strict tabu was laid upon them for 
many years. They multiplied with great rapidity, and in the year 1825 
large herds of them were running wild over the mountains of Hawaii. 
They are very destructive to the forest vegetation, and efforts have 
been made from time to time to check their increase, but no check has 
been found possible beyond the steady decimation by cattle hunters 
and the limit of the amount of suitable food. They have for many 
years been hunter! and slaughtered in large numbers for their hides. 
Within the past few years the development of the sugar plantations, 
with the increased number of laborers employed, has created a demand
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£or the dried or jerked beef, which is brought down from the mountains 
by the hunters, though not in great quantities. From all accounts it 
would appea-r that the koa forests have been very much ravaged by 
these animals, which not only devour the young seedlings, but strip the 
bark from the older trees. The animals are very timorous in the pres­ 
ence of man, for they have been hunted for several generations and 
slaughtered without remorse. The sense and fear of danger thus ac­ 
quired have made them very cunning. Their favorite places of retreat 
are the dense jungles, where a horse and rider cannot penetrate. In 
seasons of drought they are obliged to leave their fastnesses to seok for 
water, and they make their journeys always in the night time, returning 
to their retreats before daylight. They have the faculty of noting
•during the dry weather the tall of a distant shower in the day-time, and 
when the night comes they make a long journey to the locality with an 
unerring instinct, and seek the pools of water in the hollows of the 
rocks. The native hunter is still more cunning than the brute, and 
spends the night upon the trail which he anticipates they will follow in 
pursuit of water, and shoots them down as they pass

We reached the upper limit of vegetation early in the day and spent 
the afternoon in hunting pigs and wild cattle. So far as the pigs were 
concerned \ve could never go amiss. The country swarmed with them, 
and at every hundred yards or so a snorting porker would scud out of the 
path. We were also fortunate enough to secure a fine large cow, which 
furnished us with a supply of beef for several days. It seemed at first 
like utter ruthlessness to destroy so noble an animal merely to get two 
or three beefsteaks, but circumstances alter eases.

Our camp was located at about 6,700 feet above sea-level, where veg­ 
etation was still tolerably abundant, though it ends abruptly a little 
above us. The outlook down the mountain slopes was much obscured 
by clouds, most of which floated below us, while now and then a bank 
of mist enveloped us. Whenever the curtain of cloud and fog drifted 
away we could look down upon- the broad plain of Kilauea and see with 
perfect distinctness the outlines of the great caklera and the rocky pile 
around Haleinaumau. At night the glare of its fires tinged the clouds 
with vermilion, which came and went as the mcande&ceiice of the lavas 
beneath fluctuated.

At the first streak of dawn we began the final march to the summit. 
In half an hour the last trace of vegetation was below us, and the track 
lay over fields of pahoehoe ever mounting up wards. Nowhere is a trace

• of soil to be seen. The lava lies just as it was originally poured out 
and cooled. Here and there a stream of lava has been considerably 
weathered, its original black having changed to a rusty brown or red­ 
dish color, but nowhere has it broken down into soil. Nowhere is the 
travel attended with any great difficulty other than such as attends the 
prolonged exertion of mounting a constant succession of steep acclivi­ 
ties. Here and there are faint marks of a trail made by preceding trav-
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elers to the summit, but ordinarily no trail is visible. The guide showed 
all the tact and instinct of an Indian in finding his way. On either 
side are clinker fields sending down their long fringes and fingers, and a 
keen memory must have been necessary to enable him to recall the exact 
lane which he must follow to escape an entanglement in such a dread­ 
ful net. But no error was committed. After a journey of about five 
hours without a halt, half of which was accomplished on foot, leading 
the animals to save their strength, we reached the summit platform. 
One animal showed signs of distress from the thinness of the air at an 
altitude of about 11,000 feet. We left him tied to a pinnacle of rock to 
await our return.

The summit of Mauna Loa is a broad and large platform about five 
miles in length and four miles in width, within which is sunken the 
great caldera called Mokuaweoweo. The distance from the point where 
we first reach the summit to the brink of the pit is about a mile and a 
half. The surface of the platform is much more rugged than the slopes 
just ascended. It is riven with cracks and small faults, and piles of 
shattered rock are seen on every hand. Nowhere is there to be seen 
the semblance of a cinder cone. Doubtless many eruptions have broken 
forth from the various fissures on this summit, but only here and there 
oau insignificant traces of such catastrophes be definitely distinguished. 
The absence of fragmental ejecta is extraordinary. The shattered 
blocks, slabs, and spalls which everywhere cumber the surface appear 
to have resulted from the spontaneous shivering and shattering of the 
lava sheets by their own internal tensions as they cooled.

We come upon the brink of the caldera very suddenly. The cliff be­ 
neath is quite vertical, descending at the point wheie we first reach the 
rim a little more than 600 feet. The spectacle is a very imposing one, 
far more so than the view of Kilauea from the run of its amphitheater. 
The horizontal dimensions of Makuaweoweo are somewhat less than 
those of Kilauea, but the depth is much greaterand the encircling walls 
are even more precipitous and continuous. The only break in the walls 
where a descent is possible is found upon the northeastern border. The 
floor beneath has the same desolate appearance as that of Kilauea, be­ 
ing covered with numberless surges and slops of lava which have 
poured over it and congealed, remaining to-dayjust as they were when 
they first cooled. In the central part is a ledge surrounding a still 
lower depth, corresponding no doubt to the historic black ledge of Kil­ 
auea which existed fifty years ago. The depth of this ledge is perhaps 
175 or 180 feet, and its position is indicated on the accompanying map.

At the time of my visit there was no volcanic action whatever. Not 
even a wisp of steam could be detected issuing from any point. The 
lava lake within the ledge was completely frozen over, looking as solid 
and ugly as the rocks on which we stood. In truth, the strongest feel­ 
ing impressed upon the mind was that of superlative calm, solitude 
a.ud desolation. And yet, scarcely two years have passed since these
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cyclopean •walls witnessed displays of volcanic energy which are prob­ 
ably unrivaled in beauty and magnificence. Within the lower ledge 
was formerly a large lake of liquid lava. Of its dimensions we have 
no account further than that it much surpassed in extent either of 
the lakes of Kilauea. At brief intervals from out of the surging mass 
liquid columns of fire were shot up with fierce explosions to the height 
of 500 or 600 feet, falling back again in a prodigious spray of glowing 
masses into the pool from which .they ascended. This scene has been 
'described to me by Mr. H. M. Whitney, who visited it in the year 1878, 
and who, standing upon the brink, marked the particular, well defined 
stratum of red lava in the opposite wall against which the summit of 
the fountain was ranged in the line of vision. This stratum is clear 
and unmistakable, and its height above the surface of the frozen lake is 
between 500 and 600 feet, and nearer the latter than the former figure. 
Only a few days before the last great eruption of 1880-'81 the glare of 
the fires within this lake and the spasmodic bursts of flame from its 
spouting columns had been seen from many points illuminating the 
clouds above, and on many occasions for a year previous the same phe­ 
nomena had been witnessed. But no trace of illumination has been 
seen since the eruption. So infrequent are visits to the summit that I 
have not been able to learn of any traveler who has reached it within 
the last two years, and it is imp&ssible to conjecture what took place 
while the eruption below was in progress. Nor is this the only instance 
in which the great eruptions of Mauna Loa have been preceded by 
intense activity and followed by perfect quiescence at the summit. 
According to all accounts the same thing happened in 1855-'59. There 
seems to be good reason for presuming that an eruption upon the flanks 
of Mauna Loa is so connected with the summit orifice as to exhaust for 
a time the volcanic energy which had previously been accumulating 
there. The period of repose at the summit after any eruption is very 
uncertain, and want of accurate observation does not enable us to draw 
any specific conclusions in this matter. Stated, however, in the most 
general way, it would seem that within the mountain there is continu­ 
ously in progress an accumulation of eruptive energy and materials, 
which at first seek an outlet through the summit orificej but as the 
accumulation goes on the mountain itself is ruptured. Lower down 
upon its flanks the lavas are discharged and the volcanic energy is for 
the time being depleted. The periods between eruptions, however, are 
quite irregular, varying from four to ten or eleven years.

The length of the main caldera is a little less than three miles and its 
width about a mile and three-quarters. Its floor, viewed from above, 
appears to be composed of a series of flat surfaces occupying two dis­ 
tinct levels, the higher upon the surface of the black ledge, the lower 
lying within the ledge. Upon the western side is a small cinder cone 
standing close upon the border of the black ledge. It is the only cone 
visible, either within the caldera or upon the surrounding summit. Its
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height is about 125 or 130 feet. It was seen in operation, throwing up 
steam, clots of lava, arid lapilli, in the year 1878. The only other diver­ 
sifications of the floor are many cracks which traverse it, the larger of 
•which are distinctly visible from above. Some of them are considera­ 
bly faulted. There is no difficulty in recognizing the fact that the whole 
floor has been produced by the sinkage of the lava beds which once 
continued over the entire extent of the depression, their under sides 
having been m'elted off most probably by the fires beneath. The lava 
beds in the immediate vicinity of the brink upon the summit plat­ 
form wear the aspect of some antiquity. They have become brown 
and carious by weathering, aud, although no soil is generated, little 
drifts of gravel are seen here and there mixed with pumice. Since the 
caldera was formed there is no indication that the lavas have anywhere 
overflowed its rim. And yet it is a very strange fact that within a half 
mile, and again within a mile to a mile and a half, lavas have been re­ 
peatedly erupted within "the last forty years from the summit platform, 
and have outflowed at points situated from 700 to 900 feet above-the 
level of the lava lake within. Traces may also be seen, at varying dis­ 
tances back of the rim, of very many eruptions in which the rocks be­ 
token great recency, although no dates can be assigned to their occur­ 
rence.

The descent into the caldera is accomplished with no great difficulty 
at the northeastern extremity. Moving around the brink to that end 
we find just beyond it a smaller pit separated from the main caldera by 
a narrow ridge. The wall here is at its lowest point and is also broken 
down into a rubble of large blocks and rugged fragments, where we may 
carefully pick onr way downwards. Beaching the summit of the black 
ledge, immediately above the platform of the frozen lava lake, consid­ 
erable search is necessary to find a practicable spot where we may de-" 
scend to the lower level. The ledge is exceedingly sharp and, for the 
most part, vertical, though in several places it looks practicable. The 
easiest point is found at the foot of the main western wall, where a talus 
of great bowlders enables us to find a rugged path to the bottom. It is 
not without some sense of apprehension that we venture to tread upon 
what is literally, the crust of a sleeping volcano, a'nd that one the 
mightiest volcano on earth—one which we may feel reasonably as­ 
sured will soon awaken from its slumbers. Nor is this sensation at all 
diminished as we put our hands within the numberless little cracks with 
which the surface is riven and feel the heat ascending. What seemed 
to be a comparatively smooth floor from above turns out to be exceed­ 
ingly rugged and by 110 means easy to travel over. It is a wilderness 
of writhing and seething currents and eddies of basaltic obsidian and 
broken folds of pahoehoe which shiver and crack beneath the feet as we 
wander on. It is all as fresh as if it had solidified only yesterday. It 
reproduces with exactitude the appearance of the lava upon the bor­ 
ders of the new lake in Kilauea. Here and there a whiff of sulphurous
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fumes reminds us of what is beneath our feet. But for these indications 
we should hardly be conscious that the ground beneath is less safe than 
the granites or sandstones of any other region.

We may ascend the black ledge upon the southern side in the vicinity 
of the little cinder cone. Here the rocks appear to be somewhat older, 
although many patches of extremely fresh basalt are seen on every 
hand, welling up from numberless fissures. Near the base of the great 
wall of the amphitheater we come upon numerous wide cracks, too wide 
in fact to be crossed, and which it is necessary to go around. Eight at 
the base of the southern wall are several long, narrow, sunken blocks, 
which are lower than the level of the black ledge and which have evi­ 
dently dropped in. This phenomenon is repeated at many points around 
the base of the main precipice, indicating that the dropping action re­ 
peats itself frequently. The cliffs at many points are so nearly vertical 
and so rifted with vertical cracks that they seem, liable'to fall down in 
terrible ruin at any moment. The base of the cliffs is littered with 

"fluTfffreTless masses which have fallen in this way in times past. At the 
southern end of the amphitheater-is another and smaller caldera, con­ 
nected with the main one by a narrow passage frightfully iucumbered 
with fallen rocks of great size, which have tumbled from the cliffs above. 
It stands to the principal caldera in precisely the same relation as the 
pit of Poli-o-keawe to Kilauea. And, in truth, it is remarkable to note 
how closely Mokauaweoweo and Kilauea resemble each other. As if to 
make the parallelism exact, a stream of lava issuing from the neck 
which separates the two, flows into the depths of the smaller one.

A journey throughout the expanse of the caldera, with a study of its 
floor, discloses more questions than answers. First and foremost is the 
question, how was this wonderful depression formed and how is it main­ 
tained? Fifty or sixty years ago, no doubt, most geologists would at 
once have conjectured that it was blown out by some stupendous ex­ 
plosion hurling the fragments far and wide over a vast area, and that 
the. cavity was thereafter refilled by the rising lavas to a level of nearly 
a thousand feet below the shattered riin of the crater. Such an explana­ 
tion would be wholly unsatisfactory to the geologist of the present day. 
Cataclysms are not postulated in modern geological science without 
evidence amounting to positive proof, and no evidence of any such con­ 
vulsion exists here. All around the base of the encircling cliff's may be 
seen the cracks and planes of cleavage; and the bays and recesses in the 
scarped wall disclose similar large joints cleaving parallel to the front of 
the cliff, indicating the action of the shearing force set up by the under­ 
mining of the masses which we may infer to have formerly extended- 
over the cavity. Huge wedges of older volcanic beds are sunken even- 
below the general level at the foot of the cliffs. All these facts convey 
to the mind the idea that the summit of the mountain has sunken in. It 
is an easy inference that the lavas beneath have remelted the underly­ 
ing portions, and that the reliquified basalt has been tapped and drawn-
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off by eruptions breaking forth far down the slopes of the mountain.. 
This explanation, however, does not cover the entire ground of inquiry .. 
Has-this great pit been formed a few hundreds or a few thousands of 
years ago, or has there always been a similar pit in this locality main­ 
tained by the same causes throughout the-whole of the immense period' 
covered by the growth and development of Mauua Loa? That it is by 
no means an isolated or nniqne occurrence is proven at once by the- 
exact homology of Kilauea and of Haleakala, and bomologies less exact 
and more or less modified may be found in other great volcanoes. On- 
the whole, it seems to me more probable that such a formation may be­ 
long to the middle and later stages of the growth of the volcano rather 
than to the earlier ones. For it is apparently associated with the habit 
manifested both by Kilauea and Manna Loa, as well as other volcanoes,, 
of discharging their lavas at levels much below the summit of the mnin 
hydrostatic column in the central orifice. This is much more likely to- 
occur in a very large and lofty volcano than in a small and low one. 
All of these great pits give indications of progressive enlargement by 
the successive cleavage and dropping in of large spalls faulted from the 
faces of the encircling cliffs. The idea of a stupendous explosion blow­ 
ing off the top of the mountain is wholly at variance with the peculiar- 
habits of these volcanoes, for of all volcanoes they are the least demon­ 
strative and violent in their respective activities. On the whole, it 
seems more probable that these pits are very ancient, and have existed- 
certainly throughout all of the later stages and perhaps through the- 
middle stages of the development of the several volcanic piles.

Another very interesting question presents itself here. While tlie- 
flres are active a large lava lake is boiling and surging within the black 
ledge. If in reality the fires ceased to burn because the lavas were- 
tapped and drawn off at a lower level, why should not the liquid have- 
all receded downwards in the pipe and have left a large empty chimney 
hole of unfathomable depth? As a. matter of fact, the frozen surface of" 
this lava lake forms a nearly continuous plaiu across the whole lower 
tioor of the caklera. It seems to have frozen over without auy change- 
or sinknge in the height of the summit of the lava column. On the 
one hand, the activity of the lake which precedes and the quietude- 
which follows an eruption upon the flanks are too well attested to leave 
auy doubt as to a sympathy between action in the lake and the lateral' 
eruption. On the other hand, laws of hydrostatics seem to be so simple- 
aud inexorable that we cannot fly in the face of them. The action of 
Kilauea in these respects is much more consistent. It has been repeat- 
edty observed that after the eruption npou the flanks of Kilauea the 
lava columns within the lakes disappeared for a time, but soon after grad­ 
ually came up again. It is possible that the same thing may have 
occurred at Mokuaweoweo. It should be borne in mind that Kilanea 
is under almost constant observation, while Mokuaweoweo is rarely
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visited. If tLe beLavior of the latter vent is the same, the difficulty 
will disappear.

There is still another enigma. Eruptions from the summit platform 
above are very frequent. Three or four of these have happened within 
the last thirty years, and although they might be reckoned large erup­ 
tions at Vesuvius or even at Etna, they are small in comparison with 
the euormous outbreaks which have flowed for many mouths and which 
have been the objects of general interest and attention. Since no sys­ 
tematic observations have been made upon the eruptions of Mauna Loa, 
and as these smaller ones seldom reach even as far down as the upper 
limit of vegetation, they have not attracted much notice, and many of 
them may have escaped observation altogether. This is all the more 
likely because Mauna Loa is usually enveloped iu clouds, especially 
during the winter season, and the summit is rarely visible from below. 
In truth, the upper dome of Mauna Loa, as might be expected, con­ 
sists of thousands of these minor eruptions piled one above another, and 
where\Ter we asceud to the summit we observe on every hand innumer­ 
able coulees terminating at varying distances above the timber line. 
How is it possible for an eruption to take place upon the summit plat­ 
form of the mountain while a great central vent or pipe is open to the 
air within the caldera nearly a thous.md feet below? Perhaps some 
gleam of light may appear when we lecur to the fact that lavas are 
effervescent compounds highly charged with elastic vapor, and when 
ever a fissure or rift is opened for their escape the frothing of the liquid 
by the expansion of its occluded gases may be sufficient to carry a. por­ 
tion to a higher level than the main orifice. This would imply that the 
rising subterranean lava columns have many passages which are neither 
in connection with each other nor with the main central pipe unless 
such connection exists at great depths. This explanation may be 
doubtful.

Two days are all too short a time in 'which to go over carefully the 
various points of interest disclosed within the caldera and upon the 
surrounding summit, but the hardiest traveler will shrink from passiug 
a second night in that dreadful solitude. The wind blows with a keen, 
biting blast, from which there is no shelter. There is not an ounce of 
combustible matter within twelve miles, and the only food is that which 
we bring with us. The animals must cower and shiver, and howl pit- 
eously throughout the night, and the guides or packers, accustomed only 
to the tropical climate of the sea shore, are hardly fit to endure the hard­ 
ship. But the sublimity of the desolation and the deep sense of soli­ 
tude, half pleasing, half terrible, make the experience a fascinating one.

Upon our downward path the all-absorbing theme was the wonderful 
display of cloudwork spreading out beneath us. The upper part of 
Mauna Loa is far above the ordinary realms of cloudlancl. The con­ 
stant trade-wind is full of clouds of a peculiar habit. Their lower sur­ 
faces vary in height from 2,000 to 4,000 feet, while their upper surfaces



DUTTON! UPPEK LIMIT OF THE TRADE-WIND. 145

seldom reach above 8,000 feet. From the upper dome of the mountain 
we look down upoii them from regions which, in the summer-tune, are 
almost ulways clear. At sea-level the atmosphere is always hazy, 
whether over the ocean or over the laud, so much so that it is rarely 
possible to see one island from another, even across a channel fifteen or 
twenty miles in width. But on the mountain tops the purity of the 
atmosphere is marvelous. From the summit of Mauna Loa the dome 
of Haleakala on Maui, a hundred miles away, is defined so sharply and 
clearly that every detail of sufficient size is seen with the utmost dis­ 
tinctness. It rises out of a turmoil of clouds like a flat mound or dome 
rising above fields of snow. The aspect of the clouds when seen from 
above is in the strongest contrast with our notions of them when viewed 
from beneath, and a more inviting playground for the imagination it is 
impossible to conceive.

I was much impressed with the fact that the trade-wind is not felt on 
any of the high mountains of these islands at altitudes above 7,000 to 
8,000 feet. The upper part of this mountain is in a region of complete 
calm excepting the uppermost 2,000 feet, where a gentle wind usually 
blows in a direction opposite to that of the trade-wind. Storms and 
gales of great power sometimes prevail upon the summit, but there are 
no observations which may enable us to estimate their frequency. The 
accounts given of them by those who have experienced them indicate 
that they are quite independent of the trade-winds. Most of them seem 
to come from the southwest and northwest. It is certainly remarkable 
that a wind so powerful as the trade, and covering so wide a zone, should 
be confined withiu such narrow vertical limits. 
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Four days were spent at Waiohinu in refitting for a second expedi­ 
tion and in developing the dry-plate negatives exposed at many places 
along our journey. The negatives, for the most part, proved to be 
failures. The atmosphere of the islands is very obnoxious to out-of- 
doors photography, especially with the dry plate. The perpetual haze 
which is in the air renders it impossible to obtain a picture of details at 
a distance much exceeding one mile. This effect is much more pro­ 
nounced upon the extremely sensitive dry plate than upon the wet, and 
proved throughout an insuperable obstacle to successful photography. 
The case, however, was reversed at high altitudes. There the atmos­ 
phere is extremely clear, and all the pictures taken at high altitudes 
proved to be fairly successful.

I contemplated for a second journey a much more extended line of 
travel than for the first, and determined to make the circuit ot the entire 
island, and also to visit Mauna Kea. With a heavily-loaded pack-train 
I left Waiohinu and reached Kilauea easily in two days. The burning 
lakes and the floor of the caldera were revisited, and the photographs 
were again tried, with somewhat improved results, though by no means 
wholly satisfactory, and many surrounding points of interest were visited. 
Leaving Kilauea I took the trail leading into the district of Puna, 
which is the southeasternmost portion of the island. The road leads 
through a forest of ohia, with a heavy undergrowth of large ferns and 
shrubbery, and over fields of pahoehoe only partially covered with a 
scanty soil. The rainfall is very considerable, but so recent are the 
lava flows which have built up this portion of the island that the rocks 
are not as yet sufficiently broken down to form any great amount of 
soil. Two large cinder cones are noteworthy objects by the way, being 
situated along what appears to be a line of frequent rupture extending 
from Kilauea eastward. From the summit of the loftier one, which 
rises about 680 feet above the plain, an extended view of the country 
round about may be obtained. A magnificent view of Mauna Loa is 
disclosed and a portion of the caldera of Kilauea lying to the west­ 
ward. Mauna Kea would have been in full sight had not the clouds 
intervened. To the eastward the gentle slope of Kilauea declines away 
to the sea, and a row of cinder cones is seen in the distance ranging 
along the same line of eruption. No less thau seven large pits may be 
detected similar in character to Poli-o-keawe, some of which are even 
deeper, and one or two are quite as large, if not larger.

For eight or nine miles the trail steadily descends, but so gradually 
146
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that it is only just noticeable. At length we reach the verge of a long 
steep hill, down which the trail zigzags among the rocky fragments to 
a platform 700 or 800 feet below. A few miles further on we are clear 
of the ohia forest, and find ourselves among the beautiful kukui or 
candle-nut trees with their bright green foliage and dense shade. Again 
the trail descends obliquely a long, steep hillside, which sweeps down 
ward quickly to abroad, smooth platform near the level of the sea, which 
is now only two or three miles distant. On every hand are fields of 
pahoehoe half covered, or even less than half covered, with a hardy 
prickly grass growing in the merest film of soil. Where the road strikes 
the lowest plain the climate is dry and supports little vegetation. But 
by one of those rapid changes of climate that we encounter as we move 
from place to place on this island we may behold in front of us, and only 
a few miles away, one of those beautiful transformation scenes with 
which this changeful climate is associated. Trees of many varieties 
with strongly contrasted habits and foliage, blended in ever-varying 
tints, betoken the splendor and languor of tropical vegetation. The sea- 
coast is margined in many places with abundant groves of cocoanut 
palms and dense thickets of pandanus or screw-pine. Just at sunset we 
make our camp by the side of a pool of slightly brackish water in a 
cocoanut grove. A little way off is a cluster of grass-houses, built in 
true native fashion except for the glazed windows, while among them is 
a white-painted board cottage and a little church, which also serves the 
purpose of a school-house. Ii is hard to say whether these structures 
built m civilized fashion improved the prospect or not. They certainly 
seemed out of place in a region where everything else had the aspect of 
tropical barbarism. They served, however, to remind us that we were 
in a region where all that is horrible and hateful in barbarism has been 
supplanted by much that is good in civilization, by the reign of civil 
law, the security of life and property, and the establishment of peace.

There is no portiou of these islands where so much of the primitive 
character of the Hawaiians is retained by the people as in Puna. The 
district is seldom visited by white people, and I am informed that only 
two families of whites reside there. The native population is some­ 
what scanty and has undergone a great decrease within the present 
century, as in all other parts of the island. This decrease, however, 
seems to be due more to the emigration of the inhabitants to the large 
towns, like Honolulu and Hilo, than to the ravages of those diseases 
which are supposed to be the prime cause of the decay of the Hawaiian 
race. Many of the natives also go to other parts of the island, where 
they obtain employment upon the plantations and in other occupations. 
But those who remain retain considerable of their primitive character, 
spending the day in lonnging, fishing, and visiting, living in grass- 
houses and subsisting principally upon fish and poi. On the other 
hand, they are amiable, hospitable, and peaceful to the last degree. 
They have civilized clothing, but often, as a matter of preference, go
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about wearing a shirt and a rnalo. Probably in no part of the islands 
have the teachings of the missionary produced a deeper and more last­ 
ing impression. Their village has a church for its most conspicuous 
structure, and on Sunday all the natives go to church with/wore. So 
intense is the Sabbatarianism that I found considerable difficulty in 
avoiding arrest and prosecution for riding through one of their villages 
on Sunday with a pack-train.

I was much pleased at the comparative neatness and order.of the 
grass houses in which most of the natives still live. The furniture is 
simple in the extreme. The floor is covered with mats woven of lauhala 
(pandanus) leaves, and are scrupulously neat. Tables and chairs are 
seldom used except as luxuries. Food is eaten a la Turque, the family 
sitting cross-legged around the dish of poi. Most households possess 
crockery, kuives, forks, and spoons, but calabashes made from large 
gourds are still used, and "fingers were invented before forks." I 
spent an hour watching an old kanaka making a calabash, with as much 
delight as when, an urchin of seven, I used to watch the cobbler 
mending a shoe or the wandering tinker grinding knives and scissors. 
Not a little suggestive were long rows of letters in their envelopes, 
stuck cornerwise into the slats to which the bunches of grass are tied 
to form the wall of the house. All natives of suitable age can read 
and write their own language, for education is compulsory. They cor­ 
respond most vigorously, and the mail facilities are remarkably good 
considering the scanty population and resources of the kingdom. Every 
week the post-boy rides through from Hilo to Kau, via Puna and Ki- 
lauea, and back again. The saddle-bags are full of letters and weekly 
newspapers from Honolulu, printed in the Hawaiian tongue. This 
does not sound very barbaric, and in truth the Hawaiian is in all 
essentials as well civilized as the poor people of England or America. 
He owns his property in fee; he makes laws, executes and obeys them; 
he reads and writes; he has but one wife; he tills the soil and tends 
flocks; sometimes he accumulates wealth and sometimes he does not; 
he makes his will in due form, dies, and receives a Christian burial. 
In no land in the world is property more secure; indeed, I have yet to 
learn of any other where it is equally secure from burglary, rapine, and 
thieving, or those subtler devices by which the cunning and artful suc­ 
ceed in getting possession of the property of the less astute without 
giving an equivalent. All this is seen in Puna, which is no doubt the 
most primitive district in all the islands. The few relics of barbarism 
remaining are of the most harmless description and probably as good 
for the Hawaiian as any civilized customs he might adopt in place of 
them, and certainly not inconsistent with all the comforts and blessings 
of good laws cheerfully obeyed and well administered.

The Hawaiian race must ever be regarded as a very extraordinary 
instance of a primitive people taking on full civilization in the course 
of only two generations at most, and we might almost say in a single
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generation. It is seen most distinctly in the establishment and highly 
successful operation of a judicial system and statutory code founded 
upon those of New England and New York. lu matters of general 
legislation the code is essentially a copy of the codes of those States. 
The judicial administration is on the whole excellent. The chief diffi­ 
culty is lu obtaining justices of the lower courts of primary and petty 
jurisdiction who possess the requisite experience and knowledge. 
These are for the most part natives, and necessarily so. Their inten­ 
tions are always of the best, but their tendency is to construe law in 
accordance with their own notions of abstract justice in each particular 
case, rather than upon legal principles, and few of them are capable as 
j et of understanding the value and significance of precedents. But the 
higher courts are always open to appeal, and these are held by judges 
of American or English birth and education, and well qualified to dis­ 
pense sound law and equity.

The respect of the native for statute law is very great, and the sheriff 
or policeman or assessor has no more difficulty in executing his process 
than in Massachusetts; if anything, he has less. The native of Puna 
enjoys the security of his property, his life, rights, and liberties by the 
same title as the American citizen and in equal measure.

Seventy years ago a state of social organization prevailed here which 
had its nearest counterpart in the feudal system of Germany in the 
ninth or tenth century, and a state of the arts equivalent to a low order 
of barbarism, though considerably atiove mere savagery.

So fascinating was the spot where my camp was pitched and its en­ 
vironment that I spent a day in rambling over the adjoining country, 
rather from a feeling of idle curiosity than from a desire to investigate 
any special object. Half a mile away through the cocoanut grove was 
the sea, where the long heavy swell of the ocean, driven for thousands 
of miles before the trade-wind, rolled grandly in upon the battlements 
of black basalt. Perhaps the strongest attraction was the pandanus 
groves. These trees have very long slender leaves, 3 or 4 feet in 
length, which grow in a spire around the trunk and branches, and 
curve over until they hang peudulously, giving the tree a habit not 
wholly unlike a weeping willow, while the foliage is very much denser. 
They cluster together very thickly, and form the most impenetrable 
shade of any tree with which I am acquainted. They have no need of 
soil, for they send down their roots among the moist rocks and clinkers, 
where no trace of soil is visible. They seem to me to have a peculiarly 
barbarous habit, well fitted for the horrible rites of savages. To make 
the illusion more complete I found within an opening in one of these 
large groves an ancient heiau or temple in a good state of preserva­ 
tion. A long slab, on which human victims were immolated, was 
pointed out to me, with a look of commingled awe and amusement, by 
a native dressed in a costume of civilization so complete and recent tha't 
I would not have disdained to wear it even here in Washington.
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Hardly less attractive are the cocoanut groves. Indeed, Puua is cer­ 
tainly the home of the cocoanut. Nowhere else upon the islands does 
it seem to nourish so exuberantly. The tree also has, to my mind, a 
barbaric look and an aspect which is full of character. Its stem runs 
up to an altitude often as great as 60 or 80 feet, ending in a tnft of large 
fronds, 10 or 12 feet^ long, among which the cocoamits grow in clusters, 
as many as 50 or 60 being found upon a single tree. These palms grow 
usually in abundance upon the sea coast, though they are occasionally 
found far inland at heights of a thousand feet or more. But they are 
never abundant far away from the shore.

The inhabited portion of Puna is situated upon a flat plain of lavas 
with here and there a little soil and having but a very slight elevation 
above the sea. Two or three miles away from the coast the surface sud­ 
denly rises so abruptly that in many places the ascent is precipitous, 
and in the western part of the district the ascent is always very steep. 
Upon the summit of the escarpment or hillside runs that long line or 
axis of eruption which has already been spoken of, and from which in 
times past very many flows of lava have been outpoured and descended 
to the plain below. A few streams may still be seen which appear to 
indicate great recency in their periods of flow. But no definite epoch 
can be assigned to any of them, though the traditions of the natives de­ 
clare that no king ever reigned in Puna without seeing large parts of 
his dominion overflowed. Throughout the entire district all of the lava 
shows more or less vegetation, but the climate is very moist, and it 
is well known that vegetation establishes itself quickly upon the lava 
beds where the rainfall is abundant and by no means waits for the 
formation of soil. As we move along the road to the eastern end of the 
island we find nothing but an almost unbroken expanse of rugged lavas 
mostly in the form of aa, or clinkers, and clothed with a most exuberant 
vegetation. So rough are these lava fields that without a road they 
would be impassable for animals and extremely difficult to cross on foot. 
Add to the roughness of the lava the jungle of vegetation which grows 
upon it, and the difficulty is even more than doubled. The main road 
through Puna leads along the sea-coast upon the southwestern border 
of the island. On the route comparatively little material is presented 
for geological study which may call for special comment. The entire 
distance is covered with enormous flows of lava, mostly in the form of 
aa, descending from the principal axis of eruption already spoken of and 
situated upon the high land to the northward. The character of this 
lava varies but little, all of it being basalt of the types normal to Kilauea.

Along the road there are about a dozen native villages situated in 
openings of the tropical forest, consisting mostly of grass houses, with 
here and there a somewhat more pretentious structure built of Califor­ 
nia lumber. As we proceed eastward the forest increases in density 
and also in variety, becoming at last extremely luxuriant and beautiful. 
One of the most attractive spots is an immense grove of cocoaimt trees
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situated 3 or 4 miles from the easternmost cape of the island. Many 
thousands of these trees send up their snaky trunks to the height of 60 
or 70 feet, and stand sufficiently close together to form a canopy of 
shade and to produce the effect of a forest. The ground is thickly 
cumbered with huge cast-off fronds and with myriads of nuts which are 
never harvested. In many places the pandanus groves are on either 
hand with their long weeping leaves and dense shade, forming an im­ 
penetrable jungle with their strange aerial roots.

As we approach the eastern cape of the island the road turns sharply 
to the northward, cutting through clinker fields densely clad with trop­ 
ical forest. At last it emerges upon an open space where the rocks are 
completely hidden by a thick soil. On either hand may be seen several 
cinder cones, and arnon g them a cluster of three which are almost merged 
together. At the base of this cluster is situated a fine large ranch in­ 
dicative of thrift and comfort, where we found a most hospitable recep­ 
tion for the night. These cones are situated upon the principal axis of 
eruption, and from their summits we may see to the westward a line of 
old craters reaching out in the direction of Kilauea. A long period has 
evidently elapsed since these cones were formed, for they are consider­ 
ably degraded by erosion and thickly clothed with vegetation to their 
summits. Within the crater of one of these cones is situated a beauti­ 
ful pool of water about 170 feet in width, and the rankness of the vege­ 
tation about it renders the spot as picturesque as can well be imagined.

Five miles further on we come suddenly upon the great lava flow of 
1840, at the point where it enters the sea. The width here is a little 
less than a mile, but farther inland we can see it spreading out to a 
width which must be nearly 3 miles. The sources of this eruption were 
about 12 miles distant, and have been described by Wilkes. The lava is 
highly olivinitic, and in this respect is rather exceptional among the 
lavas emanating from Kilauea. It very closely resembles, and indeed 
is undistinguishable from, the great floods which have come from Mauna 
Loa. At the point where the couUe reaches the sea three considerable 
cinder cones were thrown up in the same manner as those which are 
seen at the termination of the flow of 1868. Undoubtedly they were 
formed by contact of the molten lava with the water, and they are not 
distinguishable in character from the normal cinder cones which may be 
fouud encircling an ordinary volcanic vent. The lapilli of which these 
hills are built is all very fine, but perhaps not more so than that which 
occurs in many cinder cones which have been formed in the ordinary 
way. The sea has in great part demolished one of these cones and has 
made considerable ravages in the others. In a few years, doubtless, 
they will all disappear.

About 17 miles of easy travel brings us to Hilo. Little is to be seen 
along the route, except the luxury of the tropical forest, the beauty of 
which increases steadily as we approach the town. It is doubtful if its 
luxuriance can be surpassed by that of any other country in the world.



CHAPTER VII.
\

FROM HILO TO MAFNA KEA.

From Hilo I decided to make an advance at once upon Manila Kca 
and to visit the intervale between that mountain and Mauna Loa. 
Mauna Kea may be approached from many directions, the easiest lines 
of access being from the northwest and north. The approach from 
Hilo is the most difficult of all, because it involves the necessity of 
traversing the bolt of forest which lies between the middle slopes of 
the mountain and the sea. No one can imagine the density and ex­ 
uberance of tropical vegetation until ho has seen it. In truth, the 
forest can be penetrated only by hewing a way through it or by tra­ 
versing a route which has already been cut by mam force.

It is well to point out here that the forest region of this island is reg­ 
ulated by the precipitation. The windward side has a very heavy rain­ 
fall, and a portion also of the western side is similarly favored. Most 
of the region under the lee of the island is and, and in many places 
extremely so. Although vegetation upon the windward side is very 
abundant, even down to the margin of the sea, it never has that close 
impenetrable character near the sea-coast which it assumes further 
inland. The reason for this is not difficult to discern. The windward 
coast of the island is for the most part very abrupt, and the water 
which falls upon it rapidly drains away. The trade-wind striking the 
shore is deflected upward by the gradual ascent of the land, and at 
heights varying from 1,000 to 4,000 or 5,000 feet the clouds envelop the 
land in fog and yield an almost constant rain. The effect of this up­ 
ward deflection producing a condensation of moisture is not so fully 
felt at altitudes below a thousand feet, and thus we have near the sea- 
coast a margin of land which enjoys a groat deal of sunshine, and even 
long periods of drought sometimes occur along the immediate neighbor­ 
hood of the coast, while a mile or two inland it rains almost incessantly. 
The forest has its maximum density in the region of clouds.

The rainfall upon the windward side of Hawaii is phenomenally great. 
The mean annual precipitation as shown by the records extending 
through eighteen or twenty years ranges from 150 to 240 inches. This, 
however, is the result of measurements made near the sea-coast. Fur­ 
ther inland it must be still greater, and may even attain more than 300 
inches. Hardly a day passes at Hilo without a copious shower, and in 
the winter time long continuous rains always occur.

There are two routes leading from Hilo to Mauna Kea. One extends 
along the coast northwestward for about 30 miles, then turns abruptly 
upwards, striking the northeastern flank of the mountain. The other 
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leads directly inland, and passing through the forest belt reaches the 
southern base of the mountain and the intervale between it and Mauna 
Loa. Each route has difficulties peculiar to itself. The first one lead­ 
ing along the coast strikes into a country which is deeply scored with 
very abrupt ravines and ridges. Here the land terminates in a cliff 
from 300 to 500 feet in height, plunging down into deep water; and 
against the base the heavy swell of the Pacific, driven before the trade 
wind, is constantly breaking. Along the front of this cliff near the 
water's edge no pathway is possible. The country can be traversed 
only by going up and down the walls of the ravines which at frequent 
intervals score the platform above. The sides of these ravines are very 
steep, and in many places have all the abruptness of canons. With 
much labor, very fair trails have been cut zigzag in the sides, and sure­ 
footed animals may go up and down with perfect safety, but with great 
labor. Within a distance of less than 30 miles there are upwards of 
60 of these ravines of varying depths, and steadily increasing m dimen­ 
sions as we go northward. The two last ravines into which the trail 
has been built are very impressive and picturesque. One of these, 
known as the Waipio gorge, has a northern wall about 1,400 feet high, 
the slopes probably exceeding 40 degrees. The beauty of the scenery 
consists more in the richness and luxuriance of tropical vegetation than 
in anything else, although the boldness and magnitude of the rocky 
walls are important elements in the picture. Many of these gorges 
carry living streams which are subject to frequent floods and which 
inundate very rapidly after the prodigious bursts of tropical rain.

In going from Hilo to Mauna Kea I declined the coast route across 
the gorges, and chose the much more direct line of approach passing 
through the forest. For two or three miles from Hilo the trail, if such 
it may be called, for scarcely any*trail was visible, led through a coun­ 
try which was quite open and densely clothed with high grass. This 
grass is worthy of some little mention, for it is an exotic plant. Sev­ 
eral accounts are given of the manner in which it was imported. Some 
describe it as a native of Holland, others as a native of Italy, and still 
others as coining from the Cape of Good Hope. It is said to have been 
brought to the island by accident; that the dried grass containing the 
seeds was used as the wrapping of bottles containing wine or oil; that 
the seed accidentally scattering at once took root, and finding the soil 
and climate specially adapted to its growth, spread with marvelous 
rapidity, and nourished with such vigor that in the moist districts ot 
the island it has almost exterminated all other grasses. In its green 
state it is hardly fit for pasture. The cattle and horses eat it, but appa­ 
rently get very little nourishment from it; for leaner and more cadav­ 
erous-looking horses and horned cattle it would be difficult to find than 
those which are pastured in the vicinity of Hilo. So dense and high is 
this grass that a passage through it on horseback is attended with ex­ 
treme labor. It looks very green and inviting, but its very inferior
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character as a food for animals is abundantly demonstrated. It is said, 
however, to be very much better in the form of hay than wheu green. 
A dry climate is not well suited to it, and iu such localities other grasses 
appear to hold their own. Perhaps the best variety is one which was 
brought from Mexico early iu the century, about the time that horses 
were first imported. It is called, locally, maniania grass, and wherever 
it grows forms the richest and most velvety sward imaginable. It is 
highly nutritious and animals are very fond of it. It flourishes best 
iu a medium or very slightly arid climate. It was once universal all 
over the island, but the Hilo grass in all the wet districts of Hawaii 
has completely exterminated it.

Upon the outskirts of the village of Hilo we find the end of the great 
lava-stream which flowed the year before my visit. It is typical pahoe- 
hoe. From a couvenienfstaudpoint m tlie vicinity we can see the last 
3 or 4 miles of this stream, spreading out with a width of nearly a mile 
over the broad, open, grassy plain which lies just west of Hilo. The view 
of it is at length lost where it emerges from the forest. So flat is the 
conn try just here that by a common optical delusion the lava seems to 
have flowed up hill, though iu reality the descent from the forest to tiie 
end of the stream may be anywhere between one and two feet per huu- 
dred. The slope, however, is exceedingly small. Within a half mile of 
the termination the thickness of the lava sheet appears to be very small, 
uot exceeding, I imagine, 20 feet, and generally less. The numberless 
mounds or bosses of pahoehoe were all formed in detail in the manuer 
already described, by repeated outshoots of streamlets from underneath 
the hardened crust behind. As these belches of lava cool they exclude 
the occluded steam, and the mass swells up by the formatiou of myriads 
of vescicles, and often also by the formation of great hollow blisters 
underneath. The supply of fresh lava during the last part of the erup­ 
tion seems to have been quite copious, for the advance of the stream 
was nearly 300 yards per day.

The people of Hilo had concluded that there was no hope for the pres­ 
ervation of their beautiful village. The advance of the lava straight 
towards the town had been uniform for several months, and it was 
possible even to compute the number of days which would be required 
at this constant rate of progress to accomplish the destruction. As it 
drew near all portable property was packed up for removal, and many 
people would have sold valuable realty for a few dollars if purchasers 
could have been found. At length the end of the stream approached 
within about two days' march of the upper street. Already two long 
arms had begun to reach out divergently from the end of the flow, one 
extending as if to reach around the southern part, the other as if to 
reach around the northern part of the town, and finally to clasp the 
whole iu its fiery embrace. Suddenly, without premonition, the move­ 
ment ceased and was not renewed.

This eruption began, as before remarked, in November, 1880, and lasted
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until October, 1881. The eruptions of 1852 and 1855 broke out near 
the same point on the upper dome of Mauna Loa as that of 1880, and 
pursued closely adjoining and parallel courses. That of 1855 was much 
larger and that of 1882 a little smaller than this one. The length of 
the last flow (188CM81) was nearly 50 miles, but its course is somewhat 
tortuous.

Three miles of travel through tall Hilo grass growing in a mnddy soil 
brings us to the verge of the forest. Years ago a trail leading from Hilo 
up into the central wilderness of the island was cut through the forest 
and corduroyed. The trees used for the corduroy were trunks of the 
great tree-ferns which form a large part of the undergrowth of the for­ 
est. These are soft, spongy, and perishable, and lasted but a very few 
years. They quickly became rotten, and wherever they were laid the 
trail has become worse than it would be if they had never been put 
there. The effects of the incessant rain are now abundantly visible, 
and that to our great discomfiture. The trail is a mixture of rocks, 
mire, and fragments of rotten fern-trees. Progress is difficult and ex­ 
tremely harassing. Every few rods some poor animal sinks his forelegs 
or hind legs into tough, pasty mud, and must be unloaded and pried out. 
Four miles of this kind of travel was accomplished in the space of about 
six hours. Suddenly and without warning a sharp turn of the trail 
brought us upon a wide expanse of naked pahoehoe. The relief was 
indescribable. Nobody "would pretend that pahoehoe is pleasant trav­ 
eling. It is good only in comparison with clinker-fields and forests. 
The exchange is that of misery which is intolerable for misery which 
can be borne readily by the. exercise of patience. The animals being 
exhausted by the desperate struggle, we at once made camp upon the 
lava rock, finding a pool of swampy water hard by.

We had landed upon the termination of the great flow'of 1855, the 
grandest of all the historic eruptions of Mauna Loa. The next day we 
had an opportunity to observe and appreciate its immensity. Our 
route lay upon the upward course of this flow, which soon widened out 
011 either hand until the forest was miles away from us in both direc­ 
tions. Already a few straggling ferns and other humble plants have be­ 
gun to take root upon its surface, but without a vestige of soil. Except 
for these stragglers all is now bare rock, rolling in heaps and mounds, 
twisted ropes and huge wrinkles, with now and then a network of 
cracks rifting the mass into fragments, and large holes where the arch 
over some great lava pipe has fallen in. One characteristic of this great 
flow is the exceptional unevenness of it and the large size of the mounds 
and hills formed by the pahoehoe. It seems to lie very much thicker 
than in most other eruptions. In many places it has formed high hills 
or ridges, and everywhere there are abundant indications that sheet 
after sheet of lava was piled up to form its final mass. The width of 
it a few miles .above its extremity could only be estimated roughly by 
the eye, and seemed in many places to exceed six miles. In the course
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of an hour the forest was dim in the distance on either hand, the tall obia 
trees appearing like mere shrubs.

As I looked over this expanse of lava I was forcibly reminded of some 
of the great volcanic fields of the western portion of the United States, 
where the eruptions are of such colossal proportions that they have 
received the name of massive eruptions. Bichthofen, after studying 
many of these lava fields in Californja. and Nevada, was led to the con­ 
clusion that they had bnrsfc forth from great fissures, inundating large 
areas of country with fiery seas of basalt. He was led to contrast the 
immense volume of these rocks with the comparatively insignificant 
streams which have emanated from Vesuvius, JEtna, and other modern 
volcanoes, and concluded that the incomparably grander overflows of 
Western America must have occurred under circumstances differing 
widely from those of ordinary volcanic eruptions. Although the vol­ 
canic rocks of Western America may be considered as very well exposed 
as compared with rocks of equal antiquity in other portions of the world, 
they would be regarded as relatively obscure by any one who has had 
an opportunity to inspect carefully the recent lavas of Mauna Loa. 
I am by no means certain that Bichthofen's conclusions are wrong. 
But here is a lava flow, the dimensions of which fully rival some of the 
grand pliocene outbreaks of the West, which demonstrably differs in 
no material respect, excepting in grandeur, from the much smaller erup­ 
tions of normal volcanoes. The flow lasted forthirteen months without 
interruption, and in that period it is easy to see that an enormous vol­ 
ume of fluent lava could be disgorged from an orifice of no very extrav­ 
agant proportions. In estimating the volume of materials composing 
this flow there is one unknown factor, namely the thickness. Probably 
this can never be ascertained with a satisfactory approach to accuracy. 
It is extremely variable, and the configuration of the country which it 
deluged is wholly unknown in detail. The surface of the flow has not 
as yet been accurately surveyed, and its horizontal dimensions have 
been subjected only to eye estimates, which are extremely untrustwor­ 
thy. The want of proper data, therefore, makes it unwise to venture 
an estimate of its mass. Some impression, however, of its grandeur 
may be derived from the statement that for a distance of 20 miles from 
its termination the average width of the flow cannot be less than four 
or four and a half miles. The axis of the main stream from its source to 
its termination is a little more than 45 miles in length. The thickness of 
the stream in many places is very great, probably exceeding 250 feet, 
while the average may not exceed 100. Its final solidification has 
left the general surface extremely irregular, being piled up frequently 
in ridges or hillocks 50 feet high or more. By far the greater part of this 
mass is pahoeboe, and it was formed no doubt in detail after the manner 
which has already been described.

A little more than 20 miles from the end of the flow we found our­ 
selves confronted by a high barrier of clinkers stretching far out towards
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the base of Mauna Loa on the left and plunging into the forest on the 
right. Turning sharply to the right the trail crosses several spurs of 
this ridge of clinkers and at length leaves the lava field and enters the 
forest. The character of the forest is now greatly changed. It is no 
longer a swamp and jungle. We have gained au altitude of about 5,500 
feet, and although we are not wholly above the wet region we are in 
one which is considerably dryer than that winch is occupied by the 
main forest belt. The soil in the summertime is generally dry, and the 
undergrowth is so moderate that it offers little obstruction to progress 
Winding through the forest we coine frequently upon open parks densely 
clothed with mountain grass. The trail ascends slowly but steadily, 
and as we progress the trees become fewer and the parks larger and 
more numerous. Numberless trails of wild or half wild cattle traverse 
the country in every direction. The soil is abundant, but so too are 
the ledges of lava and fragments of clinker which project through it. 
Ascending a rocky shelf, Mauna Kea discloses its magnificent mass in 
close proximity on the one hand, while Mauna Loa, more distant and 
yet more grand, rises sublimely upon the other. The prospect towards 
Mauna Loa is desolate in the extreme. The wide intervale between the 
two mountains is an enormous expanse of ominous black lava, mostly 
aa and clinkers which seem to bid defiance to all access. The sides of 
the mountain are everywhere streaked with descending tortuous bands 
indicating the positions of more recent lava flows. Where these strike 
the plain below they spread out into wide fields of clinkers. The fact 
is a significant one, and the explanation does not seem difficult. Upon 
the mountain slopes the lava runs with great, velocity, and the streams 
are correspondingly narrow. But when it strikes the nearly horizontal 
plain below its velocity is checked and the liquid accumulates in great 
volume, becoming viscous by cooling. Its flow is greatly retarded and 
yet the mass is sufficient to enable it to move with a slow motion anal­ 
ogous to "that of a glacier. When the viscosity of the lava becomes 
very great it is in a condition which enables it to yield to strains of a 
certain amount, but if that strain is exceeded it is crushed and ground 
up. The movement which takes place at this stage is partially a plastic 
yielding, more particularly of the interior and hotter parts, and partly a 
shattering and grinding up .of the outer stiffer and. colder parts. This 
glacier-like motion, however, is possible only with very large masses of 
the lava which still retain a suflicient quantity of heat to maintain a 
plastic condition. Persons who have witnessed the movement of a 
cliuker field in the last stages of an eruption describe it as being so slow 
as to be quite imperceptible nutil it has been watched for a long time, 
and as being attended with a cracking noise which comes in vollieslike 
the report of musketry.

Turning around with Mauna Loa at our backs, the majestic pile of 
Mauna Kea rises immediately before us. The contrast is very great. 
The eye is instantly caught by the large number of cinder cones which
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eyery where stud its surface, from the summit where they cluster thickly, 
down its flanks to the plain below. All of them are symmetrical and 
normal in their outline, and in an admirable state of preservation. They 
are truncated at their tops, showing the existence of regular craters 
within the truncated portions. Some of these cones, by a careful eye 
estimate and comparison with known magnitudes, appear to be more 
than 1,000 feet iu height and more than three-fourths of a'mile in diam­ 
eter. The number is too great to be easily counted. They are most 
numerous upon the summit platform, but they are very abundant, not 
only upon the immediate base of the mountain, but at all intermediate 
zones, and they ramble away far beyond the base like a crowd dispers­ 
ing from 'a common center. The general form of the whole pile of 
Mauna Kea is notably different from that of Mauna Loa. Its slopes 
are much greater. And yet they are very far from being so abrupt as 
those which are found in the majority of the grander volcanoes of the 
world. Nowhere do they appear to exceed fifteen to eighteen degrees, 
except upon the flanks of the cinder cones, and the average profile upon 
the side here in view is abont twelve degrees. The northern front of 
the mountain, which is not visible, has a slope considerably greater. 
Comparing this with Mauna Loa, we find that the average slope on the 
steepest flank of the latter mountain nowhere exceeds seven degrees, 
and in the longer ones it is only four degrees. Yet, in comparison with 
other great volcanoes, Mauna Kea is rather flat and obtuse.

Its composite character is disclosed at once. It has no dominant cen­ 
tral peat or cone like Etna, Shasta, and Teneriffe, which completely 
overpowers all other features, but it has been accumulated by eruptions 
from numberless vents, which are spread out over a very large area and 
cluster most thickly at the central and highest part. Upon the summit 
are many large cinder cones grouped closely together and planted upon 
a well marked summit platform. But it is impossible to select any one 
out of a dozen of these cones which can be confidently pronounced 
largest, nor is it possible to say which out of half a dozen is the highest. 
Cones even larger than those upon the summit are seen at varying alti­ 
tudes upon the flanks.

Glancing back once more at Mauna Loa, not a single cinder cone of 
normal type is anywhere visible upon all its mighty expanse. Far up 
towards the summit are two or three minute pimples, which, upon exam­ 
ination with a strong field-glass, convince us that they were originally 
intended for cinder cones, but that the attempt was abandoned in a 
preliminary stage of the experiment. All of that stupendous pile, so 
far as visible, is built of streams of flowing lava. But Mauna Kea con­ 
sists largely of fragmental material. What proportion of its mass is 
thus composed of fragmental matter can only be guessed. But the per­ 
centage is no doubt great.

The lavas of Mauna Kea will be alluded to more in detail hereafter. 
At present it may be remarked that nowhere in this part of the mount-
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ain are its lavas well exposed. The volcano has been extinct for many 
centuries, and although the degradation -on this side of the mountain 
has made comparatively little progress, we shall soon find reason for 
believing that the epoch of final cessation, historically speaking, is 
quite ancient. The impression prodncetl is that the period which has 
elapsed since the last sign of activity should be reckoned by thousands 
of years rather than by hundreds. Soil is everywhere abundant, and 
no fresh-looting rocks are known. The dense forest comes up only 
to the level where the steeper part of the mountain begins its assent; 
that is, to altitudes varying from 5,000 to 0,000 feet. Above that are 
many scattering groves with a gradually increasing proportion of open 
spaces. Tip to an altitude of nearly 10,000 feet the mountain is clothed 
with long mountain-grass, which has a pale yellowish color. The cin­ 
der cones have that faint reddish cast often assumed by basaltic lapilli 
which has long been exposed to weathering.

Winding onward by a rough stony trail, where old rotten clinkers 
and slabs of weathered basalt project up out of the soil, we at 
length reach a pool cf stagnant water, where we make camp. Just be­ 
fore reaching camp the way was somewhat obstructed by a thicket of 
thorny bushes which at once aroused the keenest interest. They were 
apparently raspberries, but such raspberries! The bushes were gigantic 
and the fruit equally so, the berries being.over two inches in length and 
an inch in diameter. Conceive our ordinary pale red garden raspberries 
magnified two and half to three times in linear dimensions whether iu 
stalk, leaf, or fruit, and we shall have a very good idea of its appearance. 
Its flavor, however, was somewhat inferior, though by no means unac­ 
ceptable. The taste of the fruit is almost exactly the same as our com­ 
mon Lawton blackberry. The abundance of fruit was remarkable. For 
two or three miles the banks and hillsides were covered with them and 
they could have been gathered by thousands of bushels. They were 
growing at an altitude of about 6,000 feet, where snow frequently falls 
in winter and where the climate probably does not differ greatly from 
that of the coast range of California; though I presume this climate is 
rather the more equable of the two, being cooler in summer and per­ 
haps a trifle milder in winter.

The journey from Hilo had been a very long and arduous one. Un­ 
pleasant as was the struggle with the forest, the journey of twenty miles 
over pahoehoe, so coarse and rough as that of the flow of 1855, proved 
in the end to be almost as harassing to the animals. The foothold upon 
the rocks is all that could be desired, but the constant ascent and de­ 
scent of the smooth rounded hummocks produced an incessant lurching 
and strain upon the animals the effects of which were now manifest in 
the shape of sore and scalded backs. Two days' rest was deemed ab­ 
solutely necessary to recuperate the sore, weary, and half-starved brutes. 
I occupied the time in tramping over the rolling hills and half-concealed 
lava beds around the base of Mauna Kea, and in exploring three or four
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long caverns or ancient lava pipes, which are quite as common here as 
they are upon Manna Loa. "No results of any importance attended the 
investigation. Many specimens of rock were picked up and examined 
superficially. They have no great variety, but at the first glance they 
show a well-marked difference as compared with those from Mauna Loa. 
Olivin is abundant, but is never seen in such excessive quantities. On 
the other hand, the feldspars are present in great quantity in well- 
marked tabular crystals, and many large crystals of augite occur. The 
groundmass in the majority of cases inclines to bluish gray instead of 
being greenish black, as in most of the lavas of Kilauea and Mauna Loa. 
In short, they are true basalts, approaching more nearly the normal 
type than those we have hitherto seen.' The methods of flow are ap­ 
parently quite similar to those seen on Mauna Loa. The two forms, 
pahoehoe and aa, are as distinctly represented and yet there is some dif­ 
ference, especially in the case of aa, but a difference which I should find 
it extremely difficult to define.
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After two days' rest and recuperation the ascent of Mauna Kea was 
determined upon The summit is easily reached from the southern side, 
so easily m fact that no great precaution is necessary in the choice of 
routes Still, some routes are much easier than others, and it was 
thought best, in view of the long and tedious character of the ascent, to 
take a guide familiar with the mountain I found a native who had 
been to the summit many times and who had hunted sheep, cattle, and 
goats all over its southern flanks At daylight the party was in motion 
with three pack animals carrying photographic apparatus, provisions, 
and also blankets, in case it should be found necessary to spend the 
night upon the mountain top The guide went afoot from preference, a 
most unusual thing for a kanaka, while the rest of the party were well 
mounted

Our camp was situated at an altitude of about 5 670 feet, and the top 
of the mountain was more than 8,000 feet above us Two hours were 
spent winding deviously among the foothills and cinder cones around 
the base of the mountain before the principal slope of the mass was 
reached The platform consists of lava beds m a somewhat advanced 
stage of decay and having much the same character originally as the lava 
fields which make up the gentle slopes descending away from KJauea 
There are the same alternations of pahoehoe and aa, but the roughness 
has been greatlv mollified by weathering and by the formation of soil 
In many places, especially at the foot of steep slopes, the soil has accu 
mulated to a very considerable thickness, having heen washed down 
from above, and lies in heavy banks Erosion also has begun its work 
Here and there we crossed sharply cut ravines of small depth scoured 
in the rocks by the torrents As yet no perennial stream exists on this 
side of the mountain, but the evidences of frequent spasmodic floods of 
great power and volume are often encountered As we reach the 
principal slope the ascent becomes very rapid, but by no means uniform 
Here for a few hundred feet it rises so rapidly that the animals strug 
gle and strain There it is so gentle that we may jog along at a trot 
With increasing altitude the slope becomts greater, and at last we dis 
mount to ascend on foot a continuous slope at an angle of more than 
twenty degrees We do not leave vegetation behind us until we have 
attained an altitude of nearly 11,000 feet

Most of the route lies through an alternation of rugged fields of lava,
3 INT——11 161
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which show less and less soil the higher we ascend, and the fine lapilli 
of the cinder cones, into which the feet sink deeply. The flanks of these 
cinder cones are never excessively steep, but owing to the very loose char­ 
acter of their component materials the ascent becomes toilsome and very 
protracted. The cones also become more abundant as we approach the 
summit. They show no signs of decay as yet, except, possibly, a little 
weathering of the lapilli in the upper layers, which have turned red and 
brown, while at some little depth the color is still black. It is worthy 
of note that the lapilli of basaltic cinder cones are sometimes red when 
first ejected, though more frequently they are black, the color depend- 
in tr. I presume, upon weathering. The iron constituents have the form 
of protoxide or peroxide. Weather usually converts the iron sometimes 
to peroxide, sometimes into the hydrated form. Many cinder cones, 
ho\\pver, preserve, for an indefinite period, even until they are half 
obliterated, their original black color. In the cones of Mauna Keathe 
lapilli as originally ejected were, no doubt black, but have superficially 
changed to red or brown. All of it is comparatively fine and no large 
pellets are seen.

About one o'clock, after seven hours of travel without a halt, we 
reached what may be termed the summit platform, which has an alti­ 
tude varying- somewhat with its inequalities, but averaging probably 
12,500 feet. This platform is about five miles in length and two miles in 
width, with a slightly pronounced ridge running along its axis. Upon 
this platform stand about a dozen large cinder-cones, from 700 to 1,000 
feet in height, carrying the extreme apices of the mountain very nearly 
to 14,000 feet. It is difficult to judge which of these cinder cones stands 
highest. But it soon becomes apparent that this distinction belongs to 
one of a group which are clustered thickly together near the western 
end of the platform. Towards these we direct our steps.

The aspect of the lavas beneath our feet now becomes somewhat 
different from those seen lower down the mountain. They are lighter 
colored and some of them arc much more compact. A fragment when 
struck rings like clinkstone, and on being broken shows a dark, but 
very compact fracture and an entire absence of the vesicles which are 
universal in the lavas which we have hitherto seen. Some are vesicular, 
others glassy or obsidian like. It is interesting also to note the effect of 
weathering upon the summit. These lava beds have evidently lain for 
a long time exposed to the action of the elements. In a few places are 
to be seen traces of running water. But for the most part the weather­ 
ing simply amounts to a slow decay and dissolution of the rock in place 
Some of the sheets have been broken up into small fragments, and by 
the gradual dissolution of the exterior portions the angles have become 
rounded and the fragments smoothed off. In one place we crossed what 
was once probably an old sheet of lava. This is now reduced to a mass 
of rounded stones separated by considerable intervals.

As we approach the western end of the platform we gain' notably in
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altitude, and at length find ourselves in a spot where in almost every 
direction we are hemmed in by large cinder cones towering to a con­ 
siderable height above us. Here we halted for a midday camp. We 
brought up a few sticks of wood to build a fire, and enjoyed a cup of 
coffee, a few slices of bacon and some bread. The guides suffered 
somewhat with, mountain sickness, and the animals betraye'd the effects 
of the unaccustomed altitude, for we were more than 13,000 feet above 
the sea. There is no difficulty in ascending the summit cones which 
are composed of fine loose lapilli and about 800 feet in height. The 
prospect was a total disappointment. The country below was com­ 
pletely buried in clonds, out of which the mountain rose like a great 
island. But to the southward was the mighty dome of Manna Loa, ris­ 
ing above the clouds which floated about 6,000 feet below the summit. 
It seemed very near, though in reality it was about twenty miles dis­ 
tant. The great caldera was distinctly seen with portions of its encir­ 
cling wall. There is a partial opening or gap in this caldera towards 
the north which enables the observer from Mauna Keato look into it. 
And so clear is the atmosphere at these high altitudes that with a good 
field glass many details of the rock faces are easily discerned. To the 
southwestward and rising about 2,000 feet above the clouds was the sum­ 
mit of Hualalai, presenting an aspect quite similar to the summit of 
Mauna Kea, but upon a smaller scale. To the northwestward the dome 
of Haleakala, about eighty miles distant was in full view. By means of 
a field glass it was possible to discern easily the cliffs inclosing its vast 
caldera, and one or two of the cinder cones within it. A purer atmos­ 
phere than that which prevails here at high altitude, it is impossible to 
conceive. Even the summit of Haleakala is seen in its natural colors 
without any of the adventitious tints usually imparted to distant objects 
by a hazy atmosphere. Now and then a glimpse is caught of some small 
portion of the country below from momentary openings in the clouds. 
Upon the leeward side of the island short stretches of sea coast are 
here and there disclosed, but from so great an altitude they have a 
strange visionary aspect.

Several hours were spent in photographing and in rambling about 
the platform in search of whatever might be found. Hard by the noon­ 
day camp is a mass of very light-colored lava which seems at first to 
have a constitution notably different from the very black almost ultra 
basalts to which we have thus far been accustomed. It is exceedingly 
compact and fine grained and has a very light gray color. The fresh 
fracture, however, is notably darker than the smooth weathered sur­ 
faces. It has been called a feldspathic rock, meaning, I suppose, a 
rock more nearly allied to the trachytes than to the basalts. Other 
observers have called it phonolite, probably because it is highly reso­ 
nant when struck. But the term phonolite is now used by lithologists to 
indicate a special and limited group of rocks having a tolerably definite 
chemical constitution and possessing nephelin as its most characteristic
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mineral. This light-colored rock of Mauna Kea, however, is undoubt­ 
edly a basalt possessing an abundance of triclinic feldspar in exceed­ 
ingly minute crystals and without olivin. It appears to be identical 
•with a very large proportion of the basalts occurring in the western 
portion of the United States. This rock was used by the primitive 
Hawaiians for making their stone implements, for which it is very well 
suited, being very hard, tough, fine grained, and free from vesicles; 
and it flakes readily. Hard by are abundant vestiges of the work of 
manufacturing weapons and tools; and incomplete products in all stages 
of manufacture, with large quantities of flakes, lie scattered about.

No signs of any recent volcanic activity are to be seen. All the 
lava beds look old and greatly weather-worn. In some of them the de­ 
cay and disintegration are so far advanced that they are reduced to 
mere heaps of weather-beaten fragments. How these lava sheets have 
thus been torn to pieces, as it were, and reduced to piles of rnoldering 
ruins I can explain only by suggesting the action of frost and ice fill­ 
ing the cracks and wedging the pieces apart by expansion. To this, 
however, should be added the wasting away of the pieces by the solvent 
action of the rains. A few hundred yards from our noon camp is the 
head of a ravine which has been scored to a considerable depth by the 
unmistakable action of running water. Thus erosion has made a good 
beginning here, and under circumstances where its action is undoubtedly 
slow and spasmodic. This ravine has at one part a depth of nearly 70 
feet, and is exceedingly rough and much obstructed by fallen fragments. 
The cinder cones, however, do not appear to have suffered much from the 
ravages of time. Their preservation is no doubt due to their open, 
porous character. The rain can never fall fast enough to start a torrent 
or even a miuute rill upon their surfaces, but sinks into the interstices 
at once. Everything indicates that a long period has elapsed since 
these vents became silent.

The temperature at the summit in the daytime was rather mild,being 
about 50° F. The air was calm, only a very light breeze.blowing. 
But we knew quite well that the temperature would fall greatly during 
the night time; and the lightly-clad kanaka is not foud of cold. As a 
minute exploration of the summit promised little of special interest 
beyond what had already been seen, I decided to seek a lower altitude 
to pass the night. As we started, the day was drawing towards its 
close, and as we reached the verge of the summit platform the sun was 
near the horizon. Meantime the clouds to the southward had dis­ 
persed, revealing the whole northern side of Mauua Loa, which rose in 
indescribable majesty before us. Through the clear, pure atmosphere 
every detail was visible. Innumerable recent lava streams could be 
seen stretching their tortuous courses from the upper dome down to the 
plain below, spreading out in enormous fields of blackness and rough­ 
ness. Three long streaks in particular attracted the attention. One 
upon the northwestern side, starting from a point a little below
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the summit, reached down the slope into the broad intervale between 
Mauna Kea and Htialalai, and vanished away in the distance towards 
the sea-coast. This I had no doubt was the flow of 1859. Far to the 
left, upon the northeastern slope of the mountain, could be seen two. 
streams which had flowed out from a year to a year and a half before. 
The one emanating from the point east of the mountain was the stream 
which first broke forth in November, 1880, and rushed rapidly down 
the slope directly towards Mauna Kea. The other, which was the last 
of three distinct streams from this eruption, started from a point lower 
down the mountain, flowing northeasterly then turning towards Hilo. 
Many other streams were distinctly visible, wearing an appearance of 
recency. Down the main slopes of the mountain these floods are com­ 
paratively narrow, having widths which might be from half a mile to a 
mile. But as they reached the plain between the two great volcanic 
piles they spread out into immense floods, which are mostly aa. The 
appearance of the plain thus deluged by the frequent outpours from 
Mauna Loa is black, desolate, and horrid in the extreme. They end 
very abruptly upon a sinuous line, where they meet the ascending 
slope of Mauna Kea.

The sun disappears and the brief twilight follows. At length we 
enter the clouds and move on in the mist and darkness, reaching camp 
a little before midnight.

In the afternoon of the day following the ascent of Mauna Kea, I 
moved camp about five miles further westward, to a locality called 
Kalaieha. This point is now used as a sheep station. The pasturage 
upon the slopes of Mauna Kea is very abundant and rich, but there is 
no water. At first it was a mystery to me how these animals could 
flourish with nothing to drink. It appears, however, that the fog is so 
abundant that a night rarely passes without more or less rain or a con­ 
densation of vapor sufficient to thoroughly saturate the grass, and the 
animals thus obtain sufficient moisture from the grasses they feed upon. 
They seem to thrive very well, and I have never heard o'f any serious 
loss arising from want of moisture. .. ------

Kalaieha is situated near the summibiSP'fhe pass between Mauna Kea 
and Mauna Loa, at an altitud.&mabout 6,900 feet. Both to the east­ 
ward and to the westward there is a very gentle slope towards the 
ocean, so gentle in fact that from here it appears to the eye like a 
broad level plain. The lavas from Mauna Loa have flooded it again 
and again, and are now outspread over a vast expanse in fields of black^ 
ominous, naked aa. These lava floods stretch all the way up to the very 
base of Mauua Kea and find a sharp line of demarkation upon its low­ 
est slopes. The base of Mauna Kea is well covered with soil and vol­ 
canic sand, giving life to an abundant herbage and no inconsiderable 
number of trees, thus offering a strong contrast to the desolation and 
blackness of the lava fields beyond. Around us are very many cin­ 
der cones, some of noble proportions, and from the summit of any onet
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of them we may obtain an overlook of these Phlegrean fields. The 
sense of desolation which they awaken is exceedingly impressive. In 
the preceding chapter I have already mentioned how the descendinglava 
streams from Mauna Loa spread out over wide areas when they strike 
the comparatively level platform below. It is often difficult to distin­ 
guish one field from another, so intimately are they blended together 
and so faint is the distinction of color. Only when some field of extreme 
recency has been spread out like that of 1881, disclosing a superlative 
blackness, is it possible to comprehend its full extent and individuality, 
by its contrast with fields a little older and just beginning to show the 
first effects of weathering. The entire prospect- conveys to the mind 
the idea that these flows succeeded each other at very brief intervals 
and that all of them are of great magnitude. The portion of any couUe 
which is comprised in its course down the mountain slope invariably 
bears a small ratio in respect of mass to the quantity spread out upon 
the lower plain. Nor do these currents by any means stop always at 
the base of the mountain, but deflect sometimes to the eastward, some­ 
times to the westward, according to the slope of the land. They stretch 
onwards towards the sea for a distance of many miles, and not a few of 
them have entered the ocean. This was the case with the great eruption 
of 1859, which entered the sea upon the western coast of the island, while 
the last eruption of 1881 came within about a mile of the sea at Hilo 
upon the eastern coast.

Several days were spent at Kalaieha searching for varieties among 
the lavas and for such other facts of interest as might present them­ 
selves. Very little, however, was discovered. The lavas of Mauna Kea, 
especially aronud the base of the mountain, show but little variety, and 
those of Manna Loa are even more homogeneous.

Leaving Kalaieha, my next objective point was the valley of Waimea, 
on the northern side of Mauna Kea. To reach it it was necessary to go 
over the mountain. This was not a serious undertaking, for it presents 
no difficulty except the length of the journey, and this is readily over- 
come"by dividing ti-pd^e^march between two days. The mountain was 
crossed upon its western fianTc'foy.an^jg.sy trail and our camp was pitched 
near the summit of the ridge. From thi§\ point a fine view of Mauna 
Loa and Hualalai is presented. The huge lava streams descending from 
Mauna Loa to the northwest between Mauna Kea and Hualalai are dis­ 
tinctly visible and present a most suggestive aspect. The best defined 
among them is the great flow of 1859, which is visible in all its extent, 
reaching from a point near the summit to the sea, a distance of about 35 
•miles. The interval between Mauna Kea and Hualalai, which, reck- 
,oned from base to base, is about twelve miles, has been traversed by 
a great number of such lava floods within a very recent period in the 
.history of the mountain. Viewed from a lofty standpoint on Mauna 
,Kea, the general grouping of these beds and the long flowing profile 
\jvhich they have generated are presented to the eye most vividly. It
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is easy to imagine how, step by step and by flood after flood, this part 
ot the island has been built up by the simple superposition of number­ 
less lava s'reams.

Descending tlie northern slopes of Mauna Kea the plains of Waimea 
at length are reached. These plains are bounded by Kohala Mountain 
on the north and Mauna Kea on the south, and form a moderately ele­ 
vated pass hardly 3,000 feet high between the east and west side of 
the island. The western declivity of this pass is arid, hot, and barren, 
suggesting the desert plains of Nevada. The comparison is strength­ 
ened by the occurrence of cacti, which seem to be very closely related 
to some of the opuntias of southern Nevada and Arizona, and the 
first impression is that they are merely vanetal forms of the common 
prickly pear which have here attained a considerably larger size, but 
without any other change of habit. But the ubiquitous sage (Artemi- 
sia) is wholly wanting and seems to be about all that is needed to com­ 
plete the similarity of the picture. In place of it are many low, sickly, 
stunted shrubs having the air and habit of desert plants quite as dis­ 
tinctively as the American sage. As we approach the summit of the 
pass there is a gradual but rather rapid increment and freshening of 
vegetable life. From the summit to the eastern "coast the descending 
slope is clothed with abundant vegetation, which soon becomes a trop- 
icajnngle similar to that which we traversed in passing from Hilo to 
the base of Mauna Kea. Thus in the course of a very few miles the 
journey from west to east over the plains of Waimea will lead us from 
a region as truly desert as Nevada to a region where the ground is 
muddy by incessant fog and ram and incumbered with the densest of 
tropical forests. The cause of this extreme contrast is easily discerned. 
The perpetual trade wind striking the eastern coast is thrown upward 
nearly 3,000 feet in the course of about fifteen miles, and is dep'eted 
of a great portion of its moisture. It then descends as rapidly to the 
western coast, and of course becomes very dry. Through the Waimea 
pass a powerful breeze is always blowing from east to west. Its effects 
may be seen in many wajs, some of which are sufficiently striking. All 
of the cinder cones, and there are many of them scattered around the 
base of Mauna Kea, are deformed, being built up more upon their west­ 
ern than upon their eastern sides. The steady wind has caught the 
showers of lapilli as they were projected npward and caused them to 
fall in much greater quantity upon the western sides, so that the vents 
are situated upon the eastern sides of the cones, giving them all a uni­ 
form aspect of deformity. The effect of the wind is also seen in the 
steady drift of the sand dunes, and even the clinkers scattered about 
upon the plains show a marked wearing upon their eastern sides by the 
ceaseless action of the sand blasts.

The little village of Waimea is situated upon the southern base of 
Kohala Mountain, a little west of the summit of the pass. It is a beau­ 
tiful spot, seeming as we approach it from the south or from the west
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like an oasis in the desert. It lies just upon the verge where the arid 
region passes into the moist. A strenm of delicious water, and per­ 
ennial, comes down from Kohala Mountain, and flowing towards the 
western sea gradually sinks into the earth long before it reaches it. 
Like most other Hawaiian towns it is but a faded remnant of a popula­ 
tion which was once considerable. There is still some thrift here, aris­ 
ing from rather exceptional advantages for pasturage. Curiously 
enough, horses and cattle seem to thrive best in a desert country when 
left to their own natural ways and devices. This is as true of these 
tropical islands as it is of Western America.

From Waimea we obtain a superb view of the northern flanks of 
Mauna Kea. As compared with the southern portion of that mountain 
there is one notable difference. This is m the amount of erosion, which 
is at once seen to be very much greater upon the northeastern or wind­ 
ward side. Several huge ravines are visible, commensurate in their 
proportions with the magnitude of the mountain. An observer viewing 
these gorges from the northern and eastern sides would be apt to con­ 
clude that a very long period of time has elapsed since eruptions of lava 
and cinders have ceased to exercise any appreciable effect in building 
up the mountain pile. Viewing it upon the opposite sides, he would be 
equally apt to infer a relatively brief period since the cessation of vol­ 
canic action. The difference dn the effects of erosion upon the two sides 
is certainly very great; but I can hardly-doubt that it may be fully 
accounted for by the difference in the precipitation alone. In noting 
the effect of atmospheric degradation upon the rocks of these islands, 
as well as in other countries, I have been most forcibly impressed at all 
times with the enormous disparity in the rates of weathering, where the 
only variable factor is the amount of atmospheric moisture. Wherever 
the climate is moist the lavas decompose with great rapidity, so that a 
very few years are sufficient to produce a very appreciable amount of 
superficial disintegration, and to start the vegetation growing upon the 
rocks. Wherever the climate is dry rocks of identical character—nay, 
even identical streams, passing from a wet to a dry region—preserve their 
freshness for probably a century or more. Many instances may be seen 
here of lava flows which descend through a belt of moisture to some of 
the dryest regions along the western coast (most notably in Kona), and 
as a general rule the portions which are situated in the moist region will 
simulate very great antiquity, while the portions in the arid belt upon 
the coast will look extremely recent. We should of course expect to 
find the degradation of rocks much greater in a wet locality than in a 
dry one, but the difference is considerably greater than might be at first 
supposed.
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HAMAKUA—KOHALA—HTJALALAI.

Waimea is a starting point from which a journey may easily be 
made to the eastern coast in the district of Hamakna. This district is 
certainly one of the most curious in the world, and indeed its features 
could barely exist elsewhere than in a tropical island situated within 
the trade wind belt. The slopes of Mauua Kea, descending at first 
swiftly—afterwards more gently—toward the sea, are suddenly termi­ 
nated on the coast by cliffs ranging from 100 or 200 to 700 or 800 feet 
in height. These coastwise cliffs are exceedingly steep, approaching 
in many places the vertical, and plunging at once into water of consid­ 
erable depth. Here the coast receives the full brunt of the long steady 
swell of the Pacific, rolling for thousands of miles before the powerful 
trade-wind. The erosive action of the sea-waves is probably as efficient 
here as in any part of the world, for it is very powerful and unremit­ 
ting. That the waves have eaten into this coast for several miles does 
not seem to be in the least degree doubtful.

The slopes leading inland from the crest of this cliff are for several 
miles very moderate, hardly exceeding 300 feet to the mile, suggesting 
a gently sloped and slightly diversified platform. This platform is 
deeply scored by a surprising number of large ravines, so abrupt that 
in many portions they may well be called canons. Their sides have 
slopes varying from thirty to forty-five degrees, and have sometimes a 
greater angle of acclivity. The number of these is very great, and 
they occur at intervals averaging a little more than half a mile. Along 
the coast between Hilo and Kohala and within, a distance of about forty 
miles there are nearly seventy of these ravines, reckoning both great 
and small. A land journey coastwise through this Hamakua district 
would be quite impossible, had not a very fair horse-trail been exca­ 
vated with much labor and expense. This trail could not have been 
built along the margin of the sea because the deep water washes the 
face of a vertical cliff. It could not have been easily built far inland 
on account of the jungle and quagmire. There was no better way than 
to descend and ascend every one of these sixty or seventy ravines by 
zigzag courses dug out of the sides of the ravine walls. The only 
difficulty is the great labor and exhaustion which they entail upon the 
pack-animals. A man can go easily up and down on foot leading his 
horse without the slightest sense of insecurity and with no more fatigue 
than would be incident to ascending and descending a very long series 
of stairways, but the pack-animal must carry his burden.
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The Hamakua district presents a very interesting juxtaposition of 
two very different methods of erosion. First, the surface and stream 
erosion of the land by rain-water; and, second, the erosion of the coast 
by powerful wave action. Not many years have elapsed since geolo­ 
gists were in the habit of attaching far more importance to the action 
of waves upon coast lines than to the steady degradation of land surface 
by those complex processes which pass under the name of denudation. 
We have only to recall the many discussions in England of the denuda­ 
tions of the Weald, and especially Charles Darwin's chapter upon that 
subject m his Origin of Species, to -realize how strong was the impres­ 
sion only thirty years ago. At present the action of waves upon the
•coast is regarded as only a small factor in those processes which lead 
to the destruction of lands. And the geologist who views the wind­ 
ward coasts of these islands is tempted to raise the question whether 
geological opinion on this subject has not drifted too far to the other 
extreme and fallen into the habit of underestimating it. Not only in 
Hainakua, but upon all of the windward coasts of these islands, .ire the
•effects of wave action very extensive. It is not easy to form a very ac­ 
curate estimate of the extent to which the Hamakua coast has been
•eaten away by the -waves. But the probabilities are that the sea has 
made inroads varying from two to three miles upon the lowest flanks of 
Mauna Kea, and perhaps to a still greater extent upon the slopes of 
Kohala Mountain further to the northward. It is probable, also, that 
the period of time in which these inroads were made haS been, geolog­ 
ically speaking, very brief, extending back presumably no further than 
the epoch at which the activity of these volcanoes terminated. So long 
as they continued to pour out their lavas and send their streams into 
the sea, so long we may regard them as building up the land quite as 
fast and even faster than the sea could destroy it. This is abundantly 
shown by recalling the condition of the coasts which bound the de­ 
scending slopes of Kilauea and Mauna Loa. The lava streams from 
these active volcanoes reach to the sea, and, taking periods of a thou­ 
sand or a few thousands of years, they not only repair the damages 
which the sea inflicts upon the coast line, but they even extend the land 
further out into the waters. We may, indeed, find numberless localities 
(in fact it is so with the greater part of the coast) where the sea, for a 
time, begins its inroad and makes some progress towards the formation 
of cliffs; but sooner or later a new lava stream overflows the line of 
attack, not only replacing all that has been eaten away, but adding 
more material besides.

Upon the coasts which bound the masses of Kilauea and Mauna Loa 
the cliffs are never high, seldom exceeding 50 or 60 feet, and along most 
or tho coast lines are much less even than that. But the activity of 
Mauna Kea is evidently of some antiquity, and the damages inflicted 
upon the shore line by the ocean have gone without repair ever since 
ithe volcano became quiet. Kohala Mountain has been inactive for a
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still louger period than Mauna Kea, and the cliffs along its shore line 
reach a still greater elevation, and have probably suffered a greater 
amount of inroad and destrnction by the sea.

Eeturning to Waimea we may use it as a convenient starting point 
from which to visit Kohala Mountain. This is the smallest of the five 
great volcanic piles which constitute the island of Hawaii, and is also 
the tnost ancient. But in speaking of its antiquity, I wish to be under­ 
stood as referring only to the epoch at which its activity ceased, and 
not to the epoch at which it began. Eegarding the initial epochs of 
these volcanoes we know nothing. Like all the other volcanoes of these 
islands its lavas belong to the basaltic group. Still they have pecu­ 
liarities which serve to distinguish them in some measure from those of 
Mauna Kea and Mauna Loa. They appear to be less ferruginous and 
much more feldspathic Ohvin does not form, as a rule, so important a 
part of the mineral contents of the lavas, though in some of them it is 
fairly abundant. The group taken as a whole shows a tendency to 
approach the audesites. Extreme cases may be found in which it is 
difficult, apart from the general relations, to say whether they should be 
classed among the angitic andesites or among thenormal basalts. Those 
intensely black, dense, and highly ferruginous lavas which are universal 
on Mauna Loa and Kilauea do not occur on the Kohala Mountain, so 
far as I have discovered.

The altitude of this old volcano is about 5,600 feet, and its general 
form and structure is very similar to that of Mauna Kea. It has many 
cinder cones, some of which are in an excellent state of preservation, while 
others are much degraded. The whole mountain is covered with a deep, 
rich soil, and the rock exposures are good only in the ravines which 
have been scored by the streams. Thesummitof the mountain is difficult 
of access on account of the boggy nature of the ground and the dense 
growth of vegetation. Large peat-bogs are formed there at the eleva­ 
tion of fully a mile above the sea.' The occurrence of peat-bogs at such 
heights is by no means uncommon in the other islands, for they are 
found upon West Maui, and especially upon the island of Kauai. Upon 
the summits of the latter island these bogs are of very great extent. 
Their formation is, no doubt, dependent upon the fact that summits be­ 
tween 4,000 and 7,000 feet of altitude are usually buried in clouds.

Leaving Waimea, we may now proceed to the nearest point upon the 
western coast of the island. A good wagon-road leads directly down 
the slope of the "Waimea plains to a little village called Kawaihae. 
Only a mile and a half from Waimea the climate has become quite arid, 
and the country presents the appearance of a desert.

We reach the coast at Kawaihae, eleven miles distant from Waimea, 
and then turn southward along its margin. The coast is low, shelving 
gently beneath the waters with only a slight ripple in its profile. Being 
under the lee of the island, there is no surf, but only a gentle swell, 
caused by the diffusion of the swell of the Pacific around the northern



172 HAWAIIAN VOLCANOES.
»

end of the island. Near Kawaihae stands a large heiau or sacrificial 
temple built by Kamehameha I, and the last one erected on these islands 
by the Hawaiian race. It is a more ponderous structure than the aver­ 
age of them, having higher and thicker walls, and is planted upon a 
rock overlooking the sea at an altitude of some 70 or 80 feet.

A.t a distance of about five miles from Kawaihae we reach a walled 
inclosure containing grass houses and a large cocoanut grove. It is a 
pleasant spot, clothed with maniania grass, and contains a pool of 
slightly brackish water by no means agreeable to the taste, but quite 
fit for use. Here we encamp for the night, pitching our tent beneath 
the trees, and are kindly cared for by some old natives, who bring us 
water, milk, and cocoanuts.

Starting early in the morning, we move onward still along the coast. 
At a little distance from the shore are rough lava fields somewhat grimy 
with age, and partially drifted over with sand and dust blown down and 
washed down from the uplands. Although we are apparently upon the 
slopes of Mauna Kea, it is soon evident that these lavas have come from 
Mauna Loa, having lapped around the'flanks of Mauna Kea since the 
latter volcano became silent. As we move onward these lavas become 
fresher in appearance and more rugged. At length the trail deflects 
away from the coast, stretching obliquely inland, and leads us to the 
border of a field of aa. As we gain the summit of it, it is seen to be a 
most formidable one, for it stretches almost as far as the eye can reach, 
and is rough, horrid, and bristly to the last degree. But an excellent 
trail has been built across it, reaching for about four miles as straight 
as a dart, and the traveling is reasonably good. The lava is brimful of 
olivin, and seemingly basic in the extreme. Very plainly it has eman­ 
ated from Mauna Loa, and has poured down through the intervale which 
separates Mauna Kea from Hualalai. We now realize the fact that this 
intervale has given passage to a great number of immense streams, 
thirty to forty miles in length. Mauna Kea has proved a barrier to these 
lavas upon the north, and Hualalai has proved a similar barrier upon 
the west, the two piles deflecting a considerable part of the extravasa­ 
tions of Mauna Loa into one broad channel or passageway leading north­ 
westward from the summit of the mountain.

After three or four hours of steady travel the eye is caught by some 
notable topographical features situated inland about three miles from 
the shore. Very plainly they are terraces of the same nature as those 
which we observed at Hilea in Kau. While all other older topograph­ 
ical features hereabout have been mantled over and buried out of sight 
by the great lava streams from Mauna Loa, these terraces, which are 
apparently fragments of more extensive formations now concealed, 
have escaped burial. Even these have been partially overshot by 
branches and filaments of the great coulee of 1859. But they are not 
sufficiently overflowed to obscure at all their real nature. These ter­ 
races are three in number, the highest being about 1,400 feet above the
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level of the sea, and the lowest about 1,000 feet. It is another indica­ 
tion of the upheaval of the island, but the amount of uplift here appears 
to be only about half as great as we found it to be in Kau. It is ren­ 
dered more conspicuous by a considerable fault, probably of quite recent 
occurrence, which has dislocated the terraces along a line nearly per­ 
pendicular to their fronts and extending inland.

The flow of 1859 enters the sea hard by. The lava is here pahoehoe 
of a normal type, and owing to the aridity of the climate is as fresh and 
clean as when it first cooled. It extended the coast of the island about 
three-fourths of a mile into the sea, with a front nearly two miles long.

Almost immediately after leaving the flow of 1859, we enter upon 
lava fields which have emanated from Hualalai. These are of more 
ancient date for the most part than those emanating from Manna Loa, 
which we have just crossed. They also exhibit a difference in texture 
which is extremely difficult to define, though it is apparent enough to 
the eye. The trail now turns away from the seacoast, and, leading ob­ 
liquely up the slopes of the mountain, at length enters upon a lava field 
which is evidently of very recent date. In truth it was erupted in 1805. 
Though far inferior in magnitude to the historic eruptions of Mauna 
Loa, it is by no means an inconsiderable one. It broke out at a point 
upon the northwestern flank of Hnalalai at an elevation of nearly 4,000 
feet above the sea, and reached the ocean in a stream about a mile and 
a half in width and about seven miles long. The lava is extremely fer­ 
ruginous and contains considerable olivin and no conspicuous feldspar.

All the way from Kawaihae the trail has led through a region which 
is extremely arid and hot, and over lava fields which for the most part 
are wholly destitute of soil and occurring as the roughest form of aa. 
But as we inonnt the slopes of Hualalai we pass by a slow transition 
into a inoister climate. Behind us the only trees which grow are the 
cocoanut and pandanus, beside the lagoons of the sea-coast. How, at 
length, the trees once more make their appearance an'd gradually become 
more and more abundant, and with them are numberless shrubs, plants, 
and grasses suitable to a climate which is intermediate between moist 
and dry. After a hard day's march, we camp on the western flank of 
Hualalai, at the height of about 2,300 feet above the sea. A little below 
us is a curious-looking crater, which erupted in 1811, sending a stream 
of lava into the ocean. It is a jagged-looking cone, having the abnor­ 
mal and abortive appearance which we have frequently observed around 
the orifices of eruption on Mauna Loa. Here is the point where the last 
sign of activity in Hualalai. manifested itself. From that day to this 
Hualalai has remained in perfect repose.

Of Hualalai there is little that needs to be said. Its summit is about 
8,600 feet high, and altogether it is a large volcano, though dwarfed by 
comparison with its giant neighbors. Its mass is built up like that of 
Mauna Kea, partly of fragmeutal material, and it has many cinder cones. 
Its summit is crowned with many of these cones, thickly clustered, and
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even confluent with each other, and all in perfect preservation. Hun­ 
dreds them also stand upon the flanks of the main pile at all altitudes. 
There is, however, a somewhat more marked tendency than in Mauna 
Kea for the cinder cones to increase both in size and number towards 
the summit. The terminal ones are certainly the largest, though many 
large ones are seen lower down. Some of these cones have no cups in 
their summits, but the chimneys open with sharp edges at the mouths 
of the pipes from which the profiles slope away at once and continu­ 
ously to their bases. The same structure is observable in the cones 
which stand within the caldera of Haleakala. The mean profiles of 
the mountain have about the same acclivity as those of Mauna Kea, and 
the ascent is easily made from the northwestern flank.

The lavas of Hualalai are all basaltic, containing much olivin and 
highly ferruginous. They resemble those of Mauna Loa in many re­ 
spects, though with a sligfit difference, which is apparent enough to the 
eye, but eluding accurate description.



GHAPTEE X. 

KONA.—ERUPTION OF 1868.

The journey southward through the district of Kona, though an ar­ 
duous one, is in many respects delightful and instructive. An old roadr 
which is in reality nothing more than a horse trail, has been constructed 
along mountain slopes at heights varying from a few hundred to two 
thousand feet above the sea, and irom two to four miles from the coast. 
It was formerly much used, but of late years, owing to the increase in the 
facilities of transit by sea and the decrease of the population, it is sel­ 
dom traveled and is much overgrown by vegetation. South of Huala- 
lai the western slopes of that mountain, and also of Mauna Loa, 'are 
covered with a dense tropical forest hardly so close and impenetrable 
as those upon the windward side of the island, but still very luxuriant. 
The climate is very rainy, and this fact may be put in contrast with the 
extremely and climate prevailing upon the western coast of the island 
north of Hnalalai. Why should one part of the leeward coast be very 
wet while another part of the same coast is very dry? The problem is 
an interesting one and the solution of it instructive.

As we ascended Mauna Loa and Mauna Kea, we had occasion to note 
that after reaching an altitude of a little over 7,000 feet the trade-winds 
were no longer felt. At a higher altitude we encountered the anti-trades. 
From the summits of those lofty piles, looking in every dire'ction as far 
as the eye could reach, we observed that the aspect and movements 
of the clouds indicated that this fact was injno degree dependent upon 
the existence of the island itself or its mountain barriers, but prevailed 
everywhere within the limits of vision and presumably to an indefinite 
distance beyond. The trade-winds very plainly are a movement of 
the lower stratum of the atmosphere alone. In this neighborhood the 
thickness of this stratum is roughly a little more than 7,000 feet. I am 
assured by intelligent observers upon the islands that during at least 
nine months of the" year and a greater part of the remaining three 
months of midwinter, the cloud play over the island, and the observed 
motion of the winds are uniformly the same as I observed it to be. 
Wherever, then, the altitude of the land masses rises above this limit of 
7,000 feet the trade-winds cannot blow over them, but are deflected 
around them. Looking now to the Waimea plains, which have an alti­ 
tude of about 3,000 feet, the trade-winds blow over the summit pass in 
great volume, and descend upon the leeward slopes. As they mount 
the eastern slopes they throw down their moisture m great abundance, 
and by an inverse action of causes they become very dry as they de-
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scend the western slopes. But the district of Kona is situated under 
the lee of the lands which rise far above the limit of the trades, and is 
in no manner whatsoever influenced by them. The winds of the Kona 
district are quite at liberty to follow the daily alternation of land and 
sea breeze in their simplest and most typical mode of action. In the 
morning the sky is clear and the sun shines gloriously. Soon after sun­ 
rise the air is dead cairn, but about 10 o'clock the sea breeze sets in 
blowing from the west and ascends the mountain slopes. Quickly 
the clouds gather, and at length the rain falls steadily throughout the 
afternoon and well into the night. At 9 or 10 o'clock in the evening the 
wind gradually ceases and soon after the land breeze prevails. De­ 
scending the long mountain slope the air becomes dry, the clouds clear 
away, the stars shine out, and the latter part of the night is cloudless. 
This alternation repeats itself with rare exceptions daily throughout the 
year. Seldom does a day pass in the Kona district without a rainy af­ 
ternoon. And yet as a rule there is no rain at the lowest levels upon 
the margin of the sea. There is a narrow belt of land close to the ocean 
varying in width from a mile to a mile and a half, or even two- miles, 
where rain seldom falls. Here the slope is comparatively gentle, and 
as the sea breeze blows inwards the effect of the ascending current is 
not felt until the stronger slopes a couple of miles away from the sea 
are encountered. At altitudes of 400 or 500 feet vegetation is abundant, 
•and increases in density to heights of nearly 4,000 feet. Very notable 
effects upon the amount of precipitation may be detected from even a 
very slight change of elevation. This no doubt results from the fact 
that the winds from the ocean when they first strike the land are very 
near the point of saturation.

It is by no means necessary that the altitude of any land barrier in 
these islands should be as high as 7,000 feet in order to form a well- 
defined lee. In truth, 1,500 feet, or even perhaps 1,000 feet, produces a 
marked effect; but where the barrier is so low as this there is no alter­ 
nation of land and sea breeze, for the trade-winds which blow at night 
as well as by day pour continuously over the lower barriers, and the cli­ 
mate under their lee is more or less arid. Only when the barrier is high 
enough to completely oppose the flow of the trade-wind is the daily sea 
breeze possible, and when such a sea breeze occurs upon the western 
side of the island it brings with it its complement of moisture and throws 
it down as the air ascends almost as copiously as the ascending trade- 
winds upon the windward sides.

Along the Kona road the tropical vegetation becomes exquisitely 
beautiful. Kona is the home of the kukui or candle-nut tree, of the 
bread-fruit, and the banana. Lower down near the sea, where the climate 
is dryer, the pineapple grows in wonderful profusion. The coffee tree 
grows abundantly, running wild over the entire district. Formerly it 
was much cultivated, and the Kona coffee is fully 'equal to the very 
choicest article that comes into our market, surpassing, in my estirna-
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tion, the best government Java, and equaled only by the Liberian. The 
production some years ago was considerable, but the trees were attacked 
with blight, and the increase in the price of wages nearly destroyed the 
culture of the plant, so that now the production scarcely exceeds the 
very small doin 3Stic consumption. Many abandoned coffee plantations 
were seen and myriads of healthy-looking cpffee trees scattered through­ 
out the forest laden with flowers and with green, red, and ripe berries. 
It seems as if the superlative excellence of this fruit might promise some 
future revival of the industry.

For three days our journey lay through a country where every turu 
of the road opened visions of paradise. Nor does the vegetation ever 
become monotonous, for it is constantly changing in its habits and is 
full of variety. The district was once very populous. On every hill­ 
side may be seen stone walls now fallen in ruins which once marked 
the subdivisions of the little tenements of the old Hawaiian agricnltural 
population. The land appears to have been subdivided much more 
minutely than the lauds ordinarily are in civilized countries. The num­ 
ber of these little tenements must have been vast indeed, and if we were 
to use them as a measure of population we might infer that the people 
numbered many tens of thousands. But such an estimate would be in­ 
admissible, because there is no doubt that single individuals often held 
more than one tenement. And moreover it is probable that the place 
having been occupied for a period was abandoned or forcibly depopu­ 
lated, and that the inhabitants migrated to some other place. Still the 
population was once no doubt quite dense. At the present day it is 
scanty in the extreme, probably numbering only as many scores as it 
did thousands a century ago. The general aspect is that of a country 
once cultivated but long since left to solitude and overrun with untamed 
vegetation. The orange, the lemon, the banana, the mango, the citron 
now stand everywhere wild and uncared for, while the coffee trees and 
guavas form thickets well-nigh impenetrable.

Passing the slopes of Hualalai we come once more upon the mighty 
flanks of Mauna Loa. "Numberless great lava streams may be detected, 
many of them of very recent date, descending to the sea. Along the 
line of the road the vegetation is so exuberant and grows with such 
amazing rapidity that lava streams which are probably but a few cen­ 
turies old are covered with soil and overgrown with jungle. But as they 
reach down to the sea-shore, where the climate is more and, they dis­ 
close their individuality. There are also points of interest upon the sea­ 
shore, lu several places the shore has been invaded by the sea eroding 
into cliffs which now and then attain some notable heights. This erosion 
has been effected surely by wave action, and it is worthy of note that this 
is upon the lee coast of the island, where there is no heavy swell of the 
ocean, as there is npon the windward side. Tet the daily land breeze 
is always sufficient to set the sea to dashing upon the coast, and the 
swell of the Pacific from north and south circles aroniid the island and 
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is quite appreciable upon its long lee shore. It is to be borne in mind, 
also, that the waves of the ocean are extremely complex. No wave is 
ever really lost upon the ocean so long as it'has sea ro'orn to travel in. 
It is uo doubt obscured ill the case of a "heavy prevailing swell, such as 
that which is rolled up by the trades. But winds blowing thousands 
of miles away generate waves which travel on and are never lost. 
Hence we always find upon the calmest day under a lee shore that 
the waves are still breaking and throwing up their spray, even though 
there is 110 local wind which could generate them. Doubtless they 
come from vast distances. We need not be at a loss, then, to explain 
the fact that wave action goes on to no insignificant extent upon the 
lee shore of the island of Hawaii.

At Kealakeakua, the famous spot where Captain Cook was killed, 
there is a cliff, the height of which I could not judge accurately, but 
suppose it to be about 400 feet. This is rather exceptional, for most of 
the coast hue shelves down to the sea easily, and the shore wall is 
seldom more than 20 or 30 feet high. Over this cliff in Kealakeakua 
Bay several lava streams from Manna Loa have cascaded into the sea.

It is also noteworthy that at the distance of about a mile and a half 
or two miles from the shore the slope is usually quite gentle. But far­ 
ther inland it rises with a strong acclivity and is sometimes extremely 
steep. I have suspected that during the gradual elevation of the 
island these abrupt slopes formed the coast arid were eroded by the 
waves. Most assuredly these slopes are not such as arise from the nor­ 
mal arrangement of a vast series of flowing lavas, piled sheet upon 
sheet, and they call for some special explanation of their abruptness. 
I can venture, however, to do nothing more than offer a conjecture upon 
this point. These slopes are now covered with many recent -lava 
streams, which have in a great measure masked their abruptness.

As we approach the southern limit of the Kona district the climate 
gradually becomes still more moist. The rains begin earlier in the day 
and continue further into the night. The road is exceedingly rocky 
and is greatly incumbered with Hilo grass, which grows here with a 
rankness exceeding, if possible, its rankness at Hilo itself. There is the 
same alternation of pahoehoe and aa, but the rocks are generally covered 
with a film of soil and overgrown with forest. The lavas are all of the 
monotonous type peculiar to Mauna Loa. But all that is visible of 
them merely attests the general fact of innumerable large lava streams 
descending from far up the mountain to the sea and piled over one 
another sheet by sheet. At length we pass the southern Kona bound­ 
ary and once more enter the district of Kau. Again the climate 
changes, suddenly becoming dryer, and the trail enters upon a vast 
stretch of recent lavas, forming a belt about fourteen miles in width 
and consisting mostly of aa. It is by uo means a single stream, but 
many. All of them are veiy young, but a great portion of them are 
old enough to have allowed the growth of large trees, although no soil
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has formed. Here, as in Puna, vegetation takes root among the clinkers 
almost as readily as upon the soil itself. Some of the streams, how­ 
ever, are so receut that little vegetation exists upon them. It is an im­ 
pressive sight to behold this wilderness of lava extending as far as the 
eye can reach up the mountain side on the one hand and sloping down 
into the sea on the other. Where the lava reaches the ocean a consid­ 
erable number of secondary cinder cones have been thrown up in the 
same way as we observed them in Nanawale, in Puua. There is no way 
of determining the number of individual coulees represented in this 
belt, but they all seem to suggest that they were poured out in rather 
rapid succession with intervals of only a few years between. If the 
degree of weathering is any criterion, it might be a fair inference that 
some fifteen or twenty large couUes had shot down through this belt 
within the last three or four centuries.

Through these cliuker fields a trail has been built in a rigorously 
straight line without the least attempt to avoid a single obstacle. A 
journey of fourteen miles across this belt of clinkers brings us to the 
beautiful ranch Kakuku, where we are most hospitably entertained and 
enjoy a rest, looking upon the illimitable expanse of the Pacific. A 
journey of five or six miles over a comfortable road brings us back to 
our original starting point at Waiohinu. But before we leave this spot 
to complete the journey it is well to look at the traces of one of the most 
memorable receut eruptions of Mauna Loa disclosed right here at Ka- 
huku—the eruption of 1868.

The Kahuku ranch stands upon the summit of a cliff or steep ledge 
extending up and down the slope of the mountain and increasing in 
height seawards. At the foot of this cliff runs the principal branch of 
the lava flow. Back of the crest, about a quarter of a mile, runs anothar 
branch, and a little beyond that a third. The ranch occupies a beau­ 
tiful spot of green surrounded by black fields of lava, now only fifteen 
years old. The eruption of 1868 was by no means one of the largest of 
the historic outbreaks of Mauna Loa. On the contrary, it is one of the 
smallest, though in itself it is of grand proportions. But it is especially 
interesting because it was better observed than any other, and also be- 
canse the circumstances attending it were exceptional. The other his­ 
toric eruptions have all broken out from and flowed through localities 
seldom visited by white men—from the awful solitudes of the upper 
dome and through the middle zones occupied by the forest jungle aud 
the desolate phlegrsean fields of the interior of the island. The eruption 
of 1868 broke out m a region peopled by intelligent white men, though 
sparsely, and within two hours' rule of many more. The other eruptions 
have come without warning, like a thief in the night, and progressed 
silently without tremor or violence. The eruption of 1868 occurred at a 
time when the southern part of the island was rocked for weeks by 
earthquakes of an appalling character, such as humanity happily i» 
seldom called upon to witness or to endure.
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Before sunrise on the morning of the 27th of March, 1868, people re­ 
siding upon the northwestern and western parts of the island observed 
a great cloud of smoke or vapor suddenly shoot upwards from the sum­ 
mit of Manna Loa to an immense altitude, illuminated by the glare of 
extensive fires beneath. After continuing to asceud for about an hour 
it was observed that smoke or vapor ascended from several points below, 
along a line stretching southwestward from the summit. Sown after 
sunrise the entire mountain became obscured by the ordinary trade- 
wind clouds, and the whole scene was shut out from view. The follow­ 
ing night became clear, but, when the clouds had left, no trace of vol­ 
canic action was visible. Early in the day following (March 28) began 
a series of earthquakes, which gradually became more frequent, and 
lasted for a, period of two weeks. The number of shocks could be reck­ 
oned only by thousands, the most violent of which occurred on the 2d of 
April. For hours together the earth was in a constant tremor, with 
now and then a shock of exceptional violence. At about 3 o'clock p. 
m. on the 2d of April a prodigious earthquake shook the southern part 
of the island with terrible violence, and was felt with considerable force 
throughout the entire group of islands. Houses were overthrown or 
shaken down in ruins. Men and beasts were thrown upwards and 
prostrated. Trees swayed to and fro like reeds in the wind, and a series 
of waves traversed the land, the earth opening in wide cracks on the 
crest of the wave and closing together in the trough. It was at this 
time that the great mud-flow already described took place at Kapapala. 
The southern coast of the island sank from two to eight feet in different 
places along an extent of nearly 60 miles. A mighty wave rolling in 
from the sea—its crest reaching above the cocoa-nut trees upon the 
coast, and sweeping inland to a distance varying from half a mile to 
two miles—carried everything before it. In the space of a very few 
minutes eighty human beings, in a very scantily inhabited country, met 
a violent death. Hundreds of animals perished, and every structure was 
shaken from its foundations. Still the shocks continued with great fre­ 
quency until the 8th of April, or a week after the great shock occurred. 
It was not until the 7th of April, however, that the great eruption took 
place. About 7 o'clock in the evening a great column of fire suddenly 
shot upward upon the southwestern slope of Mauna Loa, at a point sit­ 
uated about 3,700 feet above the sea. In a very short time the air was 
thick with vapor, which glowed with an intense light derived from the 
great fountains of lava beneath. These fountains were situated along 
a fissure, occupying about a mile of its length and-interrnpted only by 
short iutervals. One great sheet of the fiery liquid, judging from pres 
ent appearances, must have beeu upwards of 2,000 feet ia length, rang­ 
ing up and down the mountain upon the brink of the cliff, which has 
already beeu described. The lava was poured forth with immense 
rapidity and in enormous volumes. In a little over two hours it had 
reached the sea, from 10 to 11 miles distant. On its way it spread out



U S GEOLOGICAL SUKVF1 AIiXLAL JILJ'OUT 18S.J 1'L XM11

iiir, KKUPIIOX OF 1868



DUTTON] ERUPTION OF 1868. 181

into numerous streams, the largest of which lay at the base of the long 
faulted cliff already spoken of. At some parts of ita coarse tlie lava 
ran with a velocity which was estimated by some of the spectators to 
have exceeded 15 miles per hour, and the estimated velocity is probably 
not too great. The streams at present cover a space from 2 to 3 
miles in width, including, however, between them several narrow places 
which were not overflowed. Most of the lava is pahoehoe, though here 
and there are some considerable stretches of aa, notably at the termi­ 
nations of the several branches of tbe flow. All of it is olivinitic to an 
extreme, and individual specimens can be selected containing large 
grains or nodules of olivin, which constitute more than half the mass 
of the lava.

The duration of this outbreak was exceptionally short, for it lasted 
only about four days. The quantity of material ejected was many times 
smaller than that from any of the eruptions of 1855, 1859, or 1881, 
although it was, no doubt, many times greater than the largest erup­ 
tion which was ever known to come from Vesuvius.

This eruption also seems to have been attended with a greater amount 
of explosive violence than any other of which we have record. Apart 
from the earthquake shocks which preceded and followed it, an unusual 
quantity of vaporous products appears to have been given off. The 
air was filled with Pele's hair and volcanic dust, and great quantities 
of that exceedingly light basaltic pumice which is often found both at 
Kilauea and upon the summit of Mauna Loa were scattered far and 
wide over the country. This pumiee is so light that it may be carried 
to great distances by the wind. Much of it was carried ont to sea and 
was afterwards observed floating upon the ocean.

Following the main lava stream down to the sea, it spreads out into 
a wide field of aa. It is also pushed out into the ocean for the distance 
of quite half a mile, extending the area of the island just so much. At 
the end ot the lava flow are three cinder cones, the origin of which is 
very curious, interesting, and suggestive. It appears that these cinder 
cones were formed by the contact of the lava with water. Their struct­ 
ure and general appearance are quite normal, corresponding in all re­ 
spects with, the cinder cones which are formed over ordinary volcanic 
vents. Here is an unquestionable instance of the formation of an ordi­ 
nary volcanic crater by the adventitious contact of liquid lava with 
water. Nor are these cones by any means exceptional occurrences on 
this island. At the end of the great flow of 1840 from Kilauea, which 
strikes the ocean at Nanawale, in Puna, near the eastern angle of the 
island, three cinder cones were formed in precisely the same manner. 
Upon the northwestern base of Hualalai the eruption of 18(1 produced 
a similar cinder cone at the water's edge. Along the western coast of 
the island, between Kailna and the southwestern cape, a distance of 60 
miles, may be seen a considerable number of small cinder cones stand-
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ing upon the verge of the land, which from their appearance lead to the 
inference that they were formed in precisely the same way.

From KahuUu to Waiohinu, the point at which our journey com­ 
menced, the distance is only 7 miles, and a well-built road, compara­ 
tively speaking, connects the two places. Near this road, and right 
upon the verge of the faulted cliff, are three large pits having an exact 
resemblance to those which we have noted in the vicinity of Kilauea— 
for example Kilauea-iki and Poli-o-keawe. So near the brink of the 
cliff are these pits that one of them has its wall broken away on the 
side nearest to the cliff, leaving a gap which opens upon a desolate 
field of lava at the base of the main wall. These pits are from 600 to 
1,000 feet in diameter and a little over 300 feet in depth. They appear 
to be very nearly circular and symmetrical in shape, but their origin can 
only be conjectured. They are, no doubt, quite ancient, as their sides 
are covered with soil, talus, and expose rocks of considerable antiquity.



CHAPTER XL 

THE VOECAKIC PROBLEM.

We may now proceed to gather together the various facts which we 
have observed iu our study of Mauna Loa and Kilauea,, and scrutinize 
them with a view to ascertaining whether they shed any new light, how­ 
ever feeble, upon the dark problem of the volcano. Indeed, nature pre­ 
sents us with no problem more difficult or inscrutable. We may not 
hope for much new light, but even though we gain but a very little, it 
may serve to keep alive the hope of an ultimate solution.

Let us note, in the first place, that a volcano is a heat problem, and 
the final solution to be sought is an explanation of the origin of this 
heat and its modes of action. It has been habitual with many investi­ 
gators to attribute volcanic heat to the remains or residue of an enor- 
mons amount of it contained in the terrestrial globe at some former 
remote epoch in the history of its physical evolution. They regard the 
earth as once uniformly heated to an extreme temperature, and gradu­ 
ally-dissipating its heat throughout the ages by a conduction through 
its crnst and radiation in space. The views generally entertained in 
the early part of the present century implied an interior in a state of 
universal liquid fusion. This view, however, has been most vigorously 
assailed by several of the most accomplished philosophers of the present 
century, notably Hopkins, Sir William Thomson, and George Darwin; 
who have brought forward strong arguments based upon the profound- 
est mechanical analyses to show that the interior must be solid or, at all 
events, rigid. Equally forcible reasons have been advanced by others 
for believing that a considerable part of the subterranean horizons of 
the earth must be, at least plastic and capable of yielding plastically 
to unequal strains. These latter arguments rest upon the unquestion­ 
able fact that the rocky strata present the clearest evidence of plastic 
deformation, and that the unquestionable.oscillations of level in differ­ 
ent portions of the earth's land areas, the progressive uplifting of 
mountain ranges, and the plication of the strata could never have oc­ 
curred unless the superficial portions rested upon plastic foundations. 
The conclusions derived from abstract mechanics are apparently dia­ 
metrically opposed to those derived from geological observation, and it is 
not competent at present either for the physicist or for the geologist to 
set aside each other's arguments. The question must be regarded for 
the time being as in abeyance. Whatever ground may be taken, there­ 
fore, upon this speculative question must be taken tentatively or as a
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mere hypothesis. But in the following discussion the few and very 
limited considerations which I intend to hring up will be, in a great 
measure, independent of either of these antagonistic views and may be 
agreeable to either. In a word, I do not perceive that they will be 
materially affected whether we regard the earth's interior as solid or 
liquid, provided, however, that in case it be regarded as liquid, the 
underlying magmas be considered as having a greater density than the 
overlying shell which rests or floats upon them.

Among the various speculations which have been put forth to account 
for volcanic action there are one or two which it may be profitable to 
notice briefly here. It has been suggested by many writers that the 
penetration of water into the seat of the internal fires might afford the 
desired explanation. It has long been known that when the lavas 
reach the surface, they bring up with them great quantities of water, 
which are given ofl at the moment of eruption as steam. The expansive 
force of the vapor of water at temperatures so high as those of the lavas 
must indeed be enormous. But it is necessary to remember here that 
the access of cold water would necessarily have the effect of greatly 
reducing the temperature of the heated masses. And unless the deeply- 
seated lavas were originally heated far above their melting point, the 
water •would probably solidify them and render them incapable of erup­ 
tion. Still this view is conceivable, though it brings up many difficul­ 
ties. It would require a most extieme temperature for the eruptive 
masses to enable them not only to preserve their liquidity up to the 
moment of extravasation but also to impart a very considerable propor­ 
tion of their total heat to the penetrating waters.

It has also been objected that there is great difficulty m understand­ 
ing how the surface waters could penetrate into regions of such high 
temperature. Water cannot exist in a liquid form at a temperature 
above what is termed the " critical point." There is some temperature 
(at present theoretical, but probably about 772° F. or 412° 0.) above 
which water can exist only in the state of vapor. If, therefore, the sur­ 
face water does really penetrate to the seat of internal fires, it should be 
vaporized long before reaching them; for the heat increases, no doubt, 
very gradually with the depth. And when the water reaches the seat 
of the lavas it presumably reaches it in the form of vapor. Now, the 
penetration of vapors into solids and liquids is a matter of the commonest 
observation. Every soda fountain or bottle of champagne, every flask 
of aqua ammonia or commercial hydrochloric acid is an example of it. 
But it may be urged that while water will hold large quantities of car­ 
bonic acid or ammonia gas at low temperature, these gases are expelled 
forcibly by simple boiling, and that a liquid in a hot state will not 
occlude gases which it readily takes up when cold. This is true in some 
cases but not in others. Melted silver will absorb considerable quanti­ 
ties of oxygen, and even melted steel at a milk-white heat holds large 
bodies of hydrogen or carbonic oxide. But we need not resort to mere



DUTTOX] THE VOLCANIC PROBLEM. ' 185

analogies. A glance at any fragment ofpahoehoe tells the story so far 
as concerns-the-Hawaiian lavas. It is a mass of spouge, of myriads of 
visible vesicles. These vesicles were formed by the sudden exclusion 
of the water-vapor 171 the act of solidification. The vapor was firmly 
held in the lava while liquid. Before me as I write is a fragment taken 
at Hilo from the end of the flow of 1881, and it is a mass of such vesicles. 
It had run nearly fifty miles from tlie vent, and must have been many 
hours, perhaps days, on the way, and had plenty of time- to expel all the 
water it contained if intense heat alone could have caused it to do so. 
No doubt it lost much, vapor as it reached the surface, but much also 
remained up to the final moment of solidification.

That the vapor of water may penetrate to the internal fires and enter 
the lava-magmas and be retained by them is, therefore, quite consistent 
with what we know of the properties of matter in general and of the 
properties of lava in particular. It may pass the upper rocks as liquid 
water through the cracks and fissures, though at lower depths such 
cracks cannot exist. But the vapor of water may easily pass, not only 
through pores, but, under great statical pressure, may pass readily even 
between the molecules of rock-forming materials.

But does the mechanism thus supposed supply all the requisites of 
volcanic action ? By no means. A volcanic eruption is always attended 
with extensive manifestations of some great elastic force within the 
earth. The Hawaiian volcanoes certainly exhibit relatively less of this 
force than any other known volcanoes, but still they exhibit a great deal 
of it, and enough to assure'us that it is quite as essential to their action 
as it is to Vesuvius or Coseguina. It might seem at first as if the 
absorption of a large quantity of water by the lava and its conversion 
into white-hot steam would furnish this elastic force in great abundance. 
But this is a crude and erroneous way of putting the case. We must dis­ 
miss from our minds the idea of cold water suddenly coming into con­ 
tact with intensely hot matter and exploding into steam. We must 
adopt in place of it the notion of a gas being gradually absorbed by a 
liquid. The amount of gas which the liquid can absorb will depend ou 
three things: first, the temperature of the liquid; second, the pressure 
or tension of the gas; and third, the natural capacity of the liquid for 
such absorption. When the liquid is saturated the absorption ceases. 
There is no tendency whatever to explode or erupt so long as the press­ 
ure and temperature remain constant. The mass is then m stable equi­ 
librium. But if the pressure is reduced or the temperature raised, then 
an elastic force is at once developed, and a portion of the gas is given 
off, or may even escape violently. The access of the vapor of water to 
hot lava within the earth could not (by any known laws or properties 
of matter) produce a volcano unless followed by increased temperature 
in the lava or by diminished pressure.

But can any cause be suggested which can produce the required in­ 
crease of temperature or the alternative decrease of pressure? As re-
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.gards the former alternative the following suggestion may be offered. 1 
The supposed access of vapor of water would presumably have the ef­ 
fect at first of cooling somewhat the lava which absorbs it. This would 

%in turn increase its capacity for absorption—enable it~to absorb more 
than if its temperature remained constant. But to this there would 
soon be a limit. Afterwards it may be supposed that the lost temper­ 
ature is partially or almost wholly restored by the conduction of heat 
^upwards from hotter regions at lower levels. This mechanism looks so 
plausible and gives such fair promises of a working hypothesis that it 
.is worth wbile to scrutinize it rather closely.

Stated as briefly as possible the mechanism is supposed to be as fol­ 
lows: Water- penetrates the rocks. The deeper.the*roeks are,situated 
the hotter they are. When the water has penetrated to depths where 
the temperature is about 772° F., or 412° C., it is vaporized, no matter 
how great the pressure may be. As a vapor it penetrates still deeper,

-cooling somewhat the rocks through which it passes. At length it 
reaches the seat of the lavas. Its first effect is to cool them a little and 
4ncrease their power of absorbing water-vapor. But at length.they be-
- coine saturated with vapor and the penetration comes to a standstill. 
A reverse process now sets in. Heat is conducted upwards from hot­ 
ter depths below to restore the lost temperature. And when it is re- 
.stored the water-charged lava is in an elastic explosive condition. This 
hypothesis might be supported by many facts and considerations, but it

-can be antagonized strongly by others. Let us first look at some of 
those which appear to sustain it.

We cannot pursue the examination of them very* far nor in great de­ 
tail, for the discussion would become interminable, and we mustlimit it 
.to the most general considerations. The mechanism proposed suggests 
in some few respects the action of geysers. For the action of geysers we
-have a most satisfactory—indeed we may say in most respects a perfect— 
theory. In both the volcano and the geyser cold water is supposed to 
sink from the surface into heated rocks. It leaves the surface as an in­ 
ert, passive liquid, and, taking up heat, is converted in the depths in(o an 
elastic and explosive gas. Its elastic expansion ejects it again to the 

.surface, carrying with it in the one case the unvaporized water, in the
- other the melted lavas in which the gas is occluded. In both cases the
- eruptions are periodic. The periodicity of the volcano requires as many 
_ years as the geyser requires hours; but the difference is perhaps no 
greater than might be expected from the differences in the masses in­ 
volved and in the respective rates at which the water penetrates. The 

. geyser lives, moreover, but a very few centuries, but the volcano lives,
1 The decrease of pressure as a cause of eruptions ma.y be promptly dismissed. We

" know of no snch cause and have no reason to believe in any. If it be suggested that
the opening of a fissure may give the required relief, the reply is that this is putting
the cart before the horse. Eruptions cause fissures—not fissures eruptions. No doubt

,the fissures are concomitants of eruptions, and very likely necessary ones; but they
-are effects aud not causes.
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often, hundreds and perhaps thousands of centuries. In both there is 
an epoch at which the eruptions begin; they repeat themselves with 
increasing power until a climax is reached; they decline in vigor and 
finally cease forever. The causes which set them at work we can but 
vaguely conjecture; the cause which ends their action is presumably 
the exhaustion or depletion of the adequate supply of heat. But there 
are differences between the geyser and the supposed volcano which are 
radical. The comparison is a partial analogy and a still more paitial 
homology. First and foremost is the fact that water in the geyser 
reaches bottom in the liquid form, while in the supposed volcano it 
reaches bottom as a gas, and the difference is vital. There is another 
distinction of radical importance which will be adverted to a little fur­ 
ther on.

To whatsoever extent the geyser may be regarded as homologous with 
the volcano the theory of the former may be considered as lending sup­ 
port to the hypothesis here discussed. In general this hypothesis ful­ 
fills some of the primary conditions which modern science demands 
should be met before a volcanic theory can claim acceptance. It meets 
in some measure the requirement that the subject shall be treated as a 
heat problem. It explains seemingly how lava-forming material within 
the earth may undergo a change of state by the access of agencies act­ 
ing from without; how materials which antecedently were inert, passive, 
and incapable of volcanic eruption may become active, dynamical, 
erupt]ble. Nor can this last requirement be too strongly insisted upon. 
It is as certain as anything can be that the lavas just outpoured had not 
lain within the earth from the very beginning ot its history and for all 
time chock-full of energy and only waiting a convenient season to ex­ 
plode. They had remained there inert until some recent cause acted 
upon them and made them energetic.

Let us now examine some of the objections which may be raised 
against this hypothesis. We shall find them to be many and serious.

1. The penetration of water vapor to the seat of the internal fires may 
be regarded as on the whole not only in accordance with the known 
properties of matter, but as rather probable in itself. It is a special case 
of a class of phenomena termed " the diffusion of gases." It is a phys­ 
ical process, the laws of which have been investigated by the profound- 
est physicists, and of which something is known and much more is un­ 
known. As applied to the volcano,-however, the following difficulty 
suggests itself. The hypothesis argues that the first effect of the pen­ 
etrating vapor is to cool the lava, and that the heat is subsequently 
restored from below. The cooling is quite necessary to the argument. 
Otherwise there could be no subsequent reheating. The penetration 
would go on until the natural capacity of the lava was satisfied, and 
then cease without generating an explosive tendency. The absorption 
of gases by solids or liquids up to saturation does not in any known 
instance render them explosive or elastic so long as the temperature
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and pressure are constant. But they become so the moment the tem­ 
perature is raised or the surrounding pressure lowered. According 
to the hypothesis it is the reheating which is the proximate cause of 
the eruption. And the preliminary cooling is essential to the subse 
quent reheating. But the question now arises, How great might this 
cooling be? The answer is that it would probably be exceedingly small. 
The increase of temperature downwards within the earth is very grad­ 
ual. As the vapors descend, their temperature along their path is 
probably in no case much lower than that of the rocks with which they 
are for the moment in contact. And when they reach the lavas they 
would presumably be very nearly as hot as the lavas themselves, and 
therefore incapable of cooling them appreciably. Here is another differ 
ence between the geyser and the supposed volcano. In the geyser a 
large body of cold water is quickly poured into a hot, empty tube, filling 
it completely in a few minutes, or at most in an hour or two. In the sup­ 
posed volcano the water is vaporized on its way, and is very nearly as 
hot as the lavas themselves when it reaches them. The sudden access 
of a large body of cold water to hot lavas within the earth through 
cracks and fissures is a supposition which cannot be sustained for a 
moment. We have every reason to believe that over the entire earth 
the rocks at the depth of, say, eight or ten miles are at a red heat. At 
such a temperature all known siliceous compounds are more or less 
viscous, and at such a depth the statical pressure of the superincum­ 
bent rocks is so enormous that a cavity or fissure, however small, would 
be closed instantly, and with as much certainly as if its walls were wax 
or butter.

2. The quantity of heat given off by volcanoes is enormous. It is 
also probable that Kila.uea gives off more than any other known vol­ 
cano, with the possible, though by no means certain, exception of 
Mauna Loa. Within the last sixty or seventy years Kilauea has given 
only two general and great eruptions (1822 and 1840). These rivaled 
the eruptions of Mauna Loa in magnitude. But the heat brought up 
and dissipated by the lavas is only a small fraction of what is dissi­ 
pated from the caldera. Two lalies of livid fire, forever open to the 
sky, are continuously radiating heat from surfaces whose united areas 
will approach 700,000 square feet. Around them are much larger areas 
in the floor of the caldera where the surfaces of the rocks are warm or 
hot to the touch, and where & stick thrust into a crack is promptly 
charred. Out of myriads of small rifts issues intensely hot air. From 
the burning lakes, from the surrounding rocks, from numberless points 
over the broad floor of the caldera, come wisps, streaks, clouds, and 
dense volumes of steam, which dnit away and vanish far in the distance 
in the ever flowing trade-wind. On the summit platform above, and 
even at points miles away from the caldera, wide cracks give vent to 
similar volumes of steam and acid vapors. This outflow of heat has been 
to our knowledge unremitting for a century, and we may reasonably
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infer it to have been so for many centuries. Any attempt to estimate 
its amount must be futile. We can only marvel at its immensity. Ifot- 
withstandmg, it seems to me a perfectly safe atssertion that Kilauea has 
during the last hundred years wasted many times more heat by this 
quiet radiation and steaming than by the outpour and cooling of lava 
streams. But it wonld not be safe to urge that an equal disparity has 
prevailed in earhei stages of the volcano.

In the case of Mauna Loa a far greater quantity of heat is brought 
up and dispersed by the lava floods than in Kilauea, for the eruptions 
are larger and more frequent. The loss by radiation and steaming dur­ 
ing the historic period has no doubt been much less from Mauna Loa 
than from Kilauea. The lava lake in Mokuaweoweo is open and in 
action only a part of the time. Its dimensions at such tunes are vari­ 
able, and the activity within it equally so. The lake is frozen over 
probably more than half the time. But when it is in action its grandeur 
and energy are incomparably greater than anything, ever seen in Ki­ 
lauea. At such periods, which may last for two or three years, the quan­ 
tity of heat disengaged may exceed that iroin Kilauea, though upon 
this point there is much uncertainty. On the whole, the ratio of heat 
lost by radiation and steaming to that lost by the outpour of lavas is 
much less in Mauna Loa than in Kilauea. But, taking the century 
through, it is absolutely very large, and we need not be surprised to find 
that even Mauna Loa loses in the long run pretty nearly as much heat 

-in the one way as in the other.
And in general it may be affirmed of every volcano that a very large 

proportion of the heat it dissipates is wasted by puffing, steaming, 
and filtering away through cracks in the intervals between eruptions. 
Whether, in the average volcano, the amount so lost is greater or less 
than the total heat of the ejected lavas we have not the .data for de­ 
termining. But it is sufficient for present purposes to know—and we 
may be quite confident—that it does not fall very far below it.

The consideration here brought up is of the gravest importance in 
attempting to construct a theory of the volcano. Reverting to the fun- 

< damental proposition that the volcano is a heat problem, we are required 
to find a supply of heat which shall not only convert the lavas from an 
inert condition into an energetic one, but supply a vast additional 
amount besides, which is slowly let off and wasted. And this supply 
must be available and unexhausted for long ages—as long as the life of 
Mauna Loa. We are required to find an available supply of heat largely 
in excess of that brought up by the lavas alone, which excess is frittered 
away in numberless modes. Nor is this all. After a volcanic pile has 
spent thousands of years in building—after it has expended heat enough 
to melt down its mass twice ovei—one would naturally suppose that 
some evidence might be unearthed going to show that the amount of 
heat left in the earth beneath its outspreading base had very notably 
diminished. We find nothing of the kind. IS cannot be said that we
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have any decisive evidence one way or the other. Nevertheless, the 
hints, glimpses, straws of evidence, tend rather to the inference that the 
ground beneath is hotter than ever before. To say that volcanic action 
brings heat from lower levels to higher ones amounts to nothing, for 
what the upper ones gain the lower ones lose. The most noteworthy 
point in this connection is the general fact that while a volcanic pile is 
bnilding, the platform on which it stands is bodily rising. This is, so far 
as we know, true of volcanoes in general. We should have expected 
exactly the reverse if volcanic action means an uncompensated and ab- 
solnte loss of an original limited store of heat.

Eeverting now to the hypothesis of the penetration of water vapor, 
the considerations just brought up seeui to show a total insufficiency 
of the cause appealed to. This difficulty cannot be met by postulating 
even an extravagant amount of primordial internal heat. The problem 
is not so much a question of the gross amonnt of snch heat, though this 
amount is, no doubt, a factor in it. It is rather a question as to the 
amount available for transference. Relatively to the hypothesis nnder 
discussion, the question is not how much heat does the earth contain, 
but how much (under the mechanism supposed) can it impart to the 
materials to be erupted. The answer to this question is that if the 
transfer means the conduction of heat upwards from hotter regions 
below, the available amount is probably far too small to meet the re­ 
quirements. And this must be true, no matter how great a degree of 
subjacent heat may be postulated. 1

1 The conduction of heat within the earth happens to be a problem for which we 
have a theory and a solution which are, in some respects, highly satisfactory, though 
not in all. For the theory of the conduction of heat (through homogeneous bodies) 
we are indebted to the great French mathematician Fourier, and for its application 
to the cooling of the earth we are indebted to Sir William Thomson, It is a field 
of inquiry into which few will care to venture except specialists and those who are 
to some considerable extent versed in mathematical analysis. In order that the state­ 
ment in the above paragraph may not be regarded as a demand upon the faith of the 
reader in mere authority, a brief account of this theory and its application is here 
appended.

When a body is unequally heated, heat flows from the hotter to the colder parts. 
The rate at which it flows depends upon two factors. 1st. The specific conductivity 
of the substance. 2d. Upon the rate at which the temperature varies from point to 
point. The capacity for heat, or specific heat of the body—i. e , the quantity of heat 
which a given mass at a given temperature contains—enters as a factor. Again, con­ 
ceive of a hot Ijody uniformly heated and placed in a colder surrounding medium to 
cool. If it has a shape and size which can be mathematically expressed, if its tem­ 
perature and specific heat and conductivity are known, we can compute how fast the 
heat flows ont of it, how mnch will remain in it after a given period of cooling, and 
how the remaining heat will be distributed throughout its interior, and what should 
be The temperature of any internal point. The earth is a sphere which, according to 
a current hypothesis, was once about uniformly heated fiom center to surface, and 
left in space to cool, and after the lapse of many millions of years has reached its 
present thermal condition. On the assumption of the verity of this hypothesis, 
Fourier's law gives us the means of computing (conditionally) what is the general
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We bare thus examined the arguments for and against the hypothesis- 
of the penetration of water as the cause of volcanic action. To which 
side does the balance of probability incline? To my,mind it incline* 
decidedly towards the negative. At first sight the hypothesis looks- 
very plausible. The fact that lavas come up charged with water and 
the analogy of the geyser, with the acknowledged possibility that water 
inay penetrate indefinitely into the earth, all array themselves together 
in apparent harmony, and the mind jumps hastily to the conclusion that 
they contain the long "wished for solution. But when we scrutinize 
more closely the heat changes and heat quantities which constitute l he

V

form of the distribution of heat and temperature lu its internal portions. What, is- 
th.it disti ibution ? We do not, indeed, know (as we ought to) the initial temperature, 
but we din assume it at any number of temperatures and calculate it for auy asMinip- 
tiou In every cjso the general form of the distribution will be the same m kind, 
though different in degree. At the snifnce the temperature will be that of the Mir- 
roundmg air (meau annual). Downwards it will increase, bnt'less and les>s rapidly, 
until-a depth is readied below which the increase, though it still prevails, will bo so 
small that it can be neglected. The arrangement can be best i epresentcd graphically 
ji o __S_ Let S S be a lino drawn ou the earth's

surface, and let 0 X be a line reaching 
vertically downwards to a depth of 
two or three hundred miles. At the 
points Xi, x;,x3, &c., erect ordi nates, 
Xi yi, Xj ya , &c., proportional to the 
computed temperatures at those 
points. The line O Y, drawn thr ough> 
the ends of these ordmates, will rep­ 
resent the temperatures at all points 
on the line O X.

It we know by observation the rate- 
at which the temperature increases- 
with the depth along any pait of the 
line, we can compute the whole line. 
Now, vie have many observations 
upon the increase of underground 
temperature near the surface—m deep 
mines, artesian wells, &c —and, tak­ 
ing a fair average, we find it to be 
about 1CO° F. per mile. Assuming the 
initial temperature to have been, say 
7,000° F. (a very extravagant figure), 
we get some such result as the follow­ 
ing. At a depth of about 1JO miles 
the amount of cooling would be very 
little, and below that depth the earth, 

would lie about as hot as ever. 'J ho total loss of heat by conduction to the surface 
would be but a very small fraction of the wliolo primitive store. Assuming that this- 
mode of cooling is the only way lu which infernal heat is given off and that no modi­ 
fying causes of auy kind intervene, the period required ior this amount of cooling 
would be a little ON cr 100,000,000 years. The last result indicates to ns with-what 
superlative slowness changes of underground temperature dependent merely on «ol 
daction and secular cooling must go ou

X """

1' ig 5 —1 i!irpm Mure diagram
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real essence of tbe problem we are apparently as far from a satisfactory 
solution as ever.

Let us now look at another' attempt to account for volcanic energy. 
The one to be considered may be called the chemical hj pothcsis.

Some naturalists, adopting the nebular hypothesis of the origin of the 
earth, have imagined that at the time a cold and Stable crust began to 
form the elements which compose its internal masses were not oxidized, 
or, at most, were only partially so. The metallic bases, such as iron, 
calcium, magnesium, sodium, and potassium, were cither in an element­ 
ary condition or possibly in the state of sulphides. Under suitable 
couditions of temperature they would therefore be capable of oxidation— 
in other words, of literal combustion. In the lapse of time the outer 
shell, to a depth of some miles, has gradually become thoroughly oxi­ 
dized, while the great inteiior is still in its primitive condition. This 
process is still going on. The atmosphere penetrating to certain 
depths limls materials with which its oxygen may still combine. This 
combination would afford a source of heat capable of generating vol­ 
canic action as we know it, and fully adequate to the purpose.

The difficulty with this hypothesis is that it postulates conditions 
which are wholly outside of the reach of argument, either for or against. 
It assumes for the interior magma a condition differing greatly from 
the specimens of it brought up by volcanoes. This assumed condition 
is made somewhat specific; but it is one which we can neither prove 
nor disprove by independent evidence. There are besides some ulterior 
consequences directly resulting from the hypothesis which are equally 
beyond the reach of argument. If this process has been going on 
throughout the entire period of .the earth's secular history, then one of 
the following statements must be true; either the earth's atmosphere, 
which has supplied all this oxygen, must in former periods have been 
greatly different both in quantity and constitution from what it now is, 
or else the earth is acquiring as rapidly as it is absorbed a steady sup­ 
ply of oxygen swept together in its march through space. The present 
atmosphere contains an amount of oxygen equivalent to about three 
pounds over every square inch of terrestrial surface. To have oxidized 
completely a layer of rock a mile thick would have required very nearly 
three thousand pounds of oxygen to the square inch of surface; and 
how many miles in thickness the oxidized rocks may be—who shall say? 
On the assumption that the earth acquires no oxygen from space, the 
primitive atmosphere would, according to hypothesis, have been thou­ 
sands of times heavier than at present, and probably also its constitu­ 
ent gases would have been differently proportioned ; but the geological 
record argues strongly in favor ( f an atmosphere in earlier epochs which 
may, indeed, have varied greatly in amount and composition, but no­ 
where near so greatly as this hypothesis implies. Any such extrava­ 
gant difference would surely have recorded itself legibly in the strata.
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Furthermore, the end of all volcanic action is, on this view, close at 
hand. Only three pounds of oxygen to the square inch are left. A 
few thousand years and the last volcanic beacon is extinguished, and 
so, too, is all organic life.

But, suppose the earth gathers up oxygen as it sweeps through 
space as rapidly, or nearly so, as it is absorbed. This is probable enough, 
but the reader may make any postulate of this kind he chooses, and he 
may feel very confident that nobody will dispute it.

There is a third hypothesis of the cause of volcanic energy. It starts 
with the assumption that the earth was originally endowed with a great 
store of heat, after the manner propounded in the nebular hypothesis. 
It has cooled first upon its surface; afterwards it has continued to cool 
interiorly by conduction through its outer shell. As the interior cools 
it contracts; but the outer shell, being cold already, cannot similarly 
contract, but follows down the shrinking nucleus, crushing and crum­ 
pling together as it descends. This outer shell is presumably weaker 
in some parts than in others, and at these weaker portions the greater 
part of the collapse is localized. Now, the mechanical crushing of any 
material, it is well known, produces heat, as in the hammering of iron or 
the forcing of lead pipe. Here is a source of heat in the portions thus 
crushed together, and the access of water to such places determines a 
volcano.

To this hypothesis there is a conclusive answer—indeed, a good many 
answers. The most direct one is as follows: The very facts and line 
of argument which is relied upon to sustain a cooling globe proves when 
pushed to its consequences that the great interior of the earth has not as 
yet undergone any sensible amount of cooling. The only cooling which 
that argument admits of has been located in a thin external shell not 
much thicker in any case than 150 miles, and much more reasonably 
not thicker than 80 or 90 miles. In short, the cooling would be only" 
skin deep, while the nucleus is about as hot as ever. But by the terms 
of the hypothesis, if the nucleus has not cooled, it has not contracted 
and the external shell has not collapsed in the way supposed. In short, 
the hypothesis is refuted by simply taking its data and postulates and 
pushing them to their inevitable conclusions.

There is a fourth hypothesis which cuts the (rordian knot instead of 
untying it. It assumes that as a result of causes hitherto undiscovered 
heat is generated in some localities within the earth and that such local 
increments of heat produce all the phenomena, of volcanism.

This is an arbitrary postulate; nor does it profess to be anything more. 
If we had reason to believe it to be true, it seems little doubtful that all 
volcanic action and its accompainments could be explained. It is, in­ 
deed, just the explanation we want. But, ufortunately, its own terms 
preclude all discussion of its validity or adequacy. It is a simple ap­ 
peal to a mystery. It is a chain with the primary links missing—an

3 INT——13
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arch without a keystone. It undoubtedly sweeps away the difficulties 
which encumber all other known hypotheses, but it substitutes one single 
difficulty as great as all the rest put together. And yet it may be true. 
Indeed I, for one, am strongly imbued with the hope that science will 
some day, not very far distant, close the missing link or put the keystone, 
yet unquarried, in its proper place.

There is a fifth supposition which merits some attention. It is known 
that variations of pressure affect the particular temperature at which a 
oody passes from the liquid to the solid condition. It raises the melt­ 
ing temperatures of some bodies and lowers those of others. Those 
which expand when they congeal (like water) have their melting tem­ 
peratures lowered by pressure. Those which contract in solidifying 
have their melting temperatures raised by pressure. Assuming that 
lavas belong to the latter class, and that within the earth they are 
solid and near their melting points, the relief of pressure would liquefy 
them and render them eruptible.

Upon this view we should expect to find volcanoes situated at points 
where it is evident that some process is going on which would cause, 
locally, a decrease of subterranean pressure. There is only one such 
process which we can think of, and that is denudation. Hence, volca­ 
noes should be found where denudation is proceeding rapidly. As a 
matter of fact, some volcanoes do occur in such places, but most of them 
are not so situated. Taken as a whole, there is no apparent correlation 
between the geographical distribution of volcanoes and the geograph­ 
ical distribution of denudation. The two activities are apparently quite 
independent of each other, so far as regards distribution, when the ag­ 
gregates of both are considered. It is true, however, that many volca­ 
noes are planted on lofty mountain platforms and table-lands, where 
denudation is at a maximum. But it is now well recognized that vol­ 
canoes occur in rising areas, and there is an overwhelniing presumption 
in favor of the inference that the same cause produces both the uplift 
and the volcano. Moreover, altitude is the principal cause, or, more 
properly, condition, which more than any other favors rapid erosion. 
Hence, it will appear much more probable that denudation is an indirect 
consequence and not an antecedent of the proximate cause which pro­ 
duces a volcano. Stated more concisely, denudation and relief of press­ 
ure are more probably the results and not the causes of the agencies 
which produce volcanoes.

Ma una Loa and Kilauea do not, so far as I can discern, throw any 
more light upon the general problem than other volcanoes. They have 
features which are not exactly paralleled in any others, but after all the 
differences are in degree and not in kind. Beyond all question they 
are most active of any; that is, they bring up more lava and dissipate 
more energy in the course of a century than any others of which we 
have knowledge. Their action is also the least obstreperous. That
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they should give off" the greatest amount of energy in the quietest man­ 
ner is surely a most striking and curious fact, but it does not imply 
anything radical or anomalous. But in any category of facts extreme 
cases are always deeply interesting and sometimes highly instructive. 
There are some points m which these two volcanoes are very suggestive 
and to these we may now advert.

Let us consider first the enormous bulk of Mauna Loa. It is evident 
that sea level is a purely arbitrary plane, and that the true dimensions 
of the pile are appreciated only when they are considered with refer­ 
ence to sea bottom. Thus viewed, it has a base over 160 miles in 
length and about 130 m width, and an altitude not far from 30,000 feet, 
or nearly 6 miles. We may be confident that this mass has not been 
built up entirely by the accumulation of lavas. We have very good 
evidence that while the lavas have been piling up the whole mass has 
been bodily rising. A part of its bulk is due to accumulation, a part 
to uplifting. This is in accordance with what has been observed in 
other volcanic regions. It was long ago pointed out by the late Charles 
Darwin that volcanoes are situated upon rising areas, and to whatso­ 
ever extent observation has gone this generalization is sustained by it 
all over the world.

This general fact suggests to us the natural inference that volcanic 
action and regional uplifting are really associated phenomena, and 
results of the same cause. When we come to inquire into the cause of 
elevatory movements of the earth's surface we only encounter a mys­ 
tery. No solution of it has ever been given which does not go to pieces 
under criticism. And yet there are some obvious considerations which 
narrow the argument down and bring us nearer the truth, though they 
may not wholly reveal it.

There are two and only two alternative propositions of a highly gen­ 
eral character between which the truth must surely lie. The first pro­ 
position is that the quantity of matter or " mass" lying within the limits 
of that portion of the earth which is affected by the elevatory move­ 
ment has increased. The second is that the mass has remained con­ 
stant, but has undergone expansion. One of these propositions is 
certainly true Both may be true. No contradictory proposition is 
possible or conceivable. We are compelled, therefore, to make our 
choice between a cause which can produce an increment of mass in 
the part aifeeted and one which can produce an expansion of the mass 
it already contains. Here the difficulties begin; and they are of the 
most formidable nature. We can suggest no mode of operation m either 
case which we can fortify with satisfactory argument based upon known 
facts and laws. Eecogmzing, however, the inexorable character of the 
logic which compels us to choose the one or the other, I unhesitatingly 
submit to the second, viz, expansion, as the one which agrees best with 
observed facts. Local increments of mass, however, are not excluded. 
They would be useful in some cases as accessories, but in the main would
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not furnish us with what we want.1 All that can be said in favor of the 
second postulate (expansion) is the following: If we are at liberty to 
assume that in certain portions of the earth's interior some cause, at 
present unknown, operates so as to produce local increments of heat, we 
should find a full and adequate explanation of the phenomena of uplifts 
and the associated phenomena of volcanism. Beyond this we are not 

'permitted at present to go.
Mauna Loa is in many respects suggestive of the expansion postulate. 

This mountain betrays no evidence of having been crushed or squeezed 
up out of the depths of the Pacific. NOT is it at all necessary to suppose 
any such origin for it. Its superficial material is, taken in the gross,'of 
small specific gravity, for the cold lavas are mostly a mass of honey­ 
comb. At great depths within the mountain, where they are probably 
more compact, they are presumably much hotter than the rocks beneath 
the surrounding ocean-floor, and therefore correspondingly light. It 
rises or floats high because its materials are of low specific gravity.

In the calderas of Mokuaweoweo and Jlilauea, the lava lakes repre­ 
sent the summits of columns of liquid lava extending to depths in the 
earth which are probably very great. When great eruptions occur on 
the flanks of the mountains at lower levels these lakes are drained, and 
when the eruptions cease the lavas come up in them again to their 
former levels. But in the history of the mountains the heights of these 
liquid columns have not been constant, but have steadily increased. In 
Kilauea this height has, to our knowledge, increased rather more than 
400 feet in the lastr 60 years. Taking all the circumstances into consid­ 
eration, it seems as if the summits of the columns in each case were ap­ 
proximate equilibrium levels dependent almost solely upon their mean 
density at any given time. But if this be true, then with the lapse of 
centuries marking the growth of the mountains the mean density of 
these columns has steadily decreased; that is, they have presumably 
grown hotter. The increment of temperature, however, would be in the 
depths and not at the surface. The surface temperature in the lakes 
can never rise much above the melting point. The only visible effects 
at the surface corresponding to an increase of the mean temperature of 
the column would be an enlargement of the area of the lakes and possi­ 
bly an increase in the amount of gas and steam given off. The rate of 
dissipation of heat would depend mainly upon the rapidity of convection 
up or down the column; the hotter steam-charged lavas rising, the 
cooler steam-exhausted lavas descending.

1 Local increments of mass are by no means inconceivable. For example, the pene­ 
tration of water and its absorption by the subterranean magmas is a case in point. 
The crushing together of restricted portions of the earth's outer shell by tangential 
thrusts in the shell at large would be tantamount to a local increment of mass. And 
this latter action has been appealed to more frequently than any other as a cause of 
mountain uplifts, and has received a large amount of discussion. As a prime cause of 
elevations it is here definitively rejected.
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Whether the areas of the lakes in Kilauea are larger or smaller than 
they were when Ellis first saw them, 60 years ago, it is impossible to say. 
At first I TFas inclined to think they had decreased; but a more careful 
perusal of numerous early accounts confirms the opinion that they have 
not on the whole diminished. That they are quite as hot now as they 
were then, and, indeed, a trifle hotter, may be inferred from the disap­ 
pearance of the blowing-cones. These were solidified masses floating 
about in the lava lakes. Such things rarely form in the lakes at pres­ 
ent. One small mass developed in the New Lake while I was there, 
but none have been seen in Halemanman for several years. The area 
of the lava lakes, however, has increased and diminished several times 
in the course of the last forty years, aud is seldom constant for any long 
period. It has been much larger and much smaller than at present. 
The amount of agitation in the lavas also varies notably from time to 
time. It is evident, however, that 60 years must be a mere moment in 
the life of the volcano, aud far too small a span to justify us wholly in 
using it as indicative of a general increase in the total energy.

The quantity of heat dissipated by these volcanoes is suggestive of 
the immensity of the supply. It has evidently been going on for a very 
long period, and is to all appearances as rapid and copious as ever. It 
is hard to reconcile this patent fact with the notion of a primitive reser­ 
voir charged with a definite quantity of heat which is slowly wasted 
without replenishment, yet giving no sign of exhaustion or even enfeeble- 
ment after accomplishing such vast results.

There is one characteristic of volcanic action which is quite universal, 
and which seems to be highly suggestive, though investigators do not 
appear to have made any attempt to interpret its significance. I refer 
to the intermittent feature of eruptions. Volcanoes do not discharge 
all their available products at once, but by repeated spasms of activity, 
separated by intervals of repose. If these fiery explosive liquids have 
lain in the earth so many millions of years, charged with such intense 
energy as is displayed at every outbreak, and only awaiting the open­ 
ing of a passageway through which they may escape, how happens it 
that when at length the vent is opened they do not all rush forth at once 
and continue to outpour until the reservoir is completely exhausted; and 
why does not the vent thereafter close up forever 1? In a word, why should 
a volcano give forth many thousands of eruptions instead of a single 
eruption equal to the many thousands combined? I believe it is possible 
to give an answer to this question, though it must be given only in gen­ 
eral terms. It is because the lavas do not have in their primitive con­ 
dition sufficient potential energy in the form of elastic force to break 
open the covering which keeps them in, and to rise to the surface, bufe 
they gradually acquire that energy in a portion of the reservoir at a 
time; and when a sufficient body or portion of them has acquired th& 
requisite degree of energy (probably potential energy in the form of 
elastic force) it ruptures the covering, and the whole of this portion is



198 HAWAIIAN VOLCANOES.

extravasated. When the extravasation of this energetic portion is fin­ 
ished the vent closes and the process is repeated upon a second instal­ 
ment of the magma. The agency which thus progressively develops 
the potential energy or elastic force is the missing factor. When we 
discover it we shall discover the secret of the volcano.



CHAPTER XII. 

MATJI.

The island of Maul lies northwest of Hawaii. The channel which 
separates them has a width of 28 miles. The length of Mam is 50 and 
and its largest transverse diameter 32 miles. Its total area is about 900 
square miles. It sonsists of two lofty mountain masses separated by 
a narrow isthmus which at its highest point is only about 160 feet above 
the sea. The depression of the land by 200 feet would convert it into 
two islands. The eastern mass of Maui is considerably larger than the 
western, and is also much higher. It is wholly occupied by what seems 
to be a single volcanic pile. The name of this mountain is Haleakala. 
It is interpreted as meaning the house of the sun. 1

The general form and structure of Haleakala are very similar to those 
of Mauna Kea and Manna Loa. It has the same dome-like contour, and 
is apparently built in the same way, by the accumulation of lavas 
mingled with frajiuiental products. It has numerous cinder cones upon 
all parts of its surface, and though these are quite normal in form, none 
of them attain the large proportions of those seen upon Mauna Kea. 
But by far the most striking feature of this mountain is seen upon its 
summit. The upper portion of the mountain contains a caldera sug­ 
gestive of the same origin and mode of formation as that which we 
have attributed to Kilauea and Mokuaweoweo, but rnauy times greater 
m extent. A fuller description of it, however, will be given a little 
further on.

The western part of Maui also consists of a lofty pile of volcanic 
matter, reaching an altitude of about 5,800 feet above the sea, but the 
contrast which it offers to Haleakala is very great. East Maui (Halea­ 
kala) is a volcano, the activity of which has ceased at a very recent 
period, so recent, iu fact, that we may wonder why no tiaditiou of its 
activity has been preserved m the legends of the people. But no such 
tradition has yet been brought to light, and we must infer that several 
centuries have elapsed since its last eruption, while the appearance of 
some of its lavas indicate that those centuries 'cannot be many. West

i 
1 Some of the white residents, learned in the native language, suggest that tins name

should be Hele-o-ka-lii, which meanb the tiap m whioh the snu was caught. Sale 
means a house, hut liete means a, tiap The prepositions a and o both signify of, but 
the foimer implies an active relation of the la, or sun, -while the latter implies a pas- 
sivcielation , that is to say, a-ka-la means that the sun did something—perhaps built 
the house or dwelt in it But o-ka-la means that something was done to the smu. 
Now there is a well-known myth that Maui, the groat hero and Ulysses of the Haw- 
anans, laid a huare for the sun and oanght him, compelling him to make the day­ 
light twelve honrsj long instead of eight
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Maui, on the other hand, has surely witnessed no volcanic outbreak 
within any period which even in the geological sense can be called recent. 
Once, no doubt, it was a great volcanic pile similar to Kohala mountain, 
though much larger; perhaps similar to Mauna Kea, though much, 
smaller. But it has been greatly ravaged by erosion. The entire mass 
has been sawed up in to fragments by numberless gorges and ravines, 
which have eaten the heart completely out of it. These gorges are of 
an extraordinary, not to say unique, character. From the margin of the 
sea or from the plain of the isthmus and upon all sides they recede far 
back into the interior of the mountain, enclosed by walls rising thousands 
of feet and wholly inaccessible to human foot. The scenery in these 
gorges is probably as impressive and picturesque as in the wildest glens 
of Norway or Switzerland and will fall not very far below Tosemite. 
They are all the work of erosion, and the material excavated to form 
them probably constituted more than half the original bulk of the moun­ 
tain. All this means time, and the work has been done since the erup­ 
tive vents became silent.

The traveler who desires to visit Haleakala may choose indifferently 
from two steamers which leave Honolulu, one landing him at Maalaea 
Bay, on the south side of the isthmus, the other landing at Kahului on the 
north side of the isthmus. Perhaps the more frequent route is the former 
one. After landing at Maalaea he would cross the isthmus by a smooth 
road leading to Wailukn, a distance of about six miles. This is a pretty 
village situated at the opening of the famous Wailukn Valley, one of 
those magnificent gorges excavated in the mountain mass of West 
Maui. Two or three miles further on is the village of Kahulni, situated 
at the head of the bay of the same name upon the northern side of the 
isthmus. A little railway of very narrow gauge and traversed by baby 
locomotives now connects Wailuku with Kahulni. The railway also 
extends 3 miles further eastward, to the sugar-mills of the great planta­ 
tion of Spreckelsville, by far the largest plantation in the islands. 
The reclamation of these lands from the condition of a desert to one of 
fertility was a triumph of energy and enterprise. The soil of this 
isthmus is fine and deep, but the climate is arid. In its original condi­ 
tion it was hardly to be expected that this soil could ever prove very 
fertile, and for two reasons. In the first place, it has the appearance of a 
red ocher, and contains from 30 to 40 per cent. (!) of red oxide of iron. In 
the second place, the climate is very dry throughout the greater part of 
the year, and there are very few crops which demand nearly so much 
moisture as the sugar-cane. Arid lands, however, usually become ex­ 
tremely fertile when irrigated, but there was no running water in the 
neighborhood, excepting a few small streams at distances varying from 
3 to 10 miles which were already utilized for the same purpose. The 
nearest available supply was found in a stream flowing.down the east­ 
ern flank of Haleakala, about 25 miles distant. To bring the water to 
the plantation it was necessary for the aqueduct to cross or circumvent
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many canon-like gorges and rugged spurs similar to those in the Hama- 
kua district of Hawaii. The engineering difficulties were unique and 
of so grave a character that they perplexed very sorely the engineers 
who constructed the canals which supply the hydraulic mines of the 
Sierra Nevada. But the work, though enormously expensive, was suc­ 
cessful, and a supply of water was obtained capable of irrigating about 
2,700 acres. The crop of sugar obtained from this land was 9,000 tons.

On the road from Wailuku to Kahului are several interesting- points 
which are sure to catch the eye of the geologist. A little east of the 
village and upon its outskirts rises a ledge of rocks consisting of con­ 
solidated coral sand. The sand grains which compose it are rather 
coarse and largo and identical in nature with the white sand occurring 
along the beach to-day. It lies in a very thick stratum which is strongly 
and intricately cross-bedded. The observer who is not thoroughly 
familiarized with the phenomenon of cross-bedding would be apt to 
mistake the false bedding for the true. The true stratification of the 
mass has a dip a very little south of east or towards Kahului, and as­ 
cends directly towards the mountain mass of West Maui. This dip is 
variable, ranging from three to six or seven degrees. Some portions of 
this coral limestone, for such it is, have an altitude of very nearly 200 
feet above the sea. It contains an abundance of fossils, all of which, so 
far as observed, are existing species. Its recent origin is beyond ques­ 
tion. This implies an elevation within recent times of the mass consti­ 
tuting West Maui. It also implies that this elevation has not been 
shared by Bast Main, for the strata dip towards that mountain as if 
their prolongations would pass under it, although we can hardly sup­ 
pose in reality that they would extend so far.

There are other facts which in conjunction with this also testify to 
the recent upheaval of West Maui to the extent of quite 200 feet and 
perhaps more. As we eame from Maalaea Bay to Wailuku we could not 
fail to be impressed with the very striking appearance of the alluvial 
cones formed at the opening of every mountain gorge; and of these 
gorges there are many. Every one of these alluvial cones has been 
deeply cut and trenched by the stream which it carries. This is most 
conspicuous in the large cone at the opening of the Wailuku Valley, 
which carries the largest stream of all. Not only has the trench been 
cut in the alluvial cone, but it has also been cut deeply through the coral 
limestone some distance away from the mountain. We have, then, the 
following facts. The mind recurs to a period during which these allu­ 
vial cones were gradually formed in the usual manner. Subsequently, 
from some cause which we must explain, the river ceased to build up 
the cone and began to cut into it and destroy it. Why should it have 
ceased to build and begun to destroy its own work? The explanation 
is a little complicated, but our studies in the mountain regions of West­ 
ern America have disclosed to us the law and demonstrated it by thou­ 
sands of well-attested examples.
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Every mountain stream brings down large quantities of fragmental 
material iu the form of bowlders, cobble stones, gravel, sand, and clay, 

^derived from the gradual disintegration of the walls and slopes of the 
amphitheaters m which it heads. The quantity and coarseness of the 
fragmental matter which a stream of given dimensions can carry is 
regulated by the velocity of the stream, and the velocity is regulated 
by the slope or declivity of the stream's bed. But this declivity varies 
along different parts of the course of the stream. The farther up we 
go, on the average, the greater becomes the slope. As it flows out to­ 
wards the plain the slope steadily, though somewhat irregularly, dimin­ 
ishes. But as the declivity decreases so also does the velocity of the 
stream and its power to transport sediment. But when the velocity of 
the stream is slackened, then the sediment which it could carry easily 
along its swifter portions is at length deposited. Thus in the steeper 

.and swifter portions of the course the bed of the stream is largely in 
bare rock or among big bowlder's, while in the more sluggish portions 
beyond it is in shingle, sand, and clay. The stream, therefore, cuts 
down its bed in the steeper portions where the rocks are bare and builds 
it up along those portions where the declivity is small. In a word, the 
stream naturally tends to equalize its declivity throughout. At the 
base of a sharp mountain range is a point where the declivity suddenly 
changes from very great to very small—changes from where the ten­ 
dency is to cut down to where the tendency is to build up. Here, then, 
at the opening of the mountain gorge the stream throws down a great 
part of its load and gradually builds up an alluvial cone. But now let us 
suppose the mountain range to be hoisted in a manner similar to that 
which has happened at West Maui. Here the declivity is increased all 
along the line, the power of the stream to transport sediment is in­ 
creased, and instead of throwing it down it begins to pick it up again 
and gradually cuts into the alluvial cone and begins to form a new cone 
fui ther out on the plain. This is just what has happened in West Maui. 
Upon the eastern side of its great mountain front every one of these 
alluvial cones has been scored in just this way. Placing this phenom­ 
enon in juxtaposition with the occurrence of these elevated coral lime­ 
stones, the evidence of upheaval is thus seen to be cumulative, and, in­ 
deed, irresistible. Passing around the southern flanks of the canons of 
West Mam, as far as Lahaiua, we find this phenomenon to be persistent 
everywhere, and although it becomes less and less pronounced, on ac­ 
count of the increasing aridity of the climate in that direction, it is still 
universal and unmistakable. We shall find further on evidence that 
East Maui has not shared in this uplift. On the contrary, I think that 
we shall find some evidences leading to the presumption that a recent 
subsidence has taken place there, though these evidences may not prove 
to be absolutely conclusive.

Proceeding eastward from Spreckelsville, the road leads in the vicin­ 
ity of the coast and through a country which includes some of the finest
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sugar plantations of the islands The soil is exceedingly rich, and the 
yield of sugar is very large. But as this region is situated between 
wind and lee the rainfall is not sufficient for the excessive demands of 
the sugar-cane, and irrigation is therefore resorted to. The scenery 
hereabout is very picturesque, embracing in its foregrounds the gentle 
slopes of the volcano covered with the rich verdure of maturing crops. 
On the one hand hard by is the deep blue Pacific with its ballows break­ 
ing upon the rock-bound coast. Above us rises the vast dome of 
Haleakala, and in the opposite direction are the rugged peaks and ser­ 
rated spurs of West Mam. Very beautiful, too. is the crescent shore 
line of Kahului Bay, curving off its beach of white coral sand in ex­ 
quisite perspective. Nothing is wanting to complete the picture. Earth, 
sea, and sky, the mountains, the plains, and the meadows are full of 
beauty.

As we move along the coast we observe increasing indications of 
wave erosion. At first we see a little ledge, a few feet jn height, of 
black lava carved by the ceaseless dashing of waves. As we move 
onward this ledge increases in height. The gentle slopes of the moun­ 
tain here terminate upon the brink of a low cliff, which increases in 
altitude further on precisely as we saw it upon the Hilo coast of Hawaii. 
As the coast trends around to the southward to make the circuit of the 
mountain it becomes exposed more and more directly to the incessant 
roll of the surf which comes from the eastward. So, too, we may pre­ 
sume, have the effects of erosion been correspondingly greater and the 
recession of the cliffs has proceeded inland further as the directness of 
this exposure increases.

At length we cross an abrupt ravine coming down from the slopes of 
the mountain, and as the eye follows it upward it is seen to become 
deeper and canon like. It is the first of a series of similar gorges, which 
become larger and more frequent as we penetrate to the windward and 
rainier side of the island. A good wagon road has been excavated up 
and down the sides of this ravine, and at one point, where the bank has 
been cut away to make the road, there is a pheuoineuonjyorth noting 
It discloses the UB0gp&ss,i>vejdio™tegsation of the massive sheets of lava. 
The results are'very curious, though by no means novel, for others have 
observed them. When a massive lava sheet cools its contraction cracks 
it into fragments by numberless vertical joints. The percolating waters 
carrying the reagents of decomposition penetrate these cracks and 
gradually disintegrate the rock. Here it may be clearly seen that each 
fragment is attacked upon its surface and the decomposition slowly 
penetrates inward. After a time each fragment begins to show the 
concentric arrangement. The inner parts of the block become round or 
spheroidal, and the decaying portions take the form of shells, like the 
coats of an onion. At a certain stage of decomposition a vertical ledge 
of lava thus decaying seems to be full of rounded onion-like masses 
inclosed in a matrix of clayey soil. Ultimately these spheroidal con-
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centric shells also disappear, but so long as they remain visible they 
usually contain in the center a residual nucleus of undecomposed lava, 
In this locality, however, may be seen every stage of the process, begin­ 
ning with the lava which has just begun to show the action of the 
reagents at the separate joints, and progressing through stages in 
which these fragments become more and more rounded and the envel­ 
oping shells more and more pronounced, and ending in a bed of clayey 
soil where all appearance of structure has vanished completely. This 
same- phenomenon is disclosed very frequently in all of these islands 
wherever the exposed lava beds are of sufficient age. I have no doubt 
that these decaying fragments have often been mistaken for so-called 
volcanic bombs, and have been described as such. Here, however, the 
process is so clearly displayed in its various stages that it is not to be 
mistaken.

Half a mile farther on we reach the plantation of Haiku. Here I 
was most hospitably entertained by the courteous proprietor, from whose 
house I started to begin the ascent of Haleakala. For a distance of 
about ten miles a good wagon road leads gradually up the gentle slope. 
It winds through a country which is fertile and picturesque in the ex­ 
treme, and which enjoys a climate which few other spots on earth can 
rival either for comfort or salubrity. The temperature is nearly con­ 
stant throughout the year, is never hot and never cold. The ordinary 
ranges are from 60° to 75° F. The rainfall is moderate and ample for 
almost every crop. The prospects are beautiful in the extreme. Of 
all places that I have seen or read of, none approaches more nearly to 
my conception of paradise than this.

The road ascends slowly until an altitude of 2,000 feet is reached. 
Here the ascent becomes much more rapid. The road dwindles to 
a mere trail, and the trail itself becomes gradually fainter. At the 
height of 4,000 feet we halted for the night at a little summer house 
planted upon a lofty knoll overlooking the distant sea, the broad isth­ 
mus below, and with the mountains of West Maui in the background. 

. .Leaving Olinda, a faint trail winds up to the summit. Though some­ 
times rough an"d roek^ it is nowhere very^teej) orjliffioult. A sturdy 
mule will easily carry a heavy rider to the top. Alon^the route may 
be seen numerous old cinder cones in an advanced stage of decay and 
overgrown with vegetation. The rocks are mostly covered with soil 
sustaining an abundance of grass and heather-like plants. As the 
summit is neared the vegetation steadily thins out, becoming very 
meager, and at last almost vanishing. We come upon the brink of the 
caldera very suddenly and without any premonition of its proximity. 
In an instant, as it were, a mighty cliff plunges down immediately bo- 
fore us, and the famous crater of Haleakala is disclosed in' all its maj­ 
esty. Of all the scenes presented in these islands it is by far the most 
sublime and impressive. Its grandeur and solemnity have often been 
described, but the descriptions have not been overwrought.
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Imagine two precipitous walls from 1,500 to 2,000 feet in height and 
each seven or eight miles in length, meeting at an angle of about 70°. 
At the bases of these walls is a plain from three to five miles in width. 
Across the plain rises a walled promontory, whose escarpments, of equal 
height, confront the two walls first mentioned. Prom the floor of the 
plain below rise ten or twelve large cinder cones, perfect in their forms, 
and apparently untouched as yet by the ravages of time. The central 
orifices of these cones are distinctly visible. Around the base of each 
of them is spread out a field of black basalt, here becoming confluent 
with the lava sheets of adjoining cones, there stretching away in a long 
flowing stream which disappears in the distance. In the overpower­ 
ing presence of the giant walls around them, these cones at first seem 
small, but the experienced eye soon realizes that they are of no mean 
proportions. A solemn stillness and an air of superlative desolation 
brood over the scene. Every detail and lineament of volcanic action 
looks as recent and fresh as if the fires were quenched and the thunder 
of the eruptions had ceased yesterday. No growth of tree or grass or 
shrubbery is visible within, though upon the summits of the opposing 
walls the forest trees grow densely. The power of the scene consists as 
much in its desolation as in its vastness.

In two directions, eastward and southward, this vista of a volcanic 
plain studded with cinder cones and streaked with black lava stretches 
off between Cyclopean walls and vanishes by descending the mountain 
slopes. The eastern passage is named the Koolau Gap. The southern 
passage is named the Kaupo Gap. The former descends upon the wind­ 
ward side of the island and resolves itself into a huge ravine, and be­ 
comes confounded with a medley of vast mountain gorges scoured by 
erosion and encumbered with an impenetrable forest jungle. The south­ 
ern or Kaupo Gap descends to a dryer region between wind and lee, 
and the walls gradually dwindle until at last they vanish.

It is difficult to give any precise account of the dimensions of this 
extraordinary feature because its extent is not well defined. The walls 
which inclose it have their maximum altitude at the summit of the 
mountain or in the vicinity where the two passes which compose it 
meet in an angle. From this point in every direction and down either 
pass the walls fade out and disappear gradually. The only dimensions 
of which we can speak definitely are the depth and width. The highest 
point of the surrounding cliff's stands about 2,200 feet above the plain 
immediately 'beneath. The widest part measured from the angle or 
coign where the principal walls meet across to the projecting angle of 
the promontory upon the opposite side, and from crest to crest, is 
about five miles. The height of the largest cone within the gulf is 
about 760 feet, or one-third the extreme height of the surrounding 
walls. The cliffs are almost everywhere sharply defined except at the 
coign where an easy slope is found leading to the bottom of the abyss
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below. Elsewhere the ramparts are extremely difficult to descend, and 
are practicable in only a very few places.

The trail fiom Olinda reaches the crest of the wall a little more than 
two miles east of the coign, and in order to descend it is necessary to 
skirt along the brink until the coign is reached. Everywhere a similar 
view is presented of the gulf below, but as we reach the angle other 
features are added to the scene. Right here stands a large cinder cone 
whieh forms the apex of the mountain. Its height is about 300 feet. 
From its summit we may gain a magnificent view not only of the abyss 
below, but far away in the distance to the southeastward, of the domes 
of Mauna Loa, Mauna Kea, and Hualalai, projecting above the domain 
of the clouds. These loftier realms of air are wonderfully clear, and with 
a good field-glass there is no difficulty in making out whatsoever details 
they have to offer with as much preeision as if they were only a dozen 
miles away. The height of this summit con^ upon Haleakala is about 
10,350 feet above the sea, and its altitude is sufficient to give us one of 
those inspiring views of the realms of cloud laud, as seen from above, 
which we have hitherto spoken of in our visits to the still loftier mount­ 
ains of Hawaii. Through the rifts m the clouds we may behold the sea 
below, which has a strange visionary aspect that seems full of mystery 
and desolation. Behind us are the jagged peaks and bristling spurs of 
West Main peering above the clouds aud offering a fine contrast to the 
rounded domes of distant Hawaii.

The orign of this imposing feature of the volcano may be suggested 
to us by recalling the facts we have observed at Kilanea and Moku- 
aweoweo. There can be but little doubt that this abyss has also been 
formed by the sinking in of the summit of the mountain. But we must 
not presume that it was formed suddenly by a stupendous collapse of 
the upper dome. More probably it was formed progressively and slowly 
by the successive dropping of slices of the wall one after another, 
thus gradually enlarging the area of sinkage. True, this is largely a 
matter of conjecture, but we may attaeh more importance to it than 
we otherwise would had we not the evidence of just such a mode of 
development in the other great calderas. The dimensions of the pit of 
Haleakala are several times greater than those of Mokuaweweo and it 
is more than twice as deep. But a§ the development of Mauna Loa goes 
on, its summit caldera will probably continue to enlarge, and perhaps 
deepen, and there is hardly any theoretical limit which can be fixed 
for its nltimate dimensions. The shape of the caldera of Haleakala is 
also markedly different from those of Kilauea and Mokuaweoweo. But 
it would be difficult to suggest any reason why such creations should 
have any definite and common shape whatsoever, and therefore there is 
no reason here for doubting the identity of its mode of origin.

Perhaps some geologists and most laymen might raise the inquiry, 
Why may not this feature be attributed to erosion with as much proba­ 
bility as to vertical displacements or faulting? The reply is that val-
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or gorges formed m mountains by erosion have forms aiid features 
directly associated with their mode of ongm and determined by rigor­ 
ous mechanical laws. These forms and features do not appear at the 
summit of Haleakala. To go into full detail m a discussion of these 
essential features would carry us far beyond reasonable limits. We 
may, however, advert very briefly to one or two crucial points. Where- 
ever a great valley or gorge is eroded in a large mountain mass the 
head of the valley forms an amphitheater or series of amphitheaters, 
with abrupt and precipitous ravines immediately beneath the peak. In 
general terms, as we follow such a ravine from the plains below upward 
towards the summit the grade of its bed becomes steeper to the very last. 
Again, where two or more mountain gorges descending on different sides 
of the cone reach far up towards the summit so that their upper por- 
tions are separated only by a narrow divide, then this divide will always 
be sharp and well preserved through all stages of erosion. These 
characteristics I believe to be universal, and I am unable to recall any 
exception. Nothing of the kind is seen in Haleakala. Its floor has 
no other diversifications than the cinder cones which have been built 
upon it and the thin fluent streams of lava which have issued from 
their vents. If these cinder cones were shoveled away the floor would 
be flat and smooth to a striking degree, and only gently declining by 
an almost imperceptible slope in the directions of the two gaps, one to 
the eastward and the other to the southward. Nowhere can we detect 
auy of the evidences of au erosioual origin. Erosion here has done 
nothing more than to make many small carvings and incisions upon the 
wall faces.

It seems necessary, however, to call attention to the fact that such 
an origin as we have inferred can be attributed only in very rare cases 
to the chasms, gorges, and amphitheaters of mountains. Not one in a 
hundred of such chasms has this origin. In non-volcanic mountains 
such features are never produced m this way, and it is rare to find them 
even in volcanoes. The gorges which are seen upon the windward side 
of Maun a Kea, and which we shall soon see on the windward side of 
Haleakala, are unquestionably due to erosion. This great summit cra­ 
ter is a rare exception.

The descent to the floor of the caldera is very easily effected here at 
the coign. A long slope leads downward, covered with fine lapilli and 
volcanic sand, into which the feet of the animals sink deeply. By zig­ 
zag courses the declivity may be made very easy and gentle. Beaching 
the plain below, all that is necessary to secure easy traveling is to avoid 
the fields of fresh lava which are generally found near the bases of the 
cinder cones. Tbe eruptions of most recent date all appear to be of 
trivial volume, and contrast by their very insignificance with the mighty 
outpours of Manna Loa. Here, too, may be seen admirable illustrations 
of the common fact that cinder cones are built after the lava has ceased 
to flow. The fresh sheets of basalt are clearly seen underlying the
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cones, which have evidently been built over them. Nowhere do we 
find indications of-the lava running either out of the summit orifice of 
the cone or laterally from its flanks. So far as could be seen every one 
of these cones had its terminal orifice quite perfect. Some of them 
have no cup around the opening, but a sharp edge like the cones on 
Hualalai.

All of the recent basalts which are poured over the floor of this cal- 
dera are of the most normal type, and extremely fresh in appearance. 
As we look at the irregular edges of the lava sheets exposed in the sur­ 
rounding walls, and scrutinize the fragments which have fallen from 
them, we are at first inclined to infer that they differ from the fresher 
fields below. They, too, are typically basaltic, but on the whole the 
differences do not seem to be any greater than such as may be reason­ 
ably attributed to those changes which time and weathering invariably 
produce upon all eruptive rocks. The lava beds in the walls are cer­ 
tainly thicker and more massive, and this fact might justify us in the 
inference that these closing eruptions of the volcano were more feeble 
and much less voluminous than those which occurred during the period 
of full activity in the building of the mountain. We also observe in 
the surrounding walls numerous fragmental layers consisting of tuff 
and volcanic sands or ashes. These, however, do not form nearly so 
large a proportion of the component masses as the solid lava sheets, and 
are relatively much less abundant and voluminous than similar frag­ 
mental accumulations in volcanoes of more violent type. There appears 
to be no way of instituting a comparison .between Mauna Kea and 
Haleakala as to the relative proportions which the fragmental masses 
bear to the solid lavas. However, from a general impression which I 
should be at a loss to explain very fully, it seemed to me that the frag­ 
mental material was far less in Haleakala than in Mauna Kea, though 
by no means inconsiderable.

As we proceed along the base of the main wall of the amphitheater and 
study the details of its front we observe almost everywhere a persist­ 
ent recurrence of a certain kind of jointed structure. This is produced 
by cleavage planes of which the most conspicuous are always parallel 
to the face of the wall, and which are inclined at an angle of about 70° 
from the horizontal. Subordinate planes of cleavage perpendicular to 
the face of the wall, and nearly or quite vertical, are also seen, but they 
are less frequent and not strongly accented. All of them are made more 
conspicuous by weathering. This jointed structure gives in many places 
a rather striking aspect to the face of the cliff, and is somewhat sugges­ 
tive of architectural effects. The jointing seemed to me to be due to a 
shearing force just such as is frequently produced in the vicinity of a 
great fault. It is often observed upon the flanks of some of the great 
faulted monoclines of the Plateau country, and I infer that the cleav­ 
ages were produced by the same cause which led to the dropping in of 
the mountain platform during the enlargement of the caldera.
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The journey over the floor of the great pit is smooth and easy, except 
where we are obliged to cross the recent lava fields, and even then the 
difficulty is never great nor at all comparable to the passage of the 
frightful clinker fields of Mauna Loa. The chief difficulty attending a 
protracted visit here is the waut of water. The rainfall appears to be 
somewhat scanty, though fog and mist are abundant, especially in the 
day time, and frequently at night. All visitors speak with enthusiasm 
of tbe majestic scene presented by the great banks of cloud which every 
morning roll up the Koolau Gap and diffuse themselves among the cin­ 
der cones, wrapping them in fleecy folds and chasiug one another slowly 
in wide circles around the crags and into the recesses of the walls. 
Upou the summit of the mountain this maguiflcent cloud drama may be 
watched with delight, for only now and then do the vapors sweep up so 
high as to veil the loftiest points.

At the mouth of the Kaupo Gap the floor of the caldera gradually bends 
downward and acquires a steeper declivity towards the sea. Here we 
come upon larger and rougher fields of basalt which look quite recent, 
though obviously older than the extremely fresh basalts which are spread 
about the bases of the cinder cones. Most of them have the form of aa, 
but are not nearly so rough as the great fields of Mauna Loa. Here and 
there patches of soil have accumulated in the swales, mosses have 
overgrown the clinkers, grass and scrubby vegetation have takeu root 
among them. Our camp in Haleakalawas just at the opening of the 
Kiiupo Gap, 7,600 feet above the sea, where the more rapid descent to 
the ocean begins.

Leaving camp early in the morning, we descended. It is no light task 
to go down more than 7,000 feet of slope over fields of rough clinker. 
The journey, however, was accomplished by noon, nearly all of it being 
done afoot, leading or driving the tired animals. Very little matter of 
special interest was presented by the way. The great walls of the pass 
steadily diminished in altitude downwards, but did not wholly vanish 
until they nearly reached the sea. Everywhere they are exceedingly 
abrupt and almost precipitous; and yet they had sufficient inclination 
to give a foothold to literally thousands of wild goats that seemed to 
swarm upon their sides and filled the air with the continuous murmur 
of their bleating.

Beaching the sea-coast, we halted an hour for rest and then moved 
onward parallel to the shore towards the east. Here is a well-built 
trail, without which travel would be impossible. The country in front 
of us is precisely similar in its features to the Hamakua coast of Ha­ 
waii. It ends upon the sea in a vertical cliff, while the platform is 
sawed by caBous descending from the mouutaius. As the cliffs plunge 
at once into deep water, it is obviously impracticable to proceed along 
the water line. There is no resource but to ascend and descend the 
walls of rach ravine as it presents itself. So abrupt are the sides of 
these gorges that without a trail only the most experienced mountaineer 
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with tho best trained animals would ever think of encountering them. 
As it is, the trails are very well built and make the passage easy, at 
least to the rider, and inflict no other hardship upon the animal than 
such as must necessarily attend the frequent ascent arid descent of 
steep hillsides. How many of these ravines we crossed during that after­ 
noon I have quite forgotten, but I should judge they were abont twenty- 
five. Most of them were from 400 to 700 feet in depth. The inter­ 
vals between them were rarely so great as half a mile, and sometimes 
the separating platform was reduced to a mere edge, so that as soon 
as the trail reached the summit on one side it instantly descended upon 
the other.

But the beauty of these gulches is quite beyond description. Every 
one of them is a scene of tropical splendor which neither tongue nor 
pen can portray. Though all are extremely beautiful, there is one in 
particular which seems to surpass all the others. It is named I he 
Waialua Valley. The surrounding walls, 500 to 600 feet high, are 
carved into pediments of fine form and overlaid with a vegetation so 
dense, rich, and elegant that the choicest green of our temperate zone 
is but the garb of poverty in comparison. Five streams of water in 
different places cascade in snowy veils hundreds of feet down the preci­ 
pices. Inland, the ledges of verdure-clad rock rise to a great height, 
with a receding vista of similar scenes. Over all is an atmosphere 
filled with a languid haze that blends and softens all beneath. The 
plants which above all others give richness and exquisite texture to 
the scenery are the great tree-ferns. They grow in dense thickets, 
covering the valley slopes and hillsides in broad masses. Thfir fronds, 
four or five feet in length and of most elaborate patterns, produce at a 
little distance an effect ineffably rich and delicate.

Long after nightfall we rode up to a fine mansion where dwelt the 
proprietor of the Hana plantation and received memorable hospitality. 
It was sorely needed. We had descended that day from the calderaof 
Haleakala, 7,600 feet above us, and had ridden and walked '20 miles more 
up and down, I know not how many canon walls. Wen were weary, 
and brutes well-nigh used up.

The eastern extremity of Maui has a broad margin of low laud be­ 
tween the mountain and the sea. A portion of it. is covered witli deep, 
rich soil, suitable for a large sugar plantation. Much of it is overflowed 
with lava, which is not yet broken down into soil, but which maintains 
a jungle of tropical forest like the clinker fields of Puna. For a distance 
of 10 or 12 miles no ravines occur,, the land being too low and flat. 
Further eastward, however, it rises again considt-rably, and gulches 
deeper and wilder than before are encountered in quick succession. We 
left Hana on the afternoon following our arrival there, and camped 
near the first ravine. The next day was spent in crossing the ravines 
until about 2 o'clock, when the animals became exhausted and could go
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no further. We halted in one of the largest gorges, and were kindly 
cared for by natives residing there.

There are some indications that the eastern portion of Maui has 
undergone a moderate amount of subsidence at a very recent period,- 
though the evidence which is here offered may be regarded as incon­ 
clusive by many. The gorges which open to the sea out of the bounding 
wall of the island appear to have been once cut more deeply than their 
present floors and to have been partially refilled with shingle brought 
down by the streams flowing in them. The sea now enters the mouths 
of these valleys and in some cases extends half a mile or more within 
their openings. In other parts of the islands, West Maui, for instance, 
or eastern Oahu, where we have unquestionable proof of a rise of the 
land, the case is very different. There alluvial cones or deltas, com­ 
posed of detrital matter, are pushed out into the sea. But at the east­ 
ern end of Maui the condition of the gorges at their mouths is indica­ 
tive of refilling by the deposit of alluvium within them, which is easily 
explained by the assumption that the shore has sunken recently. The 
subsidence, however, does not appear to have been great, and was prob­ 
ably not more than a hundred feet, an amount which wonld be ample 
to meet all the lacts observed.

Owing to the exhausted condition of the animals, we engaged a party 
ef natives to take us in a boat the remainder of the distance to our 
starting point at Haiku. Rising at midnight we embarked with all our 
baggage and reached the landing place in the midst of a drenching rain 
at daybieak.

Rly visit to Maui was far too brief for my own satisfaction. It would 
have been most iuterestiug to visit the western side of Haleakala to- 
see some very fresh-looking lava-fields, which are notable objects as 
the luter-i^-lund steamer passes by them on its way to Hawaii. They 
bear the appearance of great recency when seen from the deck of the 
vessel about a mile off shore; but it must be remembered that they are 
situated under the lee of the mountain, and in a very dry climate, and 
our observations in Hawaii and elsewhere have taught ns that in such 
a climate hasaltic lavas may preserve a remarkably fresh aspect for cen­ 
turies, while they may look vjsry old after an exposure of a few years in 
a wet one. Nevertheless it seems highly probable that the last erup­ 
tions of Haleakidu took place only a very few centuries ago. No tradi­ 
tion of Midi an event is known to me as having been preserved by the 
natives, but that is not at all surprising.

Equally great was my regret at being unable to visit thoroughly the 
mountains of West Maui. Their wonderfully picturesque features alone 
won'd have been a sufficient inducement. But to hax e visited all points 
of interest would have required many months, and the time at my dis­ 
posal was very limited.
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OAIITJ.

The island of Oahu offers to the geologist many attractive features, 
but I shall confine inyselt to a brief treatment of such only as present 
matters of special interest.

Like Mam it consists of two mountainous masses separated by a low- 
lying but broad isthmus. The eastern portion is the larger, but the 
western portion contains the loftier summits. Its rocks are volcanic 
throughout, excepting a few raised beaches of consolidated coral sand. 
The eastern portion of the island is nat an individualized mountain mass 
like Haleakala, but is a true volcauic range, presenting an axis along 
which many ancient vents are situated, which have poured forth great 
sheets of basaltic l;iva, accompanied by considerable quantities of frag- 
mental products. The tiend of this range is from southeast to nortn- 
west, but has a considerable curvature concave towards the northeast. 
From the fact that the crest of this range forms a considerable arc of a 
circle, some observers, deeply impressed with the magnitude of the so- 
called crater of Ilaleakala, have conjectured that it might be a portion 
of the rim of a ruined crater which was once many times more vast. A 
careful examination of the structure of this range most effectually dis- 
peN this idea. The best notion of its structure and composition will be 
obtained by viewing it upon its northeastern flanks. Here it fronts the 
sea and receives the full brunt of the trade-wind, with cliffs 2,000 feet 
high and of magnificent aspect. In the face of this cliff may be seen in­ 
numerable sheets of basaltic lava, with intercalary beds of volcanic con­ 
glomerate, which dip away from the axis of the range in a northeast di­ 
rection towaids the ocean. Upon the opposite side, which is under the 
lee of the mountain, there is a prevailing slope of considerable but vari­ 
able inclination southwestward towards the broad isthinns and the plain 
below, upon which is situated the city of Honolulu. Many large and 
picturesque ravines are scon d in the leeward side of the range, and in 
the abrupt slopes of these gorges may also be seen the edges of the lava 
beds and layers of conglomerate dipping to the sontli ward or just in the 
opposite direction to the dips observed upon the windward side. Thus 
the arrangement of the sheets which compose the mountain mass is 
easily seen to be similar to that of the tiles on either side of the roof of 
a house. -Bnt the present topographical featnies of the two sides of 
the range offer an extreme contrast. The windwaid side presents a 
gigantic cliff which is hardly accessible to human foot except at one 
point where now a good road has been built with much labor and skill, 
and which de cends the cliff by zigzags. On the leeward side the pro-
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file desceLds from the snminit to the sea in a very moderate slope, 
and has the general form of an inclined platform deeply incised with 
large ravines.

Notwithstanding the very powerful contrast at present existing be­ 
tween the two sides of the range, I think it can be made clear that orig­ 
inally a great, mountain slope existed npon the windward as well as 
upon the leeward side, and that the windward slope has been carved 
away by erosion.

As the observer enters the harbor of Honolulu and perceives the long 
sweeping hlope of the mountains descending towards him and notes the 
great ravines which have been cut in it, he will have no difficulty iu 
persuading himself that these ravines must have had the same origin 
as those which occur in every other mountainous country. The bedding 
of the lava is distinctly seen, and the broken edges of the sheets are 
easily recognizable at a distance fronting in the steep slopes of the val­ 
leys. The imagination can easily restore the continuity of those beds 
and replace the material which has beeu removed in the excavation of 
the gorges. Making a mental picture of this restoration, the mind will 
have before it a smooth mountain slope very similar to what is now seen 
upoii the westward or leeward side of Ilaleakala or upon the slopes of 
Manna Loa. But instead of looking back into past time and restoring 
the material which has been removed, let the imagination range into the 
future many thousands of years and endeavor to conceive what will be 
the result of the operation of the same forces and processes which are 
now active. As in every other mountain country, the ravines would grow 
wider, their sloping sides would be gradually pared away, and the rocks 
reduced by secular decay to sand and soil. The silt would be carried 
off by the running streams to the ocean, and the remnants of the slop­ 
ing platforms between the ravines would grow narrower, until at length 
they were reduced to sharp knife-edges, and would still continue to 
dwindle m size. Only let the time be long enough, and let the process 
go on indefinitely just as it is going on to-day, and the range will at 
length disappear. I conceive that the action upon the windward side 
of the island has been precisely the same in kind as upon the leeward, 
only much greater in degree. This difference in degree is unquestion­ 
ably due to the difference iu precipitation. Upon the windward side 
the rainfall is heavy; upon the leeward side it is light. And no doubt 
ever since the mountain rauge was built this same relative difference in 
rainfall has prevailed. We should therefore expect to find a propor­ 
tionate difference as between the two sides in the amount of havoc 
which erosion has wrought npon them respectively. Even upon the 
leeward side we can see that it is very great. Probably it would be a 
low estimate to infer that one-third of the original mass of the leeward 
slopes has already been removed. It can scarcely be doubted that the 
precipitation upon the windward side and the corresponding intensity 
of the denuding forces are certainly three or four times as great. Let
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us recall here the contrasted aspect of the two sides of Manna Kea. 
Upon the one, erosion has already made vast inroads. Upon the other 
its effects are only just beginning to be notable. So, too, upon Halea- 
kala; the windward side shows ravines of great depth and magnitude, 
while the leeward side is as yet almost untouched. Not only does the 
amount of erosion increase with the amount of rainfall, but observation 
teaches us that under circumstances similar to these I he difference in 
result is more than proportionate to the difference in the amount of 
^rainfall.

The windward side of Eastern Oahuhas therefore, as I believe, been 
almost completely swept away by erosion. The work thus inferred is 
no doubt a vefy graud one, yet it is by no means unprecedented. On 
the contrary, we can point in other parts of the world to other instances 
so much more vast that this falls into insignificance by comparisou. 
But the present case is interesting because it has apparently been ac­ 
complished within a period which in all probability has not been very 
long when viewed from a geological standpoint of time. It also pre­ 
sents some peculiar characteristics which are not exactly parallel to the 
results of erosion presented by other regions. So interesting are they 
that they will bear some analysis.

As we journey along the northeastern coast of the island following 
the road which winds along near the base of the great cliff we find our-' 
selves upon a rugged and well diversified platform which descends by 
a gentle slope to the sea. We observe at intervals of two or three 
miles, and sometimes much less, irregular ridges and chains of hills 
stretching out in long lines perpendicularly from the base of the great 
•wall and ending as long promontories pushing out into the ocean. All 
this is well delineated upon the map. Some of these long spurs or 
ridges expand laterally, and wherever they do so we find very large 
hills, terminating in jagged peaks and sharp needles, rising to great 
heights and almost large enough to be called mountains. At first there 
seems to be nothing but confusion in their arrangement, or apparent 
want of arrangement, but upon more careful examination it will be 
found that every one of them belongs to some one of a chain of hills 
which forms a range like a mountain chain in miniature. Still, again, 
let us consider the valleys. There are many of these, and all of them 
head in amphitheaters in the main mountain wall and extend outwards 
from its base towards the sea. These valleys in most cases ramify, 
having subordinate lateral valleys heading each in its own amphi­ 
theater.

The origin of this topography is, I think, not far to seek. These val­ 
leys were ouce ravines carved in a long mountain slope stretching from 
the summit of the main mountain range far to the windward into the 
sea. As time went on these ravines were enlarged and gradually 
widened. With the progress of erosion the portion of the platform 
which separated any two contiguous ravines became narrower and nar-



BUTTON; EROSION ON OAHU. 215

rower on its top until at last it was reduced to an edge at one or more 
points. Still the degradation of the valley walls went on, the valley 
constantly growing wider and the separating barrier gradually dissolv­ 
ing, until nothing was left of it excepting tliese lateral spurs and chains 
of hills which we now see. This is precisely the way erosion operates 
in all mountainous countries, and the results which it accomplishes 
through long periods of time are very similar to what we see here.

The decay of the rocks is so slow to the senses that the mind instinct­ 
ively regards its consequences as of trifling effect when viewed in rela­ 
tion to the general degradation of the country, and naturally repels the 
thought that its final result is the casting of mountains into the sea. 
And yet it is but the plainest deduction of reasoning that this very result 
of a process apparently so feeble must follow inexorably if the process 
be continued long enough. This throws us back upon the difficulty of 
conceiving the immensity of time which the geologist is obliged to in­ 
voke; and yet T apprehend that the first impression of tins sort is apt 
to be much exaggerated. We might at first suppose that this process 
would have to be kept up for very many millions of years in order to 
achieve the results which are here ascribed to it. But this is not so. 
There is more danger of exaggerating the time than there is of underes­ 
timating it. In a country favorably situated for the efficient action of 
the erosive force a thousand years would produce, I believe, a very 
marked change in the aspect of the mountains and valleys. In ten 
thousand years thechanges would,indeed, be very great; and in aliun- 
dred thousand years who shall say how vast the changes would be ? It 
is most unfortunate that all efforts which have hitherto been made to 
measure absolutely the duration of geological time, or to measure the 
peiiods which are requisite to effect auy important geological changes 
have proved futile. Still they may not be regarded as having been 
wholly barren of results. To assign a period sufficient for accomplish­ 
ing erosion so great as that just now seen upon the windward side of 
Oahn is impossible. And yet it may be practicable to take maximum 
and minimum limits widely apart and say with some confidence that the 
true period will probably fall somewhere between the two. From what 
we know of erosion in other regions, and taking account of the various 
factors which affect the efficiency of erosion in this particular locality, 
I think it would be safe to affirm that the period of this erosion has not 
exceeded 500,000 years, and has not been less than 50,000. Though the 
value of such an estimate is not very great, it may not be absolutely
worthless. 1
__________________________\_________________

1 In Dr A. Geikio's now Manual of Geology carefully revised estimates are given of 
the rates of denudation in the drainage basins of six riveis, viz: Tho Mississippi, 
Upper Garges, Hoang-Ho, Rhone, Danube, and Po. These estimates are based upon 
alaige mass of data obtained by a series of carefully made observations. They are 
no doubt very fair approximations to true present rates. From these it appears that 
tho Upper Ganges is carrying away annually from its drainage basin an amount of
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The geologist who has had an opportunity to study erosiou under 
the widely varying conditions presented throughout the United States 
may still find much of novelty in the results of that process disclosed 
by these islands. In our own country we have nearly every known 
variation in the quality and texture of the rocks in their modes of strati­ 
fication, in the climate, and in the altitude, all of which conditions have 
their bearing upon the final result. But these tropical or semi-tropical 
islands present new phases. The most marked characteristics of the 
erosional forms here presented are their exceeding sharpness and 
abruptness and the development of great cliff's of erosion. I must con­ 
fess to some surprise upon becoming conscious of this characteristic. 
Of all regions of which the topography is characterized by cliffs and 
crags, the most remarkable in the world is no doubt the Plateau country 
of the Eocky Mountain region which is drained by the Colorado Eiver. 
I have elsewhere attempted to portray the symmetry aud imposing char­ 
acter of these cliffs and of the innumerable canons cut to wonderful 
depths in the cliff-bound platforms. But that region has a very arid 
climate. And the protracted study of it has left no doubt in the minds 
of our geologists that this aridity has played an important part in 
determining those peculiar forms. I was hardly prepared to find great 
cliffs and canons in a country where the rainfall is excessive, and indeed 
so great that it is surpassed only in a very few localities throughout tbe 
world. But it is even so. It does not appear, however, that the con­ 
clusions drawn with respect to the effect of aridity upon the cliffs of the 
Plateau country are in any measure invalidated. We are only reminded 
more forcibly perhaps than ever before of the fact that similar forms 
may be produced by a variety of causes, and while under certain con­ 
ditions the arid climate may favor their production, it is not always 
essential to it.

These very abrupt features are by no means peculiar to the Hawaiian 
Islands. They are seen, also in the Society Islands, in the Fiji, and in 
fact throughout all of the lofty volcanic islands of the Pacific. It is by

material which, if spread uniformly over the entire basin, would have a thickness of 
yi j of a foot. That is, at the present rate, the Upper Ganges carries off a mean thickness 
of one foot of material in 823 years from its entire water-shed. The Po similarly re­ 
moves one foot in 729 years. Now, it can hardly be doubted that tlie average rate of 
denudation of the valley walls and slopes of the windward fronts of the Hawaiian 
Islands is greater—even much greater than in the Valley of tlie Po—and for two 
reasons: Firs'., the rainfall is much heavier; second, the slopes of the valleys and 
their inclosing sides and walls arc, ou the average, very much greater than those of 
the Valley of the Po, and, from the nature of the circumstances, must have beeu so 
throughout the entire period of degradation. But (other things equal) the rate of 
degradation increases very rapidly with the declivities. The basaltic lavas and tufa 
beds are also quite as susceptible to decay as the average of sedimentary and meta- 
morphic rocks, if not more so. Hence we may safely infer that these windward 
fronts waste away very much more rapidly than the basin of the Po. Therefore it 
seems to me that a very few hundred thousand years wonld suffice to effect the entire 
destruction which I have inferred for the windward side of Oahu.
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no means probable, however, that these results are at all anomalous. 
They may'without much difficulty be accounted for. The whole question 
turns upon the relative importance of the two groups of forces which 
together make up the total process of erosion; first, the efficiency of 
those forces which disintegrate and break up the massive rocks; sec­ 
ond, those which gather up and carry off the debris. Wherever the former 
group bears an unusually larger ratio of efficiency with respect to the 
latter the sculptured forms will be mild and obtuse. Wherever the 
reverse is the case the forms will be sharp and abrupt. Under ordi­ 
nary circumstances a moist climate favors disintegration more than 
the transportation of debris. Under such circumstances the debris ac­ 
cumulates in the form of very thick soils and immense masses of allu­ 
via, which form a protecting mantle to the rocks and generate gentle 
slopes. The arid climate, on the other hand, no doubt diminishes both 
the disintegration and the transporting power of the streams. But the 
streams of a dry continent do not derive their waters from the low-lying, 
arid regions, but from distant mountain sources, and the detritus which 
has formed very slowly in the arid region itself is easily washed away 
by the showers, even though they be unfrequent, so that, upon the whole, 
disintegration is retarded more than transportation. The case of these 
islauds is peculiar; even in the oldest of them the quantity of run­ 
ning water is not great. The rain which falls is absorbed by the lavas, 
cinders, and tufas "with much more than usual facility, and sinking 
into the depths of the mountain masses probably makes its escape into 
the ocean beneath the level of the sea. The streams which do exist, 
however, have abnormally great declivities. Their power to corradeis 
therefore enormously increased and they cut down their beds at a very 
rapid rate. No doubt the weathering of the valley slopes aud precip­ 
itous walls is here also exceptionally rapid. Still transportation and 
corrasion arc favored much more than the disintegration of the rocks. 
That is to say, both processes are favored, but transportation and cor­ 
rasion more than disintegration.

One of the most striking objects to be seen in the vicinity of Honolulu 
is a large pile situated three or four miles southeast of the city aud known 
as Diamond Head. It is composed of cinders and tuff, and is, iu fact, an 
immense cinder cone. Within it is a very large crater, more than a 
mile across. Its rim is a sharp edge which forms a complete circle, and 
though higher in some portions than in others, it is nowhere broken 
down. To enter the crater it is necessary to climb a steep slope and de­ 
scend into it upon the other side of the crest. The highest point of this 
ridge has an altitude of about 760 feet. The outer flanks of the cone 
are scored upon all sides with little ravines, which give it the aspect 
often presented by the fronts of the Bad Land cliffs of Dakota or of the 
Plateau country. The cone is situated close to the sea, which washes 
the foot of its southern slope. As we pass around this flank we find a 
mass of strata composed of consolidated coral sand, which is strongly
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-cross-bedded. The highest visible exposure of this coral rock is about 
200 feet above the sea. That it formed once a ware-washed beach just 
beneath the surface of the ocean is self evident. Thus we have a clear 
indication that this portion of the island has at no distant period been 
hoisted by at least that amount. As yet the waves have made no par­ 
ticular inroad upon the tufa cone itself, although atmospheric erosion 
has cut into it quite deeply, and upon all sides, the ravines already re­ 
ferred to. It seems very plain that this cone is of very much more 
recent date than the main masses which compose the mountains of 
eastern Oahn. This is inferred at once from the fact that the amount 
of degradation in the cone is utterly insignificant in comparison with

• the immense gorges which are seen even upon the leeward side of the 
mountain chain.

Diamond Head is a sample of a considerable.number of similar cones 
which appear to have been formed at a period comparatively recent and 
very long subsequent to the principal period of volcanic activity during 
which the great mass of the island was built up. Immediately above 
the town of Honolulu stands another cinder cone very similar in its 
structure, which has received the name of the Punch-bowl. A little to 
the east of Diamond Head are several others, one of which stands upon 
the margin of the sea, which has demolished by wave action a large part

• of one side of it and exposed its interior structure. Still further east­ 
ward four or five miles is another large cone over a thousand feet in 
height, but less ample than Diamond Head m the area of its base. It 
forms a conspicuous object as the steamer from San Francisco^ap- 
proaches the island, and is one of the best known landmarks. It is 
named Koko Head. Upon the windward side of the island, at some 
little distance from the shore, and surrounded by the ocean, may be 
seen three or four other cinder cones which have been greatly ravaged 
by the sea, and which are now rapidly dissolving away under the re­ 
morseless action of the waves. There is still another remnant of recent 
volcanic action which deserves notice. The traveler who visits these 
islands, even though it be for the few hours allowed by the stoppage of 
the Australian steamer as it touches at this port, will most probably

-take a carriage to visit the Pali, as it is termed. A good carriage-road 
leads from Honolulu by a gentle ascent up the largest and broadest 
valley on the leeward side of the range until it reaches the crest of the 
main mountain wall. Here there suddenly breaks upon him one of the 
most beautiful and picturesque views in the world. He stands in a 
notch upon the brink of a majestic cliff carved in most sumptuous 
fashion and in the strangest forms, and looks down 1,300 or 1,400 feet 
upon the eroded platform below and upon the sea beyond. A zigzag 
trail of ample width has been hewn out of the cliff-side and winds down 
to its base. Descending this steep path there may be seen half way 
down, upon the right-hand side a steep slope, consisting of lapilli ar­ 
ranged in the regular fashion of cinder cones, evidently showered over
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and molded to the irregularities of the rock-faces which existed before 
the cinders were thrown out. It would seem that right upon the crest 
of the mountain range a volcano had broken forth within a compara­ 
tively recent period and long after the principal period of activity. 
Many other instances of recent cinder cones are to be seen in eastern 
Oahu, all of which appear to indicate a resumption of volcanic activity 
after a period of very long quiet. Eelatively speaking, the results so 
produced were not great, and the activity was diffuse and comparatively 
feeble. It is interesting, however, as an illustration of a fact which has 
"been observed in other regions, viz, that volcanic activity may cease for 
a long period in any locality and again resume operations. As a mat­ 
ter of history we know that this was the case with Vesuvius, which 
broke out with terrible energy in the year 79 A. D., after a period of re­ 
pose so long that no tradition of an eruption from it existed. Similar 
evidences have been discovered in some of the more recent volcanic 
fields of the Eocky Mountain region. We may also advert here to the 
fact that the volcano of Hualalai has given no sign since the year 1811.
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LETTER OF TRANSMITTAL.

UNITED STATES GEOLOGICAL, SURVEY,
San Franc^sco, Gal., June 1, 1883.

SIB: The Eureka district has been for some time past the most pro­ 
ductive mining region in the State of Nevada. Its ore deposits are of 
great interest, not only on account of their size and abundance, but 
from the obscure character of their structural relations. They have 
given rise to a great amount of litigation, in the course of which a con­ 
siderable number of the best-known geologists and mining engineers of 
the country have testified to very diverse views. The information to 
be gained in Eureka is not, however, of merely local importance, for 
although these deposits,.like those of every mining region, present feat­ 
ures peculiar to themselves, they belong to a class of very wide distri­ 
bution throughout the world, aud which is abundant in the Western 
United States. This class is characterized by the occurrence of irregu­ 
lar bodies of argentiferous lead ores in limestone, generally accompa­ 
nied by somewhat obscure evidences of connection. Such deposits 
have always been regarded as puzzling by mining geologists, and Mr. 
Emmons's discussion of those of Leadville is one of the first in which 
an example has been satisfactorily explained.

A little reflection will show that eveu on the simplest possible hy­ 
pothesis, deposits in limestone are likely to present points of structure 
not readily reduced to their elements, because of the solubility of cal­ 
cium carbonate in waters containing carbonic acid. Suppose a simple 
fissure formed in limestone, and that this becomes a channel for waters 
charged with carbonic acid. The walls will be corroded, but not uni­ 
formly, for the amount of limestone dissolved away from any one spot 
will depend on the physical and chemical character of the rock; where 
it is dense and unfissured it will resist the action of the solvent better 
than where it is porous and shattered, while any irregularity in the dis­ 
tribution of the magnesia will produce a further variation in solubility. 
The formation of irregularities will also increase the tendency to irregu­ 
larity, for eddies will be produced in the aqueous current which will 
result in supplying the solvent faster to some portions of the exposed 
surfaces than to others. It is plain that even in the simple case pro­ 
posed, irregular openings would eventually form which it would be a 
matter of difficulty to refer with certainty to the original simple fissure. 
Much more must this be the case under the conditions usually found in 
mines where complex dynamical action is succeeded by varied and in 
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part unknown chemical action. It is probable, however, that the occur­ 
rences of lead ore in limestone are reducible to a few types so nearly 
allied that each thoroughly investigated instance will throw much light 
on all the rest.

In view of these facts, and with the approval of the Director, I re­ 
quested my assistant, Mr. J. S. Curtis, to undertake a study of the 
Eureka mines. In this work peculiar advantages were afforded by the 
fact that Mr. Arnold Hague had just completed an investigation of the 
surface geology of the region, so that the relations of the rocks exposed 
in the mines to surrounding formations required little examination.

Mr. Curtis has completed a long and anxious study of the deposits of 
the Eureka mines, the chief results of which are briefly presented in the 
following pages. I have spent some time in the mines with him, and 
have been convinced of the cogency of the evidence which has led him 
to the views he maintains. For these I am necessarily in part respons­ 
ible, but the credit belongs entirely to him.

Mr. Gurtis's monograph, to be entitled " The Mining Geology of the 
Eureka District," will be ready for the press about the close of the sum­ 
mer of 1883. It will be accompanied by an atlas, showing the claims of 
the district, and a large number of geological sections through the 
mines.

Very respectfully, your obedient servant,
G. P. BEGKEE,

Geologist in charge.
Hon. J. W. POWELL,,

Director U. 8. Geological Survey.



ABSTRACT OE A REPORT ON THE MINING GEOLOGY 
OF THE EUREKA DISTRICT, NEYADA.

BY J. S. CTJETIS.

GENERAL OUTLINE OF EUREKA DISTRICT.

Eureka mining district is situated on the western side of the Dia­ 
mond Eange, in the eastern part of the State of Nevada, and south of 
the Central Pacific Eailroad. The town of Eureka, which forms the 
business center of this region, is about 90 miles south of Palisade, a 
station on the above-mentioned railway. Eureka is also connected with 
Palisade by a narrow-gauge road. The town lies at an altitude of about 
6,500 feet above sea level, in a canon which enters Diamond Valley from 
the northwest. Euby Hill district, about two miles west of Eureka, is the 
mining center of the district. On the hill, which gives its name to the 
town, are the mines, which, through their large production of silver, 
lead, and gold, have given Eureka district a world-wide notoriety. The 
Euby Hill mines are by no means the only productive mines of the dis­ 
trict, but they are those which up to the present time have been most 
extensively worked, and have afforded the best returns for invested 
capital. On account of the facilities offered for the study of mining 
geology, these mines are also the most interesting from a scientific point 
of view. They have been examined by many able geologists and min­ 
ing engineers, among whom there has been great diversity of opinion 
in regard to the natnre of the deposits.

The number of the inhabitants of the district is at present in the 
neighborhood of 6,000, but, as in other mining camps, an exact esti­ 
mate is very difficult, owing to the floating character of the population. 
Ore was first discovered hi this district in 1864, in New York Canon,, 
near the present " 76" mine, and a company was organized in New York 
to work the mines, under the direction of Major McCoy, one of the 
pioneers of this region. These discovery claims, although producing 
some rich ore, were shortly abandoned, and the district remained unin­ 
habited until the latter part of 1868 or the beginning of 1869, at which 
time Major McCoy recommenced mining operations on what is now- 
called Mineral Hill, an elevation situated a short distance south of Euby 
Hill. Subsequently, in the same year, some men in his employ located 
the Champion and Buckeye claims, on the southwest side of Euby Hill, 
and shortly afterwards the Eichmond and Tip Top ground was taken up.
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In those days silver-bearing lead ores, unless very rich, were consid­ 
ered of little value, and although the outcrops of these four locations 
exposed large quantities of such ore, little interest was taken in them 
until, after several unsuccessful attempts by others, Mr. G-. Collier Bob­ 
bins, in the early part of 1870, succeeded in smelting ores from the 
Champion and Buckeye, if not with profit at any rate with satisfactory 
metallurgical results. This induced Messrs. Buel and Bateman to bond 
these mines, and organize the Eureka Consolidated Mining Company 
of San Francisco. Furnaces were then built near what now forms the 
north end of the town of Eureka, and active operations began upon the 
claims of the company.

Still later the Tip Top and Eichmond claims were sold by Messrs. 
Dunn & English to a company in London, and smelting works were 
erected under the supervision of Mr. English at the south end of the 
town. The Jackson and Phrenix Companies were also incorporated in 
San Francisco about this time, and the explorations which have since 
resulted in the production of such large amounts of lead, silver, and 
gold from these properties were begun in earnest.

The Maryland and other mines in Silverado district, 16 miles south­ 
east of Eureka, were being opened during this period by an English 
company, and a largo mill was in process of erection. The Page & 
Corwin and the Geddes & Bertrand mines in Secret Caiion, south of 
Eureka, had been producing rich ore since 1869, and a mill was already 
built upon the spot where the present leaching works stand. Secret 
Caiion at this time formed part of Eureka district, but has since been 
severed from it. Mr. Bobbins was also developing the Kentuck and 
Mountain Boy claims, in a range of mountains about 15 miles west of 
Eureka.

It is not necessary to follow the history of Eureka through all the 
vicissitudes which are incident to the growth of such towns, nor to de­ 
scribe the different enterprises which have been undertaken and aban­ 
doned. Suffice it to say that in the course of twelve years this mining 
camp has been twice partially washed away by floods,once ravaged by 
the small-pox, and twice almost completely destroyed by fire, but remains 
to-day, after thirteen years of prosperity, one of the most productive 
mining towns in Nevada, and perhaps on the Pacific slope.

As nearly as can be estimated, the production of the precious metals up 
to the end of 1882 has been about sixty millions of dollars. It is more 
difficult to ascertain the quantity of lead produced, but this is, ap­ 
proximately, 225,000 tons. The metalliferous deposits of Eureka dis­ 
trict may be regarded as confined to Prospect Mountain and its spurs ; 
of these Euby Hill is the most important, and Adams Hill, though 
nearly detached, is also to be regarded as a member of the- system. 
Prospect Mountain is a narrow and steep ridge some 7 miles in length, 
extending from Diamond Valley on the north, nearly due south to Fish 
Creek Valley. The mountain itself consists of an anticlinal fold, which



CUBTIS] GENERAL OUTLINE OF THE DISTRICT. 229

at its highest point, Prospect Peak, is 9,600 feet above sea level. From 
this point it descends gradually, though broken here and there by 
irregular and rugged peaks, and is lost in the valleys on the north and 
south. The width of the uplift varies from a mile to a mile and a half 
and is greatest in the neighborhood of Prospect Peak. Its eastern 
slope is cut up by canons, leaving numerous spurs and hills which are 
more or less connected with the main ridge. One of the principal of 
these spurs, extending a little south of east from Prospect Peak, divides 
the water-shed of the east side of the mountain, so that the regions lying 
to the north and south of tlie crest of the spur are drained, respectively, by 
Diamond and Fish Creek Yalleys. The northern water-shed is cut up 
by three deep canons—Goodwin, New York, and Secret—the last of 
which, after crossing the spur, forms one of the principal canons which 
empty into Fish Creek Valley. The western slope of Prospect Mount­ 
ain is very much steeper than the eastern, and is divided into abrupt 
and rough ridges by short caiions which open into Spring Yalley.

Ruby Hill forms the northern spur of Prospect Mountain, but the 
axis of its fold has a northwest direction from its point of junction with 
the main mountain. At its highest point it reaches an altitude of 7,300 
feet above sea level, or about 700 feet above Spring Valley, which 
divides the Prospect Mountain ridge from the next succeeding one on 
the west. Although the hill has a rather steep ascent, it is by no means 
as rugged as many parts of the mountain of which it forms a spur.

Adams Hill is situated about half a mile north of Euby Hill, from 
which it is separated by a narrow ravine leading into Spring Valley. 
It is much lower than Euby Hill, and presents no particular features of 
topographical interest. It slopes gradually off towards Spring and 
Diamond Valleys, and were it not that it is the seat of mines which 
differ in some noteworthy respects from those of Prospect Mountain 
and Ruby Hill, it would not be worthy of special mention.

Mr. Arnold Hague has fully described the general geology of this 
district, and little more is therefore necessary here than a reference to 
his results. The Cambrian, Silurian, Devonian, and Carboniferous are 
all represented in the formations of the district, though it is only in the 
rocks of the first two that considerable quantities of ore have been 
found, and excepting the Hoosac mine, m the Eureka quartzite of the 
Silurian, it is only in the rocks of the Cambrian age that deposits of 
any great value have been discovered.

Mr. Hague distinguishes the following beds in the Cambrian, begin­ 
ning with the oldest: Prospect Mountain quartzite, Prospect Mountain 
limestone, Secret Canon shale, Hamburg limestone, Hamburg shale. 
These five formations have all been laid down conformably. The .rocks 
of the Silurian in the order of their succession are: Pogonip limestone, 
Eureka quartzite, and Lone Mountain limestone. According to Mr. 
Hague, the first two of these beds have been laid down conformably 
with the formations which represent the Cambrian, but there appears
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to be a nonconformity between the Lone Mountain limestone and the 
underlying quartzite. The rocks of the Devonian, in this neighborhood, 
are the White Piue shale and Nevada limestone, in the latter of which 
the mines of Alhambra Hill are situated.

With the exception of the Hoosac mine, lying in the Eureka quartzite, 
and the Bull Whacker .and other mines, in the Pogonip limestone on the 
slope north of Adams Hill, all the mines which will be discussed in this 
report are. found either in the Prospect Mountain or Hamburg lime­ 
stones. No deposits whatever have been found in the Secret Canon 
shale, which separates these two beds, and although it is true that 
pyrite, both as impregnations and in masses, as well as distinctly defined 
veins of quartz with calcite, have been found in the Prospect Mountain 
quaitzite, the lowest of all the sedimentary deposits of the district, it 
has had no economic value. These occurrences, moreover, do not seem 
to be in any way connected with the deposits in limestone.

The Prospect Mountain quartzite occurs on Prospect Peak, and ex­ 
tends northerly, southerly, and westerly from this point, covering an 
area of about a square mile. It is also found in the shape of a horse­ 
shoe at the northern end of Prospect Mountain, where it divides Euby 
Hill, of which it forms the lower western portion, from the main mount­ 
ain. There is a third small outcrop of this rock on the west slope of 
Prospect Mountain between the two above-mentioned localities. These 
three localities are the only ones where this quartzite is found in the 
district. On the surface it is of a reddish color, which is no doubt due 
to the oxidation of pyrite, but at a depth of a thousand feet, or at a 
point where oxidation has not set in, it is of a grayish white color, and 
is often shattered. It is brittle, particularly so near the limestone, 
where it is often possible to crush it in the hand. It breaks in sharp 
angular pieces, of which the faces of fracture have a somewhat vitreous 
appearance. Above ground it is usually harder and more compact. It 
is evidently not even approximately pure silica, and is more or less 
associated with clayey material.

The Prospect Mountain limestone composes the bulk of Prospect 
Mountain and Ruby Hill. It was laid down conformably on the quartz­ 
ite, and to subsequent upheaval, and the erosion of overlying form­ 
ations, owes its present prominence on the hill and mountain. Its strike 
is northerly, following the ridge of Prospect Mountain until it reaches 
Ruby Hill, where it bends round to the west, following the quartzite 
horse-shoe. Its dip, as exposed by the workings of the Ruby Hill mines, 
is certainly much less than 40°, but owing to the absence in most places 
of all signs of stratification, and to the occurrence of several faults, an 
exact estimate of its mean dip is impossible. This dip is, however, 
much "ess than it would at first appear to be oh an examination of its 
contact with the quartzite, as that formation has apparently been moved 
upward along the line of its contact with the limestone, thereby crowd
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ing that rock outward. This is the case on the northern portion of Pros­ 
pect Mountain, as well as on Buby Hill.

On the surface this limestone has usually a bluish gray color. It 
weathers to a chalky white, and is corrugated and roughened by the 
mechanical and chemical action of water. In texture it is granular 
crystalline, and it is frequently hard and tough. Under ground it ex­ 
hibits numerous varieties of habitus and color. It appears as calcite, 
coarse marble, hard white and black limestone, and in the neighborhood 
of ore bodies is usually stained from a light and dirty yellow to a deep 
reddish brown, by oxides of iron. Considerable masses are often met 
with, which have been crushed to a mere powder, and in the neighbor­ 
hood of ore bodies it is generally more or less broken up. It is filled 
with caves and vuggs, and everywhere shows the action of water. 
Breccia of different kinds of limestone, cemented together by calcite, 
are quite common, and occurrences of that mineral, and of aragonite, 
are frequently met with in the openings in the rock. This limestone is 
sometimes found distinctly stratified, and is then usually of a dark 
bluish-gray color. It everywhere gives evidences of having been sub­ 
jected to immense pressure.

The Secret Oaiion shale, which overlies the Prospect Mountain lime­ 
stone, forms a narrow belt which follows the course of the ridge of Pros­ 
pect Mountain, and like thcabove mentioned limestonebends round to the 
west on reaching Buby Hill. This shale is of a dull bluish color except 
where exposed to the atmosphere it has weathered to a dirty yellow, or 
where underground it has been subjected to the action of surface waters 
through fissures. It is often disintegrated to a mere clay. It is usually 
argillaceous, though sometimes it alternates with thin layers of strati­ 
fied limestone, and the strata are much bent and twisted.

The Hamburg limestone and shale do not differ so materially from the 
Prospect Mountain limestone and shale underground as they do on the 
surface, and offer an equal variety of hardness, color, and texture.

The only massive rocks which make their appearance in the metallif­ 
erous zone which is occupied by Prospect Mountain, and its offshoots, 
are granite, quartz-porphyry, and rhyohte. The granite crops out at 
Mineral Hill, at the north end of Prospect Mountain, covering an area 
of but a few acres, and this is its only occurrence in the district. It 
appears between the limestone and the qnartzite. It is not likely that 
this mass broke through the quartzite and limestone, but that it ongi- 
nally formed a submarine hill in the bed of the ocean, upon which the 
quartzite, limestone, etc., were laid down, and that its exposure in its 
present position is due to erosion. From indications observed in the 
bottom of the Bichmond shaft, which has attained a depth of 1,250 feet, 
and is the deepest in the district, Lt would appear that this granite un­ 
derlies the quartzite of Buby Hill. It is coarse-grained, grayish in 
color, and very much weathered at the surface.

Quartz-porphyry appears in two places north of Adams Hill. Mr.
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Hague assigns no definite age to this rock, but states that it is post- 
Cambrian. Its occurrence in the Bull Whacker mine, however, indi­ 
cates that its eruption was prior to the ore deposition. The connection 
which this mass of porphyry may have had -with the different sedi­ 
mentary formations, and the mineralization of the limestone, will be 
discussed in another part of this report. This porphyry has a reddish 
color on the surface and a granular texture. Where exposed under 
ground it is white; shows considerable quartz, and contains numerous 
cubes of pyrite. The latter is a secondary product, probably owing its 
presence to the causes attending the deposition of ore in the limestone 
in its neighborhood.

Ehyolite is abundant in the neighborhood of the mines as well as in 
immediate proximity to the ore. In some portions of the district it 
covers large areas, but in the mines it is only found in the form of dikes, 
which, so far as is known, have never exceeded 20 feet in width. These 
rhyohte dikes, or rather the fault fissures which oifered an opportunity 
for their injection, have had a very great influence upon the present 
structure of the ore-bearing region. It is extremely probable that this 
eruption of rhyolite and the solfataric action consequent upon it, had 
an intimate connection with, if it did not actually cause the deposition 
of the ore. Although the evidence found m the mines that the rhyo­ 
hte preceded the deposition of ore is not absolutely conclusive, it is 
strong enough to make this order of succession almost certain. Where 
found in the mines the rhyolite is very much decomposed, being in 
places wholly changed to clay, but still retaining enough of its original 
characteristics to permit of its determination with certainty. At a dis­ 
tance from the ore bodies this rock, although somewhat weathered, is 
much fresher. In color it is nearly white, sometimes with a pink tinge, 
and is of various degrees of hardness according to the stage of decom­ 
position.
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Prospect Mountain and its adjacent spurs form an anticlinal fold of 
which the axial plane is somewhat west of the crest of the principal ridge. 
The course of this plane is nearly due north aud south, except at Buby 
Hill, where itturns towards the west. Where, on the western side of the 
mountain, the strata have beeu laid bare by mining explorations, the 
traces of bedding are so rare that it is impossible to form an accurate 
idea of the prevailing angle of dip. Ou the east side exposures have 
been made by the Eureka tuuuel, which has been driven from a point 
near the head of the west branch of Good win Canon in a nearly due 
west direction into Prospect Mountain. - It is now over 2,000 feet in 
length, and has passed several hundred feet beyond the ridge of that 
mountain, below which it attains a depth of about 800 feet. The follow­ 
ing are the different formations encountered, in the order of their suc­ 
cession from the mouth of the tunnel: 

85 feet, mineral limestone.(fl)
290 feet, shale.
935 feet, mineral limestone. 
30 feet, shale. 
50 feet, mineral limestone.

460 feet, shale.
—— feet, stratified limestone.
This tunnel section gives an excellent idea of the formations which 

compose the east slope of Prospect Mountain and its spurs. It is true 
that in all probability no other section parallel to this one, and taken at 
a considerable distance either north or south of it, would closely corre­ 
spond, yet it is safe to assume that there would be enough resemblance 
between them to permit of this particular one being taken as a type.

Mr. Hague, in his geological map of the district, has placed the mouth 
of this tunnel in the Hamburg limestone. The first belt of shale encoun­ 
tered is, therefore, the Secret Canon shale, and the other two must con­ 
sequently belong to the same formation. There seems to be no doubt 
that there are at least two, if not three, distinct belts of shale within and 
above the Prospect Mountain limestone between the overlying Hamburg 
limestone and the underlying Prospect Mountain quartzite. Evidences 
of the existence of two such distinct bodies of shale are very complete

a The name "mineral limestone" has been given by the miners of the district to 
that limestone in -which the ore deposits occur. Although the term "metalliferous" 
•would be more scientifically correct as applied to this rock, the word "mineral" is 
used not only by miners but by those who have written on mining law, and has in 
practice come to be synonomons with " ore-bearing." There seems to be no objection, 
therefore, to the use of the term in this signification.
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in the workings of the Ruby Hill mines, and will be more fully exam­ 
ined in the discussion of that portion of the district. Whether the third 
and widest belt of shale actually comes to the surface or not is doubtful, 
although shale rock is fouud below the Industry mine, which is just on 
the east side of the ridge, and not far from the line of the tunnel. At 
this point the ground is covered with d6bris, and although shale is found 
where it would be expected-, if the third or lowest belt came to the sur­ 
face, it is not absolutely certain that it is in place. This third belt of 
shale is also somewhat different in character from the first, which seems 
closely allied to that found on the surface at Euby Hill. It consists of 
alternating strata of argillaceous shale and thin bands of stratified lime­ 
stone, and although considerably thicker than the lower shale of Euby 
Hill, is litho!ogically almost identical with it. The width of this shale 
in the tuunel may be owing to the natter position which it occupies, or 
to local expansion.

The first zone of limestone has the usual appearance of the mineral 
'limestone of the district. It is crushed and broken, and all signs of 
stratification have been obliterated. It is usually gray in color, and 
sometimes stained yellowish by iron oxide. It contains vuggs and nu­ 
merous seams. When not too much crushed it is crystalline in texture 
and sometimes brecciated, the different fragments beiug cemented to­ 
gether with calcite. One of its peculiarities is the difference of the 
varieties which it presents within a few feet.

The foregoing remarks will apply to all the metalliferous limestone of 
the district. It is difficult to state what the precise differences are which 
distinguish the mineral limestone from the other limestones: It is not 
the difference of geological age which distinguishes it, but rather charac­ 
teristics which are due to the effects of dynamical and chemical action. 
It is never continuously stratified, and it never continues for any con­ 
siderable distance without a change in its physical character. It always 
bears strong evidences of metamorphism.

The next zone of limestone is the largest, extending 930 feet from the 
first to the second belt of shale. It presents the usual characteristics 
of the mineral limestone, and, owing to its great extent, offers almost 
all the varieties of that rock to be seen on any part of the mountain. 
At various points along its course the tunnel cuts through fissures and 
seams, which generally cross it at right angles. Their most usual pitch 
is easterly, though there are many exceptions to this rule. The most 
prominent one is at a point 840 feet from the mouth of the tunnel. Its 
dip is nearly vertical, perhaps a little inclined to the east. It is open 
in places, and filled with sediment, boulders, etc., which have been 
washed in from above. At the point where it is encountered it is about 
350 feet below the surface, and it is a characteristic example of numer­ 
ous occurrences of the same kind, both in the mountain and in Euby 
Hill. Like many others, it has been accompanied by ore, which was 
found on the west side of this fissure, but it did not turn out to be as
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extensive as the deposit encountered on the south side of the tunnel, 
1,200 feet from the entrance. This ore body is also connected with a 
fissure which runs a little west of south, but pitches westerly. It did 
not extend any distance above the tunnel level, but it was followed 
down about 100 feet, where a very considerable pipe of ore was found 
running under the tunnel in a northerly direction, Most of these fis­ 
sures and seams are faults produced by the folding and upheaval of 
Prospect Mountain. Although there have been local subsidences, it is 
safe to say that the portions of the country which have been most lifted 
up are those which lie west of the fissures, or upon the footwall side. 
The strata have reached their greatest relative height just over this 
axis of fold.

The third belt of shale is underlaid by black stratified limestone, 
which, at its contact with the shale, pitches east at a steep angle, but 
gradually becomes flatter until, a few hundred feet west of the summit, 
it dips in a contrary direction.

The Prospect Mountain tunnel, starting at a point about 2,700 feet 
west of the summit, nearly opposite the Eureka tunnel and several hun­ 
dred feet below it, has been driven over 2,000 feet into the mountain. 
For the first 1,400 feet it passes through a hard, compact, white lime­ 
stone, which in places resembles marble. This limestone is not often 
fissured, but contains some cavities washed out by water. There is 
nothing about it to indicate that it is mineral limestone. At a distance 
of 1,400 feet from the entrance a fissure is encountered at nearly right 
angles, which dips 80° to the west. From this point the character of 
the limestone changes, and it is much more broken. Many of the usual 
varieties of mineral limestone are found, as well as seams crossing the 
course of the tunnel. At 1,835 feet ore was discovered, but as yet the 
deposit has not proved valuable. At 2,000 feet, or about 700 feet west 
of the summit, the face of the tunnel was in mineral limestone.

The largest portion of Prospect Mountain and its adjacent spurs is 
composed of this kind of limestone, and evidence of the large number 
of metalliferous deposits contained in it is offered by the numerous out­ 
crops of gossan which occur along its whole extent, but which are par­ 
ticularly numerous from Ruby Hill to the Secret Canon divide. Many 
of the mines on both sides of the mountain have been extensively 
worked and have produced considerable quantities of bullion. Among 
the most productive of these have been the Hamburg and Euby-Dun- 
derberg, both of them in the Hamburg limestone; the Eureka tunnel; 
Industry; Silver Connor; Williams, and others too numerous to men­ 
tion. There is every reason to believe that this region, when properly 
explored, will produce important quantities of ore for^years to come.



THE STRUCTURE OF RUBY

Minera] Hill, which has already been mentioned as forming the north­ 
ern end of Prospect Mountain, is composed in part of an outcrop of 
granite. The quartzite overlies this granite on its northern side and 
bends around it to the east and west in the shape of a horseshoe. The 
limestone touches the grauite on the south and overlies the quartzite. 
To erosion arc due the exposures of granite, quartzite, and limestone, 
as they appear on Mineral Hill. Euby Hill is separated from Mineral 
Hill by a narrow divide and a deep ravine, which has been eroded in 
the quartzite. This quartzite is found extending along the southwest­ 
ern base of the former hill, and dips under it t o the northeast; that is to 
say, it pitches northeast at this point. On the east flank of Mineral 
Hill, on the other hand, the quartzite dips to the east, and on the west­ 
ern slope the quartzite also has a westerly pitch.

The limestone of Euby Hill formed one and the same body with that 
of Mineral Hill before erosion, and it is merely the continuation of the 
long belt of limestone, of which the greater part of Prospect Mountain 
is composed. The bnlk of Euby Hill is made up of this rock, the shale 
only making its appearance on the northeastern slope.

About a mile and a quarter to the north of Euby Hill, and beyond 
Adams Hill proper, there has been an eruption of quartz-porphyry, 
which .covers many acres. If this eruption took place at the time of the 
folding and upheaval to which Prospect Mountain and Euby Hill owe 
their origin, it would account for the deflection to the northwest of the 
different formations found on Euby Hill. There has been another 
eruption of igneous rock in the neighorhood of Buby Hill, namely, 
the rhyolite of Purple Mountain, which is situated about a mile and a 
half east of the mines; but this eruption could not have caused the 
deflection of the Euby Hill formations to the northwest, although it 
was no doubt intimately connected with the subsequent phenomena 
which accompanied the deposition of the ore.

The face of the quartzite mass which overlies the granite, but under­ 
lies the limestone, dips at an angle of about 40° northeasterly, under the 
limestone of Euby Hill. The exposure of this belt of limestone on the 
surface extends over 4,000 feet from the northwest to the southeast. On 
the northwest end it is covered by the de"bris of Spring Valley, and on the 
southeast is cut off by a fault, which Mr. Hague has called the Jackson 
fault. This fault brings it in contact with the Pogonip limestone lying 
to the east of the Jackson hoisting-works. Its width on the surface is 
from 800 to 2,000 feet. It shows few signs of stratification on the liill 
itself, and is usually a compact, highly crystalline, grayish limestone, 
and is much weathered. 
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The shale first makes its appearance at the Albion mine; it follows 
round a promontory of limestone, which extends nearly 1,000 feet to 
the north, and narrows down to a point in the lower part of the town, of 
Euby Hill before reaching the fault to the east. The shape of this shale 
body is very irregular; it is widest to the north of the Eichmond hoist­ 
ing-works, where it attains a width of 2,400 feet, and narrowest, except 
where it comes to a point, north of the above-mentioned promontory. 
Its course is nearly east and west, and its dip northerly. The angle of 
dip of its stratification varies greatly. It sometimes reaches 45°, but is 
frequently as small as 25°. It may be as well to state here that nowhere 
on Kuby Hill does the dip of the stratification of any of the three forma­ 
tions correspond with the dip of their planes of contact. In other 
words, the strata of these three formations do not conform to each other 
iu their present position in the mines, though no doubt they were origi­ 
nally laid down conformably. This lack of parallelism is peculiar to the 
region of Euby Hill, and is due to faults which in many places have 
followed the contact of different formations. It bears upon the occur­ 
rence of the ore-bodies only as an indication of structure.

The subterranean structure of Euby Hill (a) presents features of unu­ 
sual interest to the geologist and miner. The underground explorations 
have been very extensive, but they have not been so complete that it 
has been possible to trace the contacts of the different rocks in every 
instance, and in making the maps which accompany this report it has 
often been necessary to calculate the position of points not actually 
exposed.

The mam formations of Euby Hill are an underlying mass of quartz- 
ite, a broad zone of mineral limestone, and an overlying belt of shale, 
all of which have been tilted so that they stand at an angle of about 
40°, *this angle being somewhat greater in the upper than in the lower 
workings of the mines. That these strata should pitch at a smaller 
angle as they approach the valley is naturally to be expected. Begin­ 
ning at the Jackson mine, the most southerly location on the mineral 
zone, the strike of these formations is to the north, but their course is 
soon deflected towards the west, until, in the Albion mine, the most 
northerly, they strike nearly east and west. Their course underground 
resembles in its general outlines that on the surface, though there are 
many irregularities and frequent breaks caused by faults. As far as 
the deepest workings have penetrated, namely, to a depth of 1,200 feet 
in the Eichmond, the average dip of the contact of the quartzite and 
limestone has been found to be about 40°. Near the surface the

alt should be mentioned that Ruby Hill proper stops at the divide south of the 
Eureka hoisting-works, and that the Jackson and Phoenix mines are on spurs of 
Piospect Mountain. The term Euby Hill mines, however, will be used in this report 
as including the Jackson, Phoenix, K. K., Eureka, Richmond, and Albion, the six 
mines that are situated on that belt of limestone included between the ojuartzite and 
shale.
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angle of dip is much less, as the highest point of the quartzite seems to 
be at the crest of an anticlinal fold. The line of contact between 
quartzite and limestone on the southwest slope of Euby Hill would be 
very near the top of this anticlinal. There is no regularity about the 
dip of this contact, and there are but few places along its surface where 
a cross-section would show that the dip remained constant for any con­ 
siderable distance 5 in fact, in several instances the quartzite pitches 
back, or towards the southwest. Besides smaller irregularities in the 
quartzite, there are three large protrusions along the course of this con­ 
tact, which occur respectively in the Phoenix and K. K., in the Eureka, 
and in the Richmond. They are distinguishable on all levels from near 
the surface down to a depth of a thousand feet or more. Along the 
line of dip of this same contact there is a great depression several 
hundred feet in vertical extent, which occurs at about the same depth 
in all the mines, and which combined with the undulations along the 
line of strike forms large basins of an oval shape. These basins are 
intimately connected with the ore-bodies, and will be referred to later. 
The central surface between the limestone and shale, like that between 
the quartzite and limestone, is very irregular, but there seems to be 
little similarity between them, owing to the presence of a fault. This 
fault has had a very important bearing upon the structure of the min­ 
eral zone, as well as upon the ore-deposits themselves. Beginning at 
the southeast, it is first to be observed in the American shaft, which is 
about 25 feet deep, and is situated a few hundred feet south of the Jack­ 
son hoisting-works. The course of the fault from this point is a little 
west of north, and, although not perceptible on the surface, passes 
west of the Jackson hoisting-works, and can be seen in the workings 
of that mine. From here on it changes its course to the northwest, and 
were it not for the debris could no doubt be seen northeast of the 
Phoenix shaft. It passes northeast of the Eureka and K. K. shafts, 
but must be very close to the latter, and is plainly visible near the 
mouth of a tunnel run southwesterly to connect with the Bell shaft. 
The last place where it can be observed on the surface is near the Rich­ 
mond office. Although this fault is not continuously traceable above 
ground, owing to the debris, its existence is fully established by the 
fact that it is encountered at numerous points in the underground 
workings of the various mines. The average dip of the plane of this 
fault is about 70° northeasterly, and it is of remarkable uniformity, 
scarcely ever varying 5° one way or the other. Its course also is ex­ 
tremely direct, with the exception of the bend between the Phoenix 
and Jackson. This fanlt is marked by the presence of a fissure filled 
with clay, which is widest in the Jackson and Phoenix mines, where in 
places it measures as much as 15 feet. In these two mines it is filled 
with rhyolite, which is usually much decomposed, but, owing to the mica 
aud smoky quartz which it contains, is still easily recognizable. In fol­ 
lowing the fissure westward the clay is found to be more calcareous,
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and in the K. K. and Eureka mines positive evidences of rhyolitic 
character are lost. In the Richmond mine the fissure is narrow, and, al­ 
though a distinct and well-defined seam, is only a few inches wide. The 
clay has here lost its plastic nature, and is a tough calcareous substance, 
the product of the attrition of the two limestone walls.

A minute description of this widely extended fissure is not needed in 
this abstract, but as it has an important bearing upon the structure of 
the whole of Ruby Hill, and is to be looked upon as the main fissure, its 
principal features require mention. A proof of its comparatively recent 
formation is the fact that it faults all the formations with which it 
comes in contact, but is itself nowhere faulted or dislocated. From the 
faults which it has caused in the shale and other rocks it is evident that 
the country southwest, or on the foot-wall side of this fault-fissure, has 
been raised many hundred feet above its original position. In the 
Eureka mine this distance is certainly over 1,400 feet, and may be much, 
more. In the Jackson it is somewhat less. At the time of the uplift 
which produced this fault another and secondary fissure was formed 
along the contact of the quartzite and limestone, and the quartzite was 
raised higher than the limestone, giving rise to the formation of a lime­ 
stone wedge between the quartzite on the one hand and the main fissure 
on the other. The dip of the quartzite contact does not greatly exceed 
40°, while the dip of the main fissure is over 70°. The two surfaces of 
motion therefore approach each other, and the line of junction is exposed 
at various depths in the lower workings of the mines up to about the 
"compromise line." To the northwest of this line the lowest workings 
have not as yet reached the junction. As the dip of the main fissure 
is over 70° and that of the quartzite contact bnt 40°, it is evident that 
this fissure, if it continues—and there is no reason to suppose that it 
does not—must at some time enter the quartzite. The crushed condition 
of the limestone wedge is due to the upward movement of the south­ 
western country against the hanging wall of the main fissure.

Up to the present time all the ore of any importance taken from 
Ruby Hill has been extracted from the country southwest of the fissure, 
between it and the quartzite. The limestone northeast of the fissure, or 
the "front limestone," as it is called, although it has been considerably 
prospected, has yielded no remunerative ore. An examination of the 
vertical cross-section of the Eureka mine will explain the relative posi. 
tions of the two fissures and the limestone and ore between them. This 
section is also typical of the relations of the formations to each other in 
all of the mines southeast of the Eureka.

It has already been mentioned that two belts of shale, only one of 
which appears at the surface, exist on Ruby Hill. If the geological 
map. of Ruby Hill, published by Mr. Hague in the preceding report of 
the Director, is examined, it will be noticed that the shale and limestone 
contact on the surface lies at a considerable distance northeast from the 
Jackson,' Phosnix, K. K., and Eureka mines. Taking into account the
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general dip of the shale on the surface, and that of the same rock where 
it is encountered below, it is at once apparent that the two must be dis­ 
tinct masses. On the third aud fourth levels of the Jackson mine, in 
the cross-cuts to the old shaft, a body of shale upwards of 100 feet thick 
is encountered, which lies on the east side of the main fissure and dips 
away from it. This shale has been faulted and the portion west of the 
fissure has been raised. It has for the most part subsequently been 
removed from the surface by erosion, but can still be found in a west­ 
erly cross-cut 25 feet from the top of the American shaft. Here it occu­ 
pies the position where it was to be expected, namely, on the west side of 
the fissure. This is the only known place where this shale is to be 
found close to the surface. The same shale is found on the sixth level of 
the Phcenix, and in several places in the lower workings of the Eureka, 
but can best be observed in the cross-cut to the Locan shaft (a) on the 
twelfth level of the latter mine. It lies always on thenortheast side of the 
fissure, the south western portion havingbeen carried upward by thefault. 
At this point the southwest or contact fissure and the northeast or main 
fissure come together, the filling consisting only of a narrow seam of ore 
and broken limestone. A radical change in the structure of the country 
takes place in the neighborhood of the compromise line. The quartzite 
with the accompanying contact fissure bends towards the west until the 
Eichmond shaft is passed, when a narrow strip of quartzite together 
with this fissure branch off into the limestone in a northwesterly direc­ 
tion. This narrow band of quartzite, with the phenomena attending it, 
is described hereafter. The main fissure, however, continues on its 
normal course, and passing through the Eichmond 'enters the Albion 
ground. From below the ninth level of the Eureka down to the deep­ 
est workings this fissure is in contact with and lies on the southwestern 
side of the underground body of shale. From the point on the little 
tenth level of the Eureka where the shale is first encountered, to a 
point a little northwest of the compromise line, this rock is in contact 
with the fissure. At the latter locality the shale bends sharply to the 
northeast, but soon again resumes its northwest course, and'stratified 
limestone intervenes between it and the main fissure. This stratified 
limestone is found between the fissure and the shale everywhere in the 
Eichmond and Albion mines below the Eichmond fifth level. Where 
found above the fifth it is again in contact with.the shale. In descend­ 
ing from the fifth level this stratified limestone widens, owing to the fact 
that the fissure pitches about 70°.to the northeast, and the contact of 
the shale and stratified limestone dips at a smaller angle in the same 
direction. Virtually the same conditions exist on the Eureka tenth 
and Eichmoud seventh levels as prevail on the Eureka little tenth and 
the Eichmond sixth.

Through the faulting and twisting incident to the upheaval, the 
lower belt of shale has been brought into contact with the upper or

a This shaft appears on Mr. Hague's map as the Eureka Consolidated new shaft.
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surface shale somewhere near the " compromise" line. At exactly what 
point this junction takes place it is a difficult matter to determine, 
owing to the insufficiency of the explorations and the brokeu character 
of the ground, but it is evident that there is a junction, ac» will be seen 
if the surface map is compared with the underground sections. If the 
shale is traced from the point where it is found on the tenth level of the 
Eureka, near the main incline, past the compromise line into the Eich- 
mond seventh, and from the seventh to the sixth, and so on up to the 
fourth, ami thence through the shaft to the surface, the continuity of 
shale from the lowest workings of the Eureka up to the place where it 
conies to the surface back of the Richmond hoisting-works is established. 
But, ou the other hand, if it is followed upward from the place where it 
is exposed in the cross cut to the Locan shaft along the line of its con­ 
tact with the fissure, it is lost sight of above the little tenth level of the 
Eureka. • If it followed the fissure, it would be found on the surface 
about 800 feet southwest of the Locan shaft. But the shale on the surface 
lies over 300 feet northeast of that shaft. There is no other shale on the 
surface between the Locan and Lawton shafts, and none whatever in the 
formerdown tothepresentdepth attained, namely, 1,050 feet. The shale 
ou the surface, however, north of this shaft can be followed around to the 
south of the Eichmond shaft, so that the two masses of shale must be 
connected somewhere below the Locau shaft, being snnk in the limestone 
between them. It is certain that the shale in the lower levels of the 
Eureka is a separate body, which, through the uplift of the country 
lying southwest of the great fissure, has been dragged into contact with 
the upper shale somewhere near the compromise line. It is almost cer­ 
tain that this lower shale is the same as that found in the deeper work­ 
ings of the Phoenix and Jackson.

Northwest of the A. C. line (the line which separates the Albion from 
the Kichmond) the shale does uot present any remarkable features. Its 
contact with the limestone is irregular as usual, aud there are occasion­ 
ally intruded masses of it in the body of that rock. South of the Albion 
shaft it is in close proximity to the quartzite, touchiug it in places.

The time aud manner of the formation of the main fissure and its sub­ 
sequent filling either with rhyolite or clay axe matters of very great 
importance as regards the history of the mineralization of the limestone 
between the quartzite aud the fissure, and the prospects of finding ore 
either at a greater depth or by prosecuting developments in the front 
limestone, as the limestone has beeu called which lies northeast of the 
main fissure, and which, although it has in many places the appearance 
of ore-bearing rock, has hitherto been found unproductive, all the ore 
having been obtained from the limestone wedge between the main fis­ 
sure and the quartzite. It is true that the prospecting done in the front 
limestone has not been sufficient to prove that it contains no ore bodies, 
but it has been sufficient to discourage search in that direction. The 
front limestone does not differ in any material respect from the lime- 
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stone which is found on the southwest side of the fissure, but it has not 
been crushed and disturbed to the same extent as the latter. It is 
usually dark colored and signs of stratification are rarely visible. Ifear 
the fissure this limestone is usually much crushed. The differences be­ 
tween the front limestone aud the other are not sufficient to warrant 
the belief that the two do nofc belong to the same body.

The quartzite in the fonr mines southeast of the Richmond shaft ap­ 
pears to be substantially a solid mass, many hundred feet in thickness. 
Its contact with the limestone is very irregular, and the rock near this 
surface is often displaced to a greater or less extent by faults, but it is 
comparatively easy to explam these irregularities and to account for 
the phenomena that are exhibited. Not so, however, with the quartzite 
in the Richmond aud Albion ground northwest of the working-shaft of 
the former mine. The horizontal section, 900 feet below the top of the 
Richmond shaft, shows the relative positions of the three formations at 
that depth, and it can also be taken as typical of the upper levels of 
the Richmond miue. The explanation of the occurrence of this quartz- 
ite, and of the manner m which it was brought into its present posi­ 
tion in this part of the hill, is a matter of great difficulty, partly owing 
to the absence of sufficient explorations in the neighborhood of the 
Richmond shaft, and partly on account of the complex character of the 
movements which have taken place.

The quartzite on entering the Richmond ground, from the Eureka, 
bends around towards the west, as has already beeu stated, aud lorms 
a promontory which pitches to the north. This rock is first encountered 
in the Richmond shaft at a point about 30 feet above the seventh level, arid 
the shaft continues in quartzite down to the deepest point reached, 
namely, a perpendicular distance ftom the surface of l,iJ30 feet. The 
fissure which branches off into the limestone with the uarrow band of 
quartzite is apparently identical with the contact fissure found between 
quartzite and hmestoue in all of the mines southeast of the Richmond. 
It is to be seen on all of the levels of the latter mine wheie the woik- 
ings have been pushed sufficiently to the .-outh and west, but is partic­ 
ularly well developed on the second and fourth, where it has been fol­ 
lowed until it disappears 111 the northwest poition of the Albion ground. 
The most remarkable feature connected with this fissure is the tact that 
it is accompanied by quartzite. In the upper levels this quaitzite is 
very thin, seldom exceeding ten feet, and often less, but in the lower 
levels it is much wider, leaching a breadth of 80 feet on the Richmond 
niuth level. Its junction with the main body of qiiai tziteis not clearly 
shown on any of the levels, but it is considerably northwest of the shaft 
in the upper levels, aud gradually approaches the shaft as depth is 
reached until on the ninth level it is at about the point sho\vn on the 
horizontal section. The fissure is plainest on the upper side of this nar­ 
row belt of quartzite, but a parting is nevertheless distinguishable in many 
places on the under side. There aie several cro.-.s-faults and undula-
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tions in this quartzite, which'were probably produced by the upheaval 
whir.h formed the main or rhyolite fissure. At several points on differ­ 
ent levels, cross-cuts have been driven through this quartzite into what 
has been called the "back limestone," or the limestone which lies south­ 
west of the thin belt of quartzite. It differs in several respects from 
the limestone which is encountered between the quartzite and shale. 
It is dark-colored, breaks with an angular fracture, has a somewhat 
glassy appearance, and its planes of cleavage contain quartz and cal- 
cite. It is a highly metamorphosed and somewhat silicifled limestone. 
Jts appearance is characteristic, and it is easily recognized wherever 
found. Specimens taken at a depth of 900 feet are not distinguishable 
from those taken at 400 feet.

It seems most likely that the occurrence of this narrow band of quartz­ 
ite is due to a fault or to a succession of faulting movements which fol­ 
lowed the line of the accompanying fissure, and that it originally formed 
part of the main body of quartzite which must here underlie the lime­ 
stone. It is altogether improbable that it constituted a distinct bed of 
quartzite laid down upon the back limestone. In this case some indi­ 
cation of its existence would have been noticed in other parts of Ruby 
Hill.

If Mr. Hague's map of Euby Hill published with the report of the 
Director for the year ending June 30,1882, is consulted, a line marked 
" pipe-line," about 2,400 feet south-southeast of the Jackson hoisting- 
works, will be seen. This line corresponds almost exactly with the fault 
which further to the north cuts off the Hamburg limestone and shale, 
and which has been called the Jackson fault. Along this fault several 
overflows of rhyolite are noticeable. The main fissure of Bnby Hill, the 
one containing rhyolite, joins the Jackson fault somewhere sotith of 
the American shaft, but at exactly what point has not as yet been 
determined, the surface of the ground being covered by de~bris and the 
underground developments inconsiderable. . The cross-cut run in a 
southwest direction from the bottom of theAmerican shaft (25 feet deep) 
which is sunk in limestone, shows the relative positions of the forma­ 
tions in this part of the hill. In this cross-cut, 16 feet from the shaft,, 
the fissure containing rhyolite is encountered. At this point there is 
limestone resembling the Pogonip beds, on the northeast side of the 
fissure and interstratified limestone and shale on the southwest. The 
shale and stratified limestone continue for 134 feet, and to within 10 feet 
of the quartzite. These 10 feet are taken up by crushed limestone.

In the Ruby-Dunderberg mine on Prospect Mountain, which will be 
described fully in the memoir to follow this report, there is a rhyolite 
diUo Nimilar to that of the Jackson and Phoenix. In all of these mines 
oro lias been found in contact with and below the rhyolite in the lime­ 
stone, but has never been found on.the opposite side of it. This fact 
would not necessarily prove that the dike is older than the ore bodies, 
for these might occupy their present relation to it in consequence of a
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fault, but the manner in which the ore is deposited oil the rhyolite. 
showing no signs of having been disturbed, and the fact that the rhyo­ 
lite does not in any plaee contain inelosed fragments of ore, though it 
often contains country rook, go to prove that the eruption occurred be­ 
fore the depositiou of the ore, and that it did not fault the ore bodies. 
Another fact tending to prove the subsequent formation of the ore is the 
extreme decompositiou of the rhyolite through the ore-bearing region, 
which was almost beyond doubt brought about by the chemical action 
attending deposition of ore. It appears therefore that the subsequent 
deposition of the ore, if not proved absolutely, can at least be regarded 
as a strong probability. As the rhyolite eruption possibly covered a con­ 
siderable period, it is not improbable that there have been overflows of 
that rock, since the beginning of the ore formation, at some points in 
the district.

OCCURRENCE OF THE ORE.

The ore deposits are found in the form of irregular masses distributed 
in the limestone. In shape they differ greatly, and although in many 
cases the term lenticular can be applied to them, it, certainly cannot 
always be used. The word "pipe" very often expresses their form. 
They do not seem to follow any particular direction either as regards 
dip or strike, and at first sight they appear to be distributed through­ 
out the ore-bearing formation without any regularity. This, however, 
is not wholly the case, and although no well-defined law can be found 
governing their occurrence, this is connected with that of certain phe­ 
nomena in the country rock, such as fissures, caves, and broken lime 
stone.

Both Prospect Mountain and Euby Hill are traversed by numerous 
fissures or faults They usually follow the comse of the axial plane of 
the anticlinal fold and dip away from it. There are, however, a great 
number of cross fissures. The first kind seem to have been faults 
accompanied by upward movements, while the others show that there 
has been lateral as well as vertical pressure exerted during their for­ 
mation. As a rule these fanlt-fissures are mere seams, although they 
may extend several hundred feet in every direction. Sometimes, how­ 
ever, they are open, and have been enlarged by the action of water. 
These open cracks are often filled with boulders broken from the walls 
and debris washed in from above. They occasionally contain ore, and, 
in several cases, assume the appearance of fissure veins. A notable 
example of this is the west ore body of the Richmond mine, which 
begins in the Tip Top claim and extends down to the Potts chamber on 
the compromise line. The oie, however, does not always fill the fissure, 
which in many places is a mere seam, but is found in enlarged open-
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ings on either side of it. Caves are found in many places in the lime­ 
stone and are of frequent occurrence in connection with ore bodies. In 
fact no large ore bodies have been found without having caves over 
them. They resemble all caves found in limestone, and have been pro­ 
duced by the solvent action of water carrying carbonic acid upon the 
limestone. The waters passed through fissures and cracks, enlarging 
them, and dissolved the limestone, especially where it was crushed and 
broken. This action was naturally most considerable at those points 
where the best opportunity was afforded for the free circulation of the 
water, and as the limestone was not uniformly shattered, and as the 
different kinds did not offer equal resistance, the openings formed were 
of a very irregular character. The roof and sides of the caves are 
usually covered with aragonite crystals, but at times they are entirely 
bare and only show the effect of the dissolving action. In some of 
these caves aragonite crystals are still forming. In the neighborhood 
of fissures and seams the limestone is often crushed to a powder, or is 
broken into fragments, which are occasionally cemented together by 
calcite, forming a breccia. This fissnred and crushed country gave 
ingress to waters both from above and below. The surface waters, 
owing to the carbonic acid which they contained, had a solvent action 
upon the limestone, and those from below carried in solution ores which 
were at least in part substituted for the limestone. The waters from 
both these sources had the effect of removing limestone. The question 
whether the caves were formed wholly or in part before the deposition 
of the ore, during its deposition or after it, cannot be discussed within 
the limits of this abstract, but it may be stated as certain that a great 
portion of the ore in these ore bodies was directly substituted for the 
limestone. It is safe to say that every ore body is in some way con­ 
nected with a fissure. In by far the greater number of instances this 
fissure has led to the discovery of the ore body, or its existence has been 
exposed in the workings subsequent to the discovery, and the inference 
is fair that in the few cases in which no fissure has been found thorough 
exploration would disclose one.

The ore in the upper part of the chambers is mostly in a loose state, 
sometimes in layers or strata. It is usually covered by layers of sand, 
gravel, and boulders of variable thickness, and from the position that 
the stratified portion occupies it is difficult to believe that it was brought 
into its present place in any other way than by water. It is not meant 
that it was washed in from the surface, but that the material has been 
rearranged by the flow of underground streams. In the lower part of 
the chambers the ore is more compact, and usually appears as if it oc­ 
cupied its original position. Ore bodies are frequently connected to­ 
gether by small pipes and seams, or by fissures containing iron oxide 
and a little ore. The ore-bearing limestone itself is often stained with 
ferric oxide for a considerable distance from the deposits themselves. 
On Euby Hill, in the mines lying southeast of the compromise line, the
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ore is usually found lying in the limestone at or near its contact with 
the quartzite. It is not, however, confined to this zone entirely, but 
sometimes forms large chambers over a hundred feet in width, length, 
and depth in the mam mass of limestone, and occasionally extends to 
the main northeastern fissure. Northwest of this line the ore has been 
found on the quartzite in only one place, viz., the Eichmond mine, near 
the Eureka boundary. It has already been remarked that the quartzite 
and limestone contact in the Bichrnond ground bends around to the 
west, and the fissure that accompanies it continues with the narrow band 
of quartzite on its normal northwest course. Parallel to this fissure there 
is a system of fissures which extend from near the surface at the Tip 
Top incline down to the tenth level of the Eichmond mine. These are 
accompanied by ore chambers which form an almost continuous body 
down to a point a little below the seventh level of the Richmond mine. 
Below this point no ore has been found in this part of the mine, although 
there is a well-defined fissure extending to the tenth level. This fissure 
may or may not belong to the system which occurs above connecting 
the ore chambers. It is nevertheless sufficiently well developed to show 
that it is the main northeast fissure. It appears at the winze on the 
ninth level on the horizontal section, Plate XXXI. These connected 
ore chambers have been called the " west ore body." One of the most 
famous of the members of this series is the Potts chamber, most of 
which lies between the fifth and sixth levels of the Richmond, it is 
also connected with the series of ore bodies which are found at the con­ 
tact of quartzite and limestone in the Eureka ground.

The east ore body begins near the surface in the neighborhood of 
the compromise line, and is also more or less intimately connected with 
a system of fissures. It pitches north, and as depth is attained reaches 
into the Albion ground. It lies over and northeast of the west ore body, 
and does not in any place connect with it or with the quartzite. A por­ 
tion of this deposit can be seen in the cross-section of the Eichmond mine, 
PlateXX XII. From the description given of the series of deposits in the 
mines southeast of the Eichmond shaft, it will be seen that they are all 
comprised between a contact fissnrc on the quartzite and a fissure which 
faults both the Prospect Mountain limestone and an intercalated bed 
of shale. Also that, at various depths varying from 500 to 800 feet, these 
two fissures come together, forming a distinct and well-defined lode, 
but a few feet in width, which is mostly filled with clay, though ore is 
found in it in several places. It appears, also, that the deposits are 
connected with fissures and ore channels, which themselves connect 
with either one or the other of the main fissures, and in some few cases 
with both, and that the limestone wedge between these two fissures is 
so iriuch crushed and broken that it differs very materially, in its phys­ 
ical characteristics at least, from the limestone forming the hanging 
wall. It will be noticed that the shale has had nothing at all to do with 
the arrangement of the ore between the hanging and foot-wall fissures.
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In that part of the ground northwest of the Eichmond shaft the gen­ 
eral conditions arc somewhat changed. In this region there is also a 
southwestern fissure here accompanied by a thin baud of quartzite,and 
a plainly defined northeastern fissure, dividing the ore-bearing lime 
stone from the sliale in the upper workings and from the stratified lime­ 
stone 111 the lower levels. Here also the limit of the ore-bearing region 
is not defined by the shale but by the northeastern fissure, as is shown 
by the absence of any ore in the stratified limestone which occupies 
the interval between this fissure aud the shale. These two fissures, 
however, are very far apart, and although their difference in dip indi­ 
cates that they approach one another, they may never meet. More­ 
over, there has never been any connection made apparent between them 
and any of the ore bodies which have been discovered, except near the 
compromise line. Nevertheless, it is but reasonable to suppose that as 
the two principal fissures in the Eichmond are identical with those in 
the Eureka aud other mines, they will likewise come together, and that 
conditions similar to those which exist in the southeastern portion of 
the ore-bearing zone will eventually be found.

THE SOURCE OF THE ORE.

One of the most important inquiries connected with the geology of 
the Eureka district relates to the source of ore; for a successful and 
detailed solution of this problem would afford valuable information in 
the search for further deposits, besides possessing great scientific inter­ 
est. It cannot be claimed that a complete solution has been found, but 
it is believed that the evidence points clearly in one direction, and that 
the probabilities indicated are not without practical value.

Had the ore been deposited simultaneously with the marine beds, 
either in its present form or in regular strata, and afterwards been 
brought into its present position by the upheaval of the inclosing rocks, 
its relations to the latter would have been greatly modified, and it would 
have been found mingled with masses of shattered limestone. A few 
cases occur, indeed, in which ore and limestone boulders are mixed 
together, but these are rare and are due to local causes which have 
come into play since the general upheaval.

It is conceivable that the ore should have been deposited in small par­ 
ticles with the limestone and afterwards segregated into nearly isolated 
bodies either by chemical or mechanical agencies; but a thorough exam­ 
ination of all the varied kinds of limestone composing the metalliferous 
zone of Euby Hill at the present time fails to give any evidence which 
would sustain this supposition. It is hardly possible to imagine a seg­ 
regation, either chemical or mechanical, so complete that scarcely more 
than a trace of the precious metals, no lead (as far as any tests which
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have been applied could detect it), and but a small percentage of iron 
were retained in the least metamorphosed rock of the limestone zone. 
Yet such must, have been the case if this theory were true. Numerous 
and careful assays have revealed the fact that the least metamorphosed 
limestone is that which carries the smallest percentage of the precious 
metals.

The fact must not be lost sight of that iron oxide forms the gangue 
of the ore bodies, and that nearly one-half of the ore is composed of 
this mineral, the other portion being made up of lead, arsenic, sulphur, 
zinc, carbonic acid, silica, etc. The first four of these substances do 
not seem to occur in the least metamorphosed limestone and only ap­ 
pear in the more altered limestone in small buuches and seams iu the 
neighborhood of ore bodies. Although the periods at which these 
different minerals were brought into their present position may have 
been separate and distinct, a point as to which there is very little evi­ 
dence one way or the other, it is improbable that some of them should 
have been segregated from the country rock and others should either 
have been washed into the ore chambers from above or brought up in 
solutions from below. There is a large block of ground on the sixth level 
of the Eichmoud, which is distinctly stratified, though the strata are 
much bent and twisted. If the limestone were the source of the ore, it 
should be possible to obtain evidence of the factfro'm this comparatively 
fresh rock, which would contain a larger percentage of metals than the 
material from which the ore had been extracted. The fact is, however, 
that it contains only a very minute quantity of the metals. The highly 
altered limestone, on the other hand, contains notable quantities of the 
metals, and these relations seem to show conclusively that the metallic 
contents of the limestone are not an original component, but an impreg­ 
nation from the ore bodies. In the Eichmoud mine careful assays were 
made of the limestone on two lines leading up to a lajige ore body. 
Although these assays do not show a uniform increase of silver as the 
ore bodies are approached, they prove that the limestone in the neigh­ 
borhood of the ore is richer than that at some distance from it. The 
want of regularity iu this increase is owing to the fact that there is no 
uniformity in the character of the limestone. As has been explained 
before, the limestone is far from uniform, and many different varieties 
are found within a short distance. Nor has it been possible to fix on any 
particular kind of limestone which is to be regarded as the richest or 
poorest, its contents in the precious metals bearing no relations to its 
physical properties.

Was the ore segregated from the country rock on either side of the 
mineral zone? Most decidedly not from the shale. That rock is no­ 
where found to carry more than a trace of silver or gold. That the ore 
came from the quartzite is also unlikely, although silver, gold, and lead 
have all been found in it. Ores were never obtained from this rock in 
paying quantities, and occurred chiefly in small seams and fissures,
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though the mass everywhere contains faint traces of gold and silver. 
It does no.t seem probable that the large bodies of ore found in theEuby 
Hill mines came from the quartzite, at least by lateral segregation or 
infiltration. It has been explained that there has been considerable 
motion of the qnartzite upward against the limestone along a fissnre 
which contains a great deal of clay. This fissure, as has been shown, 
existed before the ore bodies were formed, so that all the ore, if it was 
derived from the qnartzite, must have passed across this fissure and clay. 
It seems incredible that if this were the case the ore should not have 
been concentrated on the foot-wall side of this fissure, and should have 
traversed the clay, and in some cases hundreds of feet of limestone, to 
deposit itself near the northwest fissnre.

The most probable supposition is that the ore came from below. It 
is impossible to suppose that the ore was introduced from above, for 
none of the rocks which, may have covered the present surface contain 
any heavy metals. In the first place, as it was not washed in from the 
surface, was not deposited either in masses or particles equally distrib­ 
uted through the country rock and afterwards segregated into bodies, 
and was not secreted either from the external limestone and shale or 
from the quartzite, there is but one source from which it could have 
been derived, namely, from below. It has already been remarked that 
the ore bodies are almost invariably connected with fissures and also 
with each other. The character of these fissures and their connection 
with caves and ore chambers seem to prove that they were the chan­ 
nels through which the ore was bronght into its present position. In 
all probability it entered in the form of solutions brought about by the 
solfataric action con sequent upon the eruption of rhyolite. Erom exactly 
what source the solutions derived the metals they contain cannot be de­ 
termined with absolute certainty, bnt it is likely that water coming in 
contact with the rocks heated by volcanic action decomposed them to a 
considerable extent, and dissolved out metals which were afterwards pre­ 
cipitated in the upper and cooler portion of the ground, where an oppor­ 
tunity was afforded for free circulation and precipitation. It must be 
remembered that the dissolving power of these waters was immeasurably 
increased by heat and pressure. That many of the channels through 
which these solutions passed should at present show bnt few signs of ore 
is not strange, as solutions flowing quickly through crevices would not 
deposit anything, and would be more likely to wear away the rock itself 
than leave a precipitate. Mauy of the original channels have no ,doubt 
beeja closed by the pressure of the rock in which they existed. In the 
Eureka and other mines south of the compromise line these channels 
were for the most part connected with the fissure on the quartzite down 
to the level at which the fissures met. In the Eichmond no connection 
has as yet been found between the two prominent ore channels, or 
between these and the two main fissures between which they lie.
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THE OEK.

The ores of Prospect Mountain and Euby Hill are of almost identi­ 
cally the same character. They consist principally of the hydrated 
oxide of iron, mixed with carbonate of lead, sulphate of lead, galena, 
molybdate of lead, arsenical compounds, and some zinc (probably in the 
form .of carbonate), with small quantities of quartz and carbonate of
-lime, and carry small percentages of silver and gold. These are the 
ores as they are found above the ordinary water level, and also in cer­ 
tain places below it. They are the oxidation products of galena, blende, 
pyrite, and arsenopyrite, with small quantities ot other sulphides and 
.arsenides. The sulphate of lead represents an intermediate stage in 
the process of change from galena to lead carbonate. It occurs as a 
heavy, compact mass, surrounding nodules of galena, and is the prin­ 
cipal lead mineral in the " yellow carbonate" of the mines, which is 
chiefly a mixture of lead sulphate and hydrated oxide of iron The 
carbonate of lead is found in an earthy state, in compact masses, and as 
aggregations of gray and white crystals. Dark colored masses of these 
crystals are known as " sulphurets" by the miners. The molybdate of 
lead occurs in the form of very perfect tabular crystals, the dimensions

-of which sometimes reach one inch. It is principally confined to the 
Ores of Euby Hill. The iron is mostly found as hydrous oxide, sometimes 
earthy and sometimes compact, but an iron silicate also occurs. The 
carbonate, either with or without lime, is not very common. Zinc 
occurs in the ore in small quantities, probably as carbonate, and blende 
is also occasionally met with, but not in compact masses. The galena, 
"black carbonate" (sulphate of lead), and gray carbonate ores are those 
which carry most silver. The galena often assays as high as $150 per 
ton, and black carbonate has fiequently been found on Prospect Mount­ 
ain which contained several hundred dollars. A portion of the silver 
also occurs as chloride. The red oxide of iron ores, and those coutain-

.ing quartz, with some vaiieties of yellow carbonate, are relatively the 
richest in gold. A grayish variety of quartz from the Eichmond has 
been found to assay over $300 to the ton. A somewhat remarkable 
fact is that the ore near the quartzite and limestone contact, taken as

. a whole, is relatively the richest in gold. The proportion of the gold to 
the silver diminishes as depth is attained. The old theory that quartz 
is the matrix of gold seems to be sustained in this instance. Sui round- 
ing the ore bodies, crystals of anhydrite are often found, resulting from 
decomposition of the pyrite and calcium carbonate. Gypsum is also

-seen, though it is very rare in the Euby Hill mines.



FUTURE OF RUBY HILL.

The workings in the mines of Ruby Hill have at present reached a 
depth of over 1,200 feet, the deepest point being the bottom of the 
Richmond shaft. The lowest workings of the Eureka are 200 feet higher 
than the bottom of this shaft. From the lower workings of the latter 
mine, up 200 feet, the ground has been flooded for several years. The 
water rises 150 feet in the Richmond shaft but remains at that point. 
From this it will be seen that there is a difference in water level of 250 
feet between the two mines. The surplus water from the twelfth level 
of the Eureka flows down a winze to the Bichmond ninth, 70 feet below, 
and finally reaches a permanent level in another winze 180 feet deeper. 
In the Eichmond mine no ore has been found below the ninth level, 
900 feet from the surface, so that it cannot be determined with certainty 
what its mineralogical character may be below the water level. In the 
Eureka mine, however, bodies of sulphurets have been found on the 
twelfth level, so it is but reasonable to suppose that a change has begun 
to take place in the nature of the ore. That such a change should occur 
at the water level is to be expected. It is probable, however, that this 
«hange is merely a transition from an oxidized to a sulphuret state. 
The fact that the water from the Eureka can be said to disappear in 
the lower levels of the Richmond proves that there are large openings 
below, and that the broken character of the country continues under the 
present workings. Although this is not a positive sign of the existence 
of ore, yet it is evidence of the similarity of the structure of this ground 
to that which contained ore bodies above.

The limestone in the lower levels of the Eureka below the lower belt 
of shale on the northeast side of the fissure is beginning to widen out. 
This limestone corresponds4 to the ore-bearing limestone above, and 
there seems to be no reason why it should not offer favorable conditions 
for the deposition of ore. Nevertheless, it is by no means a certainty 
that ore exists in the deeper portion of this limestone, and proof of its 
presence can only be obtained by actual exploration.

That the various companies owning these mines are fully justified, in 
view of the former enormous production and the probabilities of finding 
ore, in prosecuting a diligent although expensive search at this depth 
seems to be beyond question.

261
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POPULAR FALLACIES REGARDING PRECIOUS-METAL
ORE DEPOSITS.

BY ALBERT WILLIAMS, JR.

INTRODUCTORY.

The tendency to generalize from incomplete data is a failing to which 
the practical miner, in common with the theorist, must sometimes plead 
guilty. The latter is often too ready to formulate a law from a narrow 
range of observation; too prompt m offering an explanation for each 
new phenomenon. The former, whose work brings him in contact with 
varied occurrences in nature, rightly enough forms his conceptions and 
expectations from what he has seen and knows—and he is indeed a keen 
observer—but often reasons from too limited a base line. On the one 
hand, the study of mineral deposits has been clogged by a mass of pre­ 
mature hypotheses; on the other, the search for and development of 
mines often have been conducted under the bias of preconceived preju­ 
dice. Besides the unconscious and ineradicable reliance on a priori 
methods and doubtful analogies, there is another important source of 
error which is common to all branches of inquiry. Some one puts forth 
a suggestion; it may be the sheerest piece of guesswork, but it finds its 
way into print, floats with the current literature of the subject, and by 
virtue of iteration becomes accepted as fact without perhaps ever hav­ 
ing been seriously scrutinized. These are the causes which explain 
most of the popular misconceptions that have gained circulation regard­ 
ing precious-metal deposits.

The work of the mining geologist in large part consists in demolition; 
in clearing away the rubbish of overthrown errors to obtain foundation 
room on which slowly to build a sound structure; iu sifting and weigh­ 
ing a mass of speculations in the search for material. On the practical 
side, the progressive miner learns that the features of a single district 
or of a few localities may not be an unfailing index to the characters of 
all other deposits; but he is at times hampered by established preju­ 
dices which have all the weight of precedents. Fortunately the spirit 
of modern investigation tends rather to the collection of facts than to 
speculation. It is now understood that, given sufficient data, the laws 
evolve themselves; and that the reversal of the logical sequence, put­ 
ting the theory first and then searching for facts to fit it, tends only 
to hopeless perplexity.

3 INT———17 257
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It is not the purpose of this paper to offer new information. The 
aim is simply to put on record a few typical misconceptions which have 
had more or less currency; to trace their origin and compare them with 
admitted facts. All of the prejudices cited have an economic bearing. 
Several are obsolete, while others are fast disappearing. None are 
quoted as having received universal or absolute credit.

LOCAL PREJUDICES AGAINST CERTAIN FORMATIONS AND IN FAVOR
OF OTHERS.

Propylite.—In no direction are unsafe generalizations pushed to such 
an extreme as in the question of country rock. It is only natural that 
miners should regard with favor wall rocks similar to those to which 
they have been accustomed, particularly if they have studied them in 
especially prosperous camps. Thus the Comstock miner, leaving that 
district for new fields, keeps a sharp lookout for those particular varie­ 
ties of "porphyry" found in the Comstock east country, to which, von 
Eichthofeu gave the name of propylite, and of which the leading type 
is that commonly and descriptively known as greenstone. For some 
years subsequent to the opening of the Washoe miues there was a 
strong temptation, wherever by any stretch of imagination an analogy 
could be traced, to claim for the wall rocks of new districts the true 
Comstock characteristics. Not a few geologists, too, extended the 
search for propylite, and identified it iu various scattered localities, 
many of which are not known to be metalliferous. Propylite has some­ 
what lost its prestige, and is generally considered to cover a group of 
eruptive rocks which are now classed under other names.

Granite.—Solid granite was for a long time thought to be a most un­ 
likely country rock for precious-metal ores. This prej udice perhaps arose 
from the fact that certain miues located iu the granite of the Sierra 
Nevada, above the gold belt, had not proved profitable. Subsequently, 
the developments at Eeese Eiver, aud in many districts of Montana and 
Idaho, showed that good mines could exist in granite. If, however, 
the granite was of uuusual color and texture, or very much decomposed, 
the prejudice against it was evaded by calling it syenite, diorite, or 
"bastard granite;" and if these names could be maintained, the pros­ 
pects were considered good.

Granite and slate.—Auriferous contact veins, having a granite foot 
wall aud a slate hanging wall, have been iu demand among another 
class, whose partiality was founded on the successful experience of a 
number of gold mines of this type in California. This combination is 
not a very common one, or more would have been heard of it. All 
contacts, it may be remarked, are generally preferred to veins in a 
single rock, perhaps not without reason, notwithstanding the proba-



WILLIAMS] COUNTRY KOCK——DEPTH. 259

bility that contact veins, in the natnre of things, are usually more 
limited in extent than fissnre veins in homogeneous rock—excepting, 
of course, the type of fissures known as gash veins.

Limestone.—Limestone was once a most unpopular rock, being con­ 
sidered unreliable as an ore-producer, and having the additional disad­ 
vantage of yielding base ores which, in the early stage of American 
metallurgy, were always regarded with disfavor. Such ores, even if 
relatively rich, were subordinated to free-milling ores of lower grade, 
up to the time when improved methods of chloridizing-roasting prior 
to amalgamation caused the reduction of a large class of these ores to 
be accomplished at more reasonable rates. The vast extension of the 
smelting industry aud the growth of the railway system have enabled 
other base ores to be sold and transported to the large smelting works, 
where they are easily reduced in mixed charges. As to the question 
of the reliability of ore deposits in limestone, it may be said that con­ 
tinuous veins are rare; but, on the other hand, many of the largest 
bodies of metallic minerals, as at Leadville and Eureka, are found in 
this rock, while connected series of bonanzas often occur, thus fairly 
offsetting the advantages of the plainly marked fissure veins of the 
igneous rocks.

Limestone and quartzite.—A combination which is still in particular 
request as a promising country for argentiferous lead ores is that of 
limestone and quartzite, a prejudice which probably began at Eureka. 
In other districts this has been borne out by valuable discoveries; but 
there are also important silver-lead deposits not belonging to this for­ 
mation.

Sandstone.—A rock which had not been thought of as a possible home 
of ore is sandstone. When the discoveries at Silver Eeef were first 
announced, the reports were received with general incredulity on this 
account, and also because the geological age of the strata was not con­ 
sidered to be a favorable one; but when bullion was actually produced 
from sandstone ores, a reaction set in, and sandstone for a time received 
marked attention, even in places where the associated rocks held forth 
no promise of lending mineral impregnations to it.

THE SUPPOSITION THAT THE RICHNESS OF MINERAL VEINS USUALLY 
INCREASES WITH D^PTH.

This belief was at one time accepted by many; but has latterly lost 
weight, and is now held by but few practical men. Carried to its logi- 
ical extreme, it gave rise to a vague idea that, if only explorations could 
be pushed far enough, the original source of the ores would perhaps be 
reached, and that here would be found a treasury of metallic masses.
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In support of this wild notion, even the unexplained terrestrial density 
was quoted as a favorable argument. Its origin seems to have been 
twofold. With some it undoubtedly sprang from the once generally 
accepted idea that all vein deposits are formed by the precipitation of 
the precious-metal contents of heated rising waters or vapors. Cer­ 
tainly there is little in the conditions of known mineral occurrences to 
substantiate this assumption as an invariable explanation, much indeed 
to disprove it; but once granted that ores are deposited solely by cur­ 
rents ascending from great depths, it was only natural, perhaps inevit­ 
able, to infer that the greatest concentration must take place at points 
nearest the source; that from and above the level where the rising 
currents first meet with cooling, reducing, or other precipitating agen­ 
cies sufficiently potent the resulting deposition should be found in a 
steadily declining ratio; and that the culmination of enrichment should 
be sought for at the point where the mineral-charged waters are first 
fully subjected to precipitating agencies—or in other words, at consider­ 
able depth, since such reducing agents as organic substances are known 
to act far from the surface, provided channels exist from the latter 
downwards, while the conditions of pressure, heat, etc., are similarly 
deep-seated. This conception is gradually being supplanted by -what is 
known as the lateral-secretion theory, -which as a working hypothesis is 
not only more flexible, but also more in consonance with observed facts. 
Lateral secretion, as now understood, is not limited to an inflow and 
precipitation in even approximately horizontal planes; the theory as-, 
cribes the deposition simply and naturally to sol vent, waters reaching 
the vein from ground comparatively near, and more reasonably flow­ 
ing from higher grades downward than being ejected by pressure from 
great depths. In many cases, however, the currents may pass through 
siphon-like openings, the head or pressure being supplied by accumu­ 
lations of cool and comparatively pure water collected at some distance 
from the seat of mineral deposition; but in passing from point to point 
probably reaching a considerable distance from the surface, there gain­ 
ing in temperature, and thence again rising in fissures by hydrostatic 
pressure. If convection is assumed as the means of establishing circu­ 
lation through great vertical distances, the natural result would seem to 
be a tendency to approximately uniform precipitation.

The second cause of the spread of the idea probably was based on a 
misunderstandiug of the economic conditions. Miners rightly enough 
wish to prove the question of permanence in depth, which is of para­ 
mount importance in projecting large enterprises involving expensive 
plant. A vein which has been exte osively exploited, and proved to con­ 
tinue strong and metalliferous as it goes down, is evidently more valua­ 
ble than undeveloped croppiugs which may pinch at short distances. 
But because a mine has been explored far below the surface, and found 
to be rich at its lowest developed point, this does not furnish a basis for
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assuming that the mere fact of depth is a factor of its local richness at 
any giveii level, (a)

The thickness of the earth's crust which has been explored, or can be, 
by mining operations, is necessarily very limited. Increase of heat, or 
water, or mechanical difficulties, place the prospective boundary of the 
unknown at some few thousands of feet. As to the conditions below this 
limit only inferences can be drawn. A few mines have been pushed to 
a distance of 3,000 feet from the surface, and a very limited number 
have slightly exceeded this depth. The amount of exploration which 
has been carried on, however, gives no ground for supposing that richer 
and more abundant ores are to be looked for far from the surface than 
at or near it. Fortunately for the miner, the weight of the evidence is 
rather ill the other direction. Very many veins have been found whose 
croppings and upper portions yielded largely, but which failed in depth, 
even after persistent search far below the profitable horizons. It is sel­ 
dom that a mine is abandoned immediately after its workings have 
passed through the bonanza region. Usually a mine which has given 
promise is worked at a loss long after its available ores have been ex­ 
hausted. Hundreds upon hundreds of abandoned mines in various parts 
of the country have passed through a similar history. Some excep­ 
tionally large and productive veins have been worked through alter­ 
nate zones of richness and barrenness, and have been developed to 
such an extent as to exhibit very clearly the conditions prevailing over 
a wide range in depth. Such, for example, is the great Comstock lode, 
which, for a space of nearly four miles in length, has been opened and 
thoroughly explored to depths ranging to between 2,500 and 3,000 feet. 
A longitudinal section of this vein shows that the productive ore bodies 
have been scattered without any semblance of regularity in.occurrence. 
The largest extent of barren ground, however, lies at the bottom of the 
exposed portion, though small seams of highly concentrated ore have 
been met with at the lowest points. In this case, which presents the 
largest exposure, and has been more carefully studied than any other 
in this country, there is found to be absolutely no rule either as to the 
concentration of the ores or size of the ore bodies which can in any way 
be ascribed to causes dependent on depth. Many of the famous vein 
mines owe their reputation to ore bodies which were encountered in the 
uppermost horizons. Such, for example, are the Ouster, of Idaho; the 
Grand Prize, of Nevada; the Horn Silver, of Utah; and many others. 
In the Owyhee district, Idaho, a group of veins exists which yielded 
fabulously in their upper levels, and though worked for hundreds of

fflMi. G. F. Becker, in discussing the geology of Idaho, observes: "If any rule can 1)6 established in 
regard to the relations between richness and depth, it is rather that reins grow less rich and strong j 
though strong veins, probably as a rule, continue metalliferous to a greater depth than mining can 
ever be carried; but the cases in which veins grow better in proportion to the depth reached are 
certainly very exceptional." (Census report on " The Statistics and Technology of the Precious 
Metals.")
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feet below their paying portions, have given only disappointment. The 
Leopard mine at Cornucopia, Nevada, at one time a large producer, was 
prospected in depth at great expense after its bonanza had been ex­ 
hausted. Every miner will recall numerous instances in point.

Ore from the croppingg of veins is almost invariably more docile than 
that extracted from deep workings. Atmospheric action decomposes 
the base, rebellious compounds, and leaves the precious-metal ores in a 
state of comparative freedom; while organic substances reduce the gold 
and sometimes the silver minerals to the metallic state, so that they are 
more readily extracted by metallurgical processes. Often mines which 
show the most facile ores at the surface change within a short distance 
to a character which involves a complete alteration in the methods of 
reduction, with a corresponding increase in cost of plant and in expense 
of working. Besides the greater freedom of surface ores, there are rea­ 
sons why they should also be sometimes richer. As the degradation of 
the accompanying rocks proceeds, the lighter matrix is decomposed and 
washed away, while a concentration of the heavy minerals takes place, 
and they are left nearly in situ. Thus, just at the surface, an accumula­ 
tion of metallic minerals may occur, representing the partial contents of 
large masses of ore which have weathered and disappeared.

THE PREJUDICE AGAINST "SPECIMEN" MINES.

This has reference more particularly to gold mines. It may seem singu­ 
lar to the lay reader that practical miners sbould object to veins because 
of their unusual richness, but the prejudice is one wbich is not altogether 
unfounded. In the history of the California mines, a number of claims 
like the Cedarberg, Chariot, aud others, which yielded very handsome 
gold specimens, such as are worked into jewelry and souvenirs, have 
been very disappointing; while on the other hand the ore of many of 
the famous and most productive mines hardly ever contains gold suffi­ 
ciently coarse to be seen by the naked eye. It is a fact that the bulk 
of the gold production from deep mines in California has come from 
low-grade ores. The average yield per ton in 1880 was only $16.10. 
The vast low-grade auriferous deposits of Dakota, which have been so 
remunerative, are still lower in tenor, the average yield during the same 
period being only $6.33 per ton. Very many large mines, both in Cali­ 
fornia and Dakota, have been worked at a good profit on ore which car­ 
ried much less gold; the low tenor being offset by the size of the de­ 
posits, and by peculiar facilities for working and milling them. So 
that on the whole the idea of richness being opposed to quantity does 
not seem entirely unreasonable. There are, however, enough escep- 

, tions—prominent among which is the Standard mine, of Bodie—to 
throw some doubt upon the reliability of the prejudice as a working
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rule. As a matter of economy in mining and in milling, it is evidently 
better to have one ton of $100 ore tlian twenty tons of $5 ore.

In a much less degree, a similar prejudice has existed against excep­ 
tionally high-grade silver ores, though in this case the feeling is appar­ 
ently groundless. It is true that the richest silver ores are usually found 
in nairow veins, or in very small pay-streaks in the large veins; but 
here the same question of relative economy in working must be consid­ 
ered. Besides, many of the most successful mines have been opened 
on veins of high-grade'ores, and such ores do not always occur m very 
small quantities. It is only necessary to cite as examples the Ontario, 
Eberhardt, Silver-King, Manhattan, and Ouster mines, all of which have 
derived their yield from ores which are far richer than the average.

THE PREJUDICE IN FAVOR OP CERTAIN STRIKES AND AGAINST OTHERS.

A very considerable proportion of American precious-metal miners 
have received their education directly or indirectly from the Cali­ 
fornia mines; that is, many miners operating in other portions of the 
country have either gained their practical experience from actual 
work in and observation of the typical vein mines of California, or have 
become familiar with the mode of occurrence of these deposits by con­ 
tact with old California miners and by reading the published accounts 
of the California mines. For a long time the tendency to generalize 
irrationally led to a belief that a northwest and southeast course was 
a prime characteristic of valuable and permanent mines wherever lo­ 
cated, and that the wider the divergence from the favorite direction 
the less the probable worth of newly diseovered veins. A few note­ 
worthy exceptions had to be admitted, however—as, for example, the 
Comstock lode, which tends nearly north and south throughout its pro­ 
ductive portion. Still, to illustrate the predilection for the northwest- 
southeast strike, the well-known story may be cited of a celebrated expert's 
having reported adversely upon a Utah mine, simply on the ground 
that its vein ran east and west, in the face of a fair surface exposure of 
ore, arguing that a mine with such a strike was unreliable. In this 
ease the slighted mine subsequently proved to be a profitable one.

Nature does not bind herself to any such empirical restrictions. The 
only approach to a positive regularity of occurrence which has been 
shown by the actual facts is that as faulting fissures naturally strike- 
with the general trend of uplifts, and the latter are parallel over con­ 
siderable areas because formed by similar and possibly contemporary 
dynamic causes, the veins of this class are often found in parallel belts 
following the lines of upheaval. So, on the west flank of the Sierra, a 
large number of northwest-southeast veins are encountered; in the 
Great Basin, where a marked parallelism of the Basin ranges occurs,
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many important north-and-south veins are met with; while in Idaho a 
preponderance of northeast-southwest fissures appears. In each case 
the determining cause seems to be the structural peculiarities of the 
mountain chains. It is not difficult to understand why a faulting fissure 
should follow a line approximately parallel with the trend of a range, 
for it is only at right angles to that direction that there is room for a 
slide or upheaval to take place unless, indeed, the main rib be fract­ 
ured, a somewhat violent supposition. There are other classes of " vein " 
deposits which cannot be safely ascribed to faulting, and these suggest 
different explanations; yet. except where mountain sculpture is largely 
the result of erosion, the fissures very commonly have a strike parallel 
to the axis of the chain and a dip conforming to the original slope of 
the mountains, though diverging more or less from the surface contour. 

Whatever theories are formulated as to the origin of mineral veins, 
it is certain that an arbitrary strike is not now considered an essential 
item in the equipment of a successful mine.

THE PREDILECTION FOR ." TRUE FISSURES."

A certain unaccountable glamour seems to hang about the term'" true 
fissure." Many famous mines are undoubtedly true fissures in the full­ 
est sense; the fissure generally being the result of a fault. But, on the 
other hand, a large number of valuable deposits have been found which 
could not, by any elastic use of the name, be called " true fissures." 
Such, for instance, are the pegmatite veins and the Black Hills gold 
conglomerates. The truth seems to be that a large and strong quartz 
vein requires a correspondingly extensive fissure for its formation. It 
may or may not be metalliferous, while, on the other hand, small local 
segregations and replacements may contain ores in such a state of 
concentration as to compensate for their limited extent.

THE BLOCK SYSTEM OF UNDERGROUND PKOSPECTING.

The plan of development which has been practised in certain very 
large and important veins,by opening drifts in or parallel to the course 
of the ore channel and cross-cutting from the main"drifts at intervals 
of 50 to 100 feet, thus dividing off the ground exposed into blocks, is 
one which results in an apparently methodical and workmanlike system. 
By following it the main openings are kept straight, and when a large 
body of ore is struck its extraction is much facilitated by the plan of 
operations which lias been conducted duriug the prospecting period. 
Unfortunately, however, there are few mines which can be economically
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opened and developed in this way. The system appears to be the only one 
feasible in cases like that of the Comstock lode, where the width of the 
ore-bearing ground is very considerable and the ore occurs in detached 
bodies, giving few indications of their presence until the mass itself is 
struck. A company having large capital and extensive plant often pro­ 
ceeds to develop narrow veins on the same plan, when the more natural 
and practical method would be to strictly follow the vein on each level, 
provided good working ground is found on the course of the vein itself, 
and to keep all workings, such as upraises and winzes, within or as near 
as possible to the ore region. The objections to this method are that 
the workings are crooked, and often extremely tortuous; that the dis­ 
tances from point to point are sometimes considerably increased, and 
that the appearance of the mine, to one who has been accustomed to the 
system of cross-cutting in blocks, is wanting in the regularity of the 
latter method. On the whole, however, the chances of finding ore, and 
at all events of missing as little of it as possible, are much increased by 
working so far as practicable entirely in the ore channel. It should be 
remembered that the only objects of mining at all are in the first place 
to find and in the second to extract ore. The latter part of the work 
can be easily enough managed after the development has proceeded to 
such an extent as to show reason for changing the system of openings 
in any way. It certainly seems absurd to proceed to open a mine on the 
grand scale which would be appropriate in handling enormous bonan­ 
zas, when, by adopting the more economical method, a small but certain 
profit could be assured. The Mexicans, who are miners born, and not 
by education, and who have the keenest instinct for following indica­ 
tions of ore, limit the size of their prospecting drifts to the smallest pos­ 
sible dimensions, so that often they have the appearance of burrowings 
rather than of systematic mine openings. It is not necessary to adopt 
their system in its entirety, nor to carry it to that extreme which results 
in the making of gopher holes through which a man has to pass on his 
hands and knees; and on the other hand it is perfectly feasible, having 
once found ore in quantity, to stope it out and raise it by our most ap­ 
proved methods. But there is no doubt that much could be learned in 
the way of economy and practical success from the primitive and des­ 
pised but very efficient methods of mining of the Mexicans.

In working argentiferous lead deposits in limestone, cross-cutting 
in blocks is a most uncertain means of prospecting, for the stringers 
and pipes which serve as leaders to the main bodies are easily missed 
by drifts; and unless the galleries are very numerous and close together, 
unexplored places are left which might contain profitable ore bodies. 
At Eureka, Nevada, the two opposite systems have been pursued in the 
same district. The Eichmond Company has, as a rule, conducted its 
prospecting operations on the plan of following ore indications, with 
little regard to the regularity of its drifts. The Eureka Consolidated 
Company adjoining has pursued the course of laying off their ground
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in blocks and cross-cutting for ore. These cases, however, show little 
to decide the question of relative success, for both companies have 
been very fortunate, and the cross-cutting system^ owing to the im­ 
mense size of the ore bodies, has been followed under exceptionally 
advantageous conditions. Where ore exists in such large masses, it is 
not a difficult matter to find it, no matter what system be adopted; bat 
it is safe to say that in most lead-mining districts blind cross-cutting 
would be neither the safer nor the more economical plan. 

v A parallel extravagance is sometimes committed in locating shafts 
at too great a distance in the hauging-wall country from the outcrop 
of veins of medium dip; the object being to develop the ground at the 
greatest possible depth by a single shaft. Very often, in cases where 
the underground features are not well known, the more sensible plan 
would be to follow the vein down by an incline on the dip. Having 
once struck a bonanza of size sufficient to warrant it, the sinking of a 
vertical shaft in the proper place becomes a simple matter, and the cost 
of pushing shafts and other openings in barren country rock is justified 
by the developments; but in exploiting claims which can only be classed 
as prospects, the shortest and most economical means should be pur­ 
sued. Mining on the grand scale is being steadily supplanted by more 
practical and less pretentious means.

THE PREJUDICE AGAINST BEDDED DEPOSITS AND VEINS OF SMALL
DIP.

Up to the time when the value of the Leadville deposits was fully 
established there existed a strong and pretty general dislike to what 
are called, with implied depreciation, " blanket lodes." A blanket lode, 
in the vocabulary of the miner, is one which extends in an approxi­ 
mately horizontal direction or has an average dip not exceeding some 
20° to 25°. Two circumstances operated to create this prejudice. One 
was the uncertainty of title arising from the United States mining law, 
which was designed to cover locations of mineral deposits (in place) of 
the class best known in 1872, when the law was drafted—i. e., veins of 
considerable dip. A comparatively flat dip carries the lode soon be­ 
yond the vertical side lines of a 1,500 x 600 foot claim, and into an ad­ 
joining location. If continuity below the surface is proved from the 
croppings of the first claim, the case is usually a clear one; but it often 
happens that a connection is not easily traceable; sometimes, too, owing 
to the configuration of the surface, a bed or vein may crop a second 
time at some distance from the original point. In such instances the 
question of title frequently becomes a vexed one, and much litigation 
ensues. This could be avoided by the adoption of "square location" 
laws, but such a plan is not in general favor.
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The second cause was the unfortunate history of some of the earlier 
discovered blanket lodes, in which the ore deposits did not extend over 
large areas; and, being shallow, were soon exhausted. The disappoint­ 
ments of White Pine, the most prominent instance in point, undoubt­ 
edly had much influence in shaping prevalent opinion.

So far as economic considerations are involved, the flat deposits— 
other things being equal—have much the advantage over vertical veins 
and those of a steep dip. It is cheaper to work ore bodies which from 
their outcrop descend at gentle angles from the surface than to explore 
deep veins. The cost of hoisting and pumping is so much less (though 
that of stoping may be slightly greater) that when the workings have 
extended to some distance from the first shafts, it is not a very expen­ 
sive matter to sink new shafts at convenient points, as the plant neces­ 
sary for working such deposits need not be heavy in comparison with 
what is required in veins of extreme dip. A blanket lode correspond­ 
ing in plane surface area with the Comstock, for instance, could have 
been explored and worked at a fractional proportion of the outlay neces­ 
sitated by the latter. As further examples, it need only be consid­ 
ered what would have been the history of Silver Eeef, if the sandstone 
strata had been tilted into a vertical position; or even how much more 
disappointing the results at White Pine would have been, had the ore, 
instead of being so accessible, extended vertically downwards in sheets 
of the same thickness and extent.

A very unpractical idea, and one doubtless unconsciously accepted, 
which appears to have taken possession of the uninitiated, is that im­ 
posing and correspondingly expensive hoisting works are a necessary 
feature of a successful mine. Certainly there is something very fasci­ 
nating about the appearance of these heavy works, beside which the 
tunnels, short shafts, and light plant of even the most profitable flat 
mines seem wholly insignificant.

THAT THE APPEARANCE OF ORES IS A TRUSTWORTHY INDEX OP
THEIR VALUE.

This caption may seem self-evidently absurd to the experienced miner. 
It is intended, however, to cover only certain marked peculiarities of 
ores which are sometimes relied on as indices of their contents in cases 
when no assays are applied, and when the actual precious-metal ore 
is obscure. It will be sufficient to cite a few instances of the most com­ 
mon delusive characteristics.

Argentiferous galena.—Many persons still believe that the relative 
silver tenor of galena may be estimated in a rough way by the color 
and fineness of the grain. It is difficult to trace the source of this 
belief; but the fact remains that a microgranular, tf off-colored," finely



268 PRECIOUS-METAL ORE DEPOSITS..

disseminated galena is an especial favorite of many.miners and pros­ 
pectors; while "chunky" galena of the typical pure lead-gray color and 
luster, fracturing in large cubes, is not as a rule expected to contain 
much silver. The idea is generally taken on faith. The assumed fact 
might naturally be accounted for on the probability that pure galena 
(which is merely another term for galena richer in lead, but poorer in 
accidental impurities, including silver) would be apt to form larger 
crystals; while the impure (and richer) varieties would crystallize im­ 
perfectly. The variation from the standard hue might also be pre­ 
sumed to be a ground for inferring impurities (such as silver). How­ 
ever plausible this explanation may be, the facts do not warrant any 

. reliance on these distinctions as a test of relative value. The exam­ 
ination of a very large number of specimens, and the communicated 
experience of other observers, have convinced me that the exceptions 
are entirely too numerous to prove the rule. Suites of galena speci­ 
mens from the Wood Eiver mines, Idaho, would alone suflBce to dispel 
the illusion. These ores embrace a wide range in variety of appearance, 
with a rather unusual uniformity in the silver tenor. For example, solid 
galena from the Idahoan mine, having a coarse structure which produces 
large slabs of mineral, assays between 125 and 150 ounces of silver per 
ton. Another mine in this region, the Mayflower, shows a steely close- 
grained galena, containing more or less antimony, a"nd sometimes appar­ 
ently admixed with fine, fibrous stibnite. This occurs associated with 
a more regular galena; but between the two pronounced varieties there 
is little to choose as to their relative silver contents.

Auriferous pyrite.—In the same way it is often asserted that barren 
pyrite, or pyrite containing gold in too small quantity to be workable, 
may be distinguished from the richer pyrites by its brighter color and 
larger cubes. There may be somewhat more reasonable ground for this 
belief than in the case of argentiferous galena; but the known excep­ 
tions are very numerous. Finely disseminated pyrite is often confounded 
in practice with marcasite and mispickel; so that comparative results 
are to be regarded with some suspicion, except in cases where the gangue 
mineral is thoroughly identified. In this connection it may be remarked 
that the argentiferous pyrite found in the Grand Prize, Belle Isle, and 
other mines of Tuscarora, crystallizes in large cubes and is of very bright 
color. On the other hand, it is quite true that most of the exceptionally 
large pyrite crystals, such as reach, say, an inch cube in size, are usually 
practically barren of either gold or silver.

"Ifively" quartz.—A rusty, decomposed, and honeycombed quartz, 
especially in gold-bearing veins, is a favorite which is often disappoint­ 
ing. Prospectors speak of it as " lively "—that is, a promising gangue. 
A dull, tough, and solid quartz, carrying no pyrite nor oxide from pyrite, 
is in some places locally known as " bull" quartz, and is in especial dis­ 
favor. Many of the rich Arizona gold ores, however, are to be classed 
in the latter category; and the high-grade dor6 ore from the croppings
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of the Ouster mine in Idaho, although unusually exposed to weathering, 
is a very tough, agate-like quartz. Decomposition and marks of infil­ 
tration are characteristic of most mineral veins (including poor ones), 
but it is by no means safe to judge of relative richness by these signs 
alone.

The prejudice in favor of weather-stained, decomposed quartz proba­ 
bly arose from the fact that the standard of excellence in mines was 
established by the showing from exposed croppings of certain of the best 
known and earliest discovered of the California gold veins. A miner 
whose experience had been gained in such mines would naturally look 
for similar indications in the quartz elsewhere. As has been observed 
in a preceding section, the ore immediately at the surface is apt to be 
richer than that found a few feet below. Many mines which show 
"lively" quartz at and near the surface contain in depth a "dead" 
quartz which has been protected from atmospheric decomposing agen­ 
cies.

As regards the marks of infiltration, and their bearing on richness, it 
should be noted that the most perfect quartz crystals occurring in vugs, 
or open fissures, are generally barren themselves, though they may be 
accompanied by rich ores ; in fact, the handsomest specimens of quartz 
crystals are not found in gold mines.

From the appearance of different varieties of quartzose ores, it may 
be distinctly inferred that two distinct methods of vein enrichment are 
proved—(1) a deposition of the precious metals simultaneously with the 
quartz; and (2) a secondary infiltration of the partially decomposed 
quartz, which may have been originally barren, by solutions charged 
with gold and silver. In some cases both causes may have operated in 
the formation of the same vein, thus giving rise to marked differences 
in the appearance of the ore.

Stains mistaken for silver minerals.—Some pyritous gold ores are deeply 
stained by certain valueless minerals which, prior to assay, are often as­ 
sumed to be silver-bearing. Many a custom mill has earned a bad rep­ 
utation by not being able to extract silver from ore which did not con­ 
tain it; the shippers of small lots of ore being careless in the matter of 
sampling and assaying, and assuming any bluish or blackish stains to be 
silver minerals. One of the most frequent causes of deception is the 
occurrence of very fiuely disseminated mispickel. This mineral, when 
sparsely scattered in microscopic particles through a white quartz, 
gives it a bluish-black tinge, such as is seen in many low-grade argen- 
tite and^ stephanite ores. Other minerals, not so readily recognized be­ 
fore the blow-pipe as mispickel, produce similar effects. Tyndall has 
emphasized the fact that minute particles of matter of very different 
kinds give similar hues to the medium in which they are diffused, though 
when in mass they may present contrasted colors. This occurs to a cer­ 
tain extent with minerals finely disseminated in quartz.

In Colorado, where telluride ores, such as sylvanite, hessite, petzite,
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and coloradoite, form a notable source of the precious metals, there is a 
tendency to call strange orobscnre minerals "tellurides,"the cause evi­ 
dently being the known fact that the true tellurides are, next to metallic 
gold and silver, the richest of ores. In Utah, Idaho, and Arizona the 
popular determination of azurite and malachite stains is "bromide of 
silver "or sometimes " chloro-bromide;" the fact being that bromides 
and chloro-bromides are really of infrequent occurrence, though so often 
reported. Lead ocher, in the same way, occasionally becomes "iodide 
of silver."

Chloride ores.—Horn silver, in aggregations large enough to be tested 
with a knife, is easily identified. But in the greater part of chloride 
ores the mineral is recognized with difficulty, and may entirely escape 
the notice of one not familiar with the local characteristics. The miners 
become wonderfully expert in the ability to judge and sort the ores to 
which they are accustomed; but very frequently systematic assays are 
the only reliance in selecting ore for stoping and for the mill. Cerargy- 
rite finely diffused in quartz or "vein porphyry" is apt to escape detec­ 
tion altogether, unless its presence is indicated by associated minerals 
more readily recognized. When cerargyrite in this diffused state is the 
only metallic mineral in an ore, a hand-specimen which would give fair 
assays might seein to the stranger to be a palpable hoax. It is evident 
that the assayer to whom a fragment of common grindstone had been 
sent for assay by a waggish prospector, and who returned in his report 
a high value in silver, had been familiar with this class of ores, and may 
not after all have been so ignorant as the story has represented him 
to be.

Sulphide ores.—As a rule it is much easier to estimate the probable 
tenor of these ores by merely looking at them than in the case of chlor­ 
ide ores. There are, however, two important exceptions: first, when 
the ore mineral is masked by large quantities of more prominent but 
worthless metallic minerals; and, second, when free milling silver ore, 
such as argentite, is so microscopically diffused in the gangue as not to 
perceptibly affect its color. The low-grade " sugar quartz " of the Corn- 
stock is an instance of the latter class. Some of this contains so little 
metal that it will not pay the expense of milling ; while another por­ 
tion, presenting an apparently identical appearance, having the same 
granular texture and whiteness, may be sufficiently rich to yield a fair 
though small profit above the cost of extraction and milling. Those 
most familiar with this ore are often puzzled by it, and are obliged to 
rely largely upon assays.

In developed mines and districts, the obscure ores do not give much 
trouble; for the means of assay are at hand, and the miners have be­ 
come practised in judging them. In new regions, however, the case is 
different, and the most experienced prospectors are often misled by the 
appearance of the ores.
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It would be unfair to infer, from the confusing and irreconcilable preju­ 
dices and partialities which have had more or less sway, that the whole 
subject of precious-metal mining is involved in doubt and perplexity. 
Ou the contrary, a great deal of solid fact is now established, room for 
which has been gained only by clearing away a mass of misconcep­ 
tions. Much remains to be learned j in fact, the study of precious-metal 
deposits is only beginning. But whatever the explanation of geologic 
features, or the theory of the genesis of ores, it must be admitted that 
on the purely practical side great advances have been made. Each 
year less money and less effort, relatively speaking, are thrown away 
on guesswork or hopeless undertakings than in the year preceding; and 
as the wondrous varieties and possibilities of occurrence are becoming 
better known, the whimsical notions of earlier days steadily disappear. 
The best miner is least trammeled by prejudice and rule of thumb. 
And is it not safe to add that the best geologist is he who frankly 
admits that his science is still in its infancy? Unquestionably all 
occurrences are governed by law, and it is, perhaps, not visionary to 
hope that the precious-metal deposits may be as well understood at no 
very distant day as the co.al and iron beds are now, in spite of the 
greater complexity of the former. But, for the preseut, it is surely best 
to meet the issue squarely and confess that even this stage is far from 
having been attained.
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LETTER OF TRANSMITTAL.

WASHINGTON, June 15,1883.
SIK: I herewith transmit to you the manuscript of a Beview of the 

Fossil Ostreid* of Noith America, which, at your request, I have pre­ 
pared for your Annual Eeport for 1883. The work is necessarily, to a 
large extent, a compilation of material that has already been published, 
but I have attempted to group that material in such a manner as to 
convey to the general reader an outline of the geological history of the 
oyster family, and the connection of the extinct with the living forms 
of oysters.

Two important parts of this work have been prepared by Mr. John A. 
Eyder and Prof. Angelo Heilprin, respectively. Mr. Eyder has prepared 
a concise life-history of the common living oyster of the Atlantic coast, 
which he has illustrated by original drawings of his own, and from ma­ 
terial which he has prepared in connection with the United States Fish 
Commission.

Professor Heilprin has kindly furnished all that portion of the text 
which relates to the Tertiary and post-Pliocene oysters, which material 
is, in great part, the result of his special studies of the Tertiary mol- 
lusca of the United States.

All this work is, in accordance with your request, addressed to the 
general reader, rather than to the special student; but in doing this we 
have striven to avoid all scientific inaccuracy of statement. Like my 
contribution to your report for last year, this is a general review of the 
subject of which it treats, and not a revision or rectification of the forms 
which are enumerated and illustrated. Such a rectification is needed, 
but it must necessarily be deferred until another time.

The drawings, with the exception of the few that have previously 
been published, are from the pen of Dr. J. C. McConnell, who also 
drew the numerous illustrations for my contribution to your report for 
last year.

Besides the aid received from Messrs. Eyder and Heilprin, whose work 
appears under their respective names, I am also indebted to Mr. W. H. 
Ball, of the Coast Survey, and Lieut. Francis Winslow, United States 
Navy, for much information concernmg the variation and distribution 
of the living oysters of our coasts.
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A considerable number of the illustrations which accompany this 
memoir have been drawn from specimens belonging to the United States 
National Museum, by permission of the Director. He has also per­ 
mitted the use of electrotypes of a portion of those illustrations which 
were already engraved and in possession of the Smithsonian Institu­ 
tion.

Eespectfully submitted.
C. A. WHITE.

Hon. J. W. POWBLL, 
Director of the United States Geological Survey,



A REVIEW OF THE FOSSIL OSTREIM OF NORTH AMERICA; 
AND A COMPARISON OF THE FOSSIL WITH THE LIVING 
FORMS.

BY C. A. WHITE.

INTRODUCTION.

Because of the great value of the common oyster as a favorite article 
of food, perhaps no subject connected with fossil conchology will be 
found to possess more interest to the general reader than that of the Os- 
treidse, or oyster family. With this supposition in view I propose to 
present ou the following pages a general review of that family as it is 
represented among the collections of fossil remains that have been made 
from North American strata. In addition to a general statement of the 
subject, with illustrations of the fossil forms, Ishall give, for comparison, 
figures of theleading varieties of the oysters that are now found living 
upon our Atlantic coast. I had intended to illustrate the living oysters 
of the Pacific coast also, bnt I found it impracticable to obtain good 
specimens of them.

While much is known concerning the geological history of the oyster 
family within the area that now constitutes the North American conti­ 
nent, that history is and will doubtless always remain incomplete. This 
incompleteness is due mainly to the fact that among the fossil forms it 
is the shells alone that are available for study and to the further fact 
that these remains are usually few and very often too imperfect to ex­ 
hibit all the characteristics which perfect shells possess. Besides this, 
the extreme variation in the form and other characteristics of the shell 
of the fossil, as well as the living Ostreidse, renders their separation into 
species, and even into genera, a matter of much uncertainty. In the 
case of most other bivalve shells there is a certain precision of symme­ 
try that is constant in every individual, from th"e earliest to the latest 
stage of its growth; but among the Ostreidse, and especially in the 
typical genus Ostrea, asymmetry of the shell is the invariable rule. To 
what primary cause this a symmetry among the Ostreidae is due, it is, 
with the present limitation of onr knowledge, impossible to say; but it 
is certainly a characteristic of the whole family, including all its genera 
and its fossil as well as living torms.

The oyster family belongs to that division of the bivalve mollusca
281
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known as the Monomyaria, or those whose shells are closed and held 
together by only one adductor muscle, (a)

Other bivalves, such as the common clam, for example, are known as 
the Dimyaria, and their two shells are closed and held together by two 
adductor muscles. As a, rule, the shells of the Dimyaria are symme­ 
trical, and the individuals of the various species are constant and regular 
in their respective shapes and iu their ornamentation. It is also to an 
almost equal degree the rule that the shells of the Monomyaria are 
asymmetrical, and many of them also exhibit wide individual variation. 
There are, however, noted exceptions to both these rules; such, for ex­ 
ample, as those which are presented by the unsymmetrical geuera Chama 
and Hulleria (V) among the Dimyaria, and by the symmetrical Pinna 
and some species of Pecten amoug the Monomyaria.

Among the shells that are familiarly known, those which are most 
nearly related to the Ostreida? belong to the genera Anomia, Pecten, 
Spondylus, Avicula, and Pinna. The most unsymmetrical of these be­ 
long to the genera Anomia, and Spondylus, but the Ostreidoe exceed all 
other molluscau shells in asymmetry and extravagant variation.

Different authors have, from time to time, proposed separate generic 
names for certain more or less distinct groups of forms amon g the Ostreidte, 
the greater part of which Iregard asnotevenof subgenenc value. Some 
authors, on the other hand, reject all generic distinctions of the family 
Ostreidse as it is presented m this memoir, and refer all the species to 
one and the same genus, the genus Ostrea of Linnaeus. While it is no 
doubt true that among the fossil Ostreidse, intermediate forms may be 
selected, which will closely unite all the groups of forms for which sepa­ 
rate generic names have been proposed, it is regarded as expedient, if 
not actually necessary, to recognize among them at least two genera 
besides the genus Ostrea proper, and also one subgenus of the latter. 
These two genera and the subgenus referred to are recognizable ouly 
among the fossil forms, and only the genus Ostrea proper is recog- 

'nized among the Ostreidae now living in North American waters. Fur­ 
thermore, although a considerable number of species of Ostrea have

a In Mr. Ryder's article, on following pages, this muscle is described, and is also illus­ 
trated in the figures on Plate LXXIII. Its place of attachment to the shell is a con­ 
spicuous feature of the inner surface of each valve, as may be seen by referring to those 
figures on the accompanying plates which represent the inner surface of the shells.

BThe genus Mulleria is a' strangely modified group of the Unionidse, or fresh-water 
clams. It is the shells of this genus, together with those of the related genus Aethena 
(the former living in Sonth American, and the latter in African rivers), that have been 
called fresh-water oysters. In their habits of growth and in their forms the shells of 
these two genera arc snprisingly like those of true ojsters, bnt they plainly do not 
belong to the OstreidaB. Mullena is said to possess no trace of the anterior adductor 
muscle in the adult and fixed state, in which respect it still further simulates the 
true oysters. But both of the adductor mnscles are present in the young state and 
the shells are then also equivalve and symmetrical, like those of ordinary Uniones. 
Like them, the shell of Mulleria is also free in the young state.
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been proposed among the living Ostreidae of North America by different 
authors, it is now a serious question whether there is really more than 
one species of oyster now living in the Atlantic waters of North America. 
Those of the west coast of North America are not so well known, but 
at present three or four species are recognized there by the different 
authors who have studied them.

The shells of the Ostreidae are inequivalve; that is, the two valves 
which, like those of all other true bivalve mollusks, are right and left 
respectively, are unequal in shape. The rnollusk in a very early stage 
of its existence becomes attached to a foreign object, and the left valve 
also becomes attached to that object, leaving the right valve free. Some­ 
times the left valve becomes attached to the foreign object by the 
greater part of its exterior surface; but sometimes only by the point of 
the beak. When the surface of attachment is large, the shell to a great 
extent conforms to the surface upon which it is attached; and such 
shells are necessarily irregular in shape. When the surface of attach­ 
ment is small, the'shell is more regular in shape, butiu no case are the 
valves wholly regular.

The three genera, that are recognized in this memoir, and which have 
already been referred to, are Exogyra, Gryphcea, and Ostrea, and the 
subgenus of the latter is Alectryonia. (a) Exogyra costata, Say, may be 
taken as the type of this genus, and E.forniculata, White, as an interme­ 
diate form between Exogyra and Gryphcca. The former is represented on 
Plates LVI and LVII, and the latter on Plate LII. The shells of 
Exogyra are usually more regular in shape than those of any other 
genus of the Ostreidae, but, as already stated, they are never wholly 
regular, and they are often much distorted. The left or under valve is 
always much the deeper, and the right or upper valve is usually flat. 
The beak of the lower valve is always turned strongly to the rear, (6) and 
it is usually more or less spiral. The inconspicuous beak of the upper 
valve also partakes of this deflected or spiral character. The shells of 
Exogyra are also, as a rule, more massive than those of any other of 
the Ostreidse. This is especially true of the lower valve, which iu 
E. costata and E. ponderosa sometimes reaches an inch and a half iu 
thickness of solid shell substance. The geuus Exogyra was a widely 
differentiated one in the Cretaceous period, within the region that now 
constitutes North America. It was not only represented by a consider­ 
able number of species, but those species embraced a wide variation of 
form, as may be seen by reference to the figures that represent them on 
the accompanying plates.

The genus Gryphma is not so well represented in North American strata

a The species which Conrad proposed to group under the generic name of Grypha- 
ostrea I regard as not being even subgenerically distinct from Ostrea proper. See re­ 
marks under the head of Osttea vomer on a following page.

6 That is, to" the left hand as ono looks down upon the cavity of the valve, the hinge 
border being away from the person.
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as Uxogyra, and not more than two or three well-defined species are 
known there. Of these, Gryphcea pitcheri, Morion, which is illustrated on 
Plate XLIX, may be taken as the type. The beak of the lower valve of 
Gryphcea is usually strongly curved upward nearly in the plane of the 
median line, and as a rule not much deflected either to the right or left. 
The upper valve is like that of Exogyra, flat, or even slightly concave, 
and its beak inconspicuous and not deflected or coiled.

The American species of Gryphwa are very variable, and it is often 
difficult to say in what particulars many of the specimens differ from 
Ostrea proper.

The common living oyster of the Atlantic coast, Ostrea virginica, fig­ 
ures of different varieties of which are given on Plates LXXIII to 
LXXXII, may be taken as typical of the genus Ostrea proper, although 
several of the fossil species are equally typical of that genus, as may be 
seen by reference, for example, to Plates XXXVI and LX. All the 
living Ostreidse of North America belong to the genus Ostrea proper; 
all other genera and subgenera of the family having become extinct.

The earliest known species of the family, which are of Carboniferous 
age, belong also to the typical genus. Exogyra and Gryplicea were ap­ 
parently introduced in the Jurassic period, (a) flourished during the Cre­ 
taceous period, when the great oyster family culminated; and both those 
genera became extinct with the close of the Cretaceous period. But 
unlike those more differentiated forms just mentioned, Ostrea proper be- 
gau its existence before the close of Paleozoic time ami has also out­ 
lived both of its kindred but *nore differentiated genera. The subgenus 
Alectryonia was introduced with Gryplicea and Exogyra, but it survived 
them only one geological epoch, when it also became extinct.

The remains of the earliest known oysters, as has already been stated, 
were found in Carboniferous rocks. Professor de Koninck described 
Ostrea nobilissima from the Lower Carboniferous of Belgium, and de 
Verneuil described 0. matercula from the Permian of Eussia. Prof. A. 
Winchell described O.patercula from the Lower Carboniferous of Iowa, 
but no other trace of the family has been discovered in any other rocks 
of the Carboniferons age in North America. It is quite clear, however, 
that the oyster existed through the whole of that age, but it is also quite 
clear that it was never so abundant in that age as it became in the next, 
and as it remains to the present day.

Fossil oysters are not unknown in the Triassic rocks of Europe, but 
none have yet been found in North American strata of that age. In the 
Jurassic strata of this continent the family is only feebly represented, 
at least as compared with those of the Cretaceous period. Only one 
species of Gryplicea and three species of Ostrea have been published

a Exogyra is known in European Jurassic strata, but in North America no species of 
that genus is known in any strata earlier than those of the Cretaceous period. There­ 
fore in our studies of the North American rocks we^egard Exogyra as distinctively 
characteristic of the Cretaceous period.
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from the Jurassic rocks, one of the latter belonging to the subgenus 
Alectryonia.

It was in the Cretaceous period, as already mentioned, that the oyster 
family reached its culmination. At that time not only was there a great 
abundance of individuals, the remains of which are found in almost all 
the fossiliferous strata of that period, but there were living then a greater 
number of specific and generic forms than had ever existed before, and 
greater than have existed since. That is, the Ostreidse not only became 
generally prevalent and abundant in the marine waters of this part of 
the earth at that time, but the whole family then reached a greater de­ 
gree of variation as regards specific and generic form and feature than 
it has ever possessed at any other period.

Two facts in this connection seem to be not a little remarkable. First, 
the oyster family, which was an inconspicuons one among the mollusca 
up to the beginning of the Cretaceous period, then assumed, with ap­ 
parent suddenness, a conspicuous position as regards general distribu­ 
tion, numbers of individuals, and wide differentiation of species and 
genera. Second, at the close of the Cretaceous period this differentia­ 
tion was suddenly contracted to even narrower limits than it possessed 
at the beginning of the period, although the family still remained a 
conspicuous one as regards wide distribution, and numbers of individuals.

The abundance of oyster-life now existing in North American waters 
is apparent, when one considers the fact that with the present state of 
the art of preserving fresh foods, and the facilities for rapid transporta­ 
tion, the oyster has become a common article of food all over our country, 
inland, as well as upon onr coasts. It seems certain, however, that the 
aggregate of oyster life during the Cretaceous period was much greater 
than it is now. If there had at that time been human beings in ex­ 
istence to whom molluscan food would have been acceptable, the flesh 
of Exogyra and Gryph&a would, no doubt, have been as palatable as 
that of the true oyster. Of the latter, however, there has been no de­ 
ficiency since at least the middle of Mesozoic time; and their flesh was, 
without doubt, in every way identical with that of living oysters.

Although the Ostreidse, as a family, culminated in the Cretaceous 
period, different species of the genus Ostrea proper were abundant in 
Tertiary time; that is, in the period immediately following the Creta­ 
ceous. Certain of these species also reached a larger size than that of 
any which are known to have existed before or since, although some 
overgrown examples of Ostrea virginica that have been found upon the 
coast of Maine are reported to be nearly a foot and a half long.

The so-called fresh-water oysters of certain South American and 
African rivers have already been referred to, and it, has been shown 
that they are not trne oysters. In the oyster trade also the terms "salt­ 
water oysters " and " fresh-water oysters " are used. The so-called fresh­ 
water oysters of the dealers are true oysters, but they do not come from 
waters that are entirely, but only comparativelv fresh. True oysters
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cannot live in waters that are not more or less saline. It is a fact, well 
known to the trade, that great destruction of the oyster beds is liable 
to occur at and near the mouths of rivers during times of high and long- 
continued freshets in the rivers, by which an nnnsual quantity of fresh 
water is passed over them. Lieut. Francis Winslow, U. S. N., of the 
United States Fish Commission, has furnished me the following figures 
indicating the range of specific gravity from distilled water to that of 
the open sea, and also the minimum of that in which oysters will live.
Specific gravity of open-sea water ....................................... .... 1.027
Specific gravity of the freshest waters in which oysters liye .................. 1.010
Specific gravity of distilled water ........................................... 1. 000

In giving the minimum specific gravity of waters in which oysters will 
live. Lieutenant Winslow does not mean to say that oysters immediately 
die when placed in fresher waters, but he cites authorities to show, that 
the density of water cannot fall below 1.010 for any pro tracted period 
without destroying the oysters that may have previously lived in it.

It should be remarked that the specific gravity, as above given, is not 
necessarily an absolute indication of the proportionate amount of com­ 
mon salt in the water indicated, but it is approximately so. There are 
other substances held iu solution in all sea and bay waters which, no 
doubt, have much influence upon the molluscan life they contain ; but 
common salt is so largely in excess of these, that it is usual to consider 
that substance alone in such connection.

The common living oysters of our coasts are not uufrequently found 
in open sea waters, but their chosen habitat is in the waters of bays 
and estuaries, which are of less than marine saltness. From the facts 
here stated we see that there is a very considerable range of saltness of 
the water in which oysters will thrive.

In the case of the fossil Ostreida^ we cannot of course determine the 
amount of salt the water contained in which they lived, but there are 
certain circumstances attending the fossilization of those ancient oysters 
that tell us with evident approximation the degree of saltness winch 
characterized those waters. Such a judgment of the character of those 
ancient and departed conditions is based upon our knowledge of the 
habits of living mollusks in general, and those of the oyster in particular.

For example, those oysters which are found living in open-sea waters 
are there associated, not with such mollusks as are its associates in 
bays and estuaries, but with such as live only in the open-sea. If, then, 
we find, as we often do, fossil oysters imbedded in strata, mingled there 
with the remains of other mollusks which are closely related to such 
living forms as are found only in the open sea, we necessarily infer that 
the oysters in question had an open-sea habitat. Again, if we find, as 
we often do, fossil oyster shells associated in the same strata with re­ 
mains of mollusks, whose nearest living relatives are found only in 
brackish waters, we necessarily infer that those ancient oysters, like 
their kindred which now exist, were capable of living in brackish as
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•well as in marine waters. These conclusions are all the more reliable 
because the other living mollusks referred to are, as a rule, more re­ 
stricted than oysters are, to certain degrees of saltness of the waters in 
which they live.

Beasoning from such facts as these, it is inferred that the fossil gen­ 
era Exogyra and Gryphcea were denizens of the open-sea; that is, of the 
numerous species of these genera that have been discovered in the rocks 
of various parts of the -world, none, so far as I am aware, have been 
found associated with such other fossil forms as indicate a brackish-water 
habitat, but all their associates indicate that they were denizens of 
marine waters.(a) The typical forms of Ostrea, on the contrary, -while 
they occur abundantly in strata of different periods, mingled with marine 
associates, have been found also abundantly associated with other mol- 
luscan remains that we are compelled to regard as indicating a brackish- 
water habitat. Therefore we infer that the various species of the genus 
Ostrea proper have always been capable of living in both marine and 
brackish waters.

The geology of North America furnishes a most remarkable example 
of an abundance of brackish-water oysters during one of its geological 
periods. In that period, now known as the Laramie, and which imme­ 
diately succeeded that in which the uppermost of the marine Cretaceous 
deposits were made, there existed the most remarkable inland sea that 
the earth has ever known. Its most southern limit, as at present known, 
is in Mexico, and its most northern in British America. Its fossil mol- 
luscan fauna shows that, like the existing Caspian, the waters of that 
sea were not of marine saltness, but brackish and fresh, or nearly so, in 
different parts and at different times respectively. Its present known 
molluscan fauna was illustrated in the report of the director for last 
year. Among its molluscan remains there is an abundance of oyster 
shells, which are found at isolated localities throughout that great for­ 
mation. The presence of these shells, occurring as they do in many of 
the layers, shows that the waters in. which they were deposited contained 
at least enough salt to make them brackish. The absence everywhere 
of true marine forms shows lhat the Laramie sea was nowhere and at 
no time of full marine saltness. In the deposits of all that great intra- 
continental sea no shells of either Exogyra or Gryphcea, nor any of the 
subgenus Alectryonia have been discovered.

All the remains of the oyster family which that great formation has 
yet furnished belong to the genus Ostrea proper. These facts are un­ 
derstood to indicate that the first named generic forms, as already in­ 
timated, were not capable of existing in any waters that were not of full 
marine saltness, while Ostrea proper throve abundantly in brackish

a It is possible lhat these genera also entered the estuaries that existed -while they 
flourished, and that a knowledge of the fact has escaped ns because estuary deposits 
of former geological ages are so rarely discovered. It is true, nevertheless, that the 
Oatreidee of those genera flourished abundantly in association with mollnaks and 
other animal forms that are characteristic of the open sea.
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as well as marine waters. In closing these remarks it is proper to call 
attention to the modern aspect of the oysters of the great Laramie sea, 
as illustrated on Plates LVIII to LXI.

In the following treatment of the subject of this memoir I shall follow 
essentially the same plan that was adopted for the Eeview of the Non- 
Marine Fossil Mollusca m the Eeport of the Director for last year. A 
rectification of all the errors that have been made by different authors 
iu their former publication of the species herein enumerated, is not at­ 
tempted, but a part at least of the most obvious errors will be discussed 
or mentioned. Under the head of each geological period in which any 
of the Ostreidas are known to have existed, and under the sub-head­ 
ings respectively of the three recognized genera, all the species that 
have been proposed by different authors will be given in alphabetical 
order. The synonymy, at least in part, of each proposed species will 
be given in connection with its entry.

CARBONIFEROUS.

It has already been shown to be a well-recognized fact that the oyster 
began its existence early in the Carboniferous age, and that the species 
had at that early period the distinguishing characteristics of true Ostrea. 
It is somewhat remarkable, however, that while the fossil species of the 
later periods are, as a rule, represented by great numbers of discovered 
individuals, a sufficient number of examples of the three published 
species of Carboniferous oysters have not been discovered to give a 
satisfactory idea of all their respective specific characteristics. It is 
practically certain that throughout the Carboniferous age the oyster 
held a precarious existence, and that it was nowhere and at no time 
abundant until Mesozoic time.

Our knowledge of the existence of the oyster in North America dur­ 
ing the Carboniferous age is based upon very slender evidence; only 
one species having yet been recognized, and only one example of that 
species having ever been discovered.

Genus OSTKBA Linnseus.
Ostrea patercula Winchell.

(Plate XXXIV, Figs. 1, 2.)

The specimen upon which the description of this species was based 
was obtained from the Kinderhook Group of the Lower Carboniferous 
strata at Burlington, Iowa. The description, without illustration, was 
published by Professor Winchell in the Proceedings of the Academy 
of Natural Sciences of Philadelphia for 1865, page 124. The figures of 
the shell, which are given on Plate XXXIV, are copies of Professor 
Winchell's unpublished drawings.
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JUEASSIC.

It has already been stated that no examples of th,e Ostreidae have 
been found in any of the Triassic strata of North America. This defi­ 
ciency makes a great hiatus in the geological history of the family, 
between the Lower Carboniferous and Jurassic periods. It is probable, 
or even practically certain, that members of the oyster family existed 
in North America during the Triassic period, but no direct evidence of 
it has yet been obtained. One reason at least for the absence of such 
evidence is the great paucity of organic remains of all kinds in the 
Triassic strata of this continent.

The slight extent to which the Ostreidae are represented in the 
Jurassic strata of North America, as compared with the Cretaceous 
strata which overlie them, is perhaps largely due to a similar cause. 
That is, the molluscan fauna of the Jurassic period is only feebly repre­ 
sented in North American strata, compared with like faunae of other 
periods, and of the same period iu other parts of the world. Still, con­ 
sidering the geological history of the oyster family as a whole, as it is 
now known, the lack of an abundance of its remains in the American 
Jurassic strata is probably due largely to the fact that the family had 
not yet reached its full development.

Four species only of the Ostreidae have been found in North American 
Jurassic strata, but the genus Gryphcea appears among them, besides 
typical Ostrea and the subgenus Alectryonia.

Genus OSTBEA Linnaeus.
Ostrea engelmanni Meek.

(Plate XXXIV, Figs. 3, 4.)

This species was originally published by Mr. Meek in the Proceedings 
of the Academy of Natural Sciences of Philadelphia for 1860, page 311. 
It was afterwards republished with wood-cut illustrations in Paleontol­ 
ogy of the Upper Missouri, pages 72-74. This is a well-marked species 
of typical Ostrea; but it is rare, only a few examples of it, mostly imper­ 
fect, having ever been discovered. These were found in .what is now 
the eastern portion of Wyoming Territory, but which was a portion of 
Nebraska Territory at the time the species was first discovered.

Ostrea strigilecula White.
(Plate XXXV, Figs. 9, 10, 11.)

At almost all localities in Wyoming, Colorado, Utah, and Idaho where 
the Jurassic rocks are found to be fossiliferous, the shells of a^rnall oys­ 
ter are to be found. They are usually imperfect, both by fracture and 
also by corrosion or wave-attrition. The best examples I have seen are 
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described and figured in Reports of United States Explorations and 
Surveys West of the 100th Meridian, Vol. IV, p. 163, Plate XIII, Figs. 
3, a, 6, c, d.

This shell is sometimes found associated with Gryphcea calceola, var. 
nebrascensis; and some of the more capacious examples so far approach 
that species in form as to suggest the possibility that 0. strigilecula 
may really be a variety of the Gryphcea, with which it is sometimes 
found associated.

Ostrea (Aleciryonia) procumbens White.
(Plate XXXV, Figs. 6, 7, 8.)

Only a few examples of this species are known, and these are all im­ 
perfect. The best of them are here figured for the first time. They 
were discovered in Northwestern Colorado, and described in Powell's 
Eeport on the Geology of the Uinta Mountains, page 93.

Genus GRYPH^A Lamarck.
*•

Gryphcea calceola Qnenstedt, var. nebrascensis Meek & Hayden. 
(Plato XXXV, Figs. 1, 2, 3, 4, 5.)

This American representative of the European Gryphcea calceola is not 
abundant in our Jurassic strata, but it has been found at a considerable 
number of localities in the great Eocky Mountain region. As already 
remarked in connection with Ostrea strigilecula, the typical forms of this 
species, although they have all the characteristics of Gryphwa, are found 
associated with intermediate and transitional forms that can, with pro­ 
priety, hardly be separated from the Ostrea. The species in question is 
fully described by Meek & Hayden in Paleontology of the Upper Mis­ 
souri, pages 74-76. Five wood-cut figures of it are given there, which 
are reproduced on Plate XXXV.

The geographical distribution of this form is considerable, examples 
of it having been found at distant localities in Wyoming and Idaho. 
The first discovered American specimens, as the name implies, were 
found in what was then a part of the great Territory of Nebraska; but 
it is not likely to be found within the limits of the present state of Ne­ 
braska. Although specific limitation among the Ostreidse is often so 
difficult to determine, I think it would not be unreasonable to regard 
this form as fully distinct from the European one of Quenstedt.

CRETACEOUS.

The difficulty of discriminating and defining species, even among the 
living Ostreidse, has already been referred to, and this difficulty is fur 
greater in the case of the fossil forms. This fact will be obvious to any 
one who scans the following annotated list, and the accompanying illus-
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trations of Cretaceous Ostreidse. While a considerable number of the 
names which are given in the following list are shown to be synonyms, 
or to represent spurious species, ifis probable that some of those which 
are given as representing true and distinct species, ought really to pass 
into the list of synonyms. Much work needs to be done by a compe­ 
tent student, upon the North American fossil Ostreidse, especially upon 
those of the Cretaceous period. The utility of treating the fossil Os­ 
treidse upon the basis of definite specific diagnoses is becoming more 
and more questionable; and I am convinced that a more general treat­ 
ment of the subject will, in the future, be the more rational.

Genus OSTBEA Linnaeus.

Ostrea americana Deshayes.
See Exogyra costata Say, on a following page, with which it is synony­ 

mous.

Ostrea anomiwformis Eoemer.
Professor Eoemer described this form as a species of Ostrea, in Kreide- 

bildungen von Texas, page 75, Plate IX, Figs. 7, a, b, c, d, e. The in­ 
terior of Professor Rcerner's shell is not known; but in external charac­ 
ter it is so closely like certain known forms oiAnomia that I believe it 
to belong to that genus. It is, therefore, not considered in this memoir.

Ostrea anomioides Meek.
(Plate XXXIX, Figs. 4, 5.)

Mr. Meek described this form without illustrations in the annual re­ 
port of the United States Geological Survey of the Territories for 1872. 
It was afterward illustrated by myself in that series of reports for 1878, 
Plate XL Figs. 4 and 4 a. Those figures, as well as those which illus­ 
trate the species on Plate XXXIX, are drawn from Mr. Meek's typ& 
specimens.

Ostrea appressa Gabb.
(Plate XXXIX, Fig. 9.)

The form published by Mr. Gabb under this name is probably identi­ 
cal with his 0. idriaensis. This view is suggested, both by the close 
similarity of the two forms and the fact that both are reported to coine 
from one and the same formation, the Tejon Group of California. The 
difference between them is certainly no greater than it is between cer­ 
tain of the varieties of the living Ostrea virginica, as may be seen by 
referring to the figures on Plates LXVII to LXXXII. Some geologists, 
and paleontologists, notably Professor Heilprin, contend, and with much 
apparent reason, that the Tejon Group ought to be referred to the Ter­ 
tiary period and not to the Cretaceous. For the present, however, I 
leave this species with the Cretaceous fauna, where Mr. Gabb placed it
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in the Paleontology of California, Vol. II, page 203. The illustration 
•which is given on Plate XXXIX is copied from his figure on Plate 34, 
Fig. 4, of the volum equoted.

Ostrea bella Conrad.
(Plate XXXIX, Fig. 6.)

This small species was published by Conrad in the report of the 
United States and Mexican Boundary Survey, Vol. I, p. 156, Plate X, 
Figs. 4, a, b. It is probably too closely like the form which was named 
Ostrea elegantula by Dr. Newberry to be regarded as a distinct species. 
See remarks under the head of that name on a following page.

Ostrea bellarugosa Shumard.
In his Monographic du Genre Ostrea, page 69, Professor Coquand 

gives the name of "0. bellarugosa Shumard." I am not acquainted with 
the publication of any oyster by that name. It is probably a misprint 
or a suppositition for 0. belliplicata Shumard.

Ostrea belliplicata Shumard.
(Plate LXXVIII, Figs. 1, 2, 3.)

Dr. Shumard described this handsome species without figures in the 
Transactions of the Saint Louis Academy of Science, Vol. I, page 608. 
I afterward published a description of it with figures in the Annual 
Eeport of the United States Geological Survey of the Territories for 
1877, p. 276, Plate IV, Figs. 3, a, b; and Plate 8, Figs. 2, a, b. This 
species appears to be quite constant in its form and general characters. 
All the known examples are from Texas.

Ostrea blackii White.
- (Plate XLV, Fig. 1, and Plate XLVI, Fig. 2.)

This form is of a similar type with 0. belliplicata, and it is possibly 
only a variety of that species. Both forms are from the Cretaceous 
strata of Texas, but I am not aware that they have ever been found 
associated together. 0. blackii is a larger and less ventricose shell and 
has coarser plications than 0. belliplicata. The former was originally 
described and figured in the Proceedings of the United States National 
Museum, Vol. II, page 293, Plate 4, Figs. 1, 2. It was also similarly 
published in the Annual Eeport of the United States Geological Survey 
of the Territories for 1878, page 11, Plate XIV, Figa. 1, a, b; and Plate 
XVII, Fig. 4.
Ostrea barrandei Coquand. *

(Plate XLIV, Figs. 1, 2; Plate XLV, Fig. 2; Plate XLVI, Fig. 1.)

This remarkably fine species was published in France by Professor 
Coquand in his Monographic du Genre Ostrea, page 47, Plate XII, Figs.
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1-4. He states that his type specimens were obtained from New Jersey, 
but so far as I am aware no other examples of the species have ever 
been discovered. The illustrations of this species in this memoir are 
copies of Professor Coquand's figures in the work cited.

Ostrea breweri Gabb.
The figure given under this name in Paleontology of California, Vol. 

I, Plate 26, Fig. 191, is that of an imperfect lower valve, and the brief 
specific description on page 204 of that volume is not more satisfac­ 
tory. The figure apparently represents an oyster closely related to 0. 
coalmllensis, and also to 0. wyomingensis Meek.

Ostrea bryani Gabb.
This form is briefly described without illustration in the Proceedings 

of the Philadelphia Academy of Natural Sciences for 1876, page 321. 
It is reported as coming from the Cretaceous of New Jersey.

Ostrea carinata (Lamarck) Roeiner.
(Plate XLIII, Figs. 1, 2, 3, 4.)

This species was originally described from the European Cretaceous, 
but Professor Eoemer discovered it among his Texas collections and 
published it in Kreidebildungen von Texas, page 75, Plate IX, Fig. 5. 
Professor Coquand regards the Texas form as 0. pectinata Lamarck; 
but although it seems to vary somewhat from 0. carinata, I am dis­ 
posed to agree with Professor Eoemer in his determination. Fig. 1 
on Plate X is a copy of Professor Eoemer's figure, and Figs. 2, 3, 4 are 
drawn from a specimen sent from Texas by Mr. George Stolly, of Austin.

Ostrea coalmllensis Meek.
(Plate XXXVI, Pigs. 1, 2, 3, 4.)

In the reports of the United States Geological Survey of the 40th 
Parallel, Vol. IV, page 140, Plate XV, Figs. 10, a, b, c, Mr. Meek sug­ 
gested this name for an oyster which was obtained from the marine 
Cretaceous strata at Coalville, Utah. In aspect and details it is closely 
like 0. wyomingensis, which, however, comes from the Laramie Group. 
(See remarks under Ostrea wyomingensis on a following page.)

Ostrea confragosa Conrad.
Conrad described this species from the Cretaceous strata of Missis­ 

sippi in the Journal of the Academy of Natural Sciences of Philadel­ 
phia, Vol. Ill (n. s.), page 329. On Plate 34, Fig. 4, of that volume he 
gave one small figure, which does not possess sufficient character to 
give any satisfactory idea of the species.
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Ostrea congesta Conrad.
(Plate XXXIX, Figs. 11, 12, 13.)

Perhaps no fossil species of oyster is more common and more widely 
distributed in the Cretaceous strata of western North America than 0. 
congesta. It is a small shell; and almost always the lower valve is 
broadly attached to some foreign body, notably upon the large shells of 
Inoceramus.

Ostrea convexa Say.
(See Gryphcea vesicularis, on a following page, with which it is re­ 

garded as. identical.)
Ostrea cortex Conrad.

(Plate XXXVII, Figs. 3,4.)

The form to which Conrad gave this name was found by the United 
States and Mexican Boundary Commission at " Dry Creek, Mexico." 
It is briefly described on page 157 and figured on Plate IX of Vol. 
I of the report of that commission. Copies of part of those figures 
are given on Plate XXXVII; but they are unsatisfactory, both upon 
zoological and geological grounds. They will serve, however, to add 
to the fullness of illustration of the fossil Ostreidae.
Ostrea crenulata Tuomey.

Not the 0. crenulata of Lamarck. (See Ostrea tuomeyi Coquand, a 
Cretaceous species; not 0. tuomeyi Conrad, a Tertiary species.)
Ostrea crenulimargo Eoeraer.

(Plate XLIII, Figs 8, 9.)

Professor Eoemer published this form in Kreidebildungen von Texas, 
page 76, Plate IX, Figs. 6, a, b. The 0. quadriplicata, afterward pub­ 
lished by Shumard, is almost certainly identical with this species. 
Large collections of specimens show intermediate forms connecting 
those which were described by Professor Eoemer and Dr. Shumard, re­ 
spectively. (See 0. quadriplicata on a following page.)

Ostrea crenulimarginata Gabb.
(Plate XL, Fig. 2.)

This species is reported from the Cretaceous rocks of Tennessee, and 
published in the Journal of the Academy of Natural Sciences of Phila­ 
delphia, Vol. IV (n. s.), Plate 68, Figs. 40, 41. Little is known con­ 
cerning its identity.
Ostrea cretacea Morton, Owen.

(See 0. frariklini on a following page.)
Dr. Morton, m his Synopsis of the Organic Eemains of the Creta­ 

ceous Group, page 52, Plate XIX, Fig. 3, published a species under the
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name of Oslrea eretacea, supposing it to have come from Cretaceous 
strata, in Alabama. It has since been ascertained that the strata from 
which his specimens were obtained are of Tertiary and not Cretaceous 
age. This species has therefore been included in the list of the Tertiary 
Ostreidse by Professor Heilprm on a subsequent page. In the Second 
Report of the Geological Survey of Arkansas, Plates VII and VIII, Dr. 
Owen figured an oyster from Cretaceous rocks of that State which he 
referred to the Ostrea eretacea of Morton. Without knowing that they 
came 'from different formations, Professor Coquand regarded them as 
representing two distinct species. Therefore, in his Monographic du 
Genre Ostrea, page 53, Plate XXIII, Figs. 8-10, he mentioned and fig­ 
ured Dr. Owen's form. and"nained it Ostrea franUini.

Ostrea denticulifera Conrad.
This is another form the publication of which is very unsatisfactory. 

It was described in the Journal of the Academy of Natural Sciences 
of Philadelphia, Volume III (n. s.), page 321. On Plate 34 of that vol­ 
ume, Figs. 1 and 8 are given as illustrations of the species, but they are 
not of such a character as to give much aid in specific identification. 
Mr. Conrad's examples cam e from the Cretaceous strata of Mississippi.

Ostrea diluviana Linnaeus.
(Plate XL, Fig. 1; Plate XLI, Figs. 1, 2.)

Some interesting specimens of this form were sent to the Smithsonian 
Institution some years ago from the Cretaceous rocks of Bell County, 
Texas. They seem to be specifically identical with the long-known 0. 
diluviana of Linnaeus. At least they are so nearly like that European 
species that I dp not feel warranted in placing the Texan form under a 
separate name. This shell has the toothed margin, and to some extent, 
also, the characteristic marginal outline of Aleetryonia, and it ought per­ 
haps to be ranged under that subgenus.

Ostrea, elegantula Newberry.
(Plate XXXVI, Figs. 5, 6, 7.)

Prof. J. S. Newberry, in his Geological Report which accompanies 
that of Captain Macomb's Exploring Expedition, page 33, proposed the 
name Ostrea elegantula for a small Cretaceous species which he found 
abundantly in the valley of Canadian River, but he gave neither de­ 
scription or figures of it. Professor Newberry has kindly furnished 
for this article authentic specimens from his original collection, figures 
of which are given on Plate XXXVI. This form is probably identical 
with Ostrea bella Conrad, but as I am not quite certain of this, I give 
both names a place in this list. Professor dewberry's reference to his 
form was written before the publication of Conrad's description, but his 
report was not published until long afterward, in 1876.
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Ostrea exogyrella Gabb.
Mr. Gabb published this form without figures in the Proceedings of 

the Academy of Natural Sciences of Philadelphia for 1876, page 322. 
He reported it from the Cretaceous strata of Georgia, but so far as I 
am aware it has not since been recognized.
Ostrea falcata Morton.

(See Ostrea larva Lamarck, ou a following page, with which Morton's 
form is regarded as identical.)

Ostrea franJclini Coquand.
(Plate XXXIX, Figs. 1, 2, 3.)

Dr. D. D. Owen figured but did not describe this form on Plates VII 
and VIII of the Second Eeport of the Geological Survey of Arkansas, 
and referred it to the Ostrea cretacea of Morton. (See remarks under 
the head of 0. cretacea on a preceding page.)

" Ostrea gabbanna Meek & Hayden."
This name appears in Meek's Check List of North American Creta­ 

ceous Fossils, but it is believed that no description or illustration of it 
has ever been published.
Ostrea inornata Meek.

A description and figure of this small form are given by Mr. Meek 
in Vol. IX of the United States Geological Survey of the Territories, 
page 14, Plate X, Fig. 4. The latter is an unsatisfactory representation 
of a species, and the description fails to convey a clear idea of it.
Ostrea idriaensis Gabb.

(Plate XXXIV, Figs. 7, 8.)

Mr. Gabb described both this form and 0. appressa from the Tejon 
Group of California. Under the head of the latter name on a previous 
page I have suggested that both forms probably belong to one and the 
same species. 0. idriaensis is figured by Mr. Gabb on Plates 33 and 34 
of Vol. II, Paleontology of California, and it is described on page 203 of 
the same volume.

v
Ostrea (Alectryonia) larva Lamarck.

(Plate XUI, Figs,. 2, 3, 4, 5, 6, 7, 8, 9.)

This variable species has probably a wider geographical distribution 
than any other Cretaceous Ostrea; and it has been known under more 
than a dozen specific names. It is known iu various parts of Europe, in 
Southern India, and in different parts of the United States, especially 
in New Jersey and Alabama.

Morton in his synopsis proposed for three American varieties of this 
shell the three specific names falcata, nasuta, and mesenterica.
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Ostrea lateralis Nilsson.
Certain authors have regarded the Ostrea vomer of Morton as identical 

with the European one described under the name 0. lateralis by Nilsson. 
I regard them as distinct. (See remarks under the head of Ostrea vomer 
on a following page.)

Ostrea littlei Gabb.
Under this name Mr. Gabb described a form without illustration, in 

the Proceedings of the Academy of Natural Sciences of Philadelphia 
for 1876, page 321. It is reported from the Cretaceous of Georgia.

Ostrea lugubris Conrad.
(Plate LI, Fig. 3.)

All the known examples of this species are so small as to suggest that 
they may be the young of a larger species; but it seems to be very con­ 
stant in size and in other general characteristics. It is common in cer­ 
tain of the Cretaceous rocks of Colorado and New Mexico. It was orig­ 
inally published in the report of the United States and New Mexican 
Boundary Survey, Vol. I, page 156, Plate X, Figs. 5 a, b.

Ostrea lyoni Shumard.
Dr. Shumard published this form from the Cretaceous strata of Texas, 

without illustration, in the Proceedings of the Boston Society of Nat­ 
ural History, Vol. VIII, page 200. Similar mention has been made of 
other species which have been published without illustration. It is diffi­ 
cult at best to correctly illustrate a species of the Ostreidse even by the 
use of numerous and well preserved examples; and in the present state 
of publication of the fossil forms it is almost impossible to identify any 
species, even a well-marked one, by a written description only.

Ostrea malleiformis Gabb.
(Plate L, Fig. 8.)

Mr. Gabb obtained this species from the Cretaceous rocks of Cali­ 
fornia, and published it with one figure in Vol. II of the-Paleontology 
of that State, page 204, Plate 31, Fig. 272.

It is characterized by wing-like expansions of the cardinal portion, 
and seems to be a well-marked species.

Ostrea mesenterica Morton. 
(See remarks under the head of Ostrea larva on a preceding page^

Ostrea mortoni Gabb.
Mr. Gabb described this form as coming from Cretaceous strata, but 

Professor Heilprin regards it as a Tertiary species. (See his remarks 
under the same head on a following page.)
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Ostrea multilirata Conrad.
(Plate XXXVIII, Figs. 1, 2.)

No very perfect examples of this species have been obtained, but it 
is apparently a well-marked one. Conrad's types were collected near 
the boundary between Mexico and Texas, and published in the report 
of the United States and Mexican Boundary Survey, Vol. I, page 157, 
Plate XII, Fig. 1, a, b, c, d.

Ostrea nasuta Morton.
This form is regarded as only a variety of Ostrea larva Lamarck. (See 

remarks under the latter head on a preceding page.)

Ostrea owenana Shumard.
Dr. Shumard published this form without illustration in the Proceed­ 

ings of the Boston Society of Natural History, Vol. VIII, page 200. It 
was obtained by him from the Cretaceous strata of Texas. Not beiug 
illustrated it seems impracticable to identify it from the description 
alone.

Osireapand a Morton.
Dr. Morton described this form as coming from Cretaceous strata; 

but Professor Heilprin regards it as of Tertiary age. (See his remarks 
under the same head on a following page.)

Ostrea pandceformis Gabb.
This species was described by Mr. Gabb in the Proceedings of the 

Academy of'Natural Sciences of Philadelphia for 1861, page 328. It is 
reported to come from the Cretaceous of Mississippi, but not having 
been illustrated it seems impracticable to identify it.

Ostrea patina Meek & Hayden.

(Plate XLVII, Figs. 4, 5, 6.)

This is a very common yet variable species in the Cretaceous strata 
of the Upper Missouri River region. Mr. Meek referred it with some 
doubt to the genus Gryphma. It is described and figured in Vol. IX of 
the United States Geological Survey of the Territories, page 16, Plates 
X and XI. . x

Ostrea peculiaris Conrad.
Conrad described this species in the Journal of the Academy of Nat­ 

ural Sciences of Philadelphia, Vol. Ill (n. s.), p. 329. On Plate 34 of 
that volume he gave a single figure of a small shell, but it is too indefi­ 
nite to be of use in the identification of the species. It is reported to 
come from the Cretaceous rocks of Mississippi.
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Ostrea pellucida Meek & Hayden.
(Plate L, Figs. 6, 7.)

This is not the Ostrea pelhicida of Defrance 1821, but it is a small 
species from the Cretaceous of the Upper Missouri Eiver region, which 
was published in Vol. IX of the United States Geological Survey of the 
Territories, page 15, Plate XXVIII, Figs. 4, a, b. It is probably the 
form that Dr. Morton supposed to be identical with his 0. falcata (= 
0. larva), but it is quite distinct, as was shown by Mr. Meek. It is also 
evidently the same form that was described by Meek & Haydeu under 
the name of 0. translucida in. the Proceedings of the Academy of Nat­ 
ural Sciences of Philadelphia for 1857, page 147. Both that form and 
the one they called 0. pellucida are reported from the same formation 
and same locality, and they are probably identical. A clear specific 
characterization has not been given of either of the forms; but in any 
case the name 0. pellucida cannot hold, because it was used long ago by 
Defrance for a different species. The latter name is probably au inad­ 
vertent supposition qn the part of the authors for the previously used 
name 0. translucida.
Ostrea planovata Shumard.

Dr. Shumard described this form in the Proceedings of the Boston 
Society of Natural History, Vol. VIII, page 201. In the same paper 
both 0. lyoni and 0. owenana were published among other Cretaceous 
fossils from Texas. As no illustrations of either of these species have 
been published, and as the type specimens are not accessible, it seems 
impracticable to identify them among any collections subsequently 
made.
Ostrea plumosa Morton.

(Plate XXXVII, Figs. 5,6.)
Dr. Morton obtained this species from the Cretaceous strata of New 

Jersey, and published it in his Synopsis of the Cretaceous Formation 
of the United States, page 51, Pate III, Fig. 9. It seems to be a very 
variable form, and the figures here given, although they correctly repre­ 
sent the specimens used, are not very satisfactory.
Ostrea prudentia White.

(Plate XL, Figs. 5, 6 )
The only specimens of 0. prudentia that have yet been discovered 

were obtained from the Cretaceous strata of Southern Utah. It was 
originally published in the reports of the United States Explorations 
and Surveys West of the 100th Meridian, Vol. IV, page 171, Plate X1V; 
Figs. 2, a, b, c, d.

Ostrea quadriplicata Shumard.
(Plate XLIII, Figs 5, 6, 7.)

Under the entry of Ostrea crenulimargo on a previous page it has 
already been stated that the form bearing that name is believed to be
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identical with tbis. Professor Roemer and Dr. Shnmard obtained their 
respective specimens from the Cretaceous strata of Texas. Dr. Shu- 
mard described 0. quadriplicata in the Transactions of the Saint Louis 
Academy of Science, Vol. I, page 60S, without illustrations. I after­ 
ward obtained copies of his unpublished drawings, and published them 
together with others, in the Annual Report of the United States Geolog­ 
ical Survey of the Territories for 1877, Plate VIII, Figs. 3, a, b. Copies 
of those figures are given on Plate XLIII.
Ostrea robusta Conrad.

(Plate XL, Figs 3, 4.)
Conrad published this form in the Report of the United States and 

Mexican Boundary Survey, Vol. I, page 156, Plate IX, Figs. 3, a, b. 
His type specimens came from the Cretaceous strata near Earedo, 
Texas.
Ostrea (Alectryonia) sannionis White.

(Plate XLV, Figs. 3, 4, 5, 6, 7.)

Up to the present time this species Las been found only at Coalville, 
Utah, where a considerable number of specimens were obtained. It is 
a well marked and apparently constant form. It was first published in 
Powell's Geology of the Uinta Mountains, and afterward illustrated in 
the Annual Report of the United States Geological Survey of the 
Territories for 1877, Plate II, Figs. 2, a, b, c, d, e.
Ostrea, soleniscus Meek.

(Plate XLII, Fig. 1.)
This remarkable species is found in the Cretaceous rocks of Southern 

Wyoming and the adjacent parts of Utah and Colorado. The typical 
examples are very long and slender, sometimes reaching a length of 
eighteen inches with a width of only two and a half or three inches. 
Associated with these long, slender forms, I have found some that are 
scarcely more elongate than ordinary oysters. In view of the great 
elongation of one variety of the living Ostrea virginica, such, for example, 
as irt illustrated on Plate LXXXI, I am much disposed to regard these 
short fossil forms as belonging to the same species as the slender ones 
with which they are associated. Mr. Meek described 0. soleniscus in 
the Annual Report of the United States Geological Survey of the Terri­ 
tories for 1872, page 487. I gave two figures of it in the same series of 
reports for 187S, on Plate XI of that volume.
Ostrea subalata Meek. -

(Plate XXXIX, Fig. 10.)

The type specimen described by Meek under the name of Ostrea 
(Grypliceostrea f) subalata in Volume IX of the United States Geological 
Survey of the Territories, page 15, and figured on Plate 28, Fig. 5, was 
obtained from the Cretaceous strata of the Upper Missouri River region. 
It has not since been satisfactorily identified.
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Ostrea subovata Shumard.
Dr. Shumard briefly described this form in the report of Marcy's Ex­ 

ploration of the Bed River of Louisiana, page 193. He gave one figure 
of it on Plate 5 of that volume, but it is too indistinct to be of any serv­ 
ice in the identification of the species. I suspect, however, that Shu- 
mard's form is identical with the one I have mentioned on a previous 
page under the name of 0. diluviana Lin.

Ostrea subspatulata Forbes.
(Plate XXXVII, Figs. 1, 2.)

The type specimens of this species were obtained by Sir Charles Lyell 
in New Jersey, and published by Forbes, with two wood-cuts, in the 
Quarterly Journal of the Geological Society of London, Vol. I, page 
01. It has since been somewhat unsatisfactorily identified in the Gre- 
taceous rocks of the Gulf States, but it has not been anywhere recog­ 
nized as an abundant form.

Ostrea tecticostata Gabb.
(Plate L, Figs. 4, 5.)

Mr. Gabb reported this form as coming from the Cretaceous strata 
of Tennessee and New Jersey. It is published in the Journal of the 
Academy of Natural Sciences of Philadelphia, Vol. IV (n. s.), page 
4.03. Two small, unsatisfactory figures of it are given on Plate 68 of 
that volume.

Ostrea torosa Morton.
Dr. Morton published a form under this name in his Synopsis of the 

Cretaceous Formation of the United States, page 52, Plate X, Fig. 1. 
It is evidently, as Gabb has pointed out, only a distorted example of 
Exogyra costata Say. (See remarks under that head on a following page.)

Ostrea translucida Meek & Hayden.
See remarks on a previous page under the head of Ostrea pellucida. 

If, as is supposed, this form is identical with that which the same au­ 
thors described under the name of 0. pellucida, the latter name must give 
place to 0. translucida, because it was preoccupied- by Defrance in 1821.

Ostrea tuomeyi Coquand.
Professor Tuomey obtained this species from the Cretaceous strata of 

Alabama. / It has never been figured, but it was described by him under 
the name of Ostrea crenulata in the Proceedings of the Academy of Nat­ 
ural Sciences of Philadelphia for 1854, page 171. This name having 
been preoccupied by Lamarck in 1801, Professor Coquand, in his Mon- 
ographie du Genre Ostrea, page 68, gave Professor Tuomey's species 
the name of 0. tuomeyi.

Conrad seems to have intended to give the name Ostrea tuomeyi to a
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Tertiary species, but he never properly published it. (See Professor 
Heilprin's remarks under the same head on a following page.)

Ostrea uniformis Meek.
(Plato XLVIII, Figs. 6, 7.)

In the report of Macomb's Exploration, page 124, Plate I, Figs. 2, a, 
b, c, Mr. Meek published a form from "Sew Mexico, which appears to 
be a well-marked species; but so far only the type specimen is knewn.

Ostrea vellicata Conrad.
This species is not satisfactorily known. Conrad described and figured 

it in the Eeport of the United States and Mexican Boundary Survey, 
Vol. I, page 156, Plate XI, Figs. 2, a, b. It does not perhaps differ 
specifically from 0. cortex, by the same author, which is figured on the 
same plate.

Ostrea vomer Morton.
(Plate XLVIII, Figs. 8, 9, 10.)

Dr. Morton published this form in his Synopsis of the Cretaceous 
Formation of the United States, page 54, Plate IX, Fig. 5, under the 
above name. Mr. Gabb and others have regarded it as identical with 
the Ostrea lateralis of Mlsson ; but it appears to me to as well deserve a 
separate name as many other American forms which resemble European 
species. Conrad made it the type of his proposed genus Gryphceostrea. 
I do not, however, regard the characters upon which that proposed genus 
was based as even subgenerically distinct from those of true Ostrea. 

Genus GKYPH^A Lamarck.

Gryplicea mucronata Gabb.
This name was proposed by Mr. Gabb in Paleontology of California, 

Vol. II, page 274, for the variety of G. pitclieri to which Conrad had pre­ 
viously given the name G. navia.
Gryphcea mutabilis Morton. 

(See Gryplicea vesicularis Lamarck.)
Grgplicea navia Conrad.

As above stated, Gabb gave the name G. mucronata to. this form. 
Professor Eoemer figured it on Plate IX of Kreidebildungen von Texas 
as G.pitcheri, and he was doubtless right, as G.pitcJien is a very variable 
species, and G. navia is regarded as only a variety.

Gryphcea pitcheri Morton.
(Plate XLIX, Figs. 1,2,3,4,5,6.)

This is perhaps one of the most widely distributed and most variable 
.species among the Ostreidse of North America.. It was originally dis-
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covered in the Cretaceous strata of New Jersey, and published by Dr. 
Morton in his Synopsis of the Cretaceous Formation of the United 
States. It has since been recognized iu widely separated localities in 
the United States and Mexico. Some of the varieties lose the promi- 

. nence of the beak of the lower valve, and approach an ordinary oyster 
in appearance. A variety of this species, somewhat common in Texas, 
is narrower than the typical form and has a more produced beak to the 
lower valve. Conrad gave this form the name of Q. navia, as already 
mentioned. Figures of it are given on Plate XLIX.

Gryph&a thirsce Gabb.
Mr. Gabb described this as a Cretaceous species, but according to 

Professor Heilprin it is found in true Tertiary strata. He regards it 
as not generically distinct from the Ostrea, and it will be found on a 
following page among the Eocene species under the name of Ostrea 
tliirsce.

Gryphcea vesicularis Lamarck.
(Plate XLVIII, Figs. 1,2,3,4,5.)

The species which is arranged under this name is a somewhat varia­ 
ble one. Dr. Morton published certain specimens of it under the name 
of Ostrea mutabilis, and Say published others as Ostrea convexa. These 
American forms are now generally regarded as specifically identical with 
the long-known European species Gryyhcea vesicularis of Lamarck. It 
is found in the Cretaceous rocks of the Atlantic and Gulf States.

Gryphcea vomer Morton.
Dr. Morton described this species as a Gryphoea, but I regard it as 

not generically distinct from true Ostrea. (See remarks under Ostrea 
vomer on a preceding page.)

Genus EXOGYRA Say.

Eocogyra arietina Roemer.
(Plate LVT, Figs. 3,4,5.)

This species is quite a common one in the Cretaceous rocks of Texas 
and theadjacent parts of Mexico. It is generally known under the above 
name, which was published in Kreidebildungen von Texas, page 68, 
Plate VIII, Figs. 10, a, 1), c, d, e, but it possibly ought to be called 
Exogyra laxa Say. In 1826 Mr. Say described a shell under the name of 
Delphinula laxa which, from its resemblance to certain specimens of E. 
arietina, and my lack of knowledge of any other species to which it may 
belong, I believe to have been a specimen of the larger valve of this 
Exogyra. If I am correct in this supposition, Say's specimen was that of 
a fossil instead of a recent shell, and an Exogyra instead of a Delphinula. 
Say's very brief and unsatisfactory description of D. laxa may be found
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on page 166 of Binney's edition of Say's writings and Mrs. Say's excel­ 
lent figures of it on Plate 7 of that volume.

Conrad published this species under the name of Exogyra caprina in 
the Journal of the Academy of Natural Sciences of Philadelphia, Vol. 
II (n. s.), page, 273, Plate XXIV, Figs. 3, 4. Boemer's name must 
remain, however, because it was previously published, unless the name 
Exogyra laxa Say shall be used.

Exogyra, aquila Goldfuss.
(Plate LIH, Figs. 1, 2 )

The specimens which are here recognized as belonging to the Exogyra 
aquila of Goldfuss were sent to the Smithsonian Institution some years 
ago by Mr. D. A. Walker, from Bell County, Texas. Upon comparing 
them with the figures given by Goldfuss in his Petrefacta Germanise, 
page 36, Plate 87, Fig. 3, no features appear to me upon which a specific 
difference can be based. I am not aware that this species has before 
been recognized in American strata, but various authors have reported 
ifcfrom different parts of Europe and from both Northern and Southern 
Africa.
Exogyra columbella Meek.

(Plate LV, Figs. 5, 6.)

This small species of Exogyra has hith erto been found only in Southern 
Utah and the adjacent parts of New Mexico, where it is sometimes found 
associated with E. Iceviuscula Rcemer, which species it resembles in size. 
Itwas published by myself in the reports of United States Explorations 
and Surveys west of the 100th Meridian, Vol. IV, page 174, Plate XVII, 
Figs. 3, a, b, c, d. I there regarded it as a small variety of E. costata, 
and gave it the variety name of fluminis. In the same year Mr. Meek 
published this form under the name of E. columbella, in the Eeport of 
Macomb's Exploration, page 124, Plate I, Figs. 3, «, &, c, d.

Exogyra costata Say.
(Plate LVI, Figs. 1, 2; Plate LVII, Figs. 1, 2 )

This is one of the most common and characfcerisfcic as it is one of the 
largest species of Exogyra that are found in the Cretaceous rocks of the 
United States. It is especially characteristic of certain strata in the 
Atlantic and Gulf States, and also in Mexico. It is usually quite con­ 
stant in its form and in the costate character of its surface, but in the 
latter respect it is sometimes variable. Indeed, some authors regard 
Exogyraponderosa Eoemer as only a variety of E. costata, differing only 
in the obsolescence of its costse. This feature is so constantly present 
in the one form and absent in the other that I prefer to regard them as 
representing distinct species.
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Exogyra fimbriata Conrad.
This proposed species is really unworthy of notice, because its original 

description was based upon only a single upper valve, which is probably 
that of a small example of Exogyra ponderosa. Conrad published it in 
the Eeport of the United States and Mexican Boundary Survey, Vol. I, 
page 154, Plate VII, Figs. 2, a, b. Adding still fuither to unnecessary 
synonymy, the name is. by typographical error, given as E.foliacea on 
Plate 7, Vol. I of the United States and Mexican Boundary Survey. 
Furthermore, Coqnand, in his Monographic du Genre Ostrea, page GO, 
proposed to change Conrad's supposititious name to 0. sabfimbriata.

Exogyra forniculata White.
(Plate LII, Figs. 1,2)

The gradation of the genus Oryphwa, which has before been referred to, is 
exemplified by this species, which might with equal propriety be referred 
to either genus. The principal distinguishing characteristic of Exogyra 
I have taken to be the lateral deflection and greater or less curvature 
of the beak of the lower valvei The full development of this feature is 
shown in such forms as E, costata andJ3. Iceviuscula, and the minimum, 
in the species heading this paragraph. So far as I am aware Exogyra 
forniculata has been found only in Texas and the adjacent parts of 
Mexico. It has often been confounded •with the variety ot Gryphcea 
pitcheri to which Conrad gave the name G. navia. It was originally pub­ 
lished as a distinct species in the Proceedings of the National Museum 
Vol. II, page 293, Plate IV, Figs. 3,4; and subsequently in the Annual 
Eeport of the United States Geological Survey of the Territories, page 
13, Plate 14, Figs. 2, a, b.

Exogyra fragosa Conrad.
This form is perhaps only a variety of E. ponderosa, but it was pub­ 

lished as a distinct species by Conrad in the Eeport of the United States 
and Mexican Boundary Survey, Vol. I, Plate VIII, Figs. 2, a, &. It 
was obtained from Cretaceous strata of Texas.

Exogyra interrupta Conrad.
Mr. Conrad published a form under this name from the Cretoceous 

strata of Mississippi in the Journal of the Academy of Natural Sciences 
of Philadelphia, Vol. Ill (n. s.), page 330, Plate 34, Fig. 15. The figure 
is very unsatisfactory, and apparently represents a young and small 
example of the lower valve of a species like E. winchelli.

Exogyra Iceviuscula Bffitner.
(Plate LII, Figs. 3, 4, 5.)

Professor Eremer published this species from the Cretaceous, strata of 
Texas in his Kreidebildung von Texas, page 70, Plate IX, Figs. 3,«, b, 

3 INT——20
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c. It has also been found in New Mexico, and in the State of Nuevo 
Luon, Mexico. It is a well marked and not very variable species.

Exogyrtt Matheroniunn d'Orbigny. '
Gonrad, in the lieport of the United States and Mexican Boundary 

Survey, referred certain .specimens to this species that are specifically 
identical with the form that Professor Rosmer described under the name 
of Exoyyra texanti. (See remaiks under that Lead in a lollowing para­ 
graph.) It is a somewhat common form in the Cretaceous of Texas and 
the adjacent parts of Mexico.

Exogyra plicafa Lamarck.
It is doubtful whether this species exists m North American rocks. 

Certain authors have placed specimens under this name which I believe 
to belong to the E. texana of Rcemer. (See remarks under that head in 
a following paragraph.) '

Exogyra ponderosa Kcemer.
(Plate L, Figs. 1, 2, 3 )

Tins massive form is common in certain Ceretaceous strata of the 
States which border the Gulf of Mexico; extending westward into the 
"Republic of Mexico. It was first published by Eosmer in Kreidebildung 
von Texas, page 71, Plate IX, Pigs. 2, a, b. As before remarked, it has 
by some authors been regaided as not specifically different from E. cos- 
tnta Say. The two forms are certainly ulosely similar, but their surface 
characters are apparently constant in their difference, even when they 
are found associated in the same stratum. The lower valve of this 
species is very massive in old examples," sometimes reaching nearly two 
inches in thickness of solid shell substance.

Exogyra parasitica Gabb.
(Plate LV, Figs. }, 4 )

Mr. Gabb published this form in Paleontology of California, Vol. Ir 
page 205, Plates 26 and 31. Tt is interesting because of the very slight 
representation that Exoyyra has in the Cretaceous strata of the Pacific 
coast.

Exogyra lexann 11 03111 er.
(Plate LI, Figs. 1, a, 3, 4,5.)

Professor Kcenier published this species in Kreidebildung vou Texas, 
page GO, Plate X, Figs. 1, ct, b, c, d, e. It is not [infrequently found in cer­ 
tain Cretaceous strata in Texas and the adjacent parts of Mexico. It 
has been by various anthois referred to E.pllcata Lamarck, and E. 
MatlieroH.iana d'Orbigny.
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Exogyra walkeri White.
(Plate L1V, Figs 1,2 )

This is a large, compressed form, which comes from the Cretaceous 
strata of Texas. It was published in the Annual Eeport of the United 
States Geological Survey of the Territories for 1877, page 278, Plate I, 
Figs. 1, a, b.
Exogyra winchelh White.

(Plate LV, Figs 6,7; Plate LVI, Figs. 1,2 )

The form which is most nearly related to this species is the E. halio- 
toidea of Sowerby, but it is more elougate than that shell, and the front 
side is more abruptly elevated. It is probable that this American form 
might be with propriety recognized as a variety of the European E. 
haliotoidea, but I prefer at present to regard it as distinct. I have 
recognized the last-named species among some Cretaceous fossils from 
Brazil, and they seem to be sufficiently distinct from E. wincheUi. It is 
only in the Cretaceous strata of the Gulf States that E. winchelli is yet 
known. It was published in the Proceedings of the United States 
National Museum, Vol. II, page 294, Plates II and IK; and also in the 
Annual Eeport of the United States Geological Survey of the Territories 
for 1878, page 12, Plate XIII, Figs. 1, a, b, c, d.

LARAM1E GROUP.

The great brackish water formation of Western North America, which 
is known as the Laramie Group, has already been referred to. In this 
great formation no true marine fossil remains have been found, but 
oyster shells are not (.infrequently found in its strata, and in some places 
they are abundant. Among these no less than five species have been 
proposed by different authors, but later collections show such gradations 
of form that I have not been able to recognize more than two species 
among them, and it is probable that there is really only one species in 
the whole formation.

These oyster remains of the Laramie Group not only belong to the 
typical genus Ostrea, bnt the most abundant of the two recognized 
species is very closely like the living Ostrea virginica. This species is 
quite constant in its typical form, even at points more than a thousand 
miles distant from each other, and the extent of its geographical distri­ 
bution seems to have been quite equal to that of the living 0. virginica.
Oslrea glabra Meek & Hayden.

(Plates LVIII, LIX, LX, LXI.)

Thus widely distributed species was first published under the above 
name in the Proceedings of the Academy of Natural Sciences of Phil-
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adelphia, for 1857, page 136. The type specimens were obtained from 
the Upper Missouri Eiver region ; and the smoothness which suggested 
their specific name was not natural, but due to attrition or corrosion. 
Figures of one of these type specimens are given on plate LVIII. In 
the Annual Eeport of the United States Geological Survey of the Terri­ 
tories, for 1872, page 508, Mr. Meek described a form from Southern 
Wyoming under the name of Ostrea wyomingtnis, figures of which are 
given on Plates LX aud LXI. In the same series of reports, the volume 
for 1873, page 477, he described another form from the same locality 
under the name of 0. arcuatihs. Fig. 5, on Plate LIX, is drawn from 
his type specimen.

In Powell's Eeport on the Geology of the Unita Mountains, page 112, 
I described another form from Southern Wyoming under the name of 
0, insecuris. Figures of the type specimen are given on Plate"~LIX. 
Now, all these forms, as before mentioned, I regard as belonging to one 
and the same species.

Ostrea subtrigonalis Evans & Shnmard.
(Plate LXI, Figs. 4, 5, 6, 7.)

This small form occurs in the Laramie strata of the Upper Missouri 
Eiver region. It is not improbable that this also is a variety of 0. glabra, 
but the somewhat numerous specimens that have hitherto been discov­ 
ered are very uniform in size and shape, the size being considerably 
smaller than the average of 0. glabra. It was originally published with­ 
out figures; but it was identified by Meek and illustrated by him in 
Vol. IX of the United States Geological Survey of the Territories, Plate 
40, Figs. 1, a, b, c, d.



APPENDIX I.

NORTH AMERICAN TERTIARY OSTREIM.
BY PROP. ANGELO HEILPRIN.

Genus OSTKEA Linnaeus.

EOCENE. 
Ostrea alabamensis Lea.

(Plate LXIV, Figs. 2, 3, 4.)

Originally published from Alabama in Lea's Contributions to Geology, 
page 91, Plate III, Fig. 71.

SYN.—0. lingua-canis Lea. Ib., page 92. 
0. pincerna Lea. Ib., page 92. 
"0. semilunata Lea Ib., page 90.

Ostrea carolinensis Conrad.
From South Carolina. Published in Conrad's Fossil Shells of the 

Tertiary Formation, first edition, page 27, Plate 14, Fig. 1.-

Ostrea compressirostra Say.
(Plate LXV, Figs. 1, 2.)

Published from Maryland, in the Journal of the Philadelphia Academy 
of Natural Sciences, IV, page 132.

SYN — 0. bellovacma Conrad; Proceedings of the National Institute, page 172.

It appears to me very doubtful whether the character of the beaks 
poiuted out by Say (Journal of the Academy of Natural Sciences, IV, 
page 133) to distinguish this species from the 0. bellovacina Lamarck', is 
a constant one or not, and I have therefore some hesitation in recogniz­ 
ing it as a distinct species. The beaks of 0. compressirostra certainly do 
appear more compressed than they are shown to be in the majority of 
figures representing the European oyster; but at least someof the speci­ 
mens in the collection of the Philadelphia Academy of Natural Sciences 
of 0. bellovacinoT(vaT. edulina) from the London Clay of Bognor, have 
the beak un distinguish able from those of the American species.

The want of specimens with which to make the proper comparisons, 
and the difficulties that attach to the definition of the specific charac-

* This last form is very distinct from the 0. sellaiforimt of Conrad, which is noticed on 
a following page.

309
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ters ot the Ostreida? prevent me from expressing a definite opinion as to 
the relationship of the two species. The figures of 0. belloracina as 
given by Searles Wood in his Monograph of the Eocene Mollusca (Pale- 
ontological Society's Eeports for 1361, Plate VIII, Figs. 3, a, b, c), 
accord almost perfectly with the Ameiican oyster. The oyster found 
by Lyell in the "Grove" about 17 miles north of Charleston, S. C., and 
which appeared to him "(indistinguishable from 0. bellovacina" (Jour­ 
nal of the Geological Society of London, I, page 433) is probably the 0. 
carohnensis Conrad, a form very closely allied to 0. compressirostrat
Ostrea cretacea Mortou.

, This species, described by Morton in the Synopsis of the Organic Ee- 
mams of the Cretaceous Group, page 52, Plate XIX, Fig:. 3, is found in 
South Carolina and Alabama (?). It is given as Eocene on the authority 
of Gabb (Proceedings of the Philadelphia Academy of Sciences for 1861, 
page 328; " Mollusca of the Cretaceous Formation," page 152) and is 
not included in Conrad's Check List.

Ostrea divaricata Lea,.
(Plate LXIV, Fig. 1 )

This was published by Lea among his collections from Alabama in his 
Contribution to Geology, page 91, Plate III, Fig. 70.

SYN.—0 flabettttla 1? Laiuaick

In the Proceedings of the National Institute (1841-'6, page 193), as well 
as subsequently (American Journal of Conchology, I, page 15), Conrad 
unhesitatingly refers this species to his 0. sellceformis—a view which 
appears to me to be decidedly erroneous. Although the two species
•closely resemble each other in the young stage, they may, nevertheless,
•on close inspection, be readily distinguished from each other. The dis- 
fynguishing characters between 0. divaricata and 0. falciformis Conrad 
'(American Journal of Conchology, I, page 140) are not so easily made 
out, and I must confess my inability thus far to discover what they are. 
The 0. divaricata certain!y agrees very closely with the figures and de­ 
scription of Lamarck's 0. flabellula, to which species it is in fact unhesi­ 
tatingly referred by Nyst (Coqu. et Polyp. Foss., page 323^31^ Giebel 
(Repertorium to Goldfuss' Petrefacta Germanic, 1866, p. 41). The last 
is a very variable and one of the most widely dispersed of fossil oysters, 
its range extending from Alabama (Deshayes; and d'Orbigny, Prodrome 
de Pale~ontologie, II, page 394) to Cutch, in India, and Cairo, in Egypt 
(Deshayes, Anim. sans Vertebr. Bassinde Paris, II, page 121.)

Ostrea eversa Mellville sp.
(Plate LXIV, Figs. 5, 6, 7, 8.)

A fossil of the French Eocene (Deshayes, Auim. sans Vertebr. Bas- 
sin de Paris, II, page 99, Plate 84, Figs. 5-8), identified in the Eocene 
of Maryland and Mississippi.

N.— Gryphostrea eversa Conrad. SmitliBoman Check List.
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Ostrea falciformis Conrad.
American Journal of Conchology, I, page, 140. From Mississippi. 

SYV —0. divancata? Lea Supra.

Ostrea mortonri Gabb.
From Alabama and South Carolina. Proceedings of the Academy 

of Natural Sciences of Philadelphia for 18G1, page 329.
SYN —0 panda, (pars) Morton Synopsis Oiganic Remains, page 51

Ostrea sellwformis Conrad.
(Plate LXII, Figs 1,2; Plate LXIILFig. 1 )

From the Eocene of Alabama, South Carolina, and Virginia. Pub­ 
lished by Conrad in his Fossil Shells of the Tertiary Formation, first 
•edition, page 27.

SYN—0. radians Conrad; same woik and page.

Ostrea thirsce Gabb.
(Plate LXIII, Figs. 4, 5, 6 )

This form was published by Gabb as a Cretaceous species in the Pro­ 
ceedings of the Philadelphia Academy of Sciences for 1861, page 329; 
but it is now known that the strata from which it comes are o|' Eocene age. 
Gabb referred it to the genus Gryphwa, but, although it approaches G. 
vesicularis in form, I am disposed to place it under true Ostrea.

Ostrea trigonalis Conrad.
ProceediDgs of the Philadelphia Academy of Natural Sciences, VII, 

page 259. From Mississippi.

P Ostrea tuomeyi Conrad.
This name is given by Conrad, No. 695 of the Simthsoman Check 

List, as coming from Mississippi. I have seen no specimens of this 
species, nor have I been able to discover where it is described.

OLIGOCBNB.

•Ostrea georgiana Coiirad.
Conrad published this species in the Journal of the Philadelphia 

Academy of Natural Sciences, VII, p. 156. It is reported as coming 
from Georgia, South Carolina, Mississippi, and Lower California (1). 
There is a large oyster in the collection of the Academy from Lower Cal­ 
ifornia, marked 0. georgiana; it certainly greatly resembles that species, 
but its characters are to some extent obliterated, which prevents abso­ 
lute identification. I should not be surprised if, on comparison with 
European specimens, the 0. georgiana will be found to be only a variety 
of 0. crassissima Lamarck (Miocene of a very large portion of Europe).
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The resemblance of the figures of that species is very great; and if 
the American oyster does not assume quite the ponderous proportions 
of its European cousin, the circumstance may bo due to local causes, 
sucli as crowding. Conrad states that this species reaches a length of 
22 inches.

Ostrea viclcsburgensis Courad:
(Plate LXIII, Figs. 2, 3 )

This species is from the well-known locality of Vicksburg, Miss. It 
was published in the Journal of the Philadelphia Academy of Natural 
Sciences, Vol. I (n. s.), page 126.

MIOCENE. 
Ostrea atwoodi Gabb.

(Plate LXVIII, Figs. 4, 5.)
This species is said to be either Miocene or Pliocene. It was pub­ 

lished in the Paleontology of California, II, pages 33,34; Plate X, Figs. 
58, 58a; and Plate XI, Fig. 58&.

Ostrea borealis Lamarck.
This fossil form is identified with a recent species.* It is published 

in Lamarck's Ammaux-sans Vertebres, second edition VII, page 220.
There are in the Academy's collections four specimens of an oyster 

marked " St. Charles, Maryland, Cope" which answer perfectly to 
Lamarck's species. It is probably Miocene.

Ostrea contracts Conrad.
(P)ate LXIX, Figs. 1, S )

This species is reported by Conrad as coming from Oyster Point, 
Mexico, and as probably Miocene. It is published in the Eeport of the 
United States and Mexican Boundary Survey, I, page 100, having been 
previously published in the Proceedings of the Philadelphia Academy 
of Natural Sciences, VII, page 269.

Ostrea disparihs Conrad.
(Plate LXVI, Figs. 1, S.)

From Virginia and South Carolina. Conrad's publication of the 
species is in his Fossils of the Medial Tertiary Formation, page 51, 
Plate 26.

SVN.—0 ravenehana Tuomey & Holmes, in Pliocene Fossils, page 21.

The differences which were pointed out by Tuomey & Holmes as 
separating 0. raveneliana from 0. disparilis canuot be said to exist.

* See Plate LXXX for recent specimens.
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Ostrea panzana Conrad.
Conrad"published this form as coming from California in the Pacific 

Railroad Reports, VII, p. 193. He regarded it as possibly the mature 
shell of 0. siibjeota. I have seen no specimens-of this species ; nor is 
it determmable from Conrad's figures. Gabb was unable to recognize 
it among the collections of the California Survey.

Ostrea percrassa Courad.
(Plate LXVII, Fig. 3 )

This Miocene form has hitherto been recognized only in New Jersey. 
Conrad published it in his Fossils of the Medial Tertiary Formation, 
page 50, Plate 25, Fig. 1.

Ostrea sculpturata Conrad.
(Plate LXX, Fig. 2.)

From Virginia. Published in Fossils of the Medial Tertiary Forma­ 
tion, page 50, Plate XXV, Fig. 3.

SYN — 0. urginiana var. Conrad (non Gmelin): Fossils of the Tertiary Forma­ 
tions, first edition, p. 23

Osttea subfalcata Conrad.
(Plato LXVIII, Figs. 1, 2, 3 )

From Virginia. Published by Conrad in his Fossils of the Medial 
Tertiary Formation, page 50, Plate XXV, Fig. 3.

Ostrea subjecta Courad.
Reported as coming irom California, and published in the Pacific 

Railroad Reports, VII, page 193. I have seen no specimens of this 
species, nor is it determmable from Conrad's figure. Gabb was un. 
able to recognize the form among any of the collections of the California 
Survey.

Oster'a tayloriana Gabb.
(Plate LXVII, Fig. 1, 2 )

From California. Published iii Paleontology of California, II, p. 34, 
Plate 12, Figs. GO, COa.

Ostrea. titan Conrad.
Conrad published this large oyster in the Proceedings of the Phila­ 

delphia Academy of Natural Sciences, VI, page 199; the Journal of 
the same (n. s.), IV, page 300, and the Pacific Railroad Reports, VI, 
page 72.

This is to my knowledge the most ponderous o^ ster found in the 
United States. In certain of its forms it so closely resembles the 0. 
gingensis of Schlotheim as to be but barely separable from the common 
European species. Like it, it also affects the long, the curved, and the 
scooped forms, the space between the valves in the last case being very
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-capacious. All traces of radiate plications, if it ever possessed any such 
ornamentation, have disappeared in the specimens before me. The 
long forms may be readily distinguished fiom the 0 crassissima La 
marck by the comparative shortness of the nmbonal region.

-Oslrea veltrwnn Conrad
(Plate LXX, Fig 1 )

Tins species was collected in Arizona by the United States and Mexi
-can Boundary Commission, and published in Vol. I, Part II, page ICO 
It is stated to be probably Miocene.

Ostrea mrglnica Gmelin (=0. virginiana Lamarck).
SYN —0 mauricenns Gabb; Journal of the Philadelplii j Academy of Natural 

Sciences, IV (n a."), page 376.
The 0 maitricensis does not appear to differ materially, if it differs at

-all, from the long forms of 0. virginica. This species has been found 
fossil iu New Jersey, Maryland, Virginia, North Carolina, and South 
Carolina.

A fossil form of the Paluns of Touraine. and in the vicinity of Bor­ 
deaux, is recognized as identical with the coinmou living oyster of our 
Atlantic coast—0. virginica (Me"m. Soc. Ge"ol. de France, II).

PLIOCENE. 
^Ostrea atwoodi Gabb.

This species lias already been noticed under the head of Miocene.
--Gabb was undecided whether to refer it to Miocene or Pliocene age.

Ostrea bourgeoisii Esmond.
(Plate LXXI, Fig. 1.)

Published in the Proceedings of the California Academy of Sciences, 
1863, page 13, and by Gabb in Paleontology of California, II, page 33. 
It, is referred to the Pliocene strata of California.
Ostrea heermantii Conrad. 

This is also a reputed California species. It was published 111 the Pro-
- ceedings of the Philadelphia Academy of Sciences for 1855, page 267; 
and in the Pacific Eailroad Eeports, V, page 326.

This species was originally described as probably Miocene (as prob 
ably from the same deposit which contained 0. vespertma], and is given 
as such m Meek's Miocene List; but in the appended "Notes and Ex­ 
planations" (page 26) it is stated that "Conrad now thinks his Ostrea 
heennanni probably a Cretaceous 'species." Carnzo Creek, Colorado 
Desert, where it was found, is Pliocene, according to Gabb; and the 
O.lieermanni is accordingly given as a Pliocene species in Paleontology

-of California, II, p. 107.
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Of>trea respertwa Gourad.
(Plate LXXI, Figs, 2, 3, i )

This form was published in the Journal of tlie Philadelphia Academy 
of Natural Sciences, II (u. s.), page 300; United States and Mexican 
Boundary Survey, I, page 160; and the Pacific Eailroad Keports, V, 
page 325.

It is closely related to both 0. subfalcata and 0. scalpturata, and is 
possibly only a variety of one or the other of these species. It was 
ougiually described as Miocene, but the locality where it was obtained 
by Conrad, Carnzo Creek, Colorado Desert, is considered Plioceuc by 
Gabb.

POST-PLIOCENE.

Ostrea coiichaphila Carpenter.
This name is given as that of a California shell in the Catalogue of 

Mazatlan Shells in the British Museum (1857), page 161; but not
•figured.

There are nine specimens of an oyster in the collection of the Phila­ 
delphia Academy, marked " 0. conchaphila, Cpr.," from the post-Plio- 
ceue of San Diego and False Bay; but whose determination the same 
may be I am unable to state. The 0. conchaphila, as far as I know, is 
not stated to be fossil by any paleontologist. Some of the above speci­ 
mens are undistingmshable from recent specimens marked 0. lurida 
Cpr., also in the Academy collection, which is stated to be fossil by 
Newberry and G-abb. It therefore appears to me that the specimens 
marked 0. conchaplula are more likely to be 0. lurida, although their 
characters do not exactly agree with Carpenter's description of the 
latter species.

Ostreafundata (Say?) F. S. Holmes
Post-Pliocene Fossils of South Carolina, p. 11. I have seen no speci­ 

mens of this species.

Ostrea gallus Valenciennes.
Figured without description, Voyage de la "Venus; Atlas de Zoologie, 

Plate 21. California. A recent species.
SYN — 0. ceirosmns Gabb; Paleontology of California, II, page 35 Cerros 

Islands.
As stated by Gabb, Paleontology of California, II, page 106, 0. cer- 

rosensis is in all probability identical with 0. gallus, which, as figured, 
is about twice the size of the California fossil. A fossil from the late 
Tertiary of Peru, received from Professor Eaimondi, which is consid­ 
ered by Gabb as the equivalent of his 0. cerrosensis, is about the size
•of the living species, and undistmguishable from it.
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Ostrea lunda Carpenter
(Plito LXXII, Figs 2, 3 )

This living species is mentioned as fossil in the Pliocene of California 
in Mollusks of We&tein North America (Smithsomin Miscellaneous 
Collections, 252), page 305 It is not figuitd m that work

SYN —0 ednlts Cooper (non Lin ) fide Carpenter, loo oit, page 85, — Gabb, 
Paleontology of C ilifornia, II, page 106

From Benicia Fossil at Sin Piblo, according to Dr dewberry (teste 
Caipenter, loo cit , page 306)
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(Plate LXXII, Tig 1 )

This is> another California species published by Gabb in Paleontology 
of California, II, pages 34, 60



APPENDIX II.

A SKETCH OF THE LIFE-HISTORY OF THE OYSTER, 
BY JOHN A. EYDER.

The oyster always presents a definite right and left side; a dorsal or 
ripper, and a ventral or lower part of tbe body, and an anterior or head 
end to which the hinder extremity is opposed. Thus it will be seen 
that it resembles greatly many common animals, not only in the respects 
already noted, but also in that the right and left halves of the soft parts 
are, with the exception of the alimentary canal, repetitions of each other, 
so that, as in man and the higher animals, there is apparent in the oys­ 
ter that likeness of opposite sides of the body which has been termed 
bilateral symmetry. While this symmetry of the soft parts is so evi­ 
dent, it is less palpable when we compare together the two valves or 
shells which inclose and protect the animal. In the natural beds the 
left valve is usually undermost or inclined to be so, but in the crowded 
banks the shells, as growth proceeds, tend to assume a vertical position. 
The left valve is also more concave or hollowed out internally than the 
right one, which is often very nearly flat. In the European oyster 
(Ostrea edulis) both valves are much flatter than in the American and 
Portuguese (O.virginica and 0. angulata); in the former-the muscular 
impressions are also very nearly pyriforni and colorless, while in the 
two latter they are usually more nearly kidney-shaped and deep purple 
in color. The average size of the American and Portuguese is also much 
greater than that of the common European species, and both the former 
grow much more rapidly than the latter.

Fig. 1, Plate LXXIII, represents an American oyster which has had the 
right valve and the most of the mantle of the right side removed, in order 
to show the soft parts in position as they lie on the left one. The head end 
of the animal lies close against the hinge h, or the point where the two 
valves are firmly joined to each other by a dark-brown, crescent-shaped, 
elastic body, I, known as the ligament. This ligament, while it serves 
to attach, also tends, because of its elastic properties, to separate the 
valves from each other at their broader, free extremities. In life, this 
separation of the valves at their wider free borders admits of the ready 
passage of water inwards to the gills g, and of food to the mouth TO, while 
it also allows the water which has passed through the gills to escape by 
way of the wide cloacal space cZ,oarrying with it in its current the faeces 
from the vent or anus v. The tendency to separate the valves, inherent 
in the ligament, is balanced by the adductor muscle M, which upon the

317



318 FOSSIL OSTRE1D,E OF NORTH AMFRICA.

slightest intimation of external danger forcibly contracts, closing the 
free edges of the valves tightly. The dark purple scars near the centers 
of both valves, and vulgarly supposed to indicate the position of the 
heart, are simply the areas covered by the attachment of this adductor 
muscle, vvhich is composed of a, vast number of extremely fine muscular 
fibers, which collectively pass straight across the space between the 
inside of the valves, being firmly fixed at either end to the latter.

The muscle Jlf when closely examined is found to be composed of 
bundles of fibers composed of still more slender fibrils, which are the 
contractile elements of this structure m the oyster. These fibrils are 
analogous to somewhat similar minute elements in our own muscles, to 
which muscular contractions are primarily due when evoked by some 
stimulus, such as that communicated by a, very fine nerve fiber ending 
on the surface of the muscular elements. Two kinds of fibers are also 
found in the adductor; the firstof which is the whitish, glistening variety 
found in the hinder crescent-shaped part of the muscle, and the second 
a paler, less lustrous, and grayish kind found in the darker and more 
anterior portion, as has been indicated in Fig. 1, by a different shading 
of the two muscular areas.

Another small muscle is found on either side of the body of the soft 
parts, an inch or a little more in front of the great adductor. Its posi 
tion and size are indicated in Fig. 1, at j>', where it passes out through the 
mantle a little way behind and above the palps j>, to be inserted mto or 
attached to the inside of the valves a little distance behind the hinge h. 
This small muscle does not pass across the space between the valves 
like the great adductor, but its inner end is soon lost in the lower an­ 
terior part of the body mass; it is in fact a paired structure, the one on 
the right side of the body being a repetition of that on the left. In the 
American oyster its insertion on the inside of the valves is sometimes 
marked by a small purplish scar about one eighth of an inch in diameter. 
This muscle has been identified with the pedal muscle of other mollusks 
by Dr. W. H. Ball, who was, I believe, the first to call attention to its 
existence.

As the oyster grows the insertions of both the great adductor and the 
pedal muscles enlarge and are extended progressively backwards on the 
inside ot both valves and away ftom the hinge, as maybe learned upon 
examining the muscular insertions on the valves of an oyster recently 
opened. There are no other points of attachment between the soft 
parts and the valves, except the opposite extremities of the great ad­ 
ductor and the small pedal muscles of either side. The soft parts are 
therefore in life adherent to the shell at four points.

The foregoing paragraphs fairly describe the mechanism of the shell 
and the manner of its relation to the soft parts, and also partially indi­ 
cate the reciprocal physiological relationship subsisting between both.

The structure of the shell is laminar, or, in other words, it is composed 
of very numerous and thin parallel layers of calcic carbonate (chalk),
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deposited in succession one upon the top of the other by the mantle in 
au organic horny matrix known as conchiobne. When the surface of 
these layers is examined under the microscope the calcic carbonate is 
found to be arranged m minute polygonal blocks or prisms. The horny 
matrix of the shell, as well as the calcareous matter, is deposited by 
the mantle, and is primarily demed from the food and earthy matters 
swallowed by the animal.

The layers of calcareous matter, deposited as they are internally, as 
growth proceeds, project in succession pasteaell other at thefree edges 
of the valves and external surfaces of the shell, so that the successive- 
deposits may be distinguished. It is also evident that deposition occurs 
to some extent periodically, which gives rise to the rough imbricated 
appearance of the edges of the layers which terminate on the outside 
of the shell. Moreover, the rate of deposition vaiies at different points 
around tbe margin of the shell, so that growth of the shell may take 
place more rapidly at one part of the margin of the valves than at 
another.

Cavities filled with fluid are frequently found in the calcareous valves 
of the oyster. They are usually shallow, and of no very great extent, 
and arise in consequence of the manner HI which the calcareous matter- 
is deposited by the mantle, the new layers not being laid down in im­ 
mediate contact with the preceding ones, where the cavities are formed. 
Snch cavities are also sometimes formed in consequence of the encroach­ 
ment of mud between tbe valves, as shown at x,x, x in Fig. i. In such 
cases the animal has sunken too deeply into the ooze, which then found 
its way into the shell while the animal had its valves parted wheu feed­ 
ing.^ The mud winch iu such instances has insinuated itself between the 
mantle and shell is immediately covered by thin deposits of calcareous 
matter secreted by the border of tbe mantle. Inclosed in this way by 
calcareous deposits the included mud is rendered harmless to the &oft 
and delicate structures ot the inhabitant.

In Fig. 1, the back or dor.sal side of the animal, it may be observed, 
extends antenoilyfrom n to y; the ventral or lower side reaches from z 
to y. The right and left sides ot the animal are covered, in life, bv an 
organ called the mantle, int. (In the figure the mantle of the right side 
has been entirely removed, except a small triangular patch mt1 , which is 
closely adherent to the front part of the body-mass.) This organ is 
thin; it is in fact a flat membrane, which is not attached to the shell 
anywhere except aiound the points where the ends of the adductor 
muscle M and the pedal muscle j)' are affixed to the lutei'iiarsurfaces of 
the valves of either side. This organ, as may be seen from the figure, 
incloses, like the covers or lids of a book, the other soft parts, viz, thegills, 
body,aml palps, •nhicharein truth suspended between the two great right 
and left leaves of the mantle. The margins of the mantle-lobes of either 
side are joined together for only a short distance at the head end ot the 
animal, or from n to z, forming a sort of hood over the mouth and great
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fleshy lips or palps p, and closed above the latter. Posteriorly, at y, 
where the gills terminate, the mantle leaves of opposite sides are joined 
together by a narrow transverse membrane, which extends downwards 
and forwards forming the floor of the cloaca cl and the space between 
the ventral process of the body-mass/ and tlie gills. This narrow mem­ 
brane is perforated by four parallel rows ot pores, l)p, which lead down 
into the divided internal cavities of the gills.

1 he free margins of the mantle are fringed by two rows of short, pur­ 
plish, extensible, and highly sensitive tentacles, which are supplied with 
nervesfromthegreatnervousganglion^</,onthelowersideoftheadductor 
M. The tentacles are protruded slightly beyond the edges of the valves 
when the animal is feeding, bnt they are quickly withdrawn upon any 
intimation of danger by the contraction of the slender, branching, mus­ 
cular bundles which radiate outward in all directions throdgh the man­ 
tle leaves of either side from around both of the insertions of the great 
adductor if. The radiating muscles of the niantle cross the marginal 
muscular fibers of the mantle border at right angles. They may col­ 
lectively be called the pallial muscles.

The oyster is classed by naturalists amongst what are called lamelli 
branchiate mollusks, or those which tend to have the gills or branchiae 
g developed as great flat parallel plates, or lamell*, whence the name. 
In the oyster there are four gills, alongside of each other, which extend 
from behind the palps p to the point y. They are not really simple flat 
plates, however, as we learn upon examining them closely. They are 
really much more complex organs than might at first be supposed. 
Each gill is in fact composed of two rows of conjoined fleshy parallel 
filaments fused together at their edges and lower ends and joined above 
to the perforated fleshy membrane already alluded to. They are there­ 
fore in reality long and narrow hollow sacks. Their cavities are, how­ 
ever, subdivided by fleshy, transverse partitions at narrow intervals. 
The appearance of the gills, with their internal cavities, when cut across, 
is shown at g', in Pig. 3, which represents a cross-section through the 
mantle, gills, and body of an oyster, enlarged about two diameters.

If we inspect the outer surfaces of the gills we will find that fine 
parallel ridges or ribs, with intervening furrows, extend vertically up 
and down, which give rise to a striated appearance on the surface of 
the branchiae to the naked eye. Under the microscope these ridges in 
turn are found to be made up of still finer parallel ridges or ribs. A still 
more searching examination reveals the fact that there are rows of very 
fine pores between these ribs, which open from the outside into the cav­ 
ity iii the gill. On this account we are finally forced to regard the gills 
as sieve-like structures, a conception of them which is further justified 
by the fact that the gills have an exceedingly delicate internal skeleton 
apparently composed of a horny substance, the meshes of which are 
square or in the form of oblong squares, and aronnd which the soft parts 
of the gills are built, and by which they are supported. It will be gath-
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ered from the preceding account that these organs are quite different 
in structure from those of fishes, in which we find two rows of branchial 
processes, arranged like the teeth of a comb, supported at the outer 
margin of about five bony arches, with gill clefts or slits between the 
latter, which open outwards from the fore part of the sides of the throat. 
In the oyster the gills have no connection with the throat, and have, 
moreover, as already stated, the form of elongated sacks, with porous 
walls, with a row of large pores opening above into the cloaca cl, as 
shown in Fig. 1. The lateral pores between the ribs on the gills, and 
opening into the cavity of the latter, and these cavities in turn opening 
by way of the rows of large pores, lp, into the cloaca cl, permit the 
water necessary for respiration to readily pass through the gills, as indi­ 
cated by the course of the arrows in Fig. 1.

The way in which the water is forced through them is, however, 
quite different from that observed in fishes, m which the water is 
pumped through the gills by the action of the mouth and gill-covers. 
In the oyster, on the other hand, fresh supplies of water are swept 
through the pores and internal cavities of the gills in an entirely differ­ 
ent way, viz, by means of very iiunierous minute and slender processes 
with which these organs are covered. These processes, or cilia, as they 
are properly called, vibrate or swing to and fro many times per second, 
and more forcibly in one direction than in another, so that they set 
up a current of water in the direction of their most forcible vibration. 
This, in brief, is the means by which the water is swept through the 
gills of the oyster in a continuous stream, ministering to respiration or 
oxygenation of the blood of the animal in its passage through the 
branchial organs.

The blood of the oyster is normally colorless, and much more watery 
than in higher animals with red blood, in which the blood-cells or cor­ 
puscles are also discoidal or oval and flattened, while in the oyster they 
are nearly globular, as usually seen floating in the serum. They meas­ 
ure about one three-thousandth of an inch in diameter, but vary some­ 
what in size. They are in reality very small lumps of protoplasmic 
matter, provided with a nucleus embedded m their substance in an 
eccentric position. They undergo great changes of form when taken 
from the animal alive, and may live for four hours under the micro­ 
scope, during which time they may be observed to slowly thrust out 
finger-like portions of their substance in various directions, and even 
move about slowly by means of a progressive flowing motion of their 
own glairy substance, much like those remarkably simple animals found 
in ponds and ditches, and known to naturalists under the name of am- 
cebce. In their movements, as watched under the microscope, two or 
more blood-cells of the oyster may even actually flow together and be­ 
come confluent. Their function is in all probability of very much the 
same nature as that of the analogous corpuscles found in the vessels of 
higher animals, viz, to minister to respiration and the processes of 
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vital waste and repair. It is likely that they are formed indirectly 
from the nutritive matters which have been absorbed from the food 
through the walls of the intestine and stomach; in fact, thin sections 
often show an abundance of similar corpuscular bodies in the tissues 
immediately adjoining the intestinal walls, the presence of which in 
such situations would seem to be most readily explained by the view- 
here suggested. Whatever may be the mode of their origin, their 
structure and amoeboid characteristics would indicate that as they are 
carried through the body of the animal by the blood current they take 
an all-important part in the processes of growth and renewal of struct­ 
ure and the expulsion of worn-out or effete materials, both liquid and 
gaseous.

The vascular system of the oyster is not very easy to describe briefly 
in an intelligible manner; in fact, it is not yet clearly understood in all 
of its details even by professed anatomists. The writer has, however, 
traced the principal vessels and their connections with the heart, body, 
and gills by a variety of methods, the results of which will be given 
here in outline.

The heart of the oyster is a much simpler organ than that found in 
man or the higher animals. It consists of three principal divisions or 
chambers, viz, a ventricle, partially divided in the middle line of the 
body by a partition or septum, and two smaller inferior chambers, one 
on-either side, with darker walls than the ventricle. The relations of 
these parts to each other are shown in Figs. 1 and 2, at ve and an. The 
three chambers of the heart are lodged in a crescent-shaped cavity just 
in front of the adductor M and between the latter and the body-mass 
in front, as may be seen in Figs. 1 and 2. This cavity is closed on either 
side by a thin membrane, which is represented at c, in Fig. 1, detached 
at its anterior border from the body-mass and thrown back over the ad­ 
ductor muscle. It contracts much more slowly than the heart of 
higher animals, and even much more slowly than that of snails or gas­ 
tropod mollusks. The normal number of beats of the heart of the oys­ 
ter in life probably does not much exceed twenty per minute, if its 
pulsations are even so rapid as this. When fully distended the ven­ 
tricle nearly fills the crescent-shaped space in which it lies, but falls far 
short of filling it when contracted. These two opposite conditions of 
dilitation and contraction of the heart are represented in Figs. 1 and 2.

The walls of the ventricle are very much thicker than those of the 
auricles, and are mainly composed of muscular fibers, which interlace 
with each other in various directions, and which contract and elongate 
simultaneously, so as to increase and diminish the capacity of the cav­ 
ity of the heart alternately, thus constituting a veritable living pump­ 
ing apparatus. This apparatus is rendered still more effective by rea­ 
son of the two valves which are interposed between the ventricle ve 
and auricles au, the presence of which prevents the blood from flow­ 
ing back into the auricles from the ventricle when the latter contracts.
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These valves at the lower end of the ventricle opeu upwards, so that 
we may confidently infer that the blood of the oyster flows constantly 
in one direction, or from the anricles through the ventricle and from 
thence through the great posterior and anterior arteries a and a', to be 
distributed to the opposite ends of the body.

The hindermost artery a carries fresh blood mainly to the great mus­ 
cle M, while the anterior one a' carries blood to the body-mass ante­ 
riorly. After entering the body-mass at of the anterior artery imme­ 
diately divides and sends a dorsal branch a' forward, and a ventral 
branch a" downward and forward; these two vessels are shown cut 
across in the section represented in Fig. 3. The two main anterior ar­ 
terial twigs give off many small branches at intervals which traverse 
the soft substance of the body, but in some portions there seem to be 
no true vessels, but rather irregular vascnlar spaces which in all proba­ 
bility communicate with the vessels jnst described. The'tissue in which 
we find more or less evidence of the existence of irregular blood- 
spaces, is that indicated by the letter c in Fig 3, and is the tissue which 
envelopes all of the internal organs, extending even into the man­ 
tle and gills. This common supporting or connective tissue forms 
the walls of all the great arteries and veins throughout most of 
their extent, especially where these traverse the soft body-mass, palps, 
and gills. A few of the vessels have proper membranous walls, 
such as the branchio-cardiac vessels 6r, Fig. 1, which bring the blood 
back to the heart from the gills, mantle, and renal organs.

At the lower side of the body a large vein, the vena cava, vc, Fig. 3, 
receives the blood from the npper and anterior part of the body to con­ 
vey it to the gills to be oxygenated before it is returned to the heart 
again. How the blood sent from the heart to the hinder part of the body 
is carried to the gills and back to the heart, the writer has not been 
able to make out clearly. There is also a system of vascular channels 
which traverse the addnctor.

The arteries of the palps are superficial, and are shown in Fig. 1, but 
in the deeper, fleshy portions of the palps, definite vascular channels 
are replaced by irregular vascular spaces. Injections and sections also 
show that there are definite vascular channels in the mantle and gills, 
and in the former, especially when the oyster is very emaciated, these 
sometimes have very thick walls.

To sum np what we have stated regarding the conrse of the blood, 
we find that it passes from the gills to the heart, thence to the various 
parts of the body, and then directly to the gills again. It will be'noticed- 
that this is an arrangement very different from that found to obtain m 
fishes, where the heart receives the blood from all parts of the body, 
sends it through the gills, and then on directly to the various parts of 
the body. The difference between the circulation of the oyster and that 
of a warm-blooded, air-breathing animal with a four-chambered heart is 
still greater, from the fact that in such forms the heart receives the
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blood from all parts of the body, sends it to the lungs, receives it again 
from the latter, to finally again send it off to the diffeient parts of the 
body

The food of the oyster is very various in character, as we find the 
remains of small crustaceans, mollnsks, laival worms, crustacean larvae, 
rhizopods, diatoms, &c, besides inorganic earthy and siliceous mate 
rials, in the stomach It is probably omnivorous, as M Oertes has hap 
pily expressed it, the only condition which seems to be requisite 111 any 
organic bodj to fit it for food for this animal is that it shall be small 
enough to be passed through the wide but vertically much constucted 
mouth and throat The gieat bnlk of the food of the oyster, however, 
probably consists of minnte marine larvae, infusonans, and diatoms, and 
of these the latter, which are plants of microscopic size, are found in the 
greatest profusion The diatoms have very delicately and beautifully 
sculptured siliceous cases, which encase the endochrome or living matter 
which becomes the food of the oyster The empty siliceous tests, of 
diatoms are often found in great numbers, mixed among the earthy 
matters and debris found in the intestine and stomach of the animal, N 
in fact mineral and indigestible remains of many thousands of mdivid 
ual plants may sometimes be found in a couple of grains of the faecal 
matters The soft organic matter contained in the stony cases of these 
microscopic plants is lapidly dissolved by the digestive juices poured 
out bv the liver, leaving behind the indigestible tests or cases which 
are carried out through the intestine along with the faecal matters

The most of the food of the oyster consists of minute, living, m<n mg 
beings, this is the case even with the diatoms, which are minute vege 
table organisms endowed with the power of movement The same sys 
tern of minute filaments which clothes the gills and ministers to respira 
tion by sweeping the water through the latter in a constant current, is 
also the principal agent concerned in carrying the food of the oyster, 
which floats in the surrounding water, towards its month, as is indicated 
by the arrows below the palps in Fig 1 When it has once reached the 
palps, the inner surfaces of which next to the mouth are provided with 
narrow ribs or ridges, which are thickly covered with cilia, it is swept 
down, or rather backwards, into the throat, from the point m, which 
markb the position of the mouth The throat itself, however, as well 
as the entire alimentary canal, is clothed with vibrating cilia, which are 
the actn e agents in sweeping the refube of the lood and other ingestse 
through the alimentarj tract to expel it at the vent v

In Fig 2, Plate LXXIV, the course of the ilimentary canal i is indi 
cated, together with its relations to the livor ?, in longitudinal median 
section of the fore pait of the body Thus sketch was taken fiom an actual 
dissection of a hardened specimen, the right lobe of the outermost palp 
and the soft parts of the right side have been removed in order to clearly 
display the course and arrangement of the alimentary canal The paral 
lei folds or ridges are shown on the outei surf ice of the inner palp or lip
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p ; it will be noticed that the ridges are wanting just a little below the 
level of tbe mouth. The mouth m opens by way of a short gullet or 
oesophagus into a very jrregular cavity, which is the stomach. The in­ 
testine is continued from the posterior portion of the cavity of the 
stomach as a wide, somewhat irregular tube i' compressed laterally. In 
the lower part of this portion of the gut, and extending to its first bend, 
a singular opalescent, hyaline cartilaginous rod, the crystalline style, is 
lodged. Posteriorly, at the first bend of the intestine, a bluntly rounded 
finger-like ventral process of the body-mass bm envelops the latter. 
Beyond the first bend, the intestine i, as soon as it bends forwards again 
towards the head, becomes more nearly cylindrical, and is continued 
forwards over the gullet, bending down to the left side, and passes up­ 
wards, after making an open bend upon itself, obliquely backwards to 
end at the vent v.

The cavity of the intestine, along its narrow portion, is not really 
cylindrical, as may be seen iu Fig. 3, representing a cross-section of aa 
oyster, viewed from the anterior side, and taken from a specimen in a 
plane corresponding very nearly to the line oin Fig. 2. In this section 
the intestine is cut across twice, as shown at i' above and at i below 
the stomach. These sections show that the intestine proper has a pecu­ 
liar crescent-shaped cavity, when cut straight across, which arises from 
the fact that one side of the wall of the intestine has been pushed in­ 
wards towards the other. This peculiarity characterizes the shape of 
the cavity of the intestine from its first bend to its termination at the 
vent.

The only glandular appendage of the alimentary tract of the oyster 
is the massive liver. It communicates with the stomach by means of 
a number of wide ducts with somewhat folded or plicated walls. The 
great ducts subdivide, and their ultimate ramifications terminate ia a 
multitude of minute oval follicles, which are the effective agents ia 
secreting the biliary and peculiar digestive juices. A thick stratum of 
these follicles surrounds the stomach except at its back or dorsal side. 
The extent or distribution of the liver I in the body-mass, and the way in 
which it is imbedded in the connective tissue c around the stomach st, 
may be inferred from Fig. 3.

The function of the so-called liver of the oyster is evidently digestive, 
and probably combines the actioa of a gastric, pancreatic, aad biliary 
secretion. There are absolutely no triturating organs in the oyster for 
the comminution of the food; it is simply macerated in the glandular 
secretioa of the liver and swept along through the intestines by the 
combined vibratory action of innumerable fine filameats with which 
the walls of the stomach, hepatic ducts, and intestine are clothed. There 
is no peristaltic action of the intestine and there are no annular muscles 
in its walls. The nutritive matters of the food are acted upon in two 
ways: first, a peculiar organic ferment or solvent derived from the liver 
reduces it to a condition in which it may be absorbed; secondly, in order
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that absorption may be favored it is propelled through the intestinal 
canal, which is peculiarly constructed so as to present as large an amount 
of absorbent surface as possible.

The expulsion of effete matters in the oyster, beside faecal matters, is 
accomplished by the respiratory system or gills and the organ of Bo- 
janus. The first is concerned simply with the elimination of the gase­ 
ous products which are a result of the vital actions of the animal, the 
latter apparently with effete matters more or less nearly similar to the 
urinary excretions of higher animals. To what extent the liver may be 
excretory in function it is not possible to state.

The organ of Bojanus, a structure which appears to represent the 
kidneys of the higher animals, is an inconspicuous organ in the oyster 
as compared with its development in some other lamellibranchiates, 
such as the fresh-water mussels. M. Hoek, of Leyden, and the writer 
have been the first to definitely locate and describe this organ in the 
oysters of Europe and America. It consists of a crescent-shaped mass 
of tissue, indicated by the area 1y m Fig. 1, lying on either side, just 
below the insertions of the adductor muscle M. In structure it is spongy 
and canalicnlatcd and very possibly glandular. It lies close against 
the mantle on either side, and, in fact, extends somewhat into its sub­ 
stance. M. Hoek has traced the connection of this organ in the Euro­ 
pean oyster with the pericardiac cavity and the openings of the genera­ 
tive organs s, on either side of the ventral process of the body-mass/, 
shown in Fig. 1. The common openings of the generative organs and 
the organ of Bojanus will, therefore, probably have to be regarded as 
urogemtal outlets.

The sexes are confined to distinct individuals in the American and 
Portuguese oysters, but the common oyster of Europe is clearly herma­ 
phroditic, that is, the two sexes are more or less evidently combined in 
the same individual. The mature ova of the American and Portuguese 
species are of about the same size and measure about one five-hun­ 
dredth of an inch in diameter, while those of the common European 
species are about one two-hundred-and-fiftieth of an inch in diameter. 
In the latter we may find the male and female elements developed side 
by side in the same ovarian follicles, but it also appears that there is a 
preponderance either of eggs or of spermatozoa de'veloped in many indi­ 
viduals, so that some are even practically unisexual.

The reproductive organs are actively developed for only a compara­ 
tively short time, extending over a period of probably two or three 
months. In the region of the Chesapeake the most important spawn­ 
ing period seems to extend over the months of June and July, but con­ 
siderable ripe spawn may be found even much earlier and later than 
this. Individual oysters may be occasionally found at almost any 
season of the year with spawn more or less far advanced or quite ma­ 
ture. It is not uncommon to find the reproductive organs far advanced 
in respect of functional development in the early spring months of
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March and April. Upon examining large numbers of individuals at the 
same period, it will be found that while in many specimens reproduc­ 
tive activity has quite ceased, in others it is still in active progress. 
This variation is doubtless due to variations in the amount of food and 
to favorable temperature conditions, bnt it is in the highest degree 
probable, judging fiom the appearance of the spat, that comparatively 
few embryos ever develop so as to come to anything, except during 
the summer months.

The superficial extent of the reproductive organs is quite considerable, 
as may be inferred from an inspection of "Fig. 4, which represents the 
soft parts of an oyster viewed from the left side, to display the ramifi­ 
cations of the generative ducts of the left half of the body, and the 
outlet below the muscle at ov. The generative tissue Gen, in this figure, 
is distributed over the surface of the body-mass as a thick, creamy 
•white, superficial layer which covers the greater portion of the latter. 
It really consists of a multitude of, little sacs or follicles embedded in 
the connective tissue, which open and pour their contents into the su­ 
perficial branching ducts shown in Fig. 2. The mature products are 
poured out of the large oviduct ov, which empty into the water space 
above the gills, the current from which passes out of the shell by way 
of the cloaca cl (Fig. 1), which carries the generative products outward 
into the open water in the case of the American and Portuguese species. 
In these two species the impregnation appears to occur outside of the 
parent in the open water, where the eggs and milt encounter each other 
from individuals of different sexes, but in the common European species 
the unanimous testimony of observers is to the effect that the young 
are retained within the parent shell, adhering in masses to the mantle 
and gills, where they undergo a kind of incubation, prior to being set 
free to shift for themselves. This is a remarkable difference of habit, 
and one which would alone serve very well to discriminate the two forms 
from each other. The embryos of the hermaphroditic species are about 
twice as large in diameter as those of our native and the Portuguese 
species, owing to the fact that there is about the same difference in the 
size of the mature ova of the two types.

It is remarkable that we should find the reproductive organs of th& 
oyster much more developed in some individuals than in others; infact we 
may fiud them apparently wantiugaltogether in some specimens after the 
spawning season is over, or, on the other hand, forming, in the height of 
the season, a layer over the outside of the body-mass more thau a fourth, 
of an inch in thickness in some places. In an undeveloped condition • 
the generative dncts and follicles form an open network which traverses 
the connective tissue. The relations of the generative tissues to the 
other organs is very well shown in Fig. 3, where ge indicates this layer 
moderately developed, as seen in a cross-section. Judging from the 
many observations made by the writer, it is evident that these organs, 
diminish greatly in bulk, or disappear entirely after the spawning season
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is ovei, tc probably again develop to great proportions by the time the 
next spawning season arrives. The organs also vary with the size of 
the individual, and a large female American oyster may contain more 
than 100,000,000 ova; a small one, 3,000,000 to 4,000,000, or less. They 
begin spawning at one year old.

At a temperature of 75° to 80° Fahr. the period of incubation of the 
American oyster is only five to six hours, when the young commence to 
lead an independent active existence, which is in the most striking con­ 
trast with the permanent sedentary habit of the spat and adult condi­ 
tions. In the European oyster the young are retained in the folds of 
the mantle and about the gills of the parent for apparently a much longer 
time, the length of which does not, however, yet seem to have been 
determined.

The young, when first hatched, are ovoidal in form, not much, if any, 
larger in bulk than the egg, and they have a slight depression on the 
back or dorsal side, which marks the position of the shell gland or first 
rudiment of the mantle organ properly so-called. Here, as development 
advances, the shell is formed as a very thin saddle-shaped structure, 
the right and left lobes of which grow in size with the development of 
the embryo. Soon these two halves of the larval shell become very con­ 
vex and cover the soft parts of the young oyster on either side almost 
entirely; the mantle in and velum v alone projecting somewhat past their 
margins, as shown in Fig. 1 in the accompanying Plate LXXV, which 
represents a young American oyster in the larval orfrystage enlarged 250 
times. The velum v consists of a cushion-shaped anterior projection of 
the soft parts, which bears two circles of long, very minute, thread-like 
appendages or cilia, which aie incessantly vibrating, and which con­ 
stitute the locomotive organs of the fry. The rapid movement of these 
filaments propels the young oyster through the water, and probably 
also carries minute particles of food to the mouth, situated immediately 
below the velum. The intestine and stomach are developed by this 
time, and there are also delicate muscles formed which retract the velum 
and draw the valves together.

A portion of the nervous system is developed in the center of the 
velum, which answers to the supracesophageal ganglion sg, Fig. 1, Plate 
LXXIII (of the adult), which consists of a pair of knots of nervous 
matter, which lie above and at either side of the mouth, and which are 
connected on either side of the body by a commissure or nervous thread, 
with the larger hindmost ganglion yg below the adductor muscle. The 
'mantle border is innervated from this hindmost nervous mass, and radi­ 
ating threads pass out from it on either side in all directions to the edge 
•of the mantle and tentacles. The nervous system of the fry or Iarva3 is 
much simpler than that of the adult, yet they are apparently sensitive 
to external stimuli, such as raps or blows^struck on the table on which 
the microscope rests under which one is observing them.

The duration of the locomotive stage of development of the larv£8
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has not yet been certainly determined for any one of the three species 
of which the development has been studied. In the case of the Ameri­ 
can species, however, it has been found by the writer that under favor­ 
able circumstances attachment of the fry probably takes place within 
twenty-four hours after fertilization. This appears to be effecte'd by the 
border of the mantle of the fry, where it is deflected over the edge of 
the undermost valve, as represented at m, in Fig. 1 of Plate LXXV. 
The attachment is a close one to whatever surface the fry may fix itself, 
-and at most, if there is a byssus developed, it is extremely short. The 
young, however, after attachment, continue to grow as larvae, and have 
a very symmetrical shell, as shown, enlarged 96 times, in Fig. 3, in the 
plate. When the valves of the fry have acquired umboa the develop­ 
ment of the spat shell begins, as shown in Fig. 4, in the plate. The 
spat shell is, however, different in its microscopical characters from that 
of the fry, since we find that in the spat shell, or in that formed after 
permanent fixation has been accomplished, the calcareous matter begins 
to be deposited in a tesselated or prismatic manner. The transition is 
a very abrupt one. The larval shell is homogeneous, but the calcareous 
material of which it is composed is laminar in arrangement. As soon 
as they are formed the beaks of the larval valves are invariably inclined 
upwards in the spat, as may be seen in Figs. 5, 6, and 7, viewed from 
above, and in Fig. 9, as seen from the side, in the plate. It is also a 
fact that the beaks of the larval shells are invanably directed horizon­ 
tally in one way, as may be seen from the same series of figures.

For a considerable time the whole under surface of the lower valve of 
the spat remains flat and is cemented to the surface upon which it is 
fixed by its under side. It is only after it has grown to the size of from 
one-half to two inches across that its margin begins to bend upwards and 
become free. The cementing material seems to be the orgauic matrix 
of the shell which forms a perceptible layer on the outside of the valves, 
and which constitutes the epidermis or periostracam of the adult.

The history of the fixation of the common European oyster does not 
seem to have been very well worked out, but it is probably not very dif­ 
ferent from that of our own species. The young of the former, however, 
as taken from the beard, or mantle and gills of the parent, vary consid­ 
erably in size, as may be inferred from an inspection of Fig. 2# in the 
plate, which represents four specimens enlarged 96 times, drawn to the 
same scale, in different positions, and taken from a preparation in the 
possession of the writer.

In order to show the rate of the growth of the spat or amxed stage of 
the oyster the following figures may be useful: That represented in Fig. 5, 
Plate LXXVI, is supposed to be not over twenty days old; that in Fig. 
6 is known not to be over forty-four days old; that in Fig. 7, not over 
forty-eight; Fig. 8, seventy-nine; and Fig. 9, eighty-two days old. Fig. 
10 represents an oyster of one summer's growth, collected from a wreck 
at Cape May, N. J., by my friend, Mr. John Ford. The preceding figures,
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except the last one, are taken from spat which had fixed itself to and 
grown on tiles placed in the water in the vicinity of Saint Jerome's 
Creek, Maryland, during the summer of 1880. These tiles were placed 
in position at determinate dates so that the age of this spat was ap­ 
proximately known. The figures are of the natural size.

Some of the same lot of spat here figured was placed under favorable 
conditions, and, in the space of twenty-two months from the date of the 
fixation of the fry, had grown to a length of 3f inches, though the shell 
was still comparatively thin. From this fact it- is fair to infer that in 
about twice that time, or in about four years from the egg, the oyster 
is approximately adult and marketable. In their best condition they 
are probably usually older than this, however.

The notion that the oyster is not edible during the so-called unsea­ 
sonable mouths is not well founded ; they may in fact be eaten at any 
season of the year, if fresh, withoutharm. In flavor, delicacy, and fatness 
the oyster is not as good in summer as in the colder mouths, but beyond 
this there is no great inferiority. The so-called fat of the oyster is not 
the spawn or engorged reproductive organs, but the connective tissue, 
indicated by c, in Fig. 3, Plate LXXIV. This connective tissue acquires a 
peculiar creamy whiteness during the winter mouths, together with a very 
considerable augmentation in volume, so that the mantle, especially that 
portion covering the body, becomes very much thicker. In summer, ou 
the other hand, in consequence of the large amount of material which is 
used up in the development of generative products, this same tissue 
diminishes greatly in -volume, and at the same time loses its creamy- 
white appearance and becomes transparent or translucent. At the 
same time, the minute structure of this same tissue acquires a some­ 
what different character from that observed in the fat condition, becom­ 
ing looser or more areolar iu appearance as seen in thin sections.

The waters iu which oysters normally thrive are those where the bot­ 
tom is pretty firmly fixed and not liable to sudden change. The crea­ 
ture belongs to what is called the littoral or shore fauna, and I doubt 
•whether many extensive beds exist in waters more than 18 to 20 fath­ 
oms in depth. The range of the American oyster, according to Verrill, 
is from " Floiida and the northern shores of the Gulf of Mexico to 
Massachusetts Bay; local further north off Damariscotta, Me., and iu 
the northern part of the Gulf of Saint Lawrence, at Prince Edward 
Island, in Northumberland Straits, and Bay of Chateur. Not found 
along the eastern shores of Maine, nor iu the Bay of Fuudy." In the 
Chesapeake, where all the conditions are favorable, the oyster is found 
more or less abundantly in the most of its tributaries, many of which 
are estuarine. The " coves " or inlets in the Chesapeake are largely of 
the same character and a re affected on account of their great width, in­ 
considerable length, and free connection with the bay, by the tide to 
their very heads. In the great rivers, like the Potomac, which flow into 
the bay the oyster beds are also extensive and important industrially.
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The sandy beaches of oar coast are unfavorable in many places for 
the growth of oysters, although many important beds exist on our 
Atlantic coasts in favorable localities.

The water in which oysters exist may be almost entirely fresh, and it 
is doubtless a fact that in some cases, the water passing over the beds 
in certain situations at ebb tide, as in rivers, may be absolutely fresh, a 
fact noted by Semper in regard to the oysters of the Cumalaran Kiver, 
at Basilan, south of Mindanao, in the East Indies. The hydrometer, in 
som.e places where there are extensive beds in the Chesapeake, stands 
at 1.007, and ranges on np to about 1.020 at the mouth of the bay, but in 
places still higher up the bay than that where our lowest hydrometric 
observation was made, the specific gravity of the water must be even 
very much less, so that in snch places where fresh water is received 
from considerable streams from the land, and where oysters are known 
to exist, the water must often be almost or altogether fresh for hours 
together. The precise degree of saltness of the water most favorable 
to the growth of the oyster has not been determined, but to judge from 
the circumstance that most of the oysters which go to supply our mar­ 
kets come from the great bays, rivers, and estuarme tributaries of the 
coast it is fair to infer that such waters, which almost always have a 
less specific gravity than those of the open sea, are the natural home of 
this mollusk.

American as well as the European oysters sometimes acquire a pe­ 
culiar greenish color in certain parts of the body, especially the gills 
and ventricle of the heart. These are always tne first to be affected. 
A very careful investigation made by the writer has resulted in show­ 
ing that it is the minute blood-cells which become tinged with a green 
coloring matter, and that they then tend to lodge in the heart and gills 
in great numbers, thus giving rise to the green appearance. The col­ 
oring matter, whatever it may be, is harmless, as it has never been 
shown that it is a poisonous compound of copper, as has been errone­ 
ously supposed. It is very possibly derived from some vegetable color­ 
ing principle taken with the food, or it may possibly be an abnormal 
product of the digestive process. It is equally certain that this green 
coloration is not due to the presence of a vegetable parasite.

Eecent experiments have tended to show that it is not improbable that 
both the American and Portuguese oysters may be reared iu very much 
the same way as fish are bred from their ova. The experiments of M. 
Bouchon-Brandely, in France, and of Colonel McDonald and the writer, 
in this country, show that such a method is probably feasible. The 
writer has shown that the eggs may be very expeditiously extracted 
from the oyster somewhat after the method employed in taking the ova 
from fishes. He has also devised a method of distinguishing the sexes 
apart, so simple that the distinction may be made without even the 
use of a pocket lens. The eggs and milt after the removal from the 
parent animals, may be poured together, in order that fertilization may
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take place. After a few hours have elapsed, these embryos may be 
poured into suitable inclosures, into which the sea-water may enter and 
escape without carrying off the embryos themselves. In such inclosures 
in which tiles coated with lime have been placed, it has already been 
demonstrated that the embryos or fry will attach themselves to the tiles 
and become transformed into young spat. As many as four thousand 
have been found adherent to one tile, as a result of such experiments.

During the present season the writer has successfully reared the spat 
of the American oyster in a pond constructed on the premises of Messrs. 
Pierce and Shepard, near Stockton, Worcester County, Md. This pond 
was dug out of a salt marsh; its depth was three feet and a half. It 
was connected by a trench .with Chincoteague Bay, adjoining. Into the 
trench a wooden diaphragm was tightly fitted and filled with sharp 
sand to filter the water passing into the inclosure, and to prevent the 
escape of the artificially-fertilized embryos of our native species, which 
were introduced into the pond at intervals during the month of July. 
In forty-six days after the commencement of this experiment we found 
spat measuring three-fourths of an inch in diameter attached to the old 
shells which had been put into the pond to serve as collectors. This 
experiment proves that artificial oyster culture is feasible in the United 
States, and that marsh lands may become valuable where the adjacent 
waters are of the proper density.

The shells of the oyster are very irregular in form, in fact, scarcely 
any two individuals are to be found which are precisely alike. The 
typical form of the shell of the American oyster is very well shown on 
Plates LXXVII and LXXVIII, and is in fact the form most desirable in 
the estimation of the grower and dealer. Other varietal forms are, 
however, met with which diverge pretty widely from this one, as may be 
inferred from the type represented in Plate LXXIX, where the lower 
valve is short and very deep. This second form is not a very usual one, 
but aptly illustrates one of the extremes of variation of the species. 
Another type now regarded as a variety of the common American oyster 
is represented on Plate LXXX, and was formerly supposed to be a dis­ 
tinct species under the name of Ostrea borealis; the name having refer­ 
ence to its more northern habitat. Its most characteristic conchological 
features are the deeply fluted valves; usually the lower one is the 
most deeply fluted, while the upper one is nearly smooth, but sometimes 
specimens are met with which have both valves very distinctly and 
quite deeply fluted. Of this form Verrill remarks, " Even the same 
specimen will often have the form of lorealis in one stage of its growth, 
and then will suddenly change to the Virginiana style, and perhaps, 
later still, will return to the form of lorealis. Or these different forms 
may be assumed in reverse order." Lastly, a type of oyster is met 
with in deep water or in crowded banks which has the valves abnormally 
elongated as represented on Plates LXXXI and LXXXII, and known 
as the raccoon or cat's-tongue oyster. This elongation of the valves
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is due to crowding, and also to the sedimentation or silting of sand 
or earth between such individuals as grow closely together on the bot­ 
tom. In the struggle for existence the animal is impelled to grow up­ 
wards from these causes in order to reach its food and the water nec­ 
essary for respiration. Consequently the shelly deposit is laid down by 
the mantle mainly at the free ends of the upwardly directed valves, so that 
the latter grow only in length and not in width, thus giving rise to the 
extremely elongated type often met with. Such a form sometimes pre­ 
vails over a whole bed, and the valves are often relatively very thin in 
consequence of the rapid growth which has been made in only one 
direction. In this form the animal or soft parts are also much elongated 
antero-posteriorly, so as to be quite different in shape as compared with 
the soft parts of an individual, such as that of which the shells are rep­ 
resented on Plates LXXVII and LXXVIIt.



334 FOSSIL OSTREUXE OF NORTH AMERICA.

EXPLANATION OF PLATES.

PLATE XXXIV. 

OSTREA PATERCOLA Winchell. (Page 388.)

FIG. 1.—Interior view of the lower valve of the type specimen; natural size.
2.—Lateral view of the same specimen. After Winchell.

OSTEEA ENGELMANNI Meek. (Page 289.)

3.—Exterior view of a lower valve; natural size.
4.—Interior view of another example.
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CARBONIFEROUS AND JURASSIC.
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PLATE XXXV. 

GRYPII^EA CALCEOLA var NEBBASCENSIS Meek & Hayden. (Page 290.)

FIG. 1.—Exterior view of a lower valve; natural size. 
2 —Lateial view of another lower valve 
3.—Interior view of the same example.
4 —Upper view of a small example
5 —Interior view of an upper valve After Meek.

OSTBEA (AMCTRYONIA) PEOCUMBENS White (Page 290.)

6 —Interior view of a lower valve ; natural size.
7.—Lateral view of the same specimen.
8.—Interior view of an tipper valve.

OSTEEA STEIGILECULA White. (Page289.)

9 —Exterior view of a lower valve; natural size.
10.—Lateral view of the same specimen.
11.—Interior view of an upper valve.
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PLATE xxxvi.
OSTREA COALVILLENSIS Meek. (Page 293.)

FIG. 1.—Exterior view of an upper valve; natural size.
2.—Interior view of the same example. 

~ 3.—Exterior view of a lower valve.
4.—Interior view ot the Bame example. After Meek.

OSTRHA EI.EGANTULA Newberry. (Page 295.)

5.—Exterior view of an upper valve; natural size.
6.—Intel icr view of the same specimen.
7.—Exterior view of a lower valve.
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CRETACEOUS.
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PLATE XXXVII. 

OSIREA SUBSPATULATA Forbes (Pago 301.) >

FIG. 1.—Lateral view of a separate valve ; natural size.
2.—Interior view of the same example. After Forbce.

OSTREA CORTEX Conrad (Page 294.1

3.—Exterior view of a separate valve; natural site
4 —Similar view of another specimen. After Couidd

OSTREA PLUMOSA Mortou (Pago 299.)

5 —Upper view of a specimen somewhat distorted by pressure; natural size. 
6.—Exterior view of the uppei valve of another example.
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CKBTACBOUS.
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CRETACEOUS.



U. S. GEOLOGICAL SURVEV ANNUAL REPORT 18S3 PL. XXXIX

11
CRETACEOUS.
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CEBTACKOUS.
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ANNUAL KEPOET 1883 PI. XLII

CEBTACEOUS.
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CRETACEOUS.
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PLATE XXXVIII

OSTREA MULTILIRATA Conrad (Page 298 ) 

FIGS. 1, 2.—Exterior views of two different examples; natural size.
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PLATE XXXIX

OSTREA FKANKLINI Coquand (Page 296.)

FIGS 1, 2. 3.—Views of three different examples, natural size. After Owen. 

OSTRBA ANOMIOIDES Meek. (Page 291 )

4.—Lower valve j exterior view ; natural size 
5 —Similar view of au upper valve.

OSTREA BELLA Courad. (Page 292 )

6.—Upper view; natural sine. After Courad

OSTREA IDRIDENSIS Gabb (Pago 296.)

7.—Upper view ; natural size.
8.—Interior view of an under valve After Gabb

OSTRBA AWRESSA Gabb (Page 291 )

9.—Upper view; natural size After Gabb.

OSTREA SUBALATA Meek. (Page 300 )

10.—Upper view ; natural size After Meek, 
s

OSTREA COXGESTA Conrad. (Page 294 ) , '
11.—Three small lower valves attached to a fragment of the shell of a large

Inoceramus 
12,13.—Interior views of upper valves. After Meek.
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PLATE XL.

OSTREA DILUVIANA Linnaeus. (Page 295.) 

FIG. 1.—Lateral view; natural size. For other views see next plate.

OSTREA CREKDLIMARGINATA Gabb. (Page 294.) 

'2 —Interior view of the lower valve; normal size After Gabb.

OSTREA ROBDSTA Conrad (Page 300.) 

3, 4.—Opposite views of Conrad's type specimen After Courad.

OSTKEA PRDDENTIA White. (Page 299 ) 
5, 6.—Opposite views of one of the type specimens; natural size.
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PLA1E XLI 

OSTREA DILUVIANA Linnaeus (Page 29o )

FIGS 1,2 -Exterior and interior views of the upper val\ e, natural size For a lateral 
vie-w of tho same example see Plate XL

OSTI RA LUGUBRIS Conrad (Page 297 ) 

3 —Exterior view of an under valve , natural sizo
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PLATE XLII. 

OSTKEA SOLENISCUS Meek. (Page 300.)

PIG. 1.—Upper view of a small example, natural size. Fully adult examples are 
fully twice as long as this.

OSTREA (ALECTKYONIA) LARVA Lamarck. (Page 296.)

2-9.—Views of different examples, showing the wide variation of size and orna­ 
mentation All natural size.



352 FOSSIL OSTEEID2E OF NOETH- AMERICA.

PLATE XLin. 

OSTKEA CAKINATA Lamarck. (Page 293 )

Fia. 1—A "large example; natural size. After Rcemer
2,3,4.—Three different views of a smallei example; also from Texas.

OSTREA QUADRIPLICATA Sliumard (Page 299.)

5.—Exterior view of a lower valve having unusually prominent lobes; natural
size. 

6,7.—Copies of Shumard's original figures

OSTRBA CKENULIMAKGO Eoemer (Page 294.) 

8,9 —Copies of Roemer's original figures; natural size. i
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PLATE XLIV 

OSTKBA BAKRANDBI Coqnand. (Page ^92.)

FIG 1.—Exterior view of the lower valve; natural size.
2.—Lateral view , both valves together For other views see Plates XLV and 

XLVI
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CRETACEOUS.



U. 8. GEOLOGICAL SURVEY AND UAL REPORT 1883 PL. XLV

CKETACJSOUS.



U. 6. GEOLOGICAL SURVEY ANNUAL KEPOKT 1883 PL. XLVI

CKETACEOUS.
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CRETACEOUS.
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CRETACEOUS.



U. B. GKOLOOICAL SURVEY AKNUAI, REPORT 1883 PL. XLIX

CRETACEOUS.
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PLATE XLV.
OSTREA BLACKH White. (Page 292.)

FIG. 1.—Upper view; natural size. For another view see next plate. 

OSTREA BABRANDEI Coquand (Page S92.)

a.—Interior view of the lower valve. For other views see Plates XLTV and 
XLVI.

OSTBBA (ALECTRYONIA) SANNIONIS White. (Page 300.)

3,4,5.—Exterior view of three different valves; natural size. 
6,7.—Interior views of a right and left valve.
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PLATE XLVI. 

OSTREA. BARKANDEI Coquand. (Page 292.)

JTIG. 1.—Exterior view of the upper valve. For other views see Plates XLIV and 
XLV.

OSTREA BiACKli White. (Page 292.)

2.—Exterior view of the under valve. For the opposite view see Plate XLV.
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PLATE XLVII. 

OSTRKA BKLLIPLICATA Shumard. (Page 292.)

FIG. 1.—Extenoi view of the under aide; natural size. 
2 —Lateral view of the same example.
3.—Exterior view of the upper valve.

OSTBKA PATINA Meek & Hay den. (Page 298.)

4.—Exterior view of an upper valve; natural size.
5.—Similar view of a lower valve.
6.—Interior view of the same example. After Meek.
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PLATE XLVIII

VESICULAHIS Laiuaiok. (Page :i03.) 

1-5—DiftVrent views of separate valves; natural size

OSTREA UXIFORMIS Meek (Page 302.) 

6,7.—Two views of the lower valve of M ck's type specimen; natural size.

OSTRBA VOMER Moiton. (Pago 302.) 

8-10.—Different views; natural size
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PLATE XLIX 

PITCHBUI Morton (Page 302.)

FIGS. 1, 2.—Two views of an example of typical form, natural size.
3.—Interior view of the lower valve of a very large example. 

5, 6 —Three views of the elongate variety to which Conrad gave the name G. 
nama. After Roemer.
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PLATE L 

EXOGYRA PONDEROSA Eoemer (Page 306.)

FIGS 1, 2.—Upper and under views of an example of about half full adult size. After 
Eoemer

OSTREA TEcncosTATA Gabb. (Page 301.)

3.—A cluster of valves; natural size
4.—Interior view of a lower valve.

OSTREA PELLUCIDA Meek & Hayden. (Page 296.)

5.—Exterior view of a lower valve ; natural size.
6.—Opposite view of the same example.

OSTREA MALLEIPORMIS Gabb. (Page 297.)

7.—Exterior view of an upper valve; natural size. After Gabb.
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PLATE LI 

EXOGYRA TEXANA Roemer. (Page 306.)
FIGS. 1,2,3.—Upper, under, and lateral views of a neaily adult example; natui al size 

4,5.—Interior views of the under and upper valves of the same example. 
After Rcemer.
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PLATE LII.

EXOGVKA FOKMCULATA White (Page 305 )

FIGS 1,2 —Exterior and interior views of the under valve; natural size 

EXOGYKA L^EVIDSCDLA Rcemer. (Page 305 )

3,4 —Two exterior views of the lower valve; natural size After Roeiner. 
5 —Lateral view of another loner valve ,

EXOGYRA WINOHELLI White (Page 307.)

6,7.—Exterior and interior views of an upper valve, natural size. For views 
of the lower valve see Plate LV
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PLATE LIII.

EXOGYRA AQUILA. Goldfuss. (Page 304.) 

FIGS 1,2.—Upper and under views; natural size



V. 6. GEOLOGICAL BUHVEY AXHUAL EEl'OKT 1883 PL. L

CRETACEOUS.



U. B. GFOLOCICAT. 6URVKT ANNUAL RHPOIST 1883 PL. LT

CRETACEOUS.



V. 8, GKO&08ICAL PI», HI



U. B. GEOLOGICAL BUHVEY ANNUAL REPORT 1883 PL. LIII

CKETACEOU8.



374 FOSSIL OSTREID.E OF NORTH AMERICA.

PLATE LIV. 

EXOOYUA WALKEKI While. (Page 307.1

FIGS. 1,2.—Exterior and interior views of the lowei valve; reduced to three-quar­ 
ters of the actual diametei.
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PLATE LV. 

EXOGYRA WINCHELLI White. (Page 307.)

FIG. 1.—Interior view of the lower valve; natural size.
2.—Lateral view of the same example. For views of the npper valve see Plate 

MI.
EXOGYKA PAKASITICA Gabb. (Page 306 )

3.—Interior view of a lower valve; natural size.
4.—Exterior view of an npper valve. After Gabb.

/ 
EXOGYKA COLUMBELLA Meek. (Page 304.)

5,6.—Two lateral views of a lower valve; natural size
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PLATE LVJ. 

EXOGYBA cofcTATA Say. (Page 301.)

FIG. 1.—Lateral view of a lower valve; natural size.
2 —Exterior view ol an uppei valve For other figures of this species see Plate 

LVII.
EXOGYKA ARIETINA Roemer. (Page 3(W.)

3.—Lateral view of a large lower valvu, with the beak uuusuallv long; natural 
size.

4.—A smaller example, showing the upper valve in place.
5.—Lateral view of the same example.
6,7.—Copies of Say's figures of Delphmula laxa for compai ison witli E
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PLATE LVII 

COSTATA Say (Page 304 )

1 IG 1 —Exterior view of a lower valve, natural size 
2 —Lateral view of the same example
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PLATE LVIII

OSTEEA GLABRA Mtek & ELiyden (Pago 307 )

1,2—ixtenor ind interior views of the typo specimen, natuial size Attei
Meek 

3,4 —Similar Tiew s oi a lower valvo from Colorado
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PLATE LIX 

OSTKEA GLABKA Meek & Hayden (Page 307 )

FIGS 1,2 —Exterior and interior views of an upper valve
3,4 —Similar views of the lower valve of the type specimen of 0 insecunt

White 
5 —Upper view of the type specimen of 0 arcuatihs Meek
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PLATE LX. 

OSTREA. GLABRA Meek & Haydeu (Page 307).

PIGS. 1,2.—Exterior and interior views of a Colorado example. 
3,4 —Similar views of a'Wyoming example.
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PL A it LXI 

OSTKLA GLABitA Mtek & Haydeii (Page 307 )
FIG 1 —Interior view of a lower \ al\ c, from Wyoming

2,3 —Upper and lateral vie^v s ot a specimen from the state of Nuevo Leon, Mexico

OSTREA SUBTRIGON iLis Evans & Shumard (Page 308 )

4 —Kxterior view of an upper valve, natural size
5 —Intenoi view of the same example
fa —Exterior view of a lower val\ e
7 —Inteuor vie^ of another lower valve
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PLATE LXII 

OSTREA SFLLAFORMIS Conrad (Page 311 )

FlQ 1 —Upper view , natural size
2 —Lateral view of the same example For another view see Plate XXX
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PLATE LXIII.
OSTREA SELI^EFORMIS, Conrad. (Page 311.) 

FIG. 1 —Under view of the example that is figured on Plate XXIX.

OSTREA VICKSBURGENSIS, Conrad. (Page 312 ) 

2, 3.—Exterior and interior views of a lower valve; natural size

OSTREA THIRS^E Gabb. (Page 311.) 

4, 5, 6 —Exterior, lateral, and interior views of a lower valve; natural eiz«.
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PLATE LXIV

OSTRKA D1VAR1CA1A Len (Page 310 )

FIG 1.—Copy of Lea's 01 igmal fignie

OSTREA ALAiiAMKXSis Lea (Page 309 )
FIG 2—Copy of Lea's ongmal figure

3.—Copy of Lea's figure of the form he called 0 lingua-canis. 
4 —Copy of Lea's figure ot the form be called 0 semi-lunata.

OsTKi'.A EVKKbA Mellville (Page 310.) .

5, 6.—Exterior and interior views of a lower valve.
7, 8.—Similar views of an upper valve. After Deshayes.
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PLATE LXY.

OSTHEA COMPRESSIROSTRA Say. (Page 309.) 

FIGS. 1, 2.—Upper and under views of a large example; natural size.
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PLATE LXVI. 

OSTREA DISPARILIS Conrad. (Page 312.)

FIG. 1.—Upper view; natural size.
2.—Under view of another example. After Conrad.
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PLATE LXVII.

OSTRBA TAYLOKIANA Gabb. (Page 313.) 

FIGS. 1, 2 —Upper and laterial views; natural size. After Gabb.

OSTKBA PERCKASSA Coiirad. (Pag6313.) 

3.—Interior view of a lower valve. After Conrad.
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PLATE LXVIH. 

Osir.EA suM'ALCATA Conrad. (Page 313 )

FIG. 1.—Upper view ; natural si/.o.
'2. 3.—Exterior and interior views of an under valve.

OSTUKA A'mvooui Oul)l>. (Pages 31'2 and 314.)

4.—Exterior view of an under valve.
5.—Interior view of another under valve. After Gabb.
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PLATE LXIX 

OSTRKA CONTRA.CTA Conrad. (Page 312.)

FlGS. 1,2 —Exterior and interior views of a large example; one-third actual diameter. 
After Conrad.
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PLATE LXX

OSTRKA VELERIANA Conrad (Page 314.) 

"FlG. 1.—Exterior view of a lower valve. After Conrad.

OSTRKA SCULPTURATA Conrad. (Page 313.) 

2.—Upper view. After Conrad.
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PLATE LXXI.

OSTRFA BOURGEOISII (Remond) GaM) (Page 314 ) 

FIG 1 —Extenor view of a lower valve After Gabb

OSTHEA VESPERTINA Conrad (Pige 315.)

FIGS 2.3 —Exterior and intenor views of a lower valve
4 —Exterior view of an upper valve After Conrad.
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PLATE LXXII

OSTKEA VEATCIIII Gabb. (Page 316.) 

FIG 1 —Exterior view of a lower valve. After Gabb

OSTKEA CEKKOSENSIS (Raiiiumdi) Gabb (Page 315 ) 

2 —Extenoi view of ail upper valve. After Gabb

OSTREA LUEIDA Caipeiitei. (Page 316.) 

Fios. 3,4 —Extenoi and interior views of a lower valve; natural size.
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PLATE LXXIII.

FIG. 1 represents an American oyster in a moderately "fat" condition. The heart 
of this specimen, after being opened for over twenty-four houis and exposed to the 
air, would still beat feebly if irritated

a and a', great aortae or arteries given off at these points from the ventncle ; aw, 
light auricle; Ir, branchio-cardiac vessels; fy, organ of Bojauus in outline; ip,bran­ 
chial pores; c, pericardiac meinbiane of right side thrown back; ol, cloaca or cloacal 
space; d, nervous commissure of the right side connecting the paneto-splauchuic gang­ 
lion pg aud the snpracesophageal ganglion sg; f, ventral process of the body-mass; 
g, gills; gc, gill cavity between the mantle leaves; It, grooved hinge-end of the left 
valve; I, ligament; M, adductor muscle; mt, mantle; mi', portion of mantle adhe­ 
rent to body-mass; n to z marks the extent to which the light and left leaves of the 
mantle are confluent; p, palps or lips; p', outer end of pedal muscle of right side; s, 
external opening of the generative and renal organs of the right side; v, vent or anns; 
ve, ventricle; x, x, x, cavities in the edge of the shell filled -with mud ; y, posterior ex­ 
tremity of tlie gills and junction of the leaves of the mantle.
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PLATE LXXIV.

FIG 2 (lowei) Au, auricle ; 6m, body-mass; cl, cloaca; g, gills ; i and i', intestine; 
I, liver, with its ducts opening into the stomach; M, adductor; m, month; mf, man­ 
tle; o, plane through which the section represented in Fig. 3 was cut; p, outer coi- 
rngated surface of inner or lower palp ; v, veut; le, ventricle. ~

FIG. 3 (upper) Section through the plane o of figure 2, viewed from the anterior 
side, and enlarged about two diameters; a' and a", dorsal and ventral branches of 
the anterior aorta, lu section ; br, branchial vessel; c, connective tissue; g, gills in 
section; g', internal cavities of the gills; ge, layer of generative" tissue or reproductive 
organ , 1,1, cross-sections of the intestinal tube, showing the peculiar form of the in­ 
ternal cavity; I, liver or hepatic tissue; mt, mantle; «i, suprabfanchial or water 
spaces above the gills; et, cavity of stomach; vc, vena cava.
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PLATE LXXV.

FlG. 1.—Young Amencan oyster, viewed fiom the side immediately after fixation by
the mantle border m', enlarged 183 times.

2.—Four young European oysters taken from the beard of the parent; enlarged 
96 times.

3 —Young American oyster, with the beaks or umbos of the larval shell devel­ 
oped, and firmly attached to an old oyster-shell; enlarged 96 times.

4 —Young American oyster, attached and beginning to form the spat shell. (The
valves are slightly displaced.) Enlarged 96 times.

5,6.—Very young spat of the American oyster, showing the peculiar foim of the 
true larval shell and that of the spat, and the upwardly directed hinge 
border; enlarged 35 times.

7.—Lower valve of very young oyster, showing the great concavity of the larval 
valve and the abrupt tiansition into that of the spat stage; enlarged 35 • 
times.

8.—Older spat viewed from the lower surface after being detached; enlarged 35 
times.

9.—The same specimen viewed edgewise, to show the flat lower valveof the spat 
and the convex upper one, and the upturned hinge with the larval valves 
in place; enlarged 35 times.

N. B.—Figures 3, 4, 5, 6, 7 and 8 are unfortunately reversed, owing to an oversight 
in transferring the original cameia lucida sketches. The peaks of the umbos should 
look to the left instead of to the right in order to bring them into a natural position. 
Otherwise these figures are accurate.
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PLATE LXXVI.

FIG. 4.—Diagram of the soft parts of the American oyster, showing the extent of the 
generative organ Gen, and the courses of the efferent ducts of the left side, 
the main duct opening at the point ov below the adductor muscle mus; n, 
heart; MT, m,mtle; p, palps; G, gills.

5.—Twenty days' old spat of the Amencan oyster viewed from above, natural 
size.

C —Forty-four days' old spat,, natural size.
7.—Forty-eight days' old spat, natural size.
8.—Young spat oyster, seventy-nine days old.
9.—Yonng spat oyster, eighty-two clays old.

10 —Yonng oyster, 2-J to 3 months old, from inside of a wreck at Cape May, New 
Jersey.
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PLATE LXXVII.

FIQ. 1.—View of the inner face of the right valve of a typical American oyster. 
FIG 2 —View of the external surface of the preceding.
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PLATE LXXVII1

FiG 1.—View of the inner suiface of the left or deepest valve belonging to the speci­ 
men represented on Plate Ixxvn 

FlG. 2 —View of the external saif.ioo of the preceding.
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FIGURE LXXIX.

FIGS. 1, 2.—Views of the iusido and side of the very ventricose or cup-like lower valve
oi' a short and thick specimen of Ostrea virginica. 

FiGS. 3, 4.—Views of the internal and external surfaces of the flat upper or right
valve of the same specimen.
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PLATE LXXX

Views of the inner and onter surfaces of the right and left valves of the northern form 
of the American oyster, Ostrea borealis, showing the lower valve strongly fluted.
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PLATE LXXXI

FIG 1 —View of inner surface of the right valve of an elongated specimen of Osti ea 
virgunca, known as the raccoon, " coon," or "cat's tongue" oyster among oysterineu, 
natural size.

FIG. 2.—Both valves of the foregoing specimen place, with the ontor surface of the 
right valve facing the observer.
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PLATE LXXXII.

Three views of the right and left valves of a smaller specimen of the raccoon or cat's 
tongue oyster. . ,
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A GEOLOGICAL RECONNAISSANCE IN SOUTHERN
OREGON.

By ISRAEL C. EUSSELL.

INTRODUCTION.

The area of interior drainage lying between the Eocky Mountains and 
the Sierra Nevada, known as the "Great Basin," extends northward of 
the Nevada-Oregon boundary for about 160 miles, and embraces not 
far from 16,000 square miles of the central and southern portions of 
Oregon. On the east and north it is bounded by the immense hydro- 
graphic basin of the Columbia Eiver, and on the west by the drainage 
systems of the Klamath and Pitt rivers. The immediate drainage on' 
the eastern border is into the Owyhee and Malheur rivers; these are 
tributary to the Shoshone, one of the largest branches of the Columbia. 
The. country northward of this prolongation of the Great Basin delivers 
its drainage into the Des Chutes and John Day'rivers, which flow 
northward and join the Columbia just before it commences its rugged 
passage through the Cascade Mountains. Nearly all the drainage of 
the arid region south of the Nevada-Oregon boundary finds its way 
southward to the Black Eock and Carson deserts, once covered by the- 
waters of Lake Lahontan, and is there evaporated. The region to b» 
described in this paper includes all of the area of interior drainage north 
of the hydrographic rim of Lake Laliontan.

The boundaries of the Great Basin in Oregon are not hard and fast 
lines, determined throughout by the crests of mountain ranges, but ar» 
indefinite in places, and change with the alternation of humid and arid 
periods. For example, during the past few years the ratio of precipita­ 
tion to evaporation has not been sufficiently great to cause Goose Lake 
to overflow—and we have therefore included it on our map within the 
rim of the Great Basin;—but its normal condition is that of a fresh-water 
lake with outlet, its discharge being through Pitt Eiver into the Sacra­ 
mento. The former outlet of Malheur Lake, to the northeast, was across- 
a very low divide, that would furnish an escape for the lake should its- 
waters rise even to a very moderate height. In case of such an event 
the Malheur Basin would become tributary to the Shoshone, and the 
eastern rim of the Great Basin in this part of its course would be carried.
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50 or CO miles to the westward. The Great Basin appears to have been 
formerly bounded on the west by the crests of the Sierra Nevada and 
Cascade Range. During the humid periods of the Quaternary the Kla- 
math Basiu was occupied by a lake that overflowed and cut down its 
outlet to such. a,n extent that the region of the Klaniath lakes and 
marshes became tributary to the ocean, and has continued to overflow 
to the present day, thus transposing the boundary of tlie Great Basin 
to the eastward of the great mountain system that formed its original 
border. In crossing Barren Valley, in eastern Oregon, the position of 
the divide between the waters of the Owyhee and the region of interior 
drainage is indefinite and unmarked by a well-defined water-shed. This 
is now an arid .region of rugged lava, so irregular in its features that it 
is difficult to determine with accuracy in which direction the surface 
drainage would tend in case the country should ever be favored with 
copious rains.

Within the area thus defined all the moisture precipitated is either 
evaporated directly from the soil, or finds its way into the depressions 
between the mountains, and gives origin to shallow lakes, that are 
usually without outlet, and consequently alkaline and saline. In this 
northern extension of the Great Basin there are a number of subordi­ 
nate hydrographic areas, as indicated by the topography of the accom­ 
panying map, each having an alkaline lake or the dry bed of a former 
lake in its lower depressions.

The desert portiou of southern Oregon has the same general type of 
mountain topography as gives character to the greater part of the entire 
area of interior drainage, and has the Basin Eange type of mountain 
structure even more clearly defined than in Nevada and Utah. The 
great fault-scarps forming the mountain faces are in many instances 
nearly vertical walls, hundreds of feet in height, of such recent date that 
they have scarcely been notched by erosion, and have but small, if any, 
alluvial cones at their bases.

Here as in all the area of the Great Basin thus far explored, the structu­ 
ral elements are long and narroworographie blocks, bounded by profound 
faults. The monutains are sculptured from the upraised edges! of the 
tilted blocks, while the valleys and plains occupy the depressed portions, 
which have been deeply buried beneath alluvium and lake sediments. 
The ranges are bold serrate ridges, trending approximately north and 
south, with one face presenting an abrupt palisade, while the opposite 
slope couforms with the dip of the beds, and is comparatively gentle 
in its inclination. The desert plains, separating the narrow mountain 
ridges, are frequently white with drifting alkalies, or are occupied by 
shallow alkaline lakes or absolutely barren playas. The mountains are 
less sterile than the valleys, as they sometimes support a scattered 
growth of cedars and are commonly clothed with luxuriant buuch- 
grass. The region is not so desolate as the valleys to the southward, 
which once drained into Lake Lahontan, but is yet an. arid country,
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where agriculture is uncertaiH, and usually impossible, without irriga­ 
tion. It receives more rain than Central Nevada, and is, consequently, 
more abundantly supplied \\ith natural pastures. Game is plentiful; 
antelope may be seen in bands in the valleys; deer are abundant amid 
the foot-hills, and about the higher and more rugged peaks the moun­ 
tain sheep (Ovis montana) is not uncommon. At present the country is 
but thinly settled, and no attention has been given to the cultivation of 
the soil. The chief pursuit is the raising of stock, for which the natural 
pastures are well adapted. Southeastern Oiegon has never been a 
favorite resort for prospectors or trappers—the boldest of all explorers; 
as the rocks are almost wholly igneous of late date, and in general are 
not ore-bearing, while the alkaline lakes and uncertain streams are not 
suitable habitats for fur-bearing animals.

With the exception of very recent deposits of lacustrine or subae'rial 
origin, we saw only volcanic rocks. The mountains and table-lands are 
composed almost entirely of basalts and rhyohtes, together with strati­ 
fied volcanic tuffs, the latter frequently forming beds of great thickness 
and of many varying tints. In the bold mountain fronts the rocks ap­ 
pear in sections in regularly stratified layers, which from a distance re­ 
semble sedimentary beds; but on examination one finds them to be 
wholly of igneous origin.

The volcanic history of the northern portion of the Great Basin is far 
from being understood. The question whether the stratified volcanic 
rocks were formed as separate coulees, flowing from many local ceuters, 
or whether the bedded structure depends in some way on the manner in 
which the rocks have cooled nuder pressure, is one that invites attention. 
The points that may be claimed a« centers of eruption are rare, and in 
only a few instances can the overflows of lava be traced to their sources. 
It has been suggested (a) that these immense lava fields originated from 
"fissure eruptions," but definite and satisfactory evidence that such 
was their origin has not yet been obtained.

With this brief introductory sketch, we will pass to a more detailed 
description of our route of travel, and of the various features of the 
surface, or Quaternary, geology of the region examined.

aRichtliofeu, Natural System of Volcanic Rocks; Memoirs, California Acad. Sci., 
1868. Also, Geikie's Text-Book of Geology, p. 256.



ROUTE OF TRAVEL.

Our reconnaissance commenced at the head of Quinn River, Navada, 
a few miles north of Camp McDermit, and was carried northward and 
westward into southern Oregon so as to cross the country within the rim 
of the Great Basin, that was most likely to afford information in regard 
to questions concerning Quaternary geology.

Throughout the journey I was accompanied by Mr. Willard D. John­ 
son, of Washington, D. 0., to whom I am indebted for the compilation 
of the accompanying map, as well as for much general assistance while 
conducting field work, (a)

From the headwaters of Qninn River we crossed the divide to the 
westward, and visited Alvord Lake; and thence traveled northward 
through the narrow valley that follows the eastern base of the Steiu 
Mountains. After crossing this range at Summit Spring we descended 
into the hydrographic basin of Malheur Lake, and continued our journey 
northward as far as Fort Harney.

The Stein Mountains, rising from 4,000 to 5,000 feet above Alvord 
Lake, afford the boldest and most conspicuous topography in South­ 
eastern Oregon and exceed most of the Basin Ranges iu grandeur 
of scenery. During our entire journey their snowy summits were seldom 
out of view. They present eastward a bold palisade face, formed of 
the faulted edges of stratified volcanic layers, which from the valley 
appear as even in their bedding as if they were of sedimentary origin.

The remarkable stratification of the volcanic rocks of Central and 
Southern Oregon was observed by Dr. Newberry during his reconnais­ 
sance along the eastern base of the Cascade Mountains; (&) and also by 
Dr. James Blake while examining the structure of the "Puebla" 
(Pueblo) Mountains,(e) which are a continuation southward of the Stein 
Mountain range. When the time comes for the thorough study of the 
vulcanology of Southern Oregon, the Stein Mountains will furnish a 
suitable initial point of the investigation.

Standing on an isolated peak near Summit Spring, 011 the pass across 
the northern end of the Stein Mountains, the observer has a magnifi­ 
cent view, in every direction, of the broken volcanic region that sur­ 
rounds him, and especially of the deeply-eroded country to the north

a The topographic map forming the base of plates LXXXIII and LXXXIV, was com­ 
piled from the published surveys of the U S. Engineer Corps, with the addition of 
topographical sketches made during the present reconnaissance.

6 Pacific Railroad Reports, Vol. VI.
cProc. California Acad. Sci , vol. 5, p. 210. 
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and east, drained by the Owyhee and Shoshone rivers. From this vol­ 
canic summit one can see in profile the immense tilted block from which 
the rugged crest of the Stein Mountains has been sculptured. The 
region along the immediate eastern base of the range is one of diverse 
displacement; but a section taken at the playa north of Lake Alvord 
shows the simplicity of the mountain structure, as is indicated in the 
following diagram: (a)

STEIN MTS»

W.
TIG 6 —Sketch-section of Alvord Valley, Oregon.

To the westward the slope of the range is moderate, and merges gently 
into the broad desert plain of the Malheur Basin, while the eastern face 
presents an inaccessible precipice 4,000 or 5,000 feet high.

A narrow belt of country to the eastward of the northern part of the 
Stem Mountains is extremely rugged and difficult to traverse, owing to 
the abruptness of the upturned edges of the long, narrow blocks into 
which it has been broken. The fault-lines that determine this topog­ 
raphy are branches of the great fault along the eastern base of the 
mam range, and trend approximately north and south.

A bird's eye view of the surrounding country about the Stein Mount­ 
ains impresses one forcibly with the fact that the entire region was at 
one time a vast volcanic table-land, which has been broken by north 
and south fault-lines, and the intervening blocks tilted at diverse angles. 
The displacements occurred so recently that the subsequent period of 
erosion has been insufficient to wear down the scarps, or to fill the de­ 
pressed areas.

In a broad view of the region drained by the Owyhee and Shoshone 
Eivers, it is to be observed that the Basin Range structure is there want­ 
ing, and the volcanic table land, instead of being broken by almost in­ 
numerable fault-lines, as in the central portion of the Great Basin, is 
cut by a labyiiuth of eroded canons that conduct the drainage to the 
ocean.

The rugged and broken character of this land of black volcanic rocks 
is the more marked because it is unclothed with vegetation. The Stein 
Mountains, north of their usually snow-clad peaks, are covered with a 
scattered growth of cedars; but the rest of the country, as far as the 
eye can distinguish, receives its color solely from the somber rocks, or 
has the ashen-gray and russet-brown colors of the desert. The only re­ 
lief from the dark and motionless landscape is the silvery luster of the

aln this and similar sections that follow, the vertical scale is exaggerated and no 
attempt is made to represent the structure of the orographic blocks. The volcanic 
strata forming the mountains are indicated by heavy broken lines, usually inclined, 
and the Quaternary lake-beds filling the valleys by fine horizontal lines.
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waving bunch-grass. The visitor to these barren regions in early spring 
will be surprised to find them bright with lowly blossoms, and the air, 
even ori the sage-brush deserts, sweet with delicate perfume. The life 
of the desert flowers is short, however, and tLeir incense quickly wanes 
as the increasing heat changes the vernal tints to brown and grey.

To the north and northwest is a vast stretch of volcanic ridges, mesas, 
and barren valleys, bounded on the far-distant horizon by snow-capped 
peaks. When the atmosphere is clear, one may distinguish Strawberry 
Butte, the most northerly point on the rim of the Great Basin. In the 
view westward the eye follows the gentle slope of the Stein Mountains 
until they merge into the Malheur Desert, on which stand mesas and 
crumbling rock piles, forming isolated buttes. Thirty miles away, in 
the center of the featureless plain, the eye catches the glimmer of the 
waters of Malheur Lake, while far beyond are indefinite mountain peaks, 
lone buttes, and table-lands, veiled in desert haze. It was through this 
region that our subsequent travels led us.

From Fort Harney our reconnaissance was carried westward, with a 
fairly good road to follow until the crossing of Silver Creek was reached. 
From that point we traversed the open country, without road or trail 
of any kind, to the Glass Buttes; whence our course led southwestward to 
Silver Lake, as indicated by the route of travel shown on plate LXXXIII.

The country traversed by this portion of our journey was a rough and 
irregular basaltic table-land, covered with bunch-grass and a scattered 
growth of cedars. The stream-beds were few, and usually dry ; our sole 
source of water being the " water-pockets " in the surface of the basalt, 
which in spring and early summer are sufficiently abundant to meet 
the traveler's needs. The more prominent peaks scattered over the 
region are known as Iron, Glass, and Pyramid buttes, Wagon-tire 
Mountain, etc. These are isolated hills, usually conical, that rise from 
1,000 to 2,500 feet above the surrounding country, and are barren, or 
scantily clothed with cedars. In all cases the buttes are of volcanic 
origin, and, from their conical form, appear, at least in some instances, 
to be the ruins of ancient volcanoes. The Glass Buttes were found to 
be composed of rhyolite, together with large quantities of obsidian, or 
volcanic glass. No evidence that they were once volcanic craters was 
observed ; and no basaltic overflows, or other phenomena, were seen to 
indicate that they had recently been centers of volcanic action. On 
weathering, the obsidian becomes coated with a silvery film, having a 
bright metallic luster, that occurs in bands and develops an incipient 
lamination in the glass. Throughout the region in which these isolated 
peaks are found, the Basin Range structure is obscure or wanting; the 
topographical forms indicating other, and probably older, conditions. 
The prominent features are due mainly to erosion and to the extrava­ 
sation of volcanic material, and not to the tilting of orographic blocks.

As these isolated buttes are far removed from settlements, and can 
only be reached by a tedious journey across a rough and desert country,
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they have retained their primitive wild ness, and are still the home of 
antelope, deer, and mountain sheep. To the sportsman they are as 
attractive as any locality known to us in the Far West.

From Silver Lake our explorations led us southward along the bold 
western shore of Summer Lake, and thence through, the extremely 
rugged region embracing the Chewancan Marsh, Abert Lake, Goose 
Lake, and the Warner Lakes. The wild and all but impassable char­ 
acter of this remarkable lake region renders it difficult of exploration, 
but at the same time of great geological interest. The ruggedness of 
its topography, and the abruptness of the precipices enclosing the 
valleys, are mainly due to orographic displacement. The numerous 
fault-scarps form precipitous palisades across the country, from, a few 
hundred to 1,500 or 2,000 feet in height, trending approximately north 
and south, and sometimes unbroken bypasses for a distance of 50 miles. 
The depressed blocks give rise to rock-basins, some of which are occupied 
by lakes, that mirror on their placid bosoms the rugged grandeur of the 
surrounding walls. A few of the hikes are remnants left after long con­ 
centration by evaporation; while others, of even greater interest, are 
fresh, or nearly fresh, but occupy ancient basins from which the waters 
have never overflowed. The mountain ridges overlooking this wild 
region are dark with pine and spruce, the lower slopes are scantily 
clothed with cedars, and on the sage-covered valleys trees are entirely 
wanting. The uplands and plains alike abound in game. This lake- 
region is not only remarkable for the ruggedness of its scenery, but fur­ 
nishes a unique example of displacement on a grand scale, and at such 
a recent date that the fault-scarps still form beetling cliffs, that appear 
to have been upraised but yesterday.

In journeying southward from the Warner Lakes, we followed Long 
Valley, another north and south orographie depression, structurally a 
continuation of the valley holding the Warner Lakes. At the southern 
end of Long Valley, MTe crossed a low divide just south of the Massacre 
Lakes, and entered High Eoek Cailou, which thirty years ago was one 
of the highwajs to California, Lmt has since been abandoned by trav­ 
elers, and is now rendered nearly impassable by fallen rocks and stream 
erosion. Our journey was continued down this deep water-cut gorge, 
with high walls of rhyolite on either hand, nntil we emerged from a lofty 
gate-way, and looked down upon an absolutely barren country, forming 
a part of the Black Eock Desert. High Eoek Caiion is partially filled 
with alluvium, through which? ff little brook meanders, at times losing 
its identity m swampy meadow-lands. Throughout the gorge there is 
abundant evidence that this was formerly the channel of a considerable 
stream, probably dating back to Tertiary times, while during the Quater­ 
nary it must have been tributary to Lake Lahontau. The greater part 
of the country immediately south of the Nevada-Oregon boundary falls 
within the lij drographie ba&m of Lake Lahoutau, and will demand at­ 
tention when the history of that lake is written.



DISPLACEMENTS.

Geological investigations have shown that the rocky strata compos­ 
ing the earth's crust have frequently been broken, and that the beds 
on the opposite sides of the lines of fracture have been mutually dis­ 
placed. Such fractures and displacements aie called ufaults." The 
following section, taken at light angles to the plane of faulting, illus­ 
trates a simple displacement that is unaccompanied by secondary dis­ 
turbances. In this illustration the beds have been sheared, or broken, 
along a single plane, indicated by the line x~y, and one side has been 
depressed below its original position :

:^^±3±fci4^^a/ 
y

FtG 7 —Ideal section of faulted beds.

In speaking of faults the term "throto " is used to indicate the amount 
of vertical displacement between the broken edges of the beds on the op­ 
posite sides of the plane of fracture. Sometimes the words "downcast" 
and " displacement" are used in the same sense. The throw may vary 
from a few inches, or even fractions of an inch, to many thousands of 
feet. The side of the fault that is highest is termed the " heaved" side 
and the opposite the "thrown" side. The masses bounded by faults are 
termed "orographic blocks." The fractures dividing orographic blocks 
may descend vertically into the rocks, or be inclined at any angle. The 
angle that the fault-plane makes with a perpendicular plane is known 
as the "hade" of the fault. In the section given above, the hade of the 
fault is represented by the angle x y z. As an almost invariable rule, 
the fault-plane inclines toward the thrown block. The direction which 
a fault takes in crossing a country is called its "strike." That portion 
of the face of a heaved block that project above the adjacent thrown 
block is termed a "fault-scarp." Such a scarp is very commonly re­ 
moved by denudation, and although a fault may have a throw of per­ 
haps a mile, its presence may be unmarked in the topography of the 
country. This is the case especially in faults of great antiquity, where 
the cliff of displacement has been long exposed to the agents of denuda­ 
tion. In the Great Basiu many faults are of a comparatively recent
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date, and present bold scarps, that are frequently but slightly scarred 
by erosion, while the most recent examples of all were unquestionably 
formed within the. past few years, and are yet unclothed by vegetation. 
These scarps are sometimes several thousand feet high, as is illustrated 
by the precipitous eastern faces of the Sierra Nevada and Cascade 
Mountains, or the equally bold western wall of the Wahsatch Eange. 
Fault-scarps vary in height in different parts of their courses; they may 
be curved, or form sharp salient or re-enterant angles; and in many 
cases they throw off branches, and divide into a number of smaller 
faults. In all their features they are characterized by irregularity and 
want of symmetry.

The whole of the Great Basin thus far explored is remarkable for the 
persistency of a single type of mountain structure. This is the sim­ 
plest of orographic forms, and has been already mentioned as a tilted 
block, bounded by faults. The whole immense region lying between 
the Sierra Nevada and Eocky Mountain systems has been broken by a 
multitude of fractures, having an approximately north and south trend, 
that divide the region into long, narrow, orographic blocks. These have 
been tilted so as to form small but extremely rugged mountain ranges, 
often from 50 to 100 miles in length, with a width of but a few miles. 
This region may be classed as a "zone of diverse displacement" of vast 
dirnensions.(a) If we draw across the map of the Great Basin an east ' 
and west line touching the southern end of Great Salt Lake, it will in­ 
tersect not less than twenty lines of profound displacement. Farther 
south, in the latitude of Sevier Lake, the number of orographic blocks 
into which the country has been broken is even greater.

As already stated, that part of the Great Basin lying north of 
the Nevada-Oregon boundary has the same pronounced orographic 
structure as the main area of interior drainage. lu considering the 
physical history of the Great Basin as a whole, however, we find over 
a wide area two distinct types of structure, belonging to widely sepa­ 
rated periods, and due to forces acting in different directions. During 
the first period the rocks were plicated and crumpled into anticlinal 
and synclinal folds; and at the time of the second disturbance the pres­ 
ent topography, due to orographic displacement, was initiated. These 
two periods of orographic movement were recognized by Mr. King, who 
speaks of the Great Basin as a " region of enormous and complicated 
folds, riven in later times by a vast series of vertical displacements." (&) 
These two types of structure are apparent at many localities through­ 
out the central portion of the region of interior drainage; but immedi­ 
ately north of the Nevada-Oregon boundary, where the rocks are almost 
entirely volcanic, we find only such disturbances as are due to faulting. 
The age of the volcanic beds in the northern extremity of the Great

oFor types of displacements consult " Geology of the Uinta Mountains," Powell, 
pp. 16,17.

6 U. S. Geol. Exploration of the 40th Parallel, Vol. I, p. 735.
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Basin would therefore seem to be intermediate between the two periods 
of disturbance.

v The main lines of faulting in Southern Oregon, as well as some of 
the minor branches, are indicated on the accompanying map (Plate 
LXXXIV). It is not claimed, however, that this is a complete analysis 
of the orography of the region; on the contrary, it is the result of a re­ 
connaissance 111 a country previously unknown geologically, and much 
of which was unmapped.

THE STEIN MOUNTAINS FAULT.

The first line of displacement claiming our attention is that which 
determines the eastern face of the Stein Mountains. This fault was first 
observed at the southern end of Pueblo Valley, Nevada, about30 miles 
south of the Oregon line, where it forms, in volcanic tuff and basalt, a 
scarp a few hundred feet high, bordering Pueblo Valley on the west. 
Tracing it northward, we find its scarp increasing inlieight,"andforiiiiiig 
the bold eastern face of the Pueblo Mountains, which are structurally a 
continuation southward of the Stem Mountains. As indicated on Plate 
LXXXLV, the fault branches at the southern end of the Pueblo Mount­ 
ains, and gives origin to two hues of cliffs, each faciug eastward. The 
western branch has a length of about 20 miles, and trends nearly due 
north and south. The eastern or main fault, as previously stated, follows 
the eastern base of the Stem Mountains throughout their entire lengtli, 
At the northward it branches, the mountains become lower, and finally 
the great displacement breaks up into a series of lesser faults, that give 
origin to a narrow zone of broken and tilted blocks. The strike ot the 
mam fault is nearly northeast and southwest, but in the northeiu part 
it has a marked cuivature to the eastward. In Pueblo Valley a gen­ 
eralized section would show a simple line of displacement along the 
western side of the valley, and another at the eastern base of the Pine 
Forest Range, which forms its eastern boundary, as is indicated in the 
following diagram:

PINE FOREST Mrs.

VOLCANIC Mcs* PUMJLO VALLEY ^,-f^^j^h^ BLACK ROCK DESERT.

3fio 8 —Sketch section of Pueblo Valley, Nevada.

In some places in Pueblo Valley the structure is more complicated 
than is shown above, owing to a faulf along the eastern side of the val­ 
ley. The easternface of the Pine Forest Bungc is composed of granite, 
and forms a bold mountain fault-scarp, bordering the Black Eock Desert
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on the west for a long distance. A sketch section made near the north­ 
ern end of the Stein Mountains fault shows the displacement to be 
divided into a number of minor faults, as is indicated below:

STEIS.MTS.
=\

BASBHiTVALLEir.

FIG. 0.—Sketcli Section across northern end of Stein Mts.

About 20 miles northward of where the above section was taken the 
fault-scarps become low and obscure, and they were not traced farther. 
The total observed length of the fault is about 100 miles, with a dis­ 
placement where the mountains are highest of not less than 5,000 or 
G,000 feet. Large hot springs are associated with it in Pueblo Valley, 
but they do not rise at the immediate base of tbe fault-scarp. Farther 
north, however, at the point where the Stein Mountains attain their 
greatest elevation, there are a number of springs with a temperature > 
of 1G8° F. that are located not only where the displacement has been 
greatest, but also where there has been a very recent movement along 
the old fault. The irregular scarp in alluvium formed by the recent dis­ 
placement is fresh and unclothed with vegetation, and -may be traced 
for several miles at the immediate base of the mountains, defining the 
boundary between swampy meadows and solid rock. The hade of the 
recent fault is to the eastward, at a high angle; while the throw, as 
sbown by the fresh scarp, is from 20 to 50 feet.

The displacement along the eastern base of the Pine Forest Range 
also shows evidence of a recent movement for a distance of from 40 to 
50 miles. A recent fault-scarp in alluvium follows the eastern base of 
the range and hot springs come to the surface along the line of fracture.

THE WARNER VALLEY FAULT.

The valley of the Warner Lakes and Long Valley to the southward 
together form a single narrow belt of diverse displacement that is fully 
100 miles in length. The exhibition of fault-scarps, tilted blocks, and 
sunken areas, to be seen at the southern end of the Warner Lakes, is 
the'most interesting of its kind that it has ever been our privilege to 
examine. In this narrow zone the orograpbic blocks of dark volcanic 
rock are literally tossed about like the cakes in an ice-floe; their up­ 
turned edges forming bold palisades that render the region all but im­ 
passable. The main line of displacement is along the foot of the per­ 
pendicular cliffs that border the Warner Lakes on the east. Midway 
a large branch with reverse throw crosses to the west side of the lakes 
and gives origin to the high bluffs that extend from Crook's Bridge 
southward. These fault-scarps rise in sheer precipices that overshadow
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the Warner LaLes throughout their entire extent. Towards the north­ 
ern end of the valley the great fault-scarp forming its eastern wall sends 
off a number of branches, at quite regular intervals, with a general north­ 
west trend. The blocks thus separated pass under the lake-beds that 
floor 'the valley, and appear again on its western border, where they 
form cliffs of considerable height. Their acute ends are visible at the 
point of bifurcation; and the apex of a thin wedge of rock clings high 
on the edge of the great fault-scarp, while its base is buried in the lake- 
beds in the bottom of th~e valley. This is but one of the slivers rent off 
by the great fracture. The great fault-scarp itself finally became lost 
at the northward in subdivisions.

The country to the north and east is a rough volcanic table-land that 
has undergone considerable erosion, and indicates the nature of the 
plateau of which the region of the Warner Lakes formed a part before 
it was faulted.

The following ideal section represents the orographic structure of the 
northern part of the valley, except that the minor faults are omitted:

WARNER LAKE.

Fio. 10 —Sketch section through the northern part of "Warner Lake Valley, Oregon

In the southern part of the Warner Lakes Valley the structure is 
more complex, as the basin is bounded on each side by perpendicular 
cliffs of displacement, from 1,500 to 2,000 feet high, while the included 
area is broken by both north-and-south and east-and-west faults. A 
sketch section, taken a few miles south of Crook's Bridge, shows the 
following displacements:

Fio 11 —Sketch section through the southern part of Warner Lake Valley, Oregon

It is between the high walls inclosing the ^southern portion of the 
valley that the greatest qonfusion of the minor blocks is to be seen. 
Many of these fragments measure a mile or so on their edges, and are 
tilted in various directions, leaving narrow rugged valleys between 
their upturned margins. The diverse tilting and the numerous fatilt- 
scarps that rise without system into naked precipices combine to make 
this a region of the roughest and wildest description.

The mountain-mass, forming the western border of Warner Valley 
below Crook's Bridge, is bounded on the west also by a steep scarp that 
is probably the result of faulting. The fault-scarp overlooking the 
Warner Valley is about 2,000 feet high; and the opposite or western 
side of the block presents a face of equally grand proportions. The 
block thus denned is bounded in part by east-and-west faults and some-
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what dissected by erosion. When viewed from a point a few miles to 
the northward it is seen to have a concave surface, aud in fact forms a 
broad and extremely gentle synclinal. On its surface is a group of 
volcanic buttes of earlier date than the displacements that produced 
the dominant features in the present topography.

The narrow zone of displacement forming the valley of the Warner 
Lakes is continued southward, and produces the most striking features 
in the topography of Long Valley. It is probable also that the Surprise 
Valley zone of displacement is a portion of the same system, although 
the connection between the two has not been traced. The Warner 
Valley zone, together with its extension through Long Valley, is over 
100 miles in length, and is perhaps the most remarkable example of 
compound faulting that has ever been reported. The occurrence of hot 
springs about the Warner Lakes may be taken as an indication that 
orographic movement has taken place beneath the valley at a recent 
date, but this hypothesis lacks the confirmation which would be afforded 
by the association of recent fault-scarps with the springs.

The rocks throughout this region include basalts, rhyolites, and light- 
colored volcanic tuffs, that are quite regularly bedded, and appear as 
definite strata in the palisade walls. None of the beds, however, are 
known to be sufficiently constant to be used as data for measuring the 
amount of displacement or for connecting the exposures in various cliffs. 
A heavy stratum of dark volcanic rock that caps the cliffs over a wide 
area, and is frequently a conspicuous feature in the landscape, has 
gained for this region the name of the " Eim-Eock country."

The only measure we have for the displacement that has taken place 
is furnished by the fault-scarps still remaining. These, as they stand 
to-day, without noting the amount removed by erosion, or the depth of 
the lake-beds obscuring their bases, range from a few hundred to fully 
2,000 feet in height.

THE ABERT LAKE FAULT.

The grand cliffs that present an impassable barrier along the eastern 
shore of Abert Lake expose the broken edges of the strata on the 
heaved side of a fault; while the thrown side underlies the lake-basin 
and forms the gently sloping western shore. A short distance south 
of the lake the great fault divides, and sends a branch to the north­ 
westward which determines the northeastern border of the Ohewaucan 
Marsh, while the main fault-scarp continues on, as we have said, to form 
the eastern border of Abert Lake. The triangular block included between 
these two faults inclines to the eastward, and has been so depressed 
along the margin adjacent to the great fault as to form the basin now
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occupied by tbe lake. The character of these fractures, and of the 
tilting of the included block, may be gathered from the accompanying 
sketch, taken at the southern end of the lake near where the fault 
divides. An ideal section from east to west through Abort Lake is 
given below, and will assist in interpreting the sketch.

CHEWAUCAN MARSH.

Flo. 12.—Sketch section through Abort Lake Valley, Oregon.

Bach of the faults bounding Abert Lake has a curved and irregular 
course, and finally becomes lost in branches as we follow it northward. 
The large branching fault determining the western boundary of the 
orographic block crosses the stream draining from the Chewaucan 
Marsh to Abert Lake near its mouth. The water flows from the thrown 
to the upheaved side of the fault, and is consequently ponded by the 
fault-scarp, and gives origin to the marsh, which is in fact a lake that 
has been nearly obliterated by sedimentation. Where the Chewaucan 
River crosses the fault scarp, it forms a series of picturesque rapids with 
a fall of about 50 feet.

The palisade rising abruptly from the eastern shore of Abert Lake 
has a deep brownish tone, relieved by a growth of bright yellow lichens, 
and is grand iu its barren ruggedness, especially towards evening, when 
its inherent richness of color is heightened with sunset tints. Near the 
top of the cliffs the hard layer, forming the " Rim-Bock," is aconspicuous 
feature, and in resisting erosion has no doubt done much towards pre­ 
serving the sharp outlines of the cliffs.

THE SUMMER LAKE FAULT.

The irregular mountain face overlooking Summer Lake on the west is 
theupheaved side of a great fault, the throw of which is not less than 2,500 
or 3,000 feet. From the top of the scarp the country inclines gently 
westward, and forms a well-wooded, sloping table-land. The southern 
extension of the fault may be traced along the western border of the 
Chewaucan Marsh, but its entire extent iu that direction is unknown. 
In the northern part of its course it curves eastward, and divides into 
a number of branches near the northern end of the lake. A continua­ 
tion of the same fault, or a branch from it, appears again along the shore 
of Silver Lake.

At many localities near the base of the cliffs which determine the west­ 
ern shore of Summer Lake, we find that a very recent movement has 
taken place along the ancient fault-line. Its course is marked by fresh
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slopes of earth and gravel, and by irregular piles of d6bris, that are 
separated from the base of the cliffs by sunken areas. At a number of 
points near the recent fault-scarp springs come to the surface, many 
of them being of large size, and a few showing a temperature above the 
normal.

In some places on the eastern border of Summer Lake Valley there 
are abrupt precipices, apparently due to faulting; but in general, the 
country has a gentle inclination lakeward, thus indicating that the water 
covers the depressed edge of a large orographic block.

THE SURPRISE VALLEY FAULT.

Another line of profound displacement, which has resulted in the up­ 
heaval of one of the grandest of the Basin ranges, is the fault that de- 
termiues the western border of Surprise Valley. The country affected 
by this displacement lies mostly in California, and was visited by the 
writer during a previous reconnaissance.

Structurally, Surprise Valley is a narrow north and south zoue of 
diverse displacement, similar in many of its features to the valley of 
the Warner Lakes. The main fault follows the immediate western edge 
of the plain, although branches are thrown out across the valley at both 
the southern and northern ends. At the southward this fault is first 
recognized on the west side of Duck Plats, and may be followed north­ 
ward, with increasing displacement, to the base of Eagle Peak, which 
rises to an elevation of more than 4,000 feet above the valley, and thence 
to a point a few miles beyond Camp Bidwell. When studied more accu­ 
rately, it will probably be found to form a branch of the Warner Lake 
zone of displacement, and it may have other connections with the in­ 
terlacing fractures of the Great Basin. The fault-scarp forming the 
eastern slope of the Warner Mountains has been carved by stream 
erosion, and sculptured by rain, wind, and frost, into deep recesses, out­ 
standing pinnacles, and lofty domes, that combine to form a grander 
and more varied mountain mass than the palisades overlooking Sum­ 
mer, Abert, and Warner Lakes. Considered from an artist's stand­ 
point, the scenery of the Warner Range compares favorably with the 
bold western slope of the Wahsatch Mountains, and is certainly far 
grander than the majority of the desert langes of Utah and Nevada. 
From the amount of erosion that has taken place in the Warner 
Mountains, it seems evident that the upheaved block from which they 
have been sculptured has been longer exposed to denudation than the 
fault-scarps to the northward.

This line of displacement is marked by numerous hot springs and by 
fresh fault-scarps, from 20 to 50 feet high, that cross alluvial cones, and 
cut embankments and teiraces of Quaternary age, telling in the plain- 
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est language that the rocks bordering the line of fracture have been 
disturbed at a very recent date, and that the Warner Mountains are 
young, and probably still growing. That the fault movement is par­ 
oxysmal is indicated by the earthquakes which are sometimes felt 
throughout the valley.

The cliffs bordering Surprise Valley on the east are apparently due to 
a displacement along a branching facture. This, hi its turn, throws off 
several smaller faults, which radiate, like the rays of a partially open fan, 
from a point on the eastern shore of Middle Lake. Near where these 
fault-hues diverge there are copious springs having a temperature of 
180° F., that rise through the fissures produced by the displacement. 
The branching faults cut out long, inonoelinal blocks, that become less 
disturbed as we trace them northward, and finally merge with the gen­ 
eral surface of the volcanic table-land from which they were fractured. 
A sketch section across the southern end of the valley is given in Fig. 
13 j and in Fig. 14 we have a similar ideal diagram of the faults at the 
northern end of the valley.

WAXNBK MTS.

E
FIG 13 •Sketch section through the southern end of Surpr so Valley, California

The Warner Range, like nearly all the mountains in the region ex­ 
plored, is composed of volcanic rocks of various kinds, including princi­ 
pally rlr> ohtes, basalts, and volcanic tuffs. Before the commencement 
of the faulting that gave birth to the present topography of Surprise

"V

Fie 14 —Sketch section through the northern part of Surprise Valley, California.

Valley, the region must have formed a part of the great volcanic table­ 
land of southern and central Oregon, and northern California. Its 
character before the fracturing took place is illustrated, except in the 
features due to modern erosion, by the rugged, volcanic region known 
as the Madeline Mesa, lying between Surprise Valley and the Black 
Eock Desert.

SUMMARY OF OBSERVATIONS RELATING TO DISPLACEMENTS

Eegarclmg the date of the displacements in the northern part of the 
Great Basin, we find them breaking rocks of all ages, from what we may 
consider, at least provisionally, as Eozoic granites—through Palseo-
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zoic and Tertiary beds and Quaternary lake-sediments. In some in­ 
stances the shearing has been continued through recent alluvial slopes 
and stream beds, and is without question- still in progress. The Quater­ 
nary strata, however, are not upturned on the mountain flanks, while 
the sediments of the Tertiary lakes are thus inclined. From the evi­ 
dence now in hand it would seem that the faulting commenced in late 
Tertiary time, aud has been continued to the present day. Previous to 
the inception of the faults there were many successive overflows of 
volcanic rock, aggregating thousands of feet in thickness. There were 
lakes resting on floors of lava that became filled with volcanic lapilli, 
which in turn were buried by later volcanic overflows. The volcanic 
lapilli in many instances became stratified through the agency of the 
water in which they fell, and, somewhat altered and consolidated, they 
now appear as many-tinted volcanic tuff. Although thousands of square 
miles of " lava country " have been more or less thoroughly explored in 
Idaho, Washington, Oregon, Nevada, and California, we do not yet 
know the limits of the vast volcanic region of which the desertsof Oregon 
are a traction; but its extent has been estimated by Prof. Joseph 
Le Conte at from 200,000 to 300,000 square miles.(a) The lakes in which 
the evenly stratified tuffs were spread out appear to have been of pro­ 
portionally grand dimensions, although their outlines aie unknown. 
The age of the volcanic overflows and of the intercalated beds of tuff has 
been stated by Professor Le Oonte to be Tertiary, and probably Mio­ 
cene.^) After these vast fields of lava had cooled and consolidated, there 
came another revolution that affected a region equally great but situated 
mostly to the southward of the volcanic overflows. A force, or series of 
forces, the power and extent of which are utterly beyond the limits of 
our conception, was brought into action over a region at least 250,000 
square miles in area, and broke the earth's crust into thousands of frag­ 
ments, which were depressed and buried, or upheaved into mountain 
ridges. The cause of this vast deformation is a problem yet unsolved; 
at present we are only gathering the facts which, it is hoped, will lead 
to its interpretation.

The data now in. hand bearing on the later physical history of the 
Great Basm may be briefly summarized as follows:

The fracturing has affected the whole great area between the Sierra 
Nevada and Wahsatch mountain-systems. The fault along the western' 
base of the Wahsatch Range, and the equally profound displacement 
at the eastern base of the Sierra Nevada and Cascade Range, belong to 
the Great Basin system.

The orographic blocks are long and narrow, sometimes in the ratio of 
50 to 1, or even more.

The general bearing of the longer axes is approximately parallel to 
the trend of the inclosing mountain ranges, i. e., north-northeast.

aAmcrioan Journal of Science, III, Vol. VII, No. 39 (March, 1874), p. 168. 
b Loc cit, p. 177.
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The average elevation of the area of displacement is fiom 3,000 to 
5,000 feet lower than the mountain ranges that inclose it; and over a 
large area in Utah and Nevada it has an elevation of about 4,000 feet 
above the sea.

The great faults at the bases of the Wahsatch and the Sierra Nevada, 
as well as very many of the intermediate lines of fracture, have increased 
their displacement during the past few years; and, without question, 
these orographic movements are still in progress throughout the Great 
Basin.

Volcanic, metamorphic, and sedimentary beds have been fractured 
and displaced alike.

The high temperature of many of the springs that come to the surface 
along lines of recent displacement is apparently due to the heat pro­ 
duced by the arrested motion of the orographic blocks. Conversely, 
when we find hot springs at a distance from volcanic centers, especially 
if they occur in a linear series, we may presume that they mark a hue 
of recent faulting.

The hade of the faults is nearly always towards the thrown side, 
and is usually steep, an inclination of from 40° to 70° with a horizontal 
plane being the most common. The faults are irregular with reference 
to both horizontal and vertical planes, and are frequently curved. When 
the fault lines curve, they are usually concave toward the throwu side. 
When the larger faults branch, the branches arc usually on the thrown 
side. Zones of diverse displacement are usually depressed areas. The 
disturbance is almost always by fracture, and seldom by flexure The 
orographic" blocks are strictly uionoclmal, and in no way can they be 
considered as portions of antichuals or synclinals

The present topography of the Great Basin has been imposed upon a 
far older structure, in which plication was one of the principal elements.

The greatest depression has taken place along the east and west bor­ 
ders of the basin. The eastern depression was occupied during the 
Quaternary by Lake Bonneville, and that on the western border by Lake 
Lahontan. In some instances the total faulting resulted from small and 
sudden displacements, as at the tune of the earthquake in Owen's Valley 
in 1872.

The tilted blocks occupy more horizontal space than they did before 
the faulting took place.

In a'general discussion of the faults of the Great Basin, the most im­ 
portant facts to be kept in view are that the region is one of elevation 
with reference to the sea-level, but of depression when referred to its 
immediate boundaries, and that the orographic blocks in their present 
tilted condition occupy more horizontal space than they did before the 
faulting took place.

The investigator should also observe that the displacement is by sim­ 
ple faulting, and never—so far as present observations extend—by flex­ 
ing. We find the reverse of these conditions iu legions like the Alle-
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ghanies and the Alps, where the strata have been folded and crumpled 
on a grand scale. In such instances, as is well known, the rocks occupy 
less horizontal space than previous to their disturbance, and have there­ 
fore undergone lateral compression. In -view of these facts the sug­ 
gestion presents itself th.it the faulting in the Great Basin is associated 
with lateral extension. The Cordillera System of the west coast is a 
region of upheaval, as its present altitude testifies. In other words, it 
is the segment of a spherical surface, the radius of which has been in­ 
creased. The boundaries of the segment are mountain ranges of great 
magnitude, while the included region may be considered as a sunken and 
fractured plain. From these facts ifc seems fair to assume, at least as a 
provisional hypothesis, that the fractures are closely related to an exten­ 
sion of the strata, caused by upheaval, and that the displacement of 
the orograpluc blocks resulted from their gravity. If the elevation of 
the Cordillera system as a whole is the result of tangential strain, may 
we not consider the force as acting on the borders of the Great Basin, 
while the interior region subsided and was fractured pan passu as the 
rim was elevated 1?
. The shifting of alluvium from one side of a fault-line to the other by 
erosion has been advanced as a cause explanatory of the movement of 
faults. Such a transfer of load is certainly in operation in many local­ 
ities, and has much in its favor, when considered theoretically, as a 
cause of crust movement; yet it can have but little tendency to fracture 
the earth's crust into such ribbon-like bands as have been observed 
throughout the Great Basin. It can be readily seen that after a fault- 
scarp is formed the shifting of load from, the upthrown to the down- 
thrown side would tend to increase the displacement; and in case of 
great faults, like those determining the precipitous faces of the Wah- 
satch Kange and Sierra Nevada, this factor certainly becomes of great 
importance. In the case of the narrow orographic blocks in the central 
portion of the Great Basin, the impression derived by the writer from 
a great number of observations is that this action is too slight to be an 
important element in the problem. In some, instances the orographic 
movement is quite the reverse of what this hypothesis demands. On 
the Smoke Creek and Black Bock deserts a fault of post-Lahontan age 
maybe traced for more than 50 miles across the former lake-bed at such 
a distance from mountains that no almviation has taken place since the 
lake became dry. The thrown block is the one underlying the broad 
desert which was lightened prior to the recent movement of the fault 
by the removal of fully 500 feet of water. It is the unloaded block in 
this instance that has been depressed. Until quantitative observations 
have shown that the transfer of alluvium from the heaved to the thrown 
side of a fault, in a greatly disturbed region like the Great Basin, is in 
some cases sufficient to originate displacement, it seems safest to con­ 
clude that such action is only an incidental and concomitant result of 
the faulting, tending, it is true, to increase displacement already ini­ 
tiated.



EXISTING LAKES.

The lakes of the present day m the Great Basin, north of the hydro- 
graphic run of Lake Lahontan, are shown on the accompanying map 
(Plate LXXXIII). All of these are small and shallow, and in a num­ 
ber of instances may be classed as playa-lakes, as their waters evapo­ 
rate, to dryness during arid seasons, leaving mud plains or playas to 
mark their sites.

Of the existing lakes in the region under discussion, those iu the 
Klamath Basin alone overflow. The waters of the remainder are in 
nearly all cases' somewhat alkaline and brackish, but, with the excep­ 
tion of Summer and Abert lakes, are sufficiently pure to afford water­ 
ing places for stock, and in most instances may be used for culinary 
purposes, for a short time at least, "without injurious effect.

Silver Lake, Oregon, is a remarkable exception to the rule that in­ 
closed lakes are saline, as its waters are so fresh that scarcely a taste 
of mineral matter can be detected. Its freshness is the more remark-' 
able, as it is situated in the basin of a Quaternary lake of broad ex- 
pause that was more than 100 feet deep and never overflowed. As 
shown by soundings made by Mr. Johnson in June, 1882, this lake has 
a .uniform depth of 10 feet throughout nearly its entire extent.

Eagle Lake, in Lassen County, California, like Silver Lake, is an also 
exception to the usual saline condition of inclosed lakes, but in this in­ 
stance the waters are supposed, with good reason, to escape through 
the gravels underlying the lava overflow which has checked the drain­ 
age of the valley.

Summer and Abert lakes are strong solutions of potash and soda 
salts. In their physical properties the waters of these lakes are very 
similar, and resemble the water of Mono Lake, California, but are far 
richer in potash salts, as is shown by the following analysis of the water 
of Abert Lake by Dr. F. W. Taylor, of the Smithsoman Institution, who 
reports as follows: (a)

Specific gravity, 1.02317.
Grains

One liter of the water contains—
Silica in solution ..... .................. ................. ......... 0. G(j5
Sodium chloride .... .......... .... ............ ............ ..... 7.219
Potassium chloride ................................................ . 8 455
Potassium sulphate .... ............................................ 0 921
Potassium caibonate .............................. .................. 10 691
Magnesium carbonate ................. ............................. 0006

27 357 
No bromine nor iodine could be found in the sample analyzed.

a The sample analyzed was collected neai the middle of the west shore of the lake, 
f>00 yards from land. . 
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The percentage of potassium salts shown by this analysis, amounting 
to about five-sevenths of the total solids, is higher than in any other 
lake the composition of which is known to us. The presence of so 
large an amount of highly soluble potassium salts might seem to indi­ 
cate that the water is a mother-liquor from which the less soluble car­ 
bonate and sulphate of lime, sulphate of soda, and chloride of sodium 
had been crystallized out; and therefore that it is a residuum left after 
a long period of desiccation. The absence of iodides and bromides, how­ 
ever, and the paucity of magnesia, militates against this hypothesis, 
and as the latter salt especially would increase in percentage under the 
same conditions of evaporation that served to concentrate the potassium. 
As the volcanic rocks forming the hydrographic basin of the lake are 
largely composed of feldspars rich in potash, -we may safely look to their 
disintegration and decomposition for the source of the mineral matter 
contained in the lake. It seems more probable that the large quantity 
of potash is due to abundant supply, rather than to the long concentra­ 
tion of water in which this salt was no more abundant than is ordi­ 
narily the case with river waters, This is the more evident, as the per­ 
centage of salme matter in the lake is smaller, and its constituents 
exhibit less variety than we might reasonably expect if the lake had 
undergone a long period of concentration.

Although both Summer and Abert lakes are alkaline solutions, with 
shores as barren and desolate as the borders of the Dead Sea, yet they 
have many features that are attractive and picturesque, and furnish 
a striking contrast to the forest-bordered lakes of humid climes. In 
summer their peculiar glassy surfaces mirror with great distinctness 
the azure of the cloudless sky, and the rugged grandeur of the cliffs 
that overshadow them. Their waters are so strongly charged with 
salts that they are uninhabited by fish, but swarm with millions of 
small crustaceans of the genus Artemia, known commonly as "bnue- 
shrimps." When swept by the tempests, these alkaline waters are soon 
churned into great fields of foam, sometimes several feet m depth, that 
is caught up by the wind, and carried in thousands of fleecy masses far 
up the shores. Becoming entangled amid the desert shrubs it gives 
them the appearance of being covered with a profusion of strange blos­ 
soms. Tue tendency of alkaline waters to form fields of foam when 
disturbed by the wind may also be observed at the Soda Ponds, near 
liagtown, Nevada, and still better at Mono Lake, California.

Of the lakes in the region explored that have the characteristic feat­ 
ures of playa-lakes, the following are examples: Alvord, Guano, Mas­ 
sacre, Waruer, and Christmas lakes, together with the lakes of Surprise 
and Long valleys. These are shallow-water sheets that occupy depres­ 
sions in lake-sediments, and are usually surrounded by low shores 
which are not unfrequently white with drifting alkali. Their waters 
are alkaline, and usually of a greenish yellow color, due to impalpable 
silt held in suspension. During unusually arid seasons they become
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completely desiccated, leaving mud-plains or salt-fields as records of 
their former extent.

The larger lakes, as Goose, Summer, Abert, Silver, and Malhenr, 
although they have never been known to become dry, are extremely 
shallow, and during a succession of and seasons would unquestionably 
evaporate completely. Excepting the Klamath Lakes,-of which no 
reliable soundings are at hand, the deepest of the existing lakes north 
of the Lahontan hydrographic basin is G-oose Lake, which throughout 
its entire area does not exceed 20 feet. Summer and Abert lakes have 
an average depth of less than 10 feet, and in the remaining basins the 
water is even more shallow.

The lakes of Southern Oregon, like those of all inclosed basins, record 
the quantitative relation of precipitation to evaporation; and vary with 
the seasons, not only in extent and depth, but in percentage of saline 
matter as well. During the summer and fall, when precipitation is at 
a minimum, and evaporation is rapid, they decrease in extent and depth, 
while the density of their waters increases.

They vary also from year to year, rising when the rainfall exceeds the 
average and falling when it is deficient. The depths here noted apply 
to the summer of 1882.

RECENT CHANGES IN EXISTING LAKES.

One of the most interesting of the recent changes in the extent of 
the lakes in the region embraced in our reconnaissance is the union of 
Harney and Malhenr lakes. Previous to a season of unusual humidity 
about the year 1877, these lakes were separated by an embankment of 
gravel—probably a bar built by the waves and currents when the water 
was deeper than at present—which was breached during the season of 
high-water, causing the lakes to be united. The present combined 
water surface retains the name of Malheur Lake.

Persons who have been familiar with Silver Lake since 1870 have 
never known it to become dry; its present freshness, however,, would 
indicate that such an occurence took place not many years since, as 
inclosed lakes are supposed to be freshened by desiccation. During 
the past three years its waters have risen about six feet and flooded 
large areas, that previous to 1879 were meadow-lands and pastures. 
Owing to this recent rise, Thorn and Silver lakes are now confluent. 
The difference between the winter and summer horizons of the lake's 
surface is about two feet. -

Goose Lake has not overflowed, except during a single storm, since 
1869. For a term of years prior to that date, it waters were much lower 
than at present, as is shown by the fact that a road then crossed the 
lake-basin some four or five miles from its southern end at a place,which
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is now covered by 15 feet of water. During the past few years it has 
been rising, and in 1881 it is reported to have overflowed for two hours, 
or more, during a severe gale from the north.

Horse Lake is a small playa-lake, situated in the eastern border of 
California, between Honey Lake Valley and the Madeline Plains. Its 
ancient channel of overflow is carved through a volcanic mesa, and joins 
Snowstorm Canon. In 18C8 the lake rose sufficiently to overflow and 
send some tribute to Honey Lake through its long-abandoned channel. 
The bottom of the outlet is about ten feet above the usual level of the 
lake, showing that the high water of 1868 was considerably more than 
the ordinary winter's rise. The lake became dry in the summers of 
187S and 1879, its bottom forming a, hard, smooth, mud plain.

The lakes now filling shallow depressions in Surprise Valley are typical 
examples of playa-lakes. During extremely dry seasons they become 
completely desiccated, and leave either fields of salt or playas of cream- 
colored mud. The Upper Lake became dry in the summers of 1872 and 
1873, leaving a broad mud-plain that was soon, whitened with a saline 
efflorescence. From the above date to the present time it has always 
contained some water. The Lower Lake was last completely desiccated 
about ten years since, when it deposited a large quantity of tolerably 
pure salt. -.•-•••

These changes are not only interesting examples of the fluctuations of 
inclosed lakes, but, when taken in connection with the rise and fall of 
other lakes throughout the Great Basin, will assist in determining the 
variations in humidity to which the region is subject. When sufficient 
observations are in hand they may also enable us to predict the approach 
of a period more humid, or more arid, than usual. That the fluctuations 
of inclosed lakes are independent of the trifling changes that man, by 
his agricultural efforts, has produced in the character of the Great Basin, 
is shown by the rise and fall of such bodies of water as Silver Lake, Ore­ 
gon; Pyramid, Winnemucca, and Walker-lakes, Nevada; and Mono 
Lake, California, where the influence of man is wanting, or, if felt at 
all, is but slight, and can .be shown to have had no appreciable effect on 
the climate of the region. Inclosed lakes are not only rain gauges that 
indicate approximately by their extent the abundant or meagre precipi­ 
tation that takes place in their hydrographic basins, but they record also 
the balance between rain fall and evaporation. The study of these nat­ 
ural pluviometers teaches that the fluctuations of the lakes of the Great 
Basin during the past few years are but a continuation of the climatic 
oscillations that reached a maximum at the time Lake Bonneville and 
Lake Lahontan were brimming.



QUATERNARY LAKES.

The areas of depression mentioned when speaking of tlie great faults 
in Southern Oregon—of which the narrow faulted area along the eastern 
base of the Stein Mountains, and the zone of diplacement now occupied 
by the Warner Lakes, are typical examples—form orographic valleys, 
or rock basins, that were occupied by quite extensive lakes during the 
Quaternary period. Twelve of these ancient lakes claim qnr attention. 
As shown on the accompanying map (Plate LXXXIII), they occupied 
the valleys in which the following lakes occur af'tske,present time, viz.: 
Alvord, Malheur, Warner, Guano, Summer^ Ab%pt$">'S!iiver, Goose, and 
Klamath, in Oregon, together with Surprise Valley-nayl the Madeline 
Plains, in California, and Loug Valley^ Nevada. Th'e first>nofoJible feat­ 
ure of their history is, that although some of them attained a depth of be­ 
tween 500 and GOO feet, yet only four overflowed. The lakes with outlets 
occupied the Malheur, Goose, and Klamath Basins, in Oregon, and the 
Madeline Plains, in California. In all of the other instances the inflow of 
water derived from rains, springs, and streams must have been counter­ 
balanced solely by evaporation. All of these basins now hold shallow 
lakes, greatly inferior both in extent and depth to their Quaternary ante­ 
cedents. The lakes which did not overflow must have become charged, 
to some extent at least, with saline matter, as their waters evaporated; 
which would lead us to expect that their modern representatives would 
be dense saline solutions. In only a single doubtful instance, however, 
can the lakes now occurring in these nearly desiccated basins be con­ 
sidered as the remnants left by incomplete evaporation of the Quater­ 
nary lakes. Summer and Abert lakes are dense saline and alkaline 
solutions (the analysis of the latter is given on page 454) that occupy 
depressions in the basin of a large Quaternary la,ke, and are, without 
question, the result of concentration by evaporation, but whether they 
have held their integrity since Quaternary times seems doubtful.

The extent and geographical distribution of the lakes that existed in 
the northern part of the Great Basin in Quaternary times may be gath­ 
ered from the accompanying map (Plate LXXX1II). -As the existing 
lakes are shown oil the same illustration, the great contrast between the 
humidity of the region during the Quaternary and at the present day 
may be seen at a glance. In the instances in which the outlines of the 
Quaternary lakes are not known with certainty, their conjectural bound­ 
aries are indicated by dotted hues, as in the case of the Goose and Kla- • 
math basins. Our reconnoissance did not extend into the Klamath 
Basin, and what information we have in reference to its Quaternary his- 
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tory -was kmdly furnished by Lieut. E. A. Edwards, of Fort Klamath, or 
may be found in Dr. dewberry's geological report published in the sixth 
volume of the Pacific Kailroad reports.

As the Quaternary lakes of the region explored -were comparatively 
small, and sheltered in many instances by rugged cliffs, the action of 
waves and currents was restricted and embankments and bars of gra'vel 
seldom formed. The evidence of the existence of former lakes is mostly 
confined to wave-cut terraces, which record with unprejudiced accuracy 
the depth of the waters that carved them.

The deepest, and perhaps the most interesting, of these Quaternary 
lakes occupied Surprise Valley, California. In this instance the highest 
beach-line is a conspicuous feature throughout the valley, and is drawn 
as a contour-line on its sides at an elevation of 550 feet above the snrlace 
of the lake-beds that floor the basin. The former lake not only filled 
Surprise Valley, bat overflowed across the narrow divide at its southern 
end, and covered Duck Flats as well. The lake thns formed was 70 miles 
long, with an average breadth of between 6 and 7 miles. There is evi­ 
dence that it had two high-water stages, separated by a time of aridity 
when the valley was nearly, if not completely, desiccated.

The long narrow Quaternary lake east of the Stein Mountains, of 
which Lake Alvord is the diminutive representative, Lad a depth, over 
a large-area, of 400 feet. The Malheur Basin at the same time was oc­ 
cupied by a broad but shallow sheet of water that overflowed into the 
Owyhee and excavated a broad channel of discharge. The ancient 
beach-lines left by the latter fossil lake are too indefinite to admit of 
determining its former depth.

In the valley of the Warner Lakes ancient beach-lines may be traced 
continuously about the borders of the basin at an elevation of 225 feet 
above the surface of the present playa lakes. The outlines of the old 
lake are quite accurately shown on the accompanying map (Plate 
LXXXIII), and, as there indicated, are unbroken by a channel of over­ 
flow.

The Quaternary lake that occupied the valleys of Abert Lake, Che- 
waucan Marsh, and Summer Lake, was 260 feet deep over the Chewau- 
can Marsh, and 300 feet deep in the valley now occupied by Summer 
Lake.

Long Valley, now a desolate, level-floored, sage-brush plain, was oc­ 
cupied by a lake 250 feet deep in Quaternary times. Its modern repre­ 
sentatives are small alkaline pools that usually become dry during the 
heat of summer.

The Quaternary lake that flooded the valley of Silver and Christmas 
Lakes had a depth of something more than 100 feet over a large area 
and formed an extensive water surface, as indicated on Plate LXXXIII. 
On following the ancient water-lines we find them continuous through­ 
out, thus proving that the lake which formed them was without a 
channel of overflow.
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In the northern extension of this old lake-basin, a few miles eastward 
of Christinas Lake, is a locality where considerable quantities of fossil 
bones have been found. This extinct fauna, comprising the elephant, 
camel, and horse, together with a large edentate, is strangely interesting 
when we remember the late date at which the animals lived, and the 
pre'sent desert character of the valley where their remains are found.(a) 
The bones occur on the surface of the lake-beds, detached from one 
another, and mingled with thousands of fresh-water shells. Among the 
fossil mollusks collected, the following species have been determined by 
Mr. B. Ellsworth Call, of David City, Nebr.:

tiplicerium dentatum, Haldeman.
Pisidium ultramontanum, Prime.
Helisoma trivolvis, Say. -
Gyraulus vermicular is ̂ G'ould.
Limnophysa bulimoides, *l4a.
Carinijex Newberryi, Lea:"
Valvata vircns, Tryon. - ' -

Some of the fossil mollusks enumerated 'above are found in a~0uritlance 
in the sediments of Lake Lahontan, and all of the species are' still living 
in the lakes and streams of the Pacific slope. In the lake-berls berueath 
the bones the shells of Gyraulus vermicularis occur in profusion to the 
depth of at least five or six feet, while the fossil bones were discovered 
only on the surface.

The bones collected at this locality are reported by Professor Marsh 
to be of tipper Pliocene age (Equus beds). In the determination of the 
age of the remains, there is certainly a discrepancy between the evi­ 
dence derived from the vertebrate fossils on the one hand, and the tes­ 
timony of the invertebrate fossils and the stratigraphical geology on 
the other—unless it can be shown that the fossil bones have been re­ 
moved from their original-place of interment and scattered over the 
bottom of the Quaternary lake. The bones are black, and considerably 
mineralized, and in general appearance seem older than any Quater­ 
nary fossils of the same class with which we are familiar. So far as 
this uncertain evidence goes, it favors the determination that the bones 
are o,f pre-Quaternary age, but is of little value in explaining this oc­ 
currence with a molluscan fauna of recent species.

Of the remaining Quaternary lakes represented on the pate, the one 
that covered the Madeline Plains, in Lassen County, California, is of 
interest from the fact that it was retained by a coulee of lava that had 
obstructed the drainage of the basin. The river formed by the dis­ 
charge of this lake flowed southward across the lava-overflow, and 
carved Snowstorm Canon.

Only one other basin that contained a lake of any considerable size

a A more complete list of vertebrate fossils from this locality is given l>y Prof. Cope, 
Amer. Naturalist, Vol. XII (1878), p. 125.
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during Quaternary times remains to be mentioned. This is along, nar­ 
row valley, named Guano Valley, which extends nearly due south from 
Beattie's Buttes, and is bounded on both the east and west by precipi­ 
tous fault-scarps. Like the valley of the Warner Lakes, this depres­ 
sion was formed by the subsidence of a long, narrow orographic block, 
included between fault-lines. Guano Valley was examined by Mr. John­ 
son, who reports that it must hare contained a shallow Quaternary lake. 
Beach lines were not observed, but owing to the shallowness of the 
water, and the precipitous nature of the shores, they could scarcely be 
looked for. The basin is completely inclosed by uplands, and no chan­ 
nel of discharge for the Quaternary lake was observed. Guano Valley, 
like ueaily all the interior valleys of Southern Oregon, contains a playa- 
lake in a shallow depression in the surface of the lake-beds that floor 
the basin.

TUFA DEPOSITS.

Carbonate of lime in the form of tufa was found in a single one only 
of the old lake-beds. In Surprise Valley it occurs abundantly, both 
as a cement for the gravel of the ancient beaches, and as a deposit 
about stones and pebbles that were lying at the bottom of the lake 
when the waters evaporated away for the last time. The pebbles par­ 
tially buried in lake-beds frequently support mushroom-shaped growth 
of tufa several inches high. These curious forms occur in abundance 
in the narrow channel that connects Surprise Valley with Duck Flats, 
and when calcined they form an excellent lime.

The basins that we have briefly described comprise all the noteworthy 
liydrographic areas ofs the Great Basin north of the hydrographic rim 
of Lake Lahontan.



The events in the later geological history of the portion of the Great 
Basin embraced within our reconnaissance may be briefly summarized 
as follows:

The rocks are almost entirely igneous, and occur on the southern 
border of an immense volcanic region that stretches indefinitely north­ 
ward.

The basins are orographic valleys of the Great Basin type, aud were 
formed by the tilting of orographic blocks.

During the Quaternary the excess of precipitation over evaporation 
was greater than at present. This is shown by the size of the drainage 
channels, now partially filled with alluvium, and the extent and depth 
of the Quaternary lakes, as compared with their modern representa­ 
tives.

A number of the Quaternary lakes did not overflow, their influx be­ 
ing counterbalanced solely by evaporation, thus indicating that pre­ 
cipitation was not excessive.

Many of the lakes which now occupy the basins of extensive Quater­ 
nary lakes that did not find outlet, are either fresh, or hold but a small 
amount (a fraction of one per cent.) of mineral matter in solution. 
These lakes, of which Alvord, Warner, Silver, and Christmas, together 
with those of Surprise Valley, are examples, can in no way be consid­ 
ered as remnants left by the incomplete evaporation of the Quaternary 
lakes which they respectively represent.

Summer and Abert lakes are more strongly charged with potash salts 
and chloride of sodium, and owe their high percentage of saline matter 
to the concentration of the waters of streams and springs which are or­ 
dinarily spoken of as fresh.

The Quaternary lakes which occupied the Malheur, Klamath, and 
Goose Lake basins, overflowed, aud became tributary to the ocean, while 
the water-body covering the Madeline Plains discharged into Lake 
Lahontan. The present lakes occurring in these basins do not differ 
materially from the waters now found in the basins that have not over­ 
flowed. This similarity may be explained by assuming that the in­ 
closed lakes have at no distant date, and probably at a number of sep­ 
arate periods, been evaporated to dryness, and their saline contents 
buried beneath playa-mud so completely that the waters subsequently 
filling the basin did not take them into solution.(a)

a The hypothesis of the freshening of inclosed lakes by desiccation was first pro­ 
posed by Mr Gilbert during his study of Lake Bonueville Second Anu Rep U S 
G S.,p. 177. 
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The evidence of climatic changes during the Quaternary, as exhibited 
in the histories of Lakes Bonneville and Lahontan, has already been 
published, and one looks with interest to the smaller contemporary 
lakes for the confirmation and extension of this record. As will be 
remembered, the fluctuations of the larger lakes prove that the Quater­ 
nary was ushered m by a long period of aridity, followed by a humid 
and probably glacial period, during which Lahontan became nearly 900 
feet deep, and Bonneville rose still higher. Next succeeded an arid 
period, where both lakes became greatly reduced by evaporation and 
perhaps completely desiccated. Following this was a second cold and 
humid period, of short duration, but of great intensity, as compared 
with the first; and finally came the present dry climate. These fluctua­ 
tions of the geological hygrometer, as recorded by the larger Quater­ 
nary lakes of tiie Great Basin, are indicated in the following diagram:

t IRBT LAI.H PERIOD SECOSD LAKE PERIOD
C.IUATE Goto AND Mo.ST g Cu>,AT, Colt, AM, Mmsl

ARID CLIUATB.

EARLY QUATERNARY. LATH QUATERNARY. Rscralt

Fie 16 —Curve of Quaternary climatic oscillations

In the smaller lake basins of southern Oregon it has been impossible 
to decipher the Quaternary history with as much detail as in the case 
of the larger contemporary lakes to the southward. In Surprise Valley, 
however, we have the records of two high-water periods, divided by a 
time of low water, but the proof of these changes is uot as satisfactory 
as could be desired. In the field of our reconnaissance the observation 
having the greatest bearing on Quaternary climate'is that many of the 
basins occupied now by and deserts were then filled with lakes.

The geological history of the region examined gives but slight infor­ 
mation as to the temperature of the Quaternary period. The fact that 
the smaller lakes formed wave-built and current-built embankments 
proves that they were not fvozeu (although they were but shallow water- 
bodies) during at least a portion of their existence. The absence of ice 
ridges about their borders is negative evidence that the climate of the 
period was not excessively cold. As the records of local glaciers,* 
and even of a general northern ice-sheet,& have been reported from 
this region by observers whose opinions are entitled to respect, it is 
proper to state that I found no evidence either of local glaciers, nor of 
general glaciation. Evidence of glaciation was looked for with care,

a " On the Puebla Range of Mountains," James Blake. Proc. Cal, Acad. Sci., vol. 
5, p. 212

6 " On the Great Lava Flood of the Northwest," etc., Joseph Le Conte. Am. Jr. 
Sci , III , vol. 7, No. 40 (April, 1874)
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and I feel safe in concluding from its absence, that no glaciers existed 
during the Quaternary in that part of Oregon east of the Cascade Mount­ 
ains and south of the forty-fourth parallel. As my geological studies 
have led me over a large portion of the northern half of the Great Basin, 
I may add my testimony to the observations already recorded which 
show that the mountains of the Great Basin, with the exception of the 
East Humboldt—and less positively of two or three associated ranges— 
have been free from glaciers, at least since the country had its present 
topography.(a) As is well known, the Wahsatck range and Sierra Ne­ 
vada gave origin to local glaciers, which flowed down their sides in 
rivers of ice, sometimes a number of miles in extent. The records of a 
general ice-sheet covering the northern part of the Great Basin are to­ 
tally absent.

a So far as my own observations extend, the East HnmbgldjtfarS the only mountains 
between the Sierra Nevada and Wahsatch that bear marksx>fgia^iation.
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