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THIRD ANNUAL REPORT

OF THE

UNITED STATES GEOLOGICAL SURVEY.

BY J. W. PowELL, Director.

INTRODUCTION.

In the first and second years of the Survey, each of the chief
geologic assistants conducted a field investigation and began
the preparation of its results for publication. Preliminary out-
lines of their memoirs accompanied my last report. During
the fiscal year just closed they have continued the office studies
necessary to the best presentation of their work, and have car-

“ried forward the preparation of manuscripts and illustrations.
This work is now nearly completed. Probably all their mono-
graphs would ere this have been published had it not been found
necessary to divert a share of their attention to the supervision
of new field work, both geologic and geographic, by their as-
sistants.

While the energies of the corps have been thus largely di-
rected to office work incidental to the publication of researches
already completed, a considerable number of new investiga-
tions have also been initiated, and the mapping of regions se-
lected for future geologic work has been prosecuted.

The present organization inherited from its predecessors a
large amount of good topographic material pertaining to the
Colorado Plateau region, a district embracing portions of Utah,
Colorado, New Mexico, and Arizona. For the study of certain
important geologic problems this region is unrivaled, and it has
been determined, therefore, to complement the data in hand and

prepare a topographic map of the region as a basis for future
. Xv
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geologic researches. To this end a base line was measured
near Fort Wingate, New Mexico, and geodetic and topographic
work has been initiated under the direction of Mr. Gilbert
Thompson.

In Colorado the field work for a topoglaphlc map of the Ten
Mile mining district has been finished, and the map completed,
ready for the use of the geologist.

In northern Nevada the mapping of a considerable tract has
been commenced for the purpose of complementing material
gathered by the Survey of the Fortieth Parallel and the Sur-
veys West of the One Hundredth Meridian. This will furnish
the Survey a trustworthy map of northern and central Nevada,
and enable it to exhibit the geologic history of the great an-
cient lake, Lahontan, the investigation of which is in progress.

Mzr. Arnold Hague, who is preparing a memoir on the geol-
ogy of the Euveka District, Nevada, has during the year de-
voted a few weeks of field work to the re-examination of some
points of especial interest; and the study of the ore-deposits
of the same locality, intrusted to Mr. J. S. Curtis, has been
brought to a close, so far as field work is concerned.

In the study of the Quaternary lakes of the Great Basin,
the principal field work has béen performed by Mr. I C. Rus-
sell. He has completed his reconnaissance of Lake Lahontan,
and has made a preliminary examination of the southeastern
portion of Oregon.

Under the direction of Mr. 8. F. Emmons the investigation
of the mining and general geology of the Ten Mile district in
Colorado, and of the vicinity of Golden, Colorado, has been
begun, and attention has been given to the soils in the neigh-
borhood of Denver.

Mr. L. F. Ward spent the summer of 1881 in the collection
of fossil plants in Colorado and Arizona. Dr. C. A. White
began at the same time ‘the collection of a parallel suite of
invertebrate fossils, but was unexpectedly called to an investi-
gation of the problem of artesian water on the Plains, and
deferred his paleontologic work until another season.

Prof. T. C. Chamberlin continued, under the auspices of
the Survey, a work he had begun as State geologist of Wis-
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consin, examining and tracing the glacial moraines of eastern
Dakota and the associated features of the drift.

Among the more profound questions of geologic science are
several whose solution requires a knowledge of the chemical
and physical properties of rocks and rock-forming materials
under extreme conditions of temperature and pressure. These
questions are intimately involved in the great dynamic problems
of American geology, and the subject calls urgently for special
experimentation. The work has been undertaken, under the
direction of Mr. Clarence King, by Dr. Carl Barus, and is now
in progress. ' :

Detailed information in regard to the various departments of
the work will be found in the accompanying reports of my
principal assistants.

Important progress has been made in the organization of-
office work, especially that pertaining to the preparation of
illustrations and the publication of réports. A technical work-
ing library is urgently needed, and steps have been taken
toward its acquisition. Only the most imperative wants, how-
ever, have been met by purchase, since it is hoped that the
system of interchange provided for by law will ultimately
afford the Survey, in exchange for its publications, nearly all
that is desired. :

The continued courtesies of the National Museum and of
the American Museum of Natural History in New York City
have not only afforded the Survey important laboratory facili-
ties,-but have enabled it to practice notable economy in the
matter of rent. The principal office has been maintained in a
suite of rooms furnished by the National Museum, and several
members of the corps have occupied well-equipped work and
study rooms placed at their disposal by the American Museum.

FINANCIAL STATEMENT.

Amount appropriated by Congress for work of the U. S.
Geological Survey for the fiscal year ending June 30,

88 e e $156, 000 00
Expended during fiseal year ......... ... ... ... ...... 142, 558 76

Remaining on hand July 1, 1882, to meet outstanding lia-
bilities ... o oi i e 13,441 24

I—G
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The following is a classification of the expenditures:

1. Salary of Director ..... ..o il $6, 000 00
2. Services of assistants and employés ................ 104,516 20
3. Rent of offices ...... et 3,403 66
4. Repairsof offices .. ........oviii i 278 99
5, Office furnitare ........ ... .o .ol Ll 2,738 75
L (T O 320 50
R T T 435 37
S T T YU 79 91
9., Telegrams - .. .o oiuriniiiiieiine ceiaaaaeeaca e 283 13
10. Rent of telephomes .... ... ... ..ot 127 28
11. Rent of post-office boxes . ... ... ... ... ... ... . 65 20
12. Stationery ........ ... ..ol e 1,481 69
13. Books (includes maps, &cC.) ... coovnini L 2,899 11
14. Instruments purchased -..... . ...... ... ..., 1,661 90
15. Instruments repaired ......... ... ... ... ... 578 50
16. Laboratory supplies - .... ..o iiimiii i ann 908 53
17. Photographic material. .. ............. ... ..o 2,574 58
18. Transportation of assistants and property (freight,
$1,188.36; persons, $1,93449) ........... ... ... 3,122 85
19. Traveling eXpPenses . ... .. coummnimn i aaaniaaeeann-n 4,481 16
20. Purchase of horses ........ e et meaean e, 80 00
21. Purchase of mules - ........... .c....... et 270 00
22, Camp and field equipage.......... ... ... . ... 611 75
23. Subsistence . ...... ...l 2,160 21
24, FOrage . -« oo et e 1,319 01
25, Pasturage .. ....c.oceiiiiiiiiis ciaaa e ee 372 54
26. Tollage and ferriage .....o..c0 oooiiiiiiiieas oae 17 45
BUY AN T10) <y - AR 417 50
28. Apprehension and delivery of lost public property. .. 5 00
29, Minor office supplies..... ... covvcvia e L 117 32
30. Repairing office furniture .................. ... ... 73 b5
31. Amount of bonded railroad accounts for transporta-
tion of freight and assistants.......... .......... 1,157 12

142, 558 76
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REPORTS OF HEADS OF DIVISIONS.
REPORT OF MR. CLARENCE KING.

Mr. King being absent from the country on account of ill-health, the
following report upon the work under his charge has been prepared at
his request by one of his colleagues, from information furnished by Dr.
Carl Barus.

PHYSICAL CONSTANTS OF ROCKS.

During the past year a critical study has been made of previous in-
vestigations on this subject, with a view to a selection of the best ex-
perimental methods. Besides the ordinary laboratory furniture, more
delicate instruments have been selected and purchased, and special ap-
paratus has been designed and constructed. Quarters for a laboratory
in the American Museum of Natural History have been placed at the
disposal of the Survey, which, in addition to other advantages, pos-
sess the desideratum of a floor of rock in place; and preliminary opera.
tions have begun. Considerable time, however, must yet be spent in
completing such preparations as are involved in the commencement
of all physical researches.

In June the progress of the work was temporarily though very ap-
preciably retarded by the untimely resignation of Dr. V. Strouhal, who
had been appointed to associate with Dr. Barus in the prosecution of
the physical researches in question. Upon him, at the time, the duties
of testing and purchasing the part of an approved inventory of appa-
ratus which it was found expedient to import from Europe, were im-
mediately incumbent. In Dr. Strouhal (at present professor-in-ordinary
of physics at the University of Prague) the Survey has lost an observer
whose unusual proficiency and ability, both in physical and astronomi-
cal experimentation, would have rendered his services of great value
throughout the course of the investigation, and especially in its later
portions. In this emergency we were fortunate in securing the services
of Dr. William Hallock, Fellow of Columbia College. Dr. Hallock be-
ing at the time associated with Dr. Strouhal in Europe, a transfer of
instructions and duties could thus be expeditiously made, the former
continuing the work from the point where the latter had left it.

The instruments and material, though chosen with especial reference

to the class of experiments contemplated, will, nevertheless, as a whole,
3
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meet the requirements of a fairly complete physical laboratory. It was
the endeavor of those in charge to select pieces of acknowledged ex-
cellence only. The following list comprises the more important instru-
ments, etc., which either have been or are about to be received:

Balance, 250 g., 0.1 mg., Rueprecht, Vienna.
Balance, 100 g., 0.01 mg., Bunge, Hamburg.
Balance ordinary, 2-5 kg., 2-5 mg.

Set of weights, 1 kg-1 mg., Rueprecht.

Set of weights, 100 g-1 mg., Bunge.
Fairbanks scales.

100 grammes, standard, Fromment, Paris.
Meter, standard, Fromment.

Cathetometer, Griinow, New York.
Spherometer.

Chronometer, Brocking, Hamburg.

Rood’s Sprengel’s air-pump, Griinow.

Bessel Hagen’s mercury air-pump, Miiller, Berlin.
Air-pump, ordinary.

Fortin’s barometer, with Wild’s improvement, Fuess, Berlin.

Three normal thermometers, —1°-1019, 0, Baudin, Paris.
Two normal thermometers, —1°-101°, 0, Baudin.

Two thermometers, 20°9-200°, —10, Bau(lin

Assortment ordinary thermometers.

Air thermometer, Griinow, New York.

Hygrometers.

Large telescope with scale adjustment, Hartmann, Wiirzburg.
Three small telescopes with scale adjustment, Hartmann.
Total reflectometer, Apel, Géttingen.

Laboratory theodolite, Meyerstein, Géttingen.

Small spectrometer, Meyerstein.

Microscope with stage micrometer, Griinow.

Prisms, mirrors, nicols, lenses, etc.

Rheostat, 1-10,000 ohms (remodeled by Griinow).
Rheostat, 1-10,000 ohms, Elliott Bros., London. -
Two rheostats, 0.1-4,000 ohms, for shunting, Hartmann,

Assortment of Weber’s commutators.

Standard ohms.

Two Kohlrausch’s Wheatstone’s bridge, Hartmann.
Earth inductor.

Two Thomson’s astatic reflecting galvanometer, Elliott Bros.
Wiedemann’s reflecting galvanometer, Griinow.
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Two Kohlrausch’s reflecting galvanometer, Hartmann.
Tangent compass.

Thomson’s quadrant electrometer, White, Glasgow.
Electro-dynamometer, Siemens and Halske, Berlin.
Bmall magnetometer, Hartmann.

Lathe, with assortment of tools.

Carpenter’s bench, with assortment of tools.
Forge, anvil, vise, tools.

Jeweler’s rolling-mill.

Burners, blast-lamps, gasometers, &c.

Glass apparatus (flasks, beakers, burettes, &c.).

Porcelain apparatus (dishes, &e.).

Chemicals, batteries, &ec., &c.

Additions will be made from time to time as oceasion requires.

The proposed experiments on the physical constants of rocks may be
conveniently considered under the following three heads:

(a.) Phenomena of fusion. These would comprehend temperature of
fusion, specific volume of the solid and of the liquid material respect-
ively at this temperature, heat-expansion, compressibility, latent heat
of fusion, specific heats—all considered with especial reference to their
variation with pressure.

(b.) Phenomena of elasticity and viscosity considered, as before, with
especial reference to their dependence on temperature and pressure.

(¢.) Phenomena of heat-conductivity under analogous circumstances.

The difficulties presented are great, and in some instances insuper-
able; for if the results are to be applicable to the solution of geologi-
cal problems, experiments must be made at the highest attainable press-
ures, as well as at elevated ftemperatures. The observers will there-
fore confine themselves for a considerable period to narrowly circum-
scribed portions of the investigation. Among such, an empirical study
of the variation of melting point with pressure for 4 number of typical
rocks would come first in interest and in value. TFortunately, too, this
is the portion of the work which, when considered from an experimental
standpoint, presents the least formidable aspect, and which finally, from
theoretical grounds, recommends itself as a point of departure. Side by
side with it, moreover, certain features of the viscosity question may be
conveniently attended to. Until considerable progress has been made
experimentally, but little aid can be derived from thermo-dynamics.

The problem presented is, therefore, the measurement of the relation
between the small increments of temperature superimposed upon,very
great values of this quantity, and the corresponding very large incre-
ments of superincumbent pressure to which the former are due, the
substance being supposed to rem:.in constantly at a melting point. In-
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somuch as high temperatures and pressures are to be dealt with, it is ob-
vious that only small quantities of the material to be examined can be
experimented upon; in other words, that the space raised to the temper-
ature of fusion of the sample must comprise but a minute portion of, or,
as it were, be local in comparison with, the necessarily small space
within which an intense pressure is brought to bear. It furthermore
follows that the only means for the measurement of temperature proba-
bly available under the circumstances will be of a thermo-electric kind.
1t is believed, however, that if proper care be taken to guard against
the many errors incident to this work, and means be devised by which
the constants of the couple can be readily checked, results not un-
worthy of reliance may be attained. There will be reason to recur
to this matter again after the main features of a method adapted to the
problem just enunciated have been briefly sketched.

Within a strong re-
ceiver communicating
with the tube pp, the ma-
terial to be examined, A,
in form of a spherule, is
appropriately secured.
The latter is immediately
surrounded by an adher-
T T ing envelope of very thin
platinum foil, which
---------------------- —£ again lies within a thick
jacketing of some re-
fractory non-conductor
(Ca0O, MgO, ...).! Thick
wires, ¢ and b, in part of
platinum, meeting the
platinum covering (cruci-
ble) at points diametri-

Fig. 1. o cally opposite, make it an
integrant part of a galvanic circuit, insulated throughout from the re-
ceiver. This circuit furnishes a means of fusing the specimen. It is
not necessary to retain the closed form of crucible ; ordinary open forms
will be at times convenient, insomuch as appliances may then be easily
devised by which a galvanic arc can be used for fusion in place of the
incandescent crucible, the variation of resistance of the fused contents
of the latter measured, etc. These facilities are of importance.

As a means of securing a requisite amount of pressure, the method
adopted by Pictet? suggests itself. To apply it the receiver would be

1 Deville § Debray, ““Ann. de chim. et de Phys.” (3), L'V1, 1859, page 396, found, in the
case of a lime crucible whose walls were 2. thick, that while the interior contained
melted platinum, the exterior surface was raised toa maximum temperature nohigher

than 150° C.
2 Pictet, ¢ Mémoire sur la liquefaction de loxigéne, &c.,” Geneva, 1878,
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filled with a salt,! from which great quantities of gas are easily gen-
erated by the application of a moderate amount of heat. Notwithstand-
ing its simplicity, however, there attach to it, when used for the pres-
ent purpose, a number of serious inconveniences, chief among which
is the fact that the maximum pressure attainable, apart from extraneous
obstacles (strength of receivers, application of heat, etc.), is limited by
causes inherent in the method itself. An air compressor being even
more unsatisfactory, the following plan presents some interest: As a
medium for the transmission of pressure a liquid? having a low critical
temperature is presupposed. The receiver and the part of the tube pp
above the plane 77T are to be kept permanently at a temperature
higher, the part of the tube pp below the plane # at a temperature
decidedly lower, than the critical pointof the pressure-medium chosen.
If the receiver be conceived to have been exhausted at the outstart, and
the liquid in question then gradually introduced through pp, finally, by
the aid of a powerful forcing-screw propelling a closely fitting soft cop-
per piston? in an upward direction, pressures ranging from zero toa maxi-
mum depending only on the strength of materials, power applied, ete.,
would be attainable.* The obvious advantages of acting mechanically on
the pressure-medium while in the liquid state, and of bringing the press-
ure to bear on the crucible by means of the same medium in the gaseous
state, are to an extent vitiated by the necessity for an especial and pre-
liminary investigation of the effect produced by absorption of gas under
pressure’ on the temperature of fusion of the sample. There would be
difficulty in distinguishing between the effect possibly due to the latter
cause and that to be ascribed to pressure. In the hypothetical case,
for instance, where water is used in the way described as a medium for
transmitting pressure, we should partially realize the conditions of an
aqueo-igneous fusion. If the closed crucible be surrounded by a series of
consecutive thick shells of non-conducting material, suitably supported
and arranged in the order of their melting points, the innermost of which
layers is viscous at the temperature of fusion of the sample, the outer
liquid at ordinary temperatures, it is possible that pressure may be
directly applied to the crucible by compressing the outermost liquid.
Such a disposition would avoid the intervention of a gas—at the expense,
however, of the maximum of temperature available for fusion. Both
projects will be tried. It is hoped that they will also suffice for the in-
vestigation of the variation of structure produced by cooling rocks under
pressure. .

_1KCI10;, H,NNO;, HCOOK+KOH, &c. In the above apparatus a pressure of 500
atm. would be a high estimate of the maximum attainable by this method.

2(Cq Hs)0, CN, S0,, &e.

3By means of this device Wousson, to whom it is due, believes to have attained a
pressure of 13,000 atm. (Pogg. Ann., CV, p. 161); Hannay (Chem. News, xli, 1880,
p- 103) has proposed a convenient apparatus for smaller pressures.
4 Hannay, Chem. News, xliv, 1881, page 3. '

5A method similar to the above is proposed by Sir William Thomson, for the study of
critical points, in Nature, xxiii, 1880, p. §7.
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The measurement of high pressures has of late attracted some atten-
tion. Pictet? obtained results with powerful aneroids. Cailletet® was
able to utilize a mechanical device due to Depretz. Dewar?® based meas-
urements of pressure on the melting point of ice. Amagat,? availing
himself of his results on the compression of gases, has adapted the closed
manometer to bigh pressures. To Tait® a new manometer, based on
Hooke’s law, is due. None of these pieces of apparatus, however, has
been applied to the measurement of pressures so high as those which will
be called for in the present series of experiments. An extension, there-
fore, of the methods of manometry in the direction specified, urges itself.
An endeavor will moreover be made to utilize a closed manometer read
optically, as well as an apparatus based on the compressibility of water,
for the definition of high pressures. It is intended at the same time to
investigate the effects of great compression on the electrical qualities of
metals, ete. The whole of the pressure apparatus would be appropri-
ately attached to the colder parts of the tube pp in the above figure.

On whatever plan the observations are conducted, whether by pro-
ducing an approximately constant pressure in the receiver and varying
the temperature of the crucible gradually and in such a way as to pass
through the melting point of the sample under experiment, or by main-
taining an approximately constant temperature and gradually varying
the pressure, it is of the utmost importance to devise a method of rec-
ognizing the precise time of incipient fusion or solidification. In the
first, and. probably the more practical, of the cases just mentioned, the
ordinary phenomenon of a temperature temporarily stationary while fu-
sion is in progress would perhaps answer. By preliminary trials the
connections (zero method) of the thermo-element are first to be adjusted
to a temperature corresponding as nearly as is conveniently possible to
the particular melting point of the material chosen; the definite measure-
ment will then be made by correcting this approximate temperature by
the aid of a method of graphic interpolation; the galvanometer needle
being for this purpose fitted with means for tracing its excursions on sen-
sitized paper. Again, substances possessing a definite melting point
usually experience a marked change of specific resistance on passing from
the solid to the liquid state.®! The application of this peculiarity also to
the purpose in question therefore suggests itself. In this case—the
melting point being as before approximately known—the needles of both
galvanometers (4. e., that belonging to the circuit for measuring resistance
and that of the thermo-element) would be allowed to trace their deflec-
tions side by side on the same sheet of sensitized paper.

1 Pictet, 1. c. _

2 Cailletet, Ann. de Chim. et de Phys. (5), xix, 1830, p. 386.

3 Dewar, Proc. Roy. Soc. Lond., xxx, 1880, pp. 533-538.

+ Amagat, Beibl. (3), p. 414.

5 Tait, Proc. Roy. Soc. Edinbg., x, 1880, p. 572.
6 Gf. Mousson, ‘‘Physik,” 2d ed., iii, p. 311
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A few words on the measurement of temperature are still to be added.
Becquerel' very highly recommends-his platinum-palladium couple,
principally as presenting, in addition to sensitiveness at high tempera-
tures, a constancy in its indications sufficient to permit the observer im-
mediately to compare results obtained within very large intervals of time
and use. Nevertheless, an especial research with reference to the choice
of metals is desirable—indeed necessary,? and in connection therewith
a study of the thermo-electric effect of superficial layers differing in com-
position from the body of the wires forming the couple, of the effect of
silicification, etc. It is obvious that both the crucible and the thermo-
element will be gradually corroded and finally destroyed by the cause
last mentioned. At high pressures, moreover, there is danger of the
formation of an alloy® at the thermeo-electric junctures of the (originally
tied) wires, in which case the couple would become useless at a temper-
ature below that of the melting point of the constituent metals. Prepa-
ration has been made for the repetition of such of Deville and Troost’s4

. high-temperature experiments as will be auxiliary to or necessary for
the calibration of the thermo-element. Both the forms of porcelain air-
thermometer and the methods of measurement of these observers will
be applied, as well as Crafts and F. Meier’s® modification of V. Meyer’s
ingenious vapor-density contrivance, including, of course, a determina-
tion of the expansion of the porcelain employed at high temperatures.
Insomuch as the ultimate object of the work is that of devising some
means by which the constants of the thermo-element may be readily and
satisfactorily checked, there will also be tried a number of other devices
for thermometry, among them the vapor-tension thermometers recently
again urged by Thomson.S

In giving the brief review above, the object was more that of defining
the character and scope of the researches to be made than of presenting
determinate experimental methods. The particular section referring to
the calibration of the thermo-element alone has beeén projected with
requisite detail and the apparatus in part constrm,ted the others will,
however, impart direction to the corresponding mtegrant parts of thL
work on melting: point and pressure, and in the main probably be ad-
hered to. Owing to the great practical difficulties encountered on all
sides, the general plan of research must necessarily be progressive. It
is intended to commence with easily fusible material (wax, ete., salts)
as well as with comparatively low pressures; and passing onward from
these, so to develop and modify the methods adopted as to render
them finally applicable to maternl and pressules possessing immediate
geological interest.

1 E. Becquerel, Ann. de Chim. et de Phys., (3), Ixiii, 1863, p. 142.

2Nichols, Am. Journal (3), xxii, 1881, p. 368.

3.8Spring, Chem. Ber., xv, 1882, p. 595. i

4 Deville and Troost, Comptes~rend xc, 1880, p. 727,773; lix, 1864, p. 162 lvii, 1854,
p. 897.

5Crafts.and Mcm Comptes-rend., xc, 1880, p. 606.
6 Sir . Thomson, PIOC Roy. Sec. Edinbg., cvi, 1880, p. 432,
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REPORT OF MR. ARNOLD HAGUE.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN OoF THE PACIFIC,
New York, July 15, 1882,

Sir: I have the honor to submit the following report of operations
by the Division of the Pacific for the year ending June 30, 1882.

During the fiscal year just closed the only field work undertaken by
any member of this division was a journey which I made to Eureka,
Nev., in the months of July and August, 1881, mention of which was
made in my last annual letter, written after returning from the field.
The trip, which proved a successful one, was undertaken for the purpose
of examining some disputed points in the geology of the Eureka district
suggested by a comparison of observations and cross-sections after leav-
ing the field ; and, also, to re-examire certain localities bearing directly
upon the important question of a non-conformity at the top of the Eureka
quartzite, midway in the Silurian beds. Pressed as I was for time, in
order to prepare the geological maps for publication at an early date as
possible, I left the field with regret, leaving many interesting questions
remaining unanswered, and returned immediately to office work in New
York.

All office work on the topographical and geological maps is about
finished, and the sbeets are now in the hands of the lithographers.
The first proofs have mnearly all been revised, and are far advanced
towards publication. The small geological map presenting the mount-
ains of Eureka on a single atlas sheet, has already been printed in
color, making a beautiful map. Itis now complete and only awaits
publication. The double sheet of cross-sections, drawn to a natural
scale across the map from west to east and forming the last plate of
the atlas, has been finished and is in the hands of the engraver. But
little work therefore remains to be done, except revising the proofs and
finally printing the twelve sheets that make up the atlas.

Mr. C. D. Walcott’s full report upon the paleontology of the Kureka
district, a brief sketch of which, indicating its scope and importance,
appeared in my last letter, was completed in the spring and is now
ready for the printer. It embraces a rich fauna from the Cambrian,
Silurian, Devonian, and Carboniferous. Over three hundred careful
drawings of fossils, illustrating the new species, have been arranged on
thirteen plates, which have already been engraved in a most satisfae-
tory manner. :

Mr. Joseph P. Iddings has submitted the special munograph on which
he has been engaged, upon the microscopic petrography of the crys-
talline rocks of the Eureka district, presenting a systematic classifica-
tion of all the rock-sections in the collection. His paper will be accom-
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panied by six plates, all of which have been prepared and are ready
for publication.

The difficulty of producing good illustrations of the thin rock-sections
required in petrographic investigation has been realized by all who
have endeavored to represent correctly sections of fine-grained rock as
seen with a high magnifying power under polarized light. Such sec-
tions have usually been reproduced from hand-drawings, and then
more or less accurately colored. Attempts to illustrate the more im-
portant microscopic objects by means of microphotographs have en-
countered many difficulties, and only after laborious experiments and
repeated trials have any of the minute stractural peculiarities of rocks
been adequately represented. To produce a satisfactory result requires
considerable skill in photography, a knowledge of the use of the micro-
scope, the best of lenses,and a thinness and evenness in the rock-section
which has only been attained of late years. Indeed, it is useless to
attempt to reproduce by photography, thick, uneven microscopical
preparations.

Up to the present time the most acceptable illustrations of rock strue-
ture by microphotography that have been published are those given
by Protessors Fouqué and Michel-Levy, of Paris, in their elaborate work
on “ Minéralogie Micrographique des Roches Eruptives Francaises.”

For a long time I have been desirous of seeing portrayed clearly, and
at the same time with the accuracy of a photograph, the structural pecu-
liarities of igneous rocks, and the mode of occurrence of certain minute
crystals found in- microcrystalline ground mass. Dr. J. W. 8. Arnold,
of New York, well known for his very successful microphotographs of
medical preparations, undertook at my request the task of making the
necessary pictures under polarized light. After experimenting for
months he has produced a number of photographic negatives, which
not only exceed my expectations but are unsurpassed by any published
work of the kind. They present the delicate structure of various types
of crystalline and microcrystalline rocks, highly magnified, in a manner
that the most untrained observer can apprecmte and understand far
better than any lengthy description.

At the present time I am occupied, at your request, in preparing a

“summary of my report upon the g.ology of the Eureka district, to ac-
company your forthcoming Annual Report, and will therefore present
here no further comments upon its eontents.

Since early spring Mr. Iddings’s entire time, and a larfre share of my
own, has been given to an cxamination of the collection of acidic vol-
ca,nic rocks from the Great Basin, brought in by geologists attached to
the Geological Exploration of the Fortieth Parallel. '

The results of our work we hope to present for publication in the
course of a few months. They embrace both a geological and micro-
scopical review of all material at hand, including not only the rocks re-
ported upon by Professor Zirkel in his ¢ Microscopical Petrography,”
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but also a large amount of material from which no microscopic thin sec-
tions had been prepared at the time of the publication of the reports
of the Exploration. From these rocks I have had prepared between
three and four hundred thin sections, representing a great variety of
_volcanic products, and an area of country more than four hundred miles
in width. A study of these sections has added very considerably to
our stock of knowledge in this branch of geology.

One object of our investigation is to correct what appears to us as a
very grave mistake in the elaborate work of Professor Zirkel, above
quoted. Throughout his report he is frequently committing the error
of calling the feldspars in certain rocks ¢sanidin”, when careful observa-
tion shows that the recognizable individuals are determinable as be-
longing to triclinic species. This, it will be admitted, is a serious error
in a system in which volcanic rocks are classified according to the pre-
vailing feldspars present. From observing that very many of the feld-
spars were wrongly determined we were led to investigate with consid-
erable care the question of the mineral composition of the acidic volcanic
rocks in the Great Basin. As the results of these investigations are of
interest to all engaged in petrographic studies, I wish here to state
briefly the more important facts brought out by our work.

‘We find that in the Great Basin, over the area covered by the Fortieth
Parallel Exploration, there are, at least so far as it is represented by the
collections, strietly speaking, no normal trachytes. The rocks which
have been so classed are, in nearly all cases, andesites. In other words, .
there are among the Tertiary and Post-Tertiary rocks which have been
classed as trachytes, in none of which the feldspar is orthoclase, an
essential ingredient in every trachyte. The feldspars are inva,riably
plagioclase.

It has been recognized, of course, that in many trachytes trlchnlc
species occasionally equaled the monoclinic feldspar, and still more
rarely that triclinic forms far outnumbered the monoclinic, but ortho-
clase was always supposed to be present in considerable quantity. All
our observations show conclusively that these rocks, in all cases where
it is possible to determine the feldspars, are plagioclase rocks, and that
sanidin, if present, is an exceedingly rare mineral in all of these so-
called trachytes. This result seems all the more remarkable, as rhyo-
lite, an orthoclase rock, is by far the most abundant of all the acidic vol-
canic rocks in the Great Basin. Rhyolite covers very large areas. It
occurs forming the highest of the volcanic peaks, as well as in low hills
skirting the ranges. It occurs in numerous small outbreaks and ridges,
irregularly scattered over the Basin. Indeed, there are few ranges
between the Wasatch and thé Sierra in which voleanic action plays an

‘important part where outbursts of rhyolite are not found.

A study of these results leads to the broad, general ‘statement that
among the products of volcanic action in the Great Basin, at least over
the area exa,mmed by the Exploration of the Fortieth Parallel, the oceur-
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rence of orthoclase rocks is dependent upon the percentage of silica in
the rock. Orthoclase secretions in the groundmass are unquestionably
an exceptional occurrence in those rocks which do not carry the high
percentage of silica found in rhyolites. In other words, they are sel-
dom observed in rocks in which the amount of silica falls much below
68 per cent. Segregated crystals of sanidin may occurin a fine ground-
mass, rich in glass, without quartz secretions; the rock in most other
respects presenting the characteristic structure and mode of ocecurrence -
of rhyolite. In general, however, secretions of sanidin and quartz
occur together. An abundant development of free quartz is usually ac-
companied by a large amount of sanidin crystals, but in varymg pro-
portions.

- In the autumn of 1870, the geologists attached to the Geological Ex-
ploration of the Fortieth Parallel visited a number of the volcanic cones
of California, Oregon, and Washington Territory for the purpose of
making preliminary surveys of the extinct craters with a view to future
detailed investigation. Mr. Clarence King visited the two most prom-
inent cones of California, Mount Shasta and Lassen’s Peak. Mr. S. F.
Emmons proceeded to Washington Territory and explored, from base
to summit, the grandest of all the volcanoes of the Northwest, Mount
Rainier; while the writer devoted all the time at his command to an ex-
ammatlon of Mount Hood, just south of the Columbia River, in Oregon.
Although they brought back most interesting material, especially in
the way of lithological collections, the scientific results of their journeys
were never published, with the exception of an announcement in the
American Journal of Science for March, 1871, of the existence of actual
glaciers upon the slopes of ‘Mount Shaxbta, Mount Hood, and Mount
Rainier.

After studymg the so-called trachytes from the Great Basin and find-
ing that among them there were none with a mineral composition which
would permit of their being classed as trachytes, we took up the exam-
ination of the rocks from these four prominent volcanoes with a view of
learning to what extent they might be found to agree with the rocks
from Nevada.and Utah. -

Our work as yet has been confined mainly to a preliminary examina-
tion, but the results of our investigation we hope to have ready for pub-
lication in the course of a few months. I only desire to make here the
announcement that the great. cones of Mount Rainier, Mount Hood,
Mount Shasta, and Lassen’s Peak, which play so important a part in
the geology of the Sierra Nevada and Cascade Ranges, are andesite vol-
canoes. While the rocks present a wide range in physical habit and
structure, and suggest most interesting fields of research in their mode
of occurrence, position, and relative age, they are all in mineral com-
position plagioclase rocks. Their essential ingredients are.one or more
species of triclinic feldspar, associated in varying proportions with
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hornblende, augite, and mica. Highly acidic varieties with secretions
of quartz do not play, apparently, an important part in the more north-
ern volcanoes, but on Lassen’s Peak, in California, most interesting
dacites occur among the later outflows.

In the entire collection from the four volcanoes, including rocks from
the earlier as well as from the more recent flows, there is not a single
specimen that can be called a trachyte in the strict sense in which the
term is now used by most petrographers and geologists who employ the
searching tests of the microscope in the determination of crystalline
rocks. ’

Before closing this letter I desire to express my thanks to the Trustees
of the American Museum of Natural History for the facilities which
they have afforded us during the past year in carrying out our investi-
gations and in preparing the results for publication. The rooms which
they placed at our disposal have met not only all our requirements, but
are unsurpassed for purposes of scientific work.

Very respectfully, your obedient servant,
: ARNOLD HAGUE.
Hon. J. W, POWELL,
Director U. S. Geological Survey, Washington, D. C.

REPORT OF MR. G. K. GILBERT.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN OoF THE GREAT BASIN,
Washington, D. C., June 30, 1882,

Sir: I have the honor to present the following report of operations in
the Division of the Great Basin during the year ending to-day.

At the close of the last fiscal year my professional force consisted of
Mr. I C. Russell, assistant geologist; Mr. Gilbert Thompson, topogra-
pher; and Mr. Albert L. Webster, assistant topographer. There were
also in my service one packer, one cook, and one janitor. Mr. Russell
was in the field in Nevada, Messrs. Thompson and Webster were en-
gaged in office work in Salt Lake City, and I was in Washington, where
I had been ordered for the purpose of preparing a report upon Lake
Bonneville.

During the fiscal year I have remained continuously in Washington.
Messrs. Thompson and Webster completed their office work in Salt Lake
City, and on August 1 were transferred to other duty in the Survey.
Mr. Russell continued in the field until October 24, when he disbanded
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his party, sending his herd of animals to Ruby Valley, Nevada, and
himself returning to Salt Lake City. There he prosecuted studies grow-
ing out of his field work, and in December he was ordered to Washing-
ton to continue them. - Last spring he took the field once more, leaving
‘Washington Apml 24, and going into camp at Winnemucca, Nev., on
May 18. He isnow in charge of a small party in Southern Oregon. Mr
Willard D. Johnson was employed as assistant topographer on April 28,
entering the service at Salt Lake City. At thesame time Mr. E. R. Trow-
bridge joined the corps as a voluntary assistant. These two gentle-
men proceeded to Ruby Valley and thence traveled with the herd of an-
imals to Winnemucca, where they reported to Mr. Russell. They are
now with him in Oregon. Mr. Webster was a second time detailed to
this division on May 1, being then in Washington, D. C. On May 14
he left for the field, proceedmg via Salt Lake City to Winnemucca, where
he went into camp on June 6. He is now in charge of a small party in
Northern Nevada.

My force now consists of Messrs. Russell, Webster, Johnson, and
Trowbridge, with one stenographer, three packers, two cooks, and one
janitor. =

During the year chemical ana.lyses have been made for me by Prof O
D. Allen, of New Haven, Conn., and Prof. 8. A. Lattimore, of Rochester,
N.Y., and through the cour‘tesy of the Director of the National Museum
similar work has recently been undertaken by Mr. F. W. Taylor.

An office has been continuously maintained at Salt Lake City, but for
part of the year it was occupied only by the janitor. Arrangement has
been made to.continue it during the following fiscal year, but in a dif-
ferent building, one selected as offering better facilities for the chemical
work which should soon be undertaken by a permanent assistant of the
division.

The field work has been a continuance of the work which was begun
in the survey of Lake Bonneville. Its results will be a contribution to
the Quaternary history of the Great Basin, and especially to our knowl-
edge of the system of lakes which at that time characterized its sur-
face. Mr. Russell last year completed his reconnaissance of the basin of
the ancient lake Lahontan, tracing its periphery throughout and con-
structing a preliminary map of it. His first field work this year has
- consisted of a reconnaissance through that portion of the Great Basin
which lies in Southern Oregon. It is anticipated that this will be com-
pleted about the middle of July, and he is instructed then to proceed to
localities of special interest in the Lahontan Basin, and devote the re-
mainder of the season to their study. It is part of his work to map,
sound, and determine the saline contents of the lakes which now occupy
the lowest points of the Lahontan Basin, and he is equipped with appa-
ratus for this purpose. The geographic work begun by Mr. Webster, and
which will be continued throughout the field season, consists in the map-
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ping of abelt of country in Northern Nevada, of which existing maps
are not sufficiently accurate for the delineation of the Quaternary geol-
ogy. The remainder of the basin of Lake Lahontan has already been

“well mapped by various surveysof the government, and when Mr.
Webster’s work is completed a map of Lake Lahontan, with the topog-
raphy of the surrounding country, will be compiled.

The accompanying map plate shows the limits of the Great Basin,
so far as they are known, and indicates by dotted lines the probable
course of the boundary where it has not been determined. The areas
tinted blue are definitely known to have been covered by bodies of
water in Quaternary times, and the abundance of these in the region to
which our investigation has extended is such as tolead us to anticipate
that a final map will show the entire district of the Great Basin to have
been dotted with them. A few localities where lakes are known to have
-existed, but where their boundaries have not yet been determined, are
indicated by blue rulings. '

The office work has consisted, first, of the completion of a series of
maps and engravings illustrative of. the history of Lake Bonneville;
second, of the continuance of the preparation of a report upon Lake
Bonneville ; third, of the preparation of a preliminary report upon Lake
Lahontan; fourth, of the assemblage of the literature of the Great
Basin and of other interior basins and salt lakes; fifth, of the comple-
tion and publication of a memoir on the use of the barometer; and,
sixth, of the compilation from various sources of map material neces-
sary to the intelligent continuance of the work in the Great Basin. My
own tiwe has been largely occupied by various minor duties connected
with the general work of the office, and especially by investigations
connected with the paper on hypsometry. This paper assumed a greater
importance than had been anticipated, and, as a result, the preparation
of the report upon Lake Bonneville, which would otherwise have been
completed, has not been greatly advanced.

In the preparation of illustrations I have been greatly assisted by
Mzr. Holmes and his corps of draughtsmen ; and Mr. Thompson, although
not at the time a member of my division, kindly compiled a preliminary
map of the Lahontan Basin and a preliminary map ot the Colorado and
and San Bernardino deserts.

I am, with great respect, your obedient servant,
G. K. GILBERT,
Geologist in charge.
Hon. J. W. POWELL, . )
Director United States Geological Survey, Washington, D. C.
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REPORT OF MR. T. C. CHAMBERLIN.

UNITED STATES GEOLOGICAL SURVEY,
Beloit, Wis., July 14, 1882.

Str: I have the honor to submit herewith a report of the work com-
mitted to my charge for the year ending June 30, 1882.

In your letter of instructions bearing the date of June 17, 1881, you
assigned as the subject of my investigation for the coming year the ter-
minal moraine that enters the United States on the north border of the
Territory of Dakota and stretches thence southward and eastward, in
sinuous course, presumably to the Atlantic. I was instructed to devote
my investigations principally to the portion lying in the Territory of
Dakota, and to such other portions as had not been previously traced,
giving to still other portions such examination as might be necessary to
determine the relations of the several parts, and the proper delineation
of the whole on a map. Collateral deposits, intimately associated with
the moraine in history, were also designated as subjects of study.

The method pursued in the execution of the task assigned me deserves
brief consideration, as this line of investigation is one .of recent devel-
opment, and its special phases and working hypotheses lie somewhat
without the usual practice of field operations. By previous investigations
it had been ascertained that the formationunder consideration consisted,
not of a single moraine, but of a group of three or more concentric and
rudely parallel ones, that sometimes coalesce and sometimes separate,
S0 a8 to occupy a belt occasionally twenty or thirty miles in width, It

-had further beea shown that the individual moraines, instead of con-
sisting of single sharp ridges, as has too often been the mental picture
of aterminal moraine fashioned after the lateral ‘moraines of Alpine
.glaciers, consist of a broad belt of irregular, tumultuous hills and
hollows, giving rise to a peculiar knob-and-basin topography. Con-
trary to previous conceptions, the massiveness of the moraine finds its
development in great width rather than in abrupt and conspicuous
height. To its departure from prevalent preconceptions in this and other
respects, is to be attributed its long escape from general recognition.
It had further been ascertained that throughout a considerable portion
of-its course, instead of pursuing a direct or moderately undulatory
course, it is disposed in great loops, formed at the margins of ice tongues,
between which re-entrant portions formed extensive intermediate mo-
raines. It had also been learned that these ice tongues occupied the
great valleys of the interior, and manifestly owed their origin to topo-
graphical influences. It had further been shown that the direction of
ice movement within each of these lobes coincided in the center with the
axis of the lobe, but diverged laterally toward the margin in a most re-
markable manner, so that the motion on opposite sides of the ice tongue

26
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was in nearly opposite directions and, immediately adjacent. to the mo-
raine, essentially at right angles to it. These and other cognate results
of previous study, which need not here be specified, determined the
working hypotheses upon which the survey was prosecuted.

By careful study of the topographical features of the territory in-
volved, of its drainage systems, and of other available data, such differ-
ent hypotheses as to the disposal of the moraine as seemed to be har-
monious with surface features, and conformable to the laws of its
disposal already determined, were framed, and made aids and stimulants
in the prosecution of the work. But an effort was made to hold them
merely as working hypotheses for the guidance and assistance they
might render, and entirely subject to rejection or modification, as might
be demanded by the results of observation. Furthermore, the working
plan adopted was such as to check and correct the possible misleading
influences of an erroneous hypothesis. To work without hypotheses in
an investigation of this kind, is to neglect a most valuable aid. To be
unmindfal of their possible mlsleadmg influences, and to neglect cor-
rective measures, is to open.the way to error.

The most obvious and seemingly natural method of investigation
would have been to attempt to trace the moraine lineally. But this
was rejected on the basis of previous experience, because of its liability
to error, growing out of the complexity of the range, the frequent spurs
which diverge from it, and the existence of subordinate moraines, by
which an observer might easily be misled in an attempt at a merely
linear tracing of the moraine. Furthermore, the study of the moraine
itself is scarcely more important than that of the overflow deposits and
older drift on the exterior, and of the newer till and subaqueous forma-
tions within it, and a really comprehensive study of it involves the de-
termination of the character of the glacial lobes that produced it and of
their erosive and distributive work, as manifested by the resulting drift
exhibited thronghout the areas occupied by them. The method pursued,
therefore, was that of extensive preliminary reconnaissances of the en-
tire area involved, which embraced a frequent crossing, not only of the
entire morainic belt, but of a considerable adjacent area upon the ex-
terior, and of the entire lobate area within the moraine. With this was
associated a system of broad zigzagging of the morainic belt, for the
purpose of the closer determination of the course and relation of the
associated moraines, accompanied by local study in detail, and linear
tracing of the belts. The complete plan, as projected, involves the fol-
lowing of the system down to as detailed investigation and delineation
as may be possible. The limits of a single season and of the means at
disposal manifestly confined this detailed work to selected localities,
where special study was essential to a correct interpretation of the re-
sults of the reconnaissance and more general studies.

In pursuance of this method, three lines of observation were carried
entirely across the glaciated territory lying between the Mississippi and
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Missouri rivers, which involved the traversing of the tracts occupied by
the glaciers of the Red, Minnesota, and Dakota River valleys, and of
the moraines which border them on the east and west, as well as the
interesting series lying between them. The southernmost of these
was made along the line of the Chicago, Milwaukee and Saint Paul Rail-
road, from McGregor, Iowa, on the Mississippi, to Chamberlin, on the '
Missouri; the second along the line of the Chicago and Northwestern
Railroad, from Saint Paul, on the Mississippi, to Pierre, on the Mis-
souri; the third along the lind of the North Pacifie, from Brainard, on the
Mississippi, to Bismarck, on the Missouri. This last line was extended
westward bevond the limit of the drift, which was found to extend
about 28 miles west of the Missouri, and to be characterized at s mar-
gin by an extraordinary abundance of granitic bowlders.

That portion of the morainic belt which was presumed fo cross the
lower Dakota Valley and lie between the Dakota and Missouri rivers,
was assigned for special study to Professor J. E. Todd, while the writer
devoted himself to the portion lying east of the Dakota (James) River.
The moraines of this region, as far north as the head of the coteax,
together with the general character of the associated deposits of the
adjacent territory, were successfully determined by the 6th of August.

Professor Todd, parting from the writer at Canton, in southeastern
Dakota, on the 19th day of July, reconnoitered the country southwest
to the Missouri River,and thence northwesterly to Mitchell, in the Dakota
River valley. From this point hetraversed the plateau tothe Missouri
River, examined the Bijou Hills, and thence recrossed the platean north-
easterly to Huron, examining the Wessington Hills and adjacent region.
From this point he reconnoitered the country northward on the west
side of the James River and adjacent to it, extending observations
west in the Elm Creek Valley as far as the Coteau dé Missouri. From
Ordway he passed somewhat directly northward to Jamestown for
consultation with the writer, according to previous appointment. As
the result of this conference, on August 13, it was thought advisable
that Professor Todd, instead of a further examination of the Mis-
souri Qoteau, as first planned, should spend the rest of his available time
in examining a chain of morainic hills which, in a previous recon-
naissance had been observed lying between the Shyenne and the
James Rivers, south of the Northern Pacific Railroad, and in exploring
as far as practicable the somewhat critical area lying between them
and the head of the Cotean de Prairie which had been the northern limit
of my connected observations. Professor Todd explored this region
and reached the head of the Coteaw on August 19, from which point he
returned along the western edge of the Coteay de Prairie to Canton,
where his work closed on August 30.

Between August 27 and September 1, I examined a portion of the
western moraine of the Green Bay glacier, in Waunpaca, Shawano, and
Marathon Counties, in the great northern fotest of Wisconsin, which
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had previously been difficultly accessible, but had recently been opened
by the extension of the Lake Shore and Western Railroad.

Meantime, Professor L. C. Wooster, under instructions from the writer,
had been engaged in the exploration of the moraine in Michigan, which
had never been specially studied beyond a general reconnaissance by the
* writer several years since. Upon the basis of these previous observa-
tions, a working hypothesis was framed, which presumed the existence
of a glacier traversing the valley occupied by the outlet of Lake Huron,
the western end of Lake Erie, and the Maumee Valley; of another oc-
cupying the Saginaw Valley; of another in the Lake Michigan basin,
and of a minor one, less confidently assumed, occupying the deep val-
ley of Great Traverse Bay. This hypothesis, in all its essentials, was
verified. )

Commencing work on July 1, Professor Wooster traced the interme-
diate moraine occupying the high land between the Saginaw Valley and
the Erie-Huron Valley, from Washtenaw County, through Livingston,
Oakland, Lé"if’h‘é?'e, and Sanilac, to Huron County. He then determined
successively the general position and character of the moraines flanking
the Saginaw glacier on the west, through Kalamazoo, Barry, Ionia,
Kent, Montcalm, Mecosta, Isabella, Clair, Roscommon, and Ogemaw
counties; those marginal to the Traverse Bay glacier; and that of the
Michigan glacier through Leelenaw, Benzie, Wexford, and Osceola
counties, to its union with the Saginaw moraine in Mecosta County ;
and, finally, in the early days of August, determined in part the mo-
raine marginal to the extreme southern point of the Saginaw glacier.

From September 7 to October 1, the writer was engaged in the study
of the moraines of New York and of Eastern Ohio, with some supple-
mentary observations in the adjacent States, with a view to the correct
interpretation of previous observations, and the determination of the
eastward extension of the moraine, and its relations to the marginal
moraine previously traced along the southern coast of New England,
and across New Jersey, by Messrs. Cook, Smock, and Upbam. The
work in New York was mainly expended upon the tract occupied by
the remarkable linear lakes extending from Chautauqua on the west to
Otsego on the east, and in the region of the Catskills. A large extent
of territory was embraced in zigzag lines of observation, and, locally,
studied in detail, developing the existence of numerous interesting mo-
rainic accumulations. Indeed, the richness of phenomena was such that
with the time at disposal I was unable satisfactorily to determine their
connections and relations, and the work was reluctantly left in an un-
satisfactory condition.

The remarkable serieg of glacial striz in the Grand River region of
Eastern Ohio, observed by Mr. M. C. Read, and published in the Ohio
Geological Report, coinciding so closely with the divergent method of
glacial movement previously determined to be a characteristic of the gla-
cial lobes which formed the moraine under consideration, suggested
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that a glacial tongue probably occupied the Grand River Valley, and
that its margin must have been marked by a morainic loop analogous
to those previously determined in the western region. A short time
was devoted to the tracing of this loop, but imperative circumstances
compelling my return from the field on October 1, the tracing was left
incowmplete, though it had reached the stage of approximate demonstra-
tion.

This work was resumed on the 8th day of May, and completed a few
days later. Considerable importance attaches to this determination,
not only in that it demonstrates a persistence of the lobate character of
the glacial margin, and the wide applicability of the law of divergent
flow, but in that the southern extremity of this morainic loop lies on
the margin of the drift area, and brings to light the significant fact
that a terminal moraine, which, in the interior region,is at points some
hundreds of miles back from the margin of the drift area, here ap-
_ proaches and coincides with it, indicating that the earlier and later
glacml frontages were not concentric. In connection with this work,
some further observations were made upon the moraines of the S(not:o,
Maumee, and Michigan lobes.

On the 15th day of last June I resumed work in Dakota, by making
a reconnaissance of the northern portion of the Territory, with a view to
determining its general drift features, and to the more intelligent direc-
tion of the detailed work of the season. The region eastward from Fort
Totten to the Red River Valley, and that south from the same point to
the Northern Pacific Railroad, was traversed. A short excursion was
also made westward from Fort Totten. The moraines near the Shy-
enne, in Barnes County, were also further studied and traced northward
to T. 143.

A portion of the winter months was devoted to the study of results
" and the preparation of a report, but in accordance with previous ar-
rangements a considerable portion of the time was devoted to the com-
pletion of the publications of the Wisconsin survey, of which time so
devoted due report and proper deduction of compensation have been
made.

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

Hon. J. W. POWELL,

Director U. 8. Geological Sumey. Washmqton, D. C.
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REPORT OF MR. S. ¥. EMMONS.

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF THE ROCKY MOUNTAINS,
Washington, D. C., August 5, 1882.

Sir: I have the honor to submit herewith a report of operations in
the Division of the Rocky Mountains, under my charge, during the fiscal
year ending June 30, 1882.

Owing to the limited amount of funds available, no field work has
been undertaken during the year, beyond that outlined in my previous
report. This consisted in an examination of the Ten-mile district, Sum-
mit County, Colorado, on the same plan as the Leadville report, to
which it will form a supplement, and a study of the region round the
basaltic mesas at Golden, Colo., which it is intended should eventually
include an economical examination of the entire Denver coal-basin.
These fields of work were chosen more because, being within easy reach
of the Denver office, and a portion of the necessary topography being
already prepared, they could be carried on by my present corps of as-
sistants with but little additional ‘®pense over and above their regular
salaries, than because of their intrinsic importance.

Owing to the great altitude of the Ten-mile district, whose mines are
all situated at an elevation of from 11,000 to 13,000 feet, field work can
be carried on there only during a comparatively short summer season.
The topographical map of this district was commenced by Mr. A. D.
Wilson, in the fall of 1880, but field work was brought to a close before
its completion by a heavy fall of snow on 25th September. The field
work of this map was completed by Assistant-Topographer Morris Bien
in the fall of 1881, and he was then transferred to New York to pre-
pare drawings and correct proofs for the illustration of the report on
Leadville. This map is now completed, and ready to be geologically
colored as soon as field work can be resumed.

Geological-Assistant Ernest Jacob was oceupied during the same sea-
son in the examination of the geology of this district until further field
work was rendered impossible by snow. He was then transferred to
New York, to assist in the preparation of the report on Leadville.
Owing to the severe physical and mental strain of continuous labor in
Leadville district during two years, his health failed him, and he was
ganted leave of absence without pay in March 1881, for the balance
of the fiscal year.

As soon as the funds for the coming year are available, field-work will
be resumed, and it is expected that the report will be ready for publica-
tion before the close of the calendar year.

The examination of the Golden region was carried on by Assistant-
‘Geologist C. W. Cross during the summer and fall, and at times during
winter when the weather was such as to admit of out-door work to advan-
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tage. The succession of Tertiary and Cretaceous rocks, and the relations
of the former to the basaltic flows, have been satisfactorily made out. A
_most valnable collection of zeolitic minerals has been obtained from the
“basaltic rocks, and a careful examination, both mineralogical and chem-

ical, has been made by Mr. Cross and Mr. W. F. Hillebrand. Their
investigations have also disclosed valuable clays, besides the coal-beds
which were known to exist in this region. The soils in the neighbor-

hood of Denver have also been examined. In order to carry out the
plan of making a map of Denver coal-basin, which shall show the depths
and location of available coal-beds, it will be necessary that a new sur-
vey shall be made. The alternative is therefore presented of confining
the report to the immediate region of Golden, which will deprive it of
a large part of its economic value, or of delaying its publication till the
coming spring if it be found that the expense of a new survey can be
assumed. .

I have been personally engaged in office-work during the entire year.
Leaving Denver on the 15th August, I remained in New York till 1st
January, occupied in superintending the preparation of maps and illus-
trations for the Leadville report; in preparing statistics of the produc- -

“tion of the precious metals in my district for the Census Bulletin; and
in writing the abstract of my report on the Geology and Mining In-
dustry of Leadville for your last annual report. Since the 1st January
I have been in Washington preparing the text of my report on Lead-
ville, and exercising an advisory supervision over the work of my assist-
ants. .

It is impossible to say what work can be undertaken during the com-

- ing year until it is ascertained what funds may be allotted to this divis-

ion. The possible field of work is almost bewildering from the multitude
of points of scientific interest and economical importance which it pre-
sents. The remarkable silver deposits of the Silver Cliff region; the
great sulphuret veins of Gilpin and Clear Creek Counties; the unique
telluride ores of Boulder County ; the varied and complicated ore bodies
of San Juan and Gunnison; the important gold veins of the Black Hills
of Dakota; and the, as yet little known, mining fields of Montana and

New Mexico, all demand careful examination.

The scientific examination of any or all of these regions will not only
prove of great value to the theoretical study of ore deposits, but will
practically advance the interests of mining industty by pointing out
the true methods of systematic development. As, owing to the amount
of time and money involved in the preparation of the monographs
of these districts, not more than one or two can be undertaken at a
time, I would respectfully recommend that if the collection of min-
eral statistics, which has already been commenced by the Survey under
the auspices of the Census Bureau, be continued as one of the features
of its work, preliminary reports be prepared from time to time with
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the aid of material gathered by those engaged in the statistical work,
and published in a relatively cheap form as Bulletins of the Survey.
.Very respectfuily, your obedient servant,
. S. F. EMMONS,
Geologist in charge.
Hon. J. W. POWELL, ‘
Director U. S. Geological Survey, Washington, D. C.

REPORT OF MR. G. F. BECKER.

DivisioN oF MINING GEOLOGY,
DISTRICT OF THE GREAT BASIN,
New York, September 12, 1882,

Sir: During the past fiscal year I have been chiefly engaged in
completing the details of the investigations connected with my mono,
graph on the Geology of the Comstock Lode and the Washoe District-
and in preparing the manuscript for the press. A summary of this -
memoir was transmitted to you on October 20 of last year and appeared
in your annual report. This summary fairly represents the contents of
the volume, which was transmitted in manuscript on May 6 of this year.
Printing was begun about the end of June, and the report will probably
all be in type about October 1.

Much of my time during the year has been given to the compilation
and discussion of the Census of the Precious Metal industries. This
portion of the Census investigations was originally placed in charge of
the Hon. Clarence King, then Director of the Geological Survey, Mr.
Emmons and myself each having charge of the conduct of the in-
quiry in our respective districts.

In April of this year Mr. King was obliged to resign his charge of
this work through ill-health, and on May 1 I was appointed to continue
it. The reportsare now in an advanced stage of preparation, especially
that on Technology and Production, which will be ready for publication
during the autumn. This volume will embrace statistics and discus-
sions of the following topics: first, the geographical and geological
distribution of the mines, and the relations of the mining districts to
the mountain system of the country. The nature of the ores, gangue-
minerals, inclosing rocks, and the character of the ore deposits, so far
as the information collected serves, will be noted; special geological
details will be given of a number of important or typical mines, and
some dattempt will be made to indicate the relations of natural districts
to the general geology of the country. In this connection a list or
directory of the mines concerning which information has been re-
ceived will be given; second, data relative to the investments in mines,
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showing the capital stock, the cost of plant so far as can be estimated,
the assessments, dividends, and the market value of shares during the
census year; third, the methods employed in mining, milling, and
smelting, embracing tabulations of many technical matters and such
discussions as appear profitable; fourth, the labor, power, and material
supplies consumed in mining; and fifth, the production of the mines,
including the contents of a bulletin already published, with such addi-
tional tables and remarks as were not ready for the press at the date of
issue of that pamphlet. A bulletin issued last winter shows the produc-
tion of the. precious metals in the United States during the census year
by States and Territories,and also by counties and districts so far as the
data were thoroughly trustworthy; but no segregations of production
on general information were permitted to appear, except where the
method employed was specially explained. The subjects of the other
volumes in preparation, Mining Law, and Mining Civilization, are some-
what remote from the purposes of the Survey, and need not be enlarged
upon here.

Mr. J. 8. Curtis has spent the past year under my general direction
in studying the ore deposits of Eureka, as a supplement to the general
geology of the district, a summary of which by Mr. Arnold Hague ap-
pears in this volume. M. Curtis’s work is practically completed, but
as much office work remains to be done before he can reach definite
conclusions on all points, it is not yet time to foreshadow his results as
a whole. One of the interesting points bearing upon the nature and
origin of the deposits is the metallic contents of the inclosing limestone.
Numerous assays made with specially prepared reagents, and with the
utmost care, show that while traces of silver can be readily detected in
the limestone, the quantity of silver is in inverse ratio to the distance
from ore. It appears not improbable that prospecting on Ruby Hill
might be materially assisted by assays which, in some cases, at all
events, would indicate the proximity of unsuspected ore bodies. It is
impossible to account for the presence and peculiar distribution of this
silver in the limestone, except upon the supposition that it is an impreg-
nation. The ores were therefore not derived from the limestone, but
either from the quartzite adjoining the limestone or from some other
source. Unfortunately, only the limestone is opened up by mine-
workings to any considerable extent, and much difficulty will be expe-
rienced in drawing sufficiently broad conclusio'ns from the unsatisfactory
exposures of quartzite, granite, ete.

The beautiful masses of aragonite crystals whlch cover the roofs of
the caves above the ore bodies on Ruby Hill are familiar to all who have
visited these mines. Mr. Curtis has detected the fact that these crys-
tals are still in process of rapid formation, and is conducting accurate .
measurements to ascertain the rate of growth, as well as the physical
and chemical conditions attending their formation.

The mines of Prospect Mountain are of far less commmercial importance
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than those of Ruby Hill. They are,however, also being examined with
care, mainly in the hope that phenomena there observed will throw
light upon the obscurer points of the geology of Ruby Hill, and for this
hope there seems considerable justification.

Mr. Curtis’s report will be accompanied by maps and sections, and
will record a large amount of accurate observations. Certain questions
connected with ore deposits in limestone have heretofore .eluded solu-
tion, and the report on the Eureka mines is hardly likely to clear up all
the obscurities of the subject, but it is believed that it will prove a ma-
terial contribution to our knowledge of that important class of occur-
rences. It will be ready for the press during the present year.

Very respectfully, your obedient servant,
G. F. BECKER,
: @Geologist in charge.

Hon. J. W. POWELL,

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

REPORT OF MR. LESTER F. WARD.

UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., August 17, 1882, -

S1r: I have the honor to report that from July 1 until July 26, 1881,
I was principally engaged in collecting the titles of works on vegetable
paleontology for the Survey.

On July 26, pursuant to instructions, I left Washington and pro-
ceeded to Greeley, Colo., where I arrived July 30, and where I found
Dr. C. A. White in waiting, who reported to me as directed. On the
following day, accompanied by Mr. William Cleburne, Dr. White and
myself proceeded to Golden, Colo., where we made such general obser-
vations of the geology and paleontology of that region as it was possible
to do under the circumstances. Returning to Greeley on August 2, we
learned by telegram of the probability that Dr. White would bLe ap-
pointed commissioner for the location of artesian wells on the Great
Plains, which necessitated an entire change in my plans for the sum-
mer’s work. ) '

‘Whileawaiting developmentsrespecting the above-named appointment,
it was decided to accompany Mr. Cleburne to a point on the Platte River,
some fifty miles below Greeley, where fossils were reported in a recent
railroad cut. Accordingly we left Greeley, and on August 4 visited
the point named. No vegetable fossils were exposed, the formation
being Cretaceous. '

Leaving Mr. Cleburne at this point, Dr. White and myself, with the
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assistance of Prof. Lawrence Bruner, proceeded with the same outfit
with which we started from Greeley, to a place some fourteen miles
north of Fremont Orchard (Girardot’s Ranch), known as Girardot’s
Coal Mine, where the Laramie Group is well exposed, and where abun-
dance of fucoids (Halymenites) occur above shell-beds. Having exam-
ined this locality and made collections, the party returned to Greeley
on the 6th. »

Being obliged to wait still further*for orders, two outfits were em-
ployed, and Dr. White proceeded to Crow Creek, while I, accompanied
still by Professor Bruner, visited a Lluff near the mouth of Saint Vrain
River, a short distance from Platteville, Colorado, where the base of the
Laramie Group is exposed, as also the extreme Upper Cretaceous. Noth-
ing of a vegetable character excepting fucoids and some silicified wood
was found in this locality. I therefore decided to visit two points in the
vicinity of Fort Collins, known as Fossil Creek Spring and Cailon, which
were reported to yield fossil plants.

These localities were examined on the 9th and 10th of August. They
~ were found to be Cretaceous strata (Fox Hills Group), containing abun-
dant remains of Inoceramus, Baculites, &e. From this point I again re-
turned to Greeley on the11th. Dr. White had also returned from Crow
Creek, and had then received definite instructions to proceed to the in-
vestigation of artesian wells. Two boxes of fossils were prepared for
shipment from Greeley, the result of collections up to that time. Itwas
then decided to proceed to Denver and await further instructions as
well as funds. While waiting at Denver, taking Professor Bruner, who
offered his services without compensation, I visited Golden and made
more careful observations than it had been possible to do on a pre-
vious occasion, remaining there during the 15th, 16th, and 17th, and
returning on the 18th, having collected and left ready for shipment five
boxes of fossil plants chiefly from the slope of South Table Mountain.

Having received the necessary funds to proceed, though unaccompa-
nied by further instructions, and Dr. White having left my party per-
manently, I was compelled to adopt such a plan for the remainder of my
field season as upon the whole seemed best. I arranged with Prof.
Lawrence Bruner, who was employed as assistant entomologist of the
Department of Agriculture, to accompany me in the interest of the De-
partment of Agriculture, since the field which he desired to examine
corresponded with that in which I alone could operate, namely, the
various points of interest in the nearer vicinity of the Union Pacific Rail-
road.

I therefore proceeded to visit in succession the principal localities
along that road at which collections of fossil plants had been made.
The first of these was reported to be Rock Station, Wyoming, where
we arrived on the 26th. A few species had been reported from this
locality, but on examination I was soon satisfied that none had been
found in the vicinity of the station—the horizon being evidently Upper
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Cretaceous, or Fox Hills Group, and containing Inoceramus, Ammonites,
and other characteristic Cretaceous fossils. Little better success was
had at Medicine Bow, where Cretaceous strata still prevailed, as re-
vealed at one spot by the presence of Baculites, Scaphytes, &c.

The next locality visited was at Carbon Station. Here, for the first
time, vegetable remains were found. The plant-beds lie immediately
over the coal-beds, and fossils may be easily obtained. ‘We remained at
Carbon until August 29, and prepared for shipment five boxes of fossil
plants.

From Carbon I proceeded; still accompanied by Professor Bruner, to
Black Butte Station, now reduced to a side track, where three days were
spent, and four boxes of fossils obtained, containing many very excel-
lent specimens, the locality being one of unusual interest.

On September 1 I reached Point of Rocks, and remained there until
the 3d, making collections. While there I received valuable assistance
from Mr. Levy, station agent at Point of Rocks Station. The geology
and paleontology of this region especially merits the closest attention.
A species of Salisburia, which may be the same as that found near Fort
Ellis (8. polymorpha), occurs at one point in considerable abundance.
‘Many of the specimens obtained at Point of Rocks when shown to Dr.
J. 8. Newberry, a short time since, were regarded by him as new to
American pa,leontology Two boxes of specimens were shipped from
Point of Rocks.

Green River City was the next point visited, but as little could be
done without securing an outfit and proceeding some distance from the
railroad, and as time was limited, I remained here only two days, with
small success.

Accounts which I had recewed from Mr. Wm. Cleburne, chief en-
gineer of the Union Pacific Railroad, and from Mr. J. Budd, superin-
tendent of construction, relative to rlch fossil deposits dlscovered along
the line of the Oregon branch, now in process of construction from
Granger, Wy., up Hams Fork and through Hodge’s Pass, induced me
to abandon further operations in the vicinity of Green River and to en-
deavor to reach the localities designated by these gentlemen. Accord-
ingly on the 7th instant I proceeded to Granger, and on the following
day took the construction train of the Oregon branch to the terminus,
some 26 miles distant. Here an outfit was obtained from the ranch of
Mr. Charles F. Roberson, and I proceeded to the tunnel now being cut
through a ridge forming the divide between the Green and Bear River
drainages. The coal formation was reached before leaving Hams Fork
to enter the Pass, and continues some five miles west of the divide, the
strata dipping to the west and representing an immense thickness of
coal deposits. Fossil plants were found at nearly all horizons above the
coal beds, and at two places they were exceedingly abundant, yielding
specimens of superior perfection and interest. ILarge collections were
made. On the 11th a point seven miles west of the tunnel was visited,
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known as Bell's Fish Cliff. Here the Green River formation again ap-
pears, and the cliff resembles in most respects those in the vicinity of
Green River City; but Messrs. John and Jesse Bell, who have collected
fossils here by blasting, have discovered very large palm and other
leaves and vegetable remains. Owing to lack of facilities for detach-
ing rocks I was unable to obtain any very perfect specimens, but suc-
ceeded in finding fragments of gigantic palm leaves, and a few spec-
imens of other forms of vegetation. Returning on the 13th to Mr. Rob-
erson’s ranch I retained the same outfit, and on the 14th and 15th vis-
ited two remarkable localities known as ¢ Petrified Forests.” The first
one examined lies some four miles west of Hams Fork, at a point about
twenty-five miles above Granger. It is a very interesting spot and de-
~ .mands a more detailed description than can be given here. The other
lies about six miles east of Hams Fork, opposite a point about thirteen
miles above Granger. This forest is much more extensive than the
former and presents some remarkable features. Both deserve a more
careful study than I was able to give them, but the material which I
have brought from them may add something to what is already known
respecting the nature of these petrifactions.

Reaching Granger on the 16th, I found that a limit to my season’s
operations had been reached, and accordingly, after preparing for ship-
ment the fourteen boxes of specimens obtained on the last expedition, I
proceeded to Ogden for the purpose of preparing my report and maklng
other necessary preparations for returning to Washington.

During the entire expedition I was accompanied, as above stated, by
Prof. Lawrence Bruner, who is an accomplished collector and a keen
observer of geological and paleontological facts, as well as those of his
own specialty—entomology—and to him I am indebted for much valu
able assistance.

Returning, I reached Washington on October 1, and reported in
person. '

From October 1, 1881, until January 1, 1882, I was employed in the
office of the Survey, performing literary work connected with the pub-
lications-of the office, and editing and publishing Bulletin No. 22 of the
United States National Musewn, previously prepared by myself. On
the first of the present year the fossil plants already in the National
Museum, which had been catalogued by Professor Lesquereux, and by
him sent to the Museum in the boxes, were turned over to me for classi-
- fication, and from that time until June f8 I was engaged upon this work.
TFrom June 19 to the end of the fiscal year I was engaged c¢hietly in un-
packing the 31 boxes of fossil plants collected by me during the previous
field season and in the study of those fossils, preparatory to their ulti-
mate determination. S

" Tam, very respectfully, ,
v LESTER F. WARD.

Hon. J. W. POWELL, )

Director U. 8. Geological Survey, Washington, D. C.
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REPORT OF MR. J. HOWARD GORE.

UNITED STATES GEOLOGICAL SURVEY,
Di1visioN oF THE COLORADO,
Washington, D. C., December 11, 1881.

Sir: In your]etter of instructions of July 1, 1881, I was directed to
proceed to Fort\\\Winga.te, N. Mex, and there measure a base-line for
trigonometric expansion and determine its geographical po sition.

No instrument of precision for base-measurement was in the posses-
sion of the Survey, and it would have been necessary to have incurred
the expense of a purchase, had it not been for an offer from the late
chief of the United States Coast and Geodetic Survey, Hon. Carlile
P. Patterson, of apair of four-meter bars, with all theaccessories. Four-
meter bars were preferred to those six meters long, since they are more
. easily transported and are less liable to injury by careless handling.

By consulting those familiar with the resources of that section which
was to form the field of operations, I ascertained what articles were
necessary to secure before starting. These were purchased, and all ar-
rangements were made for starting on July 5, but the tragedy of the
Saturday previous and its uncertain results caused an unavoidable
. delay.

In consequence of favorable predictions, I was instructed to start on
July 25, and arrived at Fort Wingate, N. Mex. August 2, accompa-
panied by my assistants, Mr. Richard U. Goode and Mr. E. V. McEl-
hone. The former had acquired considerable experience in topographic
work during his two years’ connection with the Survey. The clerical
accuracy of the latter while engaged in the office gave evidence of his
fitness as a recorder.

At Fort Wingate I expected to meet Mr. Gilbert Thompson, topogra-
pher, who was coming overland from Salt Lake City, Utah, with camp
equipage, wagons, animals, and laborers. The heavy rains of an unusu-
ally protracted rainy season rendered the time of his arrival so uncer-
tain that I obtained from Colonel Bradley, commanding officer of the
post, a tent and fixtures and riding animals.

A wash-out on the Atlantic and Pacific Railroad detained our instru-
ments, which did not come until August 11. We anxiously unpacked
and inspected them, to see what injury they had sustained during a
journey of 2,600 miles. A feeling of gratification was experienced upon
finding them in excellent order. Mr. McElbhone immediately prepared
his barometers for observations, of which he made eight each day.

In selecting a site for our base an extensive reconnaissance was neces-
sary. The peculiar topography of this section rendered the selection of
a location especially difficult. The only approximately-level ground
within many miles of Fort Wingate is along the valley of the Rio Puerco,
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a stream, empty or full according to the weather, which runs westerly
to the Little Colorado. The valley, nowhere more than four or five miles
wide, is traversed back and forth by this watercourse, and throughout
its whole length is skirted on the south by an unbroken mountain range,
varying in height from 300 to 800 feet above the plain below. On the
north is a continuous line of mesas, with their perpendicular walls on the
south, while northward they slope at a greater or less inclination. The
condition usually desired for a base, that it shall form the diagonal of a
polygon whose vertices are situated on opposite sides of the base, it was
here found impossible to secure. It would have compelled us to pursue
a course near the middle of the valley and parallel to it. This would re-
quire the building of several bridges overthe Rio Puerco, whose banks are
too precipitous and high to allow any other method of crossing. Besides
this, the mesas on the north do not present any eminences which could
be sighted from stations either north or south of them. Knowing that
the base was for Mr. Gilbert Thompson’s expansion, we thought it de-
sirable to have several sites located, so as to give him his choice upon
bis arrival, which we expected daily. TFor this purpose Mr. Goode and
myself spent every favorable day reconnoitering. The rainy season,
more protracted and extensive than any previous one within the recol-
lection of the oldest inhabitant, so seriously affected our progress that
we had only three locations in view when Mr. Thompson and party
reached ourheadquarters, August 27. Fortunately the rains had ceased
the day before. A line running along the side of the valley close to
the mesas on the north was selected. This afforded an excellent ex-
pansion, forming one side of a polygon, and while not as long as base
lines frequently are, it is long\er than any of the other sides of the tri-
angles of which it forms a part, and is consequently of .ample length.
As all the details had been carefully arranged beforehand, and all
minor preparations made, work on the line was commenced the next
day with the assistance of members of the Salt Lake City party detailed
for that purpose, and was prosecuted with the utmost care and rapidity.
The whole distance was carefully aligned by setting up temporary sig.
_nals about a fourth of a mile apart; then all the weeds and bushes were
removed, making an unobstructed road-way about five feet wide. The
line was measured first with a tape-line, and wooden stubs placed at
.every 80 meters, approximately. A line of levels was run by Mr. Goode
from a railroad bench-mark to the eastern extremity, and thence over
the whole course, using the stubs previously set as bench-marks. The
care with which Mr. Goode executed this work, as well as all other which
he undertook, deserves favorable mention. The whole line was meas-
ured once with the base apparatus, and a segment of about one-third
the whole length, situated nearthe middle, was remeasured. Therough
measurements agreed so well, even before applying the corrections for
inclination, that it was not deemed necessary to measure the entire length
4 second time, but with this remeasured segmert as @ base, the length
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of the other two segments were determined by triangulation, so that by
using each segment as a base we have a double check upon each of the
others. Inaddition tothis, Imeasured adistance of 80 metersseventimes,
in order to determine the probable error. Latitude observations were
made at each extremity of the line by determining the altitude of 4 ursa
minoris. Azimuth marks were erected at each end of ‘the base, whose
azimuths were determined by a series of nine observations for each. The
method adopted is different from the one usually employed for azimuth
determinations, but possesses some advantages, which will be discussed
in my report on “ Methods and Results.” Before each observation local
time was determined, so as to know the chronometer correction.

By carrying on latitnde and azimuth observations while the base-

-measurement was in progress we-were able to finish on September 30.
My assistants reported to Mr. Thompson, and I, in pursuance of your
orders, returned promptly to Washin gton.

T accept this as a suitable opportunity for expressing our obligations
to Colonel (General) Bradley, commanding officer at Fort Wingate, for
assistance which materially expedited our work, and for favors which
added to our comfort while sojourning near the post.

Very respectfully, your obedient servant,
J. HOWARD GORE.

Hon. J. W. PowELL,

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

REPORT OF MR. GILBERT THOMPSON,

UNITED STATES GEOLOGICAL SURVEY,
D1visioN oF THE COLORADO,
Washington, D. C., June 30, 1882,
Sir: I have the honor the submit the following repmt of Work per-
formed by your direction, and under my charge, from July 5, 1881, to
date, accompanied by one illustration and an index map showing sur-
veved areas and progress of work:

On July 5, 1881, I received orders from the Director to organize and
outfit a party at Salt Lake City, Utah, with which to proceed, via Kanab,
Utah, to Fort Wingate, N. Mex., where I was to report to him for the
purpose of taking charge of topographic work at that place and in that
vicinity. Mr. A. L. Webster was to accompany me. I was required,
however, to complete all drawings in hand illustrating the monograph
on Lake Bonneville, by G. K. Gilbert, geologist, in whose division I was
at that time, and if it was not possible for me to leave with the party,
I was to join it at some point on the way, or to proceed to Fort Wingate
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by rail. At Kanab, I was to engage more men, and add to my outfit
" all property and animals of the Survey at that place. That point, as a
base of operations, was then to be abandoned. :
The report of the season’s work, in pursuance of such orders, is nat-
urally divided into three parts:
I. Organization of party and journey to Fort Wingate, N Mex.
1I. Operations of parties nnder my charge at that place and vicinity
III. Results of office reductions of field work. '

PART L.—ORGANIZATION OF PARTY AND JOURNEY TO FORT WINGATE,
N. MEX., JULY 5, TO AUGUST 29, 1831.

. Owing to the great demand for labor consequent upon the rapid ex-
tension of railroads in Colorado and Utah, I had great difficulty in en-
gaging the necessary complement of men for the season’s work. Mr.
Joseph Hamblin was engaged at Kanab, and was directed to employ
men, get the property together, and have the animals shod. Fortunately,
Mr. J. K. Hillers was sent to me, by order of the Director, to assist and-
take charge of the party until I might be able to join 1t he arnved
July 17.

~ The party as it started from Salt Lake City was composed of Mr.
Hillers and five men, having two wagons, one horse, and eighteen mules
for transportation. The equipment consisted of a good assortment of
instruments such as are required in triangulation and topographic
work, as well as for general transportation and camp use, together with
four hundred rations for the journey.

Mr. Hillers arrived at Kanab August 1, without expenenclng any
accident or drawback, having followed the route along the Sevier River.
The distance traveled was 320 miles. He set immediately about col-
lecting Survey property and making necessary preparations. Having
completed my drawings, Mr. Webster and myself proceeded by the Utah
Southern Railroad and by special conveyance to Kanab, arriving ~
August 7, the fourth day from Salt Lake City. .

Finding everything in readiness to move the following morning, Au-
gust 8, we lefs Kanab, having with us all serviceable property and
amma,ls of the Survey, except such as remained, by order of Capt. C.’
E. Dutton, in the hands of William T. Stewart. '

The party, now complete, consisted of Gilbert Thompson, topographer,

-in charge; A. L. Webster, assistant topographer; J. K. Hillers, photog-
rapher; G. W. Schutt, assistant; Dan Ensign, Joseph Brown, Wiliam
Lewis, A. . Denney, teamsters ; William McBride, W. J. Crouch, cooks;
and S. B. Bootes, helper; having for transportation four wagons :md
thirty-four animals, several of which had been hired.

I will not occupy space by an 1t1nerary of the journey, but smlply put

3G
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on record such matters of general interest or facts of value as were ob-
served. :

August 12. An intensely hot day. We crossed the Colorado at the
mouth of the Paria, and were nearly broken down when over the ¢ Point.”
In the distance of one and a half miles an ascent and descent; of 800 feet
is encountered. It was fortunate for our animals that we were able to
obtain hay of the ferryman, as they were all of necessity tied up at the
previous camp.

Aungust 14. We laid over at McClellan tanks, finding here the first
good grass since starting. During the day and night heavy rains fell.

August 18. Made a nooning at the falls of the Little Colorado. The
river was very high and of the consistency of liquid red mud, and the
singular appearance was presented of an endless avalanche of blocks of
mud enveloped in clouds of dust. The fall has been produced by a lava
flow from the westward, which filled the river channel at this point and
extended entirely across. The effect of this was to retard erosion above,
while the channel continued to be cut away below. It consists of a
rapid and two sharp falls, the height, as determined by Mr. R. U. Goode
in 1879, by means of triangulation, being about 150 feet. It still re-
sembles the illustration first furnished of it, in Capt. L. Sitgreaves’ re-
port,! except that the upper and lower falls were then apparently nearer
together. Probably at one time there was only one fall.

The Little Colorado is a poor resource for the traveler, as at flood the
water, if it can be entitled to the name, is so full of sediment as to be
scarcely serviceable imr-any way whatsoever, and when at its lowest
- stage it is simply a succession of salt-and alkaline pools. In 1873 even
these disappeared, and the Mormon emigrants to this country were forced
back and their proposed settlementsabandoned. This section of country
is desolate in the extreme, and surrounded, as it is, with variously-colored
mesas, well deserves the name of the Painted Desert, the San Francisco
Mountains, with their heavily-wooded summits, affording the only relief
toe the eye, wearied with the glare of the immediate surroundings.

On account of the high and turbulent flood we were unable to cross
at the ford to the Prescott road, and remained on the north side, fol-
lowing the wagon tracks of a party which had recently passed.

It is shown by the lines of driftwood far away from the river that at
times there must occur extensive inundations, resulting most probably
from jams of logs in the narrow portions of the river’s course. At such
times this part of the valley must have the appearance of a series of
extensive lakes.

We arrived at the Mormon settlement at Sunset Crossing on- the eve-
ning of August 20. This day T observed a water-spout from its forma-
tion to its disappearance. Its form and appearance can be best under-
stood from the accompanying illustration. Nearly as interesting to me

1Réport of an expedition down the Zuni and Colorado Rivers, by Capt. L. Sitgreaves,
Corps Topographical Engineers, U. S. A., 1852,
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was the beginning of a second one, which, however, never reached the
earth. .

‘When we moved out, August 22, we encountered the results of the
water-spout at the Cottonwood Wash. We effected a crossing by making
an approach; then, putting the team animals across on the solid ground,

. Frc. 2.—Waterspout.

we took a strong rope of a length greater than the width of the wash,
and drew each wagon, half floating, through the quicksands and swift
current. Three hours’ work put our whole train across, including that
of Lieutenant Burke’s party, and without being obliged to unlodd the
wagons.
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From this point our travel was without special interest. We left the
Little Colorado at the Puerco, which we followed. Our first glimpse of
civilization was a locomotive, hot and helpless, between two wash-outs.

" We were very fortunate, for although there had been an extraordinary
amount of rainfall we made each day our stated march, the storms only
serving to furnish us with pools of pure water to camp by and with luxu-
riant grass for the animals. . ) ’

On August 28, about 3 p. m., we arrived -at Fort Wingate, after a
journey of 710 miles, without accident or any loss of property, the animals
being in much better condition than at starting. The animals from Salt
Lake City had traveled, 890 miles. The total time was forty days, or
thirty-seven of actual travel. I wish here to render my thanks to Mr.
Hillers and all the other members of the party for their universal good-
will and cheerfulness thronghout this long journey.

We met with a hearty greeting from Professor Gore and his party,
I immediately paid my compliments to the commanding officer, General
Luther P. Bradley, who offered me every assistance in his power for the
prosecution of the work. The main camp was established northward
from the fort, under some oaks, where it remained until the close of the
season. Mr. J. K. Hillers and Mr. ¢. W. Shutt from this time on were
engaged in their special duties with their own or other parties.

'PART IL.—OPERATIONS OF PARTIES AT FORT WINGATE AND VICIN-
ITY, AUGUST 30 TO DECEMBER 24, 188l.

In the absence of the Director, on account of severe illness, it was
agreed that I should take general charge until his arrival or fature
orders. After resting one day, topographic work was begun the 30th of
August. .

Professor Gore had been so delayed by the unusual rains in the meas-
urement of the base, even his preliminary work having been swept
away, that I arranged that a full party should be immediately organized
for that portion of the work. Further particulars in regard to it I prop-
erly leave to his report. )

September 1 I received a telegraphic order from the Director to
“take general charge of topographic work until his arrival,” &c.

In 1873, as a topographer in a party of the Surveys West-of the 100th
Meridian, Lieut. R. L. Hoxie, Corps of Engineers U. 8. A., in charge, I
surveyed a line from Salt Lake City, through the Moki towns, to this
place, from here to Camp Apache, and thence by the Rio Grande to
Santa Fé. In 1874 I also worked up a section of country westward from
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Santa Fé as far as Mount Taylor, which peak I occupied for the purposes
of triangulation. Therefore I was somewhat familiar with this section of
country, and during the monotony of some of the days of our recent jour-
ney I had laid out in my mind a scheme for the season’s work for presen-
tation to the Director upon my arrival. His absence left no fair alter-
native to me except to begin, subject to any change he might in future
direct. In brief, my plan was to form a figure of triangulation, of which
Mount Taylor, Chusca Knoll, Zufii Butte, and a central one at any
favorable point on the Zufii Mountains, were the outer ones, connected
in a proper manner with the base ; at the same time obtaining as much
detailed topography as possible. . ’ ’
To those accustomed to carrying on a triangulation- upon ¢ natural
points,” the area between longitude 108° and 110° and latitude 35°
and 36° presents insuperable obstacles, there being but one sharp, promn-
inent point, Chusea Knoll. This and Mount Taylor give one line of some
80 miles in length, and further progress can be achieved only by the aid
of artificial stations. . . )
The ultimate object I had in view to be accomplished by this scheme
was the connection of the Kanab base with that of Fort Wingate, as well
as the formation of the necessary basis for the topographic details. With .
a little amplification this scheme would close up the vacant area between
the triangulation of Surveys West of the 100th Meridian in the southern
portion of Arizona and along the Rio Grande, the Colorado survey of Dr.
Hayden on the north, and that developed from the Kanab base in Utah
“to the westward. This may be much easier understood by reference to
the index map accompanying this report, in which therelation of the Fort
Wingate base and its development to that of other government surveys -
are clearly shown. A large portion of this area has never been mapped.
The mighty Navajo Mountain, at the junction of the Colorado and San
Juan Rivers, as far as is known, has never been approached or ascended
by a white man, and whenever an archaologic map of the United States -
is published, this section, with its ruins and inhabited Indian towns,
ancient and deep-worn trails, will be one of its most interesting features.
‘While the base was being measured 1 employed myself in the selec-
tion of points and building of signals for triangulation and plane-table
work. I made topographic sketches at each of these, reading the de-
- sired angles with a gradienter. I was almost single-handed at fivst,
but finally employed a number of good men for this work.
At the request of Mr. James Stevenson, of the Bureau of Ethnology,
I sent Mr. A. I,.. Webster with him to map the Moki towns. For this
work he was furnished with a plane-table and other necessary instru-
ments. He was directed to make the field work, if possible, on such a
scale and with such degree of accuracy that a re-survey would not be
required, should that section be ever embodied in an atlas sheet. He
left on September 13 and returned October 3, having successfully accom- -
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plished all that was desired, some 350 square miles having been mapped
on a scale of 13 miles to the inch. It is worthy of note that to save
time on his return, in order to assist me, he rode ahead of the party
and traveled alone some 115 miles.

On September 28 the base measurement was completed with the ex-
ception of a few details. I then organized parties for building trlangu-
lation stations and running necessary lines of levels.

After having made topographic sketches at each of the base stations
I carefully plotted and prepared a plane-table sheet in the vicinity of
the base on a scale of 1inch to 1 mile. Although the scale for publi-
cation is 4 miles to 1 inch, in consideration of the fact that it would in-
clude the military reservation as well as the complex details of the mesas
to the northward, I considered this none too large.

It is a cardinal principle in the collection of topographic details to
adjust the scale of field work according to their intricacy, for if they
are not correctly obtained primarily they can never be correctly pub-
lished, no matter how small the scale of publication may be. There are
areas in the West where the field work may be done on the same scale
as that of its publication.

October 10 I detailed to Mr. Webster a permanent party, and he be-
gan plane-table work, which he continued until the close of the season.

Regular hourly observations were then commenced at the barometric
base station, Mr. E. V. McElhone being the observer; and his faithful-
ness and conscientious care in such character of work is beyond ordinary
" commendation. Each field party was furnished with a cistern barom-
eter. '

Mr. R. U. Goode completed the required lines of levels by October
10, and was given a party to finish the construction of the remaining
triangulation stations, the first to be built by him being MacKenzie
station, on the Zuiii Mountains, if they can be dignified as such. This
station is the central one of my proposed figure, and, to be visible, was
built nearly forty feet in height. To construct this and clear away the
heavy pine timber obstructmg the lines of sight occupled this party
about ten days.

On October 11 I left on a triangulation trip to the westward, including
Zuiii Butte. Mr. Hillers and myself combined our parties. On the
route he secured some valuable negatives, one being of the shrine of the
war gods of the Zuiii Indians, situated upon the top of Zuiii Butte.

I understand they have a similar shrine at each quarter of the com-
pass for the protection of their town, this being the one at the north.
Without infringing, I trust, on the prerogatives of the assistants of the
Bureau of Ethnology, I will draw attention to a few facts in this con-
nection. This shrine faces to the east, and is semicircular in form.
When a new war chief is chosen, his insignia or representative is placed
here with appropriate ceremonies, and his predecessor’s is taken up and
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left leaning against the wall, while its predecessor is laid back upon a
pile of ancestors, being then literally a dead god. Of these I counted
eighty-five, and they were all of the same pattern, although in different
stages of decay; and grotesque and simple as was the faith here re-
vealed, yet the reflection forced itself upon the mind that some of these
were placed there with prayer and ceremony long before the white man
had found a new world.

After stopping over one day at the pueblo of Zuiii, we returned to
Fort Wingate. I then prepared a plane-table sheet for Mr. Goode, of
‘the section westward of Mr. Webster’s. I detailed to him a permanent
party for such work, which he began November 4, after having com-
pleted the construction of Powell station, and which was continued by
him until the close of the season. .

November 6 and 7 I occupied Mount Taylor, camping at the very top,
and experienced very inclement weather. This is a noble mountain,
commanding an immense area of country,and with the aid of.this point :
a great triangle can be measured with sides approximately as follows:

Miles.

. Taylor-Truchas ... ........... ...... . s 115
Taylor-Sierra Blanca. .. ... e e ... 165
Truchas—Sierra Blanea ........................ 160

- Mount Taylor is held in veneration by the Pueblo Indians, and is
called by them the “mother of the rain.” In the spring its summit is the
scene of their sacred dances, invoking the blessing of plentiful harvests,
and their votive offerings are to be found thickly strewn around.

By-December 11 I had finished the occupation of the remaining tri-
angulation stations, fifteen in all having been occupied by me for this
purpose. The longest line developed from the base was about 80 miles
in length, and some 1,500 squme miles were covered inside of lines con-
necting occupied stations.

The weather becoming disagreeable and Wlntry the plane-table par-
ties were called into the main camp, Mr. Webster having covered in all
630 square miles and Mr. Goode 145.

Throughout the field season we were delayed very much by unusual-
rains and early snowfall, yet the snow went away very rapidly, and we
were continually tempted by the succeeding beautiful days to continue

work, the most serious impediment being the freezing up of the wa,ter
pools
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By the kindness of Dr. Washington Matthews, surgeon at Fort Win-
gate, I am able to present in & tabular form the amount of rainfall as
observed at this point for ten years:

Rainfall (in inches) at Fort Wingate, N. Mezx.

g |- £ | g : '

- 2 o 2 2 & E . Total

Year . K g1 2 g g & E |2 | = . R for
|l 2121 8|2 |8|E| 81 E|B|B| 8 |ver

Al<|d|S|" || |& & < |3 .8
B b

187071 . ....... 3.88 3.23 [ 0.73 | 1.50 | 0.15 | 2.21 | 2.65 | 5.05 | 0.58 I 1.80 | 0.31|0.00 | 22.09
187172 ... 2.37 | 1.20 | 2.80 | 1.20 | 1.33 | 2.20 | 3.30 | 1.59 | 0.63 | 1.99 | 3.00 [ 2.25 | 23.95
187273 ... 1.10 | 3.15 [ 0.50 | 2.75 | 0.00 | 0.50 [ 0.75 [11.25 | 0.00 0.150.20  3.15 | 23.50
187374 ........ 0.2 | 2.65 | 3.60 | 0.50 | 0.55 | 2.00 | 1.85 [ 0.44 | 0.55 0.07 [ 0.30 | 0.03 | 12.80
1874-"5 ......... 1,94 1.250.00 | 0.48 [ 0.22 [0.47 | 0.35 | 1.07 | 0.91  0.15 | 0.50 | 0.33 |  7.67
187576 ......... 123 1.0L|319.0.10| 1551 0.37 | 0.75 | 0.48 | 155 0.22 | 0.240.17 ' 10.86
187677 ......... 2,82 2.3¢715¢/0.80|0.61|021(091]0.29 051 270|147 |0.66, 14.36
D 18778 Ll 106 0.36 | 0.870.53|0.24 |1.76 | 1.68 | 1.32 | 1.88 2.50 | 0.52 | 1.18 | 13.90
187879 ......... 3.78  5.90 | 0.90 | 0.00 [ 2.12 | 5.80 | 0.53 | 1.36 | 0.70 : 0.230.00]0.00 "21.42
187980 ......... 0.37 10.20 | 0.80 | 0.68 0.51 ) 0.90 | 0.72 1 0.21 | 0.96 | (.72 | 0.04 019 | 6.39
1880-'81 ......... .55 | 149 [ 0.31 | 1.81 [ 0.20 | 0.86 [ 0.16 | €.05 | 0.99 0.42 | 0.18 | 0.00 |  10.02
188182 ......... 3.48 | 8.18 | 2.55 |......|-oenee IRV ISR DU U PPN SN RSTRUON JOpP

The parties were disbanded, the property boxed and stored at the
quartermaster storehouse at the fort, and Mr. Webster and myself left
for Washington, D. C., on December 24. Mr. Webster stopped over at
Santa I'é for the purpose of making comparison of barometers at the
office of the United States Signal Service.

Before closing this portion of my report, I desire to render my special
acknowledgments to General Luther P. Bradley, the commanding officer
at Fort Wingate, for his kindness and courtesy, and also to Lieut. John
S. Bishop, quartermaster. To Mr. Hopkins, post-trader, I am indebted
for many favorsin the obtaining of supplies and the transaction of busi-
ness. Messrs. Webster, Goode, and McElhone deserve my thanks for
their zeal and interest in the work, and I desire especially to recommend
Mr. Webster to your notice as possessing qualities deserving of ad-
vancement. .

PART III.—RESULTS OF OFFICE REDUCTIONS OF FIELD WORK.

Adfter arrival at Washington, I was made, January 10, acting chief
topographer, and, beside my duties as such, have reduced the triangu-
lation as far as possible by means of least squares, and brounght the ma-
terial into shape for publication as far -as practicable—Mr. Webster and
Mr. Goode reducing their plane-table sheets to representation with
one-hundred-foot contours. Mr. E. V. McElhone has computed the
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barometric observations, besides cataloguing note-books and manuscript
maps.

Information has been collected for reference and field use during the
next field season; in all some thirty maps have been furnmished, two of
which were original compilations, and one a large index-map showing
progress of work to date for office use. Much time was saved in copying
maps by the use of photography and the blue-print process, Mr. Hillers
showing himself quite skillful in this branch of the art. Mr. S. H.
Bodfish assisted in the compilation, in addition to special work upon
which he was engaged. Mr. J. H. Renshawe has been mainly employed
in preparing atlas sheets for publication, the material for Whlch had been
already obtained.

I close my report by the follomng statlstlcs of tield and office Work

Square miles covered by triangulation... .. ........ A s 111
Square miles covered by topography.... ... .. e 775
Triangulation stations occupied‘ ....... e 15
Number of observations... ....._... ... ... o0 Ll . 8,500
Barometric observations.. . . .. .. - C e eeei..... 1,380
Pomts determined by barometric observatlons ..... e .. 320

Theodolite used, No. 172 Kubel maker.
T am, very 1espectfu11v, your obedient servant,
GILBERT THOMPSON
Topographer, Unrited States Geological Sm'vey.
Hon. J. W. PowgLL,
Director U. S Geologzcal Surfvey, Washington, D. c.
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‘BIRDS WITH TEETH.

By PrROFESSOR O. C. MARSH.

INTRODUCTION.

~ The absence of teeth has long been regarded as one of the distinctive
characters of Birds; since teeth are present in some members of all the
other classes of vertebrate animals.

All existing Birds have the jaws covered with a horny sheath, which
is usnally smooth. In some groups, this beak covering is more or less
serrated, and in a very few forms the elevations correspond to slight
projections of the bone beneath, but no true teeth have yet been found.
Anatomists have indeed detected in the young of some recent birds
certain germs which resemble those of embryonic teeth, but in most.
cases these were apparently portions of the undeveloped horny beak.
That such germs may exist, however, in some embryonic birds, is
rendered probable by recent discoveries in this country, where the
" remains of birds with well-developed teeth have been found, differing
widely from all recent Birds. These fortunate discoveries have led the
writer to investigate all the known forms of the oldest Birds, and it is
the object of the present article to give a résumé of the results thus
obtained. '

The remains of Birds are among the rarest of fossils, and very few
have been discovered, except in the more recent formations. According
to present evidence, the oldest known Birds were embedded in deposits
of Jurassic age, whichin Europe bave yielded three individuals belong-
ing to the genus Archeopteryr, so well preserved that the more impor-
tant characters can be determined. The only other remains of Birds
found in the Mesozoic strata of the Old World are a few specimens from
the Cretaceous, which are too fragmentary to throw much light on the
extinet forms they represent. .

The earliest traces of Birds hitherto discovered in this country are
from the Jurassic beds of Wyoming, where the single genus Laopterys
has recently been found, represented only by fragmentary specimens.
There is at present no evidence whatever that any of the three-toed im- -
pressions in the Triassic, described as the foot-prints of Birds, were made
by Birds; and the proof now seems coneclusive that nearly all of them
are the tracks of Dinosaurian reptiles, remains of which have been found
 in the same strata,
4G . 49
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In the Cretaceous beds of the Atlantic coast, and especially in the
green-sand regions of New Jersey, variops remains of Birds have been
found, and described by the writer. These fossils, though often in
excellent preservation, occur mainly as isolated . bones, and hence
their near affinities have not yet béen determined with certainty. It
is probable that these birds possessed teeth, but the fact has not yet
.been fully established.

Along the eastern slope of the Rocky Mountains, and especially
on the adjoining plains in Kansas and Colorado, there is a series of
Cretaceous strata remarkably rich in vertebrate fossils. The deposits
are all marine, and, away from the mountains, they lie nearly horizontal.
They have suffered much from erosion, and are still wasting away,
especially along the river valleys. These beds consist mainly of a fine,
yellow chalk and calcareous shale, both admirably adapted to preserve
delicate specimens; and here have been found the toothed Birds on
which the present article is mainly based.

The geological horizon of these Odontornwithes is in the Middle
Cretaceous, and corresponds to the strata named by the writer the
‘“Pteranodon beds.” The latter are included in subdivision number
three, of Meek and Hayden’s section. The accompanying fossils are
Mosasauroid reptiles, which are very abundant; Plesiosaurs, allied to
Pliosaurus ; Pterodactyles, of the genus Pteranodon ; and many Fishes.
With these occur Rudistes, and occasionally Ammonites, Belemnites,
and various other Cretaceous invertebrates.

The first Bird remains discovered in this region were found by the
writer in 1870, near the Smoky Hill River,in Western Kansas. Explora-
tions in the sam'e region were continued by the writer for several years
subsequently, resulting in the discovery of remains of more than one
hundred different individuals of Birds with Teeth; and these are all
now deposited in the museum of Yale College.

A study of this extensive series of Bird remains brings to light the
existence in this class of two widely separated types, which lived together
during the Cretaceous period, in the same region, and yet differed more
from each other than do any two. recent Birds. Both of these types
possessed teeth, a character hitherto unknown in the class of- Birds;
and hence they have been placed by the writer in a separate subclass,
the Odontornithes* One of these groups includes very large Swimming
Birds, without wings, and with the teeth in grooves (Odontolee), and is
represented by the genus Hesperornis. The other contains small Birds
endowed with great power of flight, and having teeth set in sockets
(Odontotorme), and biconcave vertebre; a type best illustrated by the
genus Iclhthyornis. Other characters, scarcely less important, appear in

*See Odontornithes: A Monograph on the Extinct Toothed Birds of North America;
with thirty-four plates and forty woodcuts. - By OTANIEL CHARLES MARSH, Professor
of Palwontology in Yale College. dto, pp. i-xv, 201, Exploration of the 40th Parallel,
Vol. VII. Washington, D. C., 1880,
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each group; and we have thus a vivid picture of two primitive forms of
Bird structure, as unexpected as they are suggestive. A comparison
of these two forms with each other, and with some recent Birds, promises
to clear away many difficulties in the genealogy of the class, now a
closed type.

The fossil Birds now known from the Cretaceous deposits of “this
country have been described by the writer under unine genera and
twenty species, represented at present by the remains of about one
hundred and fifty different individuals. This is evidence of a rich and
varied avian fauna in America during Mesozoic time, and likewise
_ indicates what we may expect from future discoveries.

- In the later formations, remains of Birds are more abundant; but all
belong apparently to modern types, and hence present fewer points of
interest than the older forms which ‘are discussed in the present article.

Tt is now generally admitted by those who have made a study of the
vertebrates, that Birds are closely related to Reptiles, and there can
be little doubt that they originally descended from the latter class.
The close affinity of Dinosaurian Reptiles with some recent Birds, es-
pecially the Ostriches, is remarkable, and the evidence of their still
nearer connection with their contemporaries, the Mesozoic Birds,
amounts almost to a demonstration.

The classes. of Birds and Reptiles as now hvmg are indeed separated
so widely, that a few years since this was thought to be the most im-
portant break in the animal series, and one that could not be closed.

Since then, the gap has been virtually filled by the discovery of bird-
" like Reptiles and reptilian Birds, and the two classes are now generally
regarded as members of one large group, which has been named by
Huxley the Sauropsida. :

The oldest Bird known from Europe, Archeopteryz, was found in the
lithographic slates of Bavaria, which are of upper Jurassic age. Laop-
teryx, the oldest known American Bird, and recently described by the
writer,* is from nearly the same geological horizon in the Rocky Mount-
ains. Ithasrecently been ascertained beyond question that Archeopteryx
possessed teeth, and thereis strong evidence that Laopteryxr was also thus
provided. The first specimen of Archwopteryx discovered was a single
feather, and to this the generic name was given by Von Meyer, in 1862.
Later, a nearly perfect skeleton was found near the same locality ; and
this was described by Professor Owen, in 1863,1 and is now in the Brit-
ish Museum. Quite recently, another skeleton has been brought to
light in the same beds, and is now in the Royal Musenm at Berlin.
These three specimens of Archwopteryz are the only remains of the
genus known. They indicate a Bird rather smaller than a Crow.

‘When first discovered, Archwopteryx, notwithstandingits feathers, was
thought by some anatomists to be a Reptile, mainly becaunse it differed

*See American Journal of Science, vol. XXI, p. 341, April, 1881.
tPhilosophical Transactions, p. 33. London, 1863.
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from all known Birds in having a very long reptilian tail, and the bones
of the hand separate from each other. This view is held by some
authors at the present time, but the best authorities are now agreed
- that Archwopterys is a Bird.

DESCRIPTION OF HESPERORNIS.

It is fortunate for science that Hesperornis, the type of the order
Odontoleee, should now be represented by remains as complete as any
fossil skeleton yet discovered, even in the later formations. Nearly all
the bones of the specimens obtained were almost as perfect as in-life,
when first found in the matrix, although the more delicate parts were
sometimes unavoidably broken in removal, and occasionally small frag-
ments were lost. Many of the bones were near their natural position
when discovered, and in such cases a special effort was made to
preserve this position, or retain a record of it by drawings.

“In its more important characters, the skull of Hesperornis (figure 7)
resembles that of the Ratite, or Ostrich tribe of Birds, and we shall find
other striking evidences of affinity with this group in various portions
of the skeleton. The base of the skull shows nearly all the cranial
characters which Huxley, in his valuable memoir on the-Classification
of Birds, lays down to distinguish the Ratitee. The foramina in the base
of the skull have the same general position as in recent Struthious Birds.

The palatines resemble those of the Ostrich. They are long, slender
bones, extending from their union with the pterygoids, parallel with
the axis of the skull, and joining the premaxillaries. The vomers in
Hesperornis are separate, as in lizards and a few existing Birds.

The bones of the brain case are ankylosed, but in other parts of the
skull the sutures are distinct, and many of them open, as in the Ostrich
and other Ratite. The orbits are large, and placed near together.

There are well marked glandular depressions extending along the roof
of the orbits, as in Colymbus and some other recent aquatic Birds.

The premaxillaries are elongate, and separate throughout their
posterior two-thirds. Their extremities touched the frontals. Their
sides are deeply excavated for the anterior nares, and in front they are
ankylosed, and form a long pointed beak, the end of which is somewhat
decurved. This extremity, back to the nasal openings, has its surface
pitted with irregular vascular foramina, indicating, apparently, that it
was once covered with a horny bill, as in modern Birds.

THE TEETH.

The various cranial characters above described may nearly all be
found in recent Birds, if we search through different groups; but in
Hesperornis the stout maxillary bones were armed with well developed
teeth, a feature unknown in this class before the discovery of the re-
mains described in the present article, These teeth were set in a deep,
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Fi1c. 3. Fi6. 5.
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Fic. 3.~ Vertical section of tooth of Hesperornis regalis, Marsh.

Fi6. 4.—Horizontal section of same tooth; both enlarged thirty-two diameters.

Fic. 5.—Tooth of Hesperornis regalis; enlarged eight diameters.

T16. 6.—Tooth of Mosasaurus princeps, Marsh; half natural size.

a, enamcl of crown; b, dentinc; ¢, pulp cavity in crown;.b, root of tooth; ¢, absorbed cavity in voot
d, young tooth; ss, intersection of horizontal and vertical sections.
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continuous alveolar groove, with only faint indications of separate
sockets (figure 10). They resemble most nearly, in form and structure,
the teeth of reptiles. There were no palatal teeth, and none in the
premaxillaries. ’

The teéth of Hesperornis are true teeth, with their distinctive char-
acters as well marked as in those of any reptile. In the upper jaw, they
are confined to the maxillary bone alone, the premaxillary being entirely
edentulous. In the lower jaw, the teeth extend from very near the
anterior extremity of the ramus along the entire upper border of the
dentary bone.

The teeth above and below were implanted in a continuous groove,
somewhat like those of Ichthyosaurus. From the sides of the groove,
slight projections extend between the teeth, thus forming faint indica-
tions of sockets; but these projections are not sufficient to materially
lessen the width or depth of the groove. ,

The teeth were evidently held in position by cartilage, which per-
mitted some fore and aft movement; but lateral motion was much re-
stricted by the depth and narrowness of the groove, and the large size
of the fangs. With the decay of this cartilage after death, the teeth
readily lost their erect position, and became more or less displaced.

The tecth of Hesperornis were gradually replaced by successional
teeth, and this took place in a manner very similar to that in some
Reptiles. The germ of the young tooth was formed on the inner side
of the fang of the tooth in-use (figure 5), and, as it increased in size,
a pit for its reception was here gradually made by absorption. The
old tooth at last became undermined, and was expelled by the new
one, which occupied the same position, the number of teeth thus -
remaining the same.

The teeth of Hesperornis have conical pointed crowns, covered with
smooth enamel, and supported on stout fangs. In form of crown and
- base, they closely resemble the teeth of Mosasauroid Reptiles, one of
which is represented for comparison in figure 6. The outer and inner
surfaces ot the crown are separated by sharp ridges, which are without
serrations. The outer side is nearly plane, and the inmer surface
strongly convex. - ] . o

The crowns of the teeth are mainly composed of firm dentine, invested
with a layer of enamel. The relative proportious of these are shown in
figures 3 and 4. The layer of enamel gradually increases in thickness
from the base of the tooth to the apex, as shown in figure 3. It is also
somewhat thicker over the anterior cutting edge than in the other por-
tions of the base of the crown, as indicated in figure 4. The line of
junction between the enamel and the .dentine is everywhere sharply
defined. The enamel is dense and hard, the calcification having pro-
ceeded so far, in the specimens examined, that the constituent fibers
could not be distinguished.. The external surface of the enamel is
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- nearly smooth, but marked by delicate strize. There is no indication of
cement on the coronal surfaces. A

The dentine which forms the mass of the crown shows a well marked
structure in both the vertical and horizontal sections, figures 3 and 4.
It is firm and compact, and the calcigerous tubes are well defined.
Near the base of the crown, they radiate horizontally, and in trans-
verse section appear nearly straight, as shown in figure 4. Higher up
in the crown, these tubes curve upward, diverging from the axis of the
tooth less and less, until beneath the apex they become nearly parallel.
In the dentine there are distinct concentric lines of growth. These are
seen near together and numerous in transverse section (figure 4), while
-those which appear in the vertical section, ﬁgure 3, are fewer in
number, and more strongly marked.

The pulp cavity was large, and in the specimen above represented
was filled with calcite. The coronal walls of this cavity are smooth,
and well defined. The fang consists of osteo-dentine.

The teeth of Hesperornis, taken by themselves, appear to resemble
more nearly the detached teeth of Mosasauroid Reptiles (figure 6), than
any others known, not excepting the teeth of Ichthyornis. The teeth
in the latter have compressed crowns, and are implanted in distinct
sockets. In all their main features, the teeth of Hesperornis are essen-
tially reptilian, and no anatomist would hesitate to refer them to that
class, had they been found alone. Combined with the other reptilian
characters of Hesperornis, noted elsewhere in the present article, they
clearly indicate a genetic connection with that group.

THE BRAIN.

The brain of Hesperornis was quite small, and more reptilian in type
than in any adult Bird hitherto examined. Infigure 7, the skull is repre-
sented with the outline of the brain cavity in position.- The skull of the
Loon is represented in figure 8, also with a cast of the brain in its nat-
ural position, and life-size. A comparison of the two places the relative
magnitude and proportion of the brain in each in strong contrast. In
Hesperornis, the olfactory lobes (figure 7, ol) were large and elongate, and
their nerves passed out of the cranium by separate orifices, one on each
~side of the interorbital septum. . The cerebral hemispheres (figure 7, c)
were of very moderate size, much smaller, proportionally, than in any ex-
isting birds, and. strongly representing the corresponding parts in some
reptiles. The two lobes were narrow and subovate in outline, and were
separated above by an osseous median crest depending from the roof of
the brain case. The optic lobes (figure 7, op) were large and very prom-
inent, and only slightly covered above bv the cerebral hemispheres.
Thelr similarity in size and position to the optic lobes of reptiles is

especially noteworthy. The optic nerves were large. The cerebellum
. (figure 5, cb) was quite large, and reptilian in its general teatures. -The
tloceuli were well developed and lodged in distinct cavmes
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In contrasting the brain cavity of Hesperornis with that of Colymbus, as
shown together in figures 7 and 8, a striking difference is seen in the size,

Fi16. 7. Fie. 8.

Fic. 17.—Outliuc of skull and brain-cavity of Hesperornig regalis, Marsh; seen from above; three-fifths
natural size.

Fic. ‘8.—Outline of skull and brain-cavity of Loon (Colymbus torquatus, Briinnich); samo view;
natural size,

ol, olfactory lobes; ¢, cerebral hemispheres ; op, optic lobes; ¢b, cerebellum; f, flocculi; m, medulla.

the latter bein @ about three tines the bulk of the former. The two skulls
are represented of the same absolute-length, for the purpose of direct
comparison. If, moreover, the relative size of the entire skeleton in
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.each ease be likewise considered, the brain of Hesperornis would have
even less than one-third the relative capacity of that of the Loon. As
the two birds werce evidently similar in shape and habits, the compari-
son seems to be a fair one. Another marked difference in the brain of
the two genera is seen in the relative size of the cerebral hemispheres,
as represented in figures 7 and 8. The cerebral lobes of Colymbus are
very large, and much expanded transversely; and it is in this portion of
~ the brain that the real difference of size is most apparent.

These facts are important, since they tend- directly to show that the
essential principles of the law of brain growth, established by the writer
in extinet mammals, apply also to birds. This law, briefly stated, is as
follows: '

1. All Tertiary mammals had small brains.

2. There wasa gradual increase in size of the brain durmg this period.

3. This increase was confined mainly to the cerebral hemispheres, or
higher portion of the brain.

4. In some groups, the convolutions of the brain have gradually
. become more complicated. .

5. In some, the cerebellum and the olfactory lobes have even
diminished in size.

6. There is now evidence that the same general law of bram growth
holds good for Birds and Reptiles, from the Jurassic to the present time.

THE VERTEBRE.

The pre-sacral vertebra of Hesperornis (figures 10 and 11) resemble, in
their more important characters, the corresponding vertebrz of existing
Birds. The articular faces of the centra conform strictly to the modern
ornithic type, an interesting fact, as we shall see when we compare them
with another group (Odontotormce), from the same geological horizon.

The neck of Hesperornis was long and slender. Including the atlas
and axis, there were seventeen cervical vertebra; and twenty-three in
all between the skull and sacrum. There were fourteen vertebra in the
co-ossified sacral series, and twelve more in the tail (figure 17), making
the entire column consist of forty-nine. Thisis a very large number for
this class, and is equaled in but very few recent Birds. None of the
vertebra contained pneumatic openings, although some were lightened
by medullary cavities. .

THE SCAPULAR ARCH.

~ The scapular arch of Hesperornis (figure 13) presents several very inter-
esting features, and shows a wide divergence from the normal type in
existing aquatic Birds. Viewed as a whole, it has but little functional
importance, and indicates a degradation of structure before unknown in
this group of Birds. It throws much light, however, on the past and
present forms of flightless Birds, both the demizens of land and water.
Its contrast with the powerful pelvic arch is especially noteworthy.

In its more important characters, the shoulder girdle of this genus
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shows an approach to that of the Ratife, or Birds allied to the Ostrich.
Some of these characters hint at reptilian affinities, while others are
merely adaptive, and connected directly with the lack of wings. The
most marked points of resemblance to Struthious Birds, in this part of
the skeleton, are the following : '

.1. The sternum is devoid of a keel.

Fic. 9. Fie. 11. Fic. 10.

Fr1a. 0.—Left lower jaw of Hesperornis regalis, Marsh ; side view, one- hnlt‘ n'mﬂnl size. .
¥ic. 10 —The same; top view.

¥16. 11.—Twentieth ver tebra, dorsal; sido Yiew, onc-half natuml gize.

Fi1c. 12.—The same; front view.
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2. The long axis of the adjacent parts of the scapula and coracoid are
parallel or identical.
These features are especially characteristic of the Ratitc.
The wings of Hesperornis were represented by the humerus alone, and
Ti6. 13,

T16.13.—Scapular arch of Hesperornis regalis, Marsh ;-side view; one- half mtuml size. s, scapula;
L, humerus; f, clavicle, or furculum; ¢, coracoid; st, sternum.

this was rudimentary. The remaining bones of the anterior extremity
had entirely disappeared, or, if minute remnants of them remained as
ossicles, they were loosely attached to the extremity of the humerus by

cartilage, and thus have left no trace of their union. _

The humerus of Hesperorwis is long and very slender, and somewhat
curved downward, especially in the distal half. -The head is compressed,
and has a convex ovate articulation for insertion into the shallow glen-..
oid cavity. The shaft is somewhat twisted, and of nearly equal width
throughout its entire length. When the humerus is in position, the
longer transverse axis of the middle of the shaft is horizontal, or at
right angles to the same axis of the head. The shaft is nearly solid,
. having only a very small medullary cavity. There is no distinet radial
or ulnar crest, and no trace of articular facets on the distal extremity.

The ribs of Hesperornis present no marked features to distinguish them
from those of modern Birds. - They are composed of dense bone, but
some of them contain irregular cavities. The articulated vertebral ribs
of Hesperornis are nine ini number o each side.” The first three of these
were attached to the last three cervical vertebrae, and had their distal
ends free. The remaining six are all well-developed ribs, which were
connected by means of the sternal ribs with the sternum.

In Hesperornis, there are four sternal ribs, which articulated directly
with each costal border of the sternum, and on this are four well-devel-. -
oped processes for the union. Behind these true sternal ribs were two
others, which, as in many recent Birds, united together at their lower
attenuated extl emities, and were thus attached to the preceding sternal
rib by cartlhno
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THE PELYI¢ ARCH.

The pelvicarch of Hesperornis (figure 14) exhibits many features of inter-
est; and characters more distinctly reptilian than that of any recent Bird.
In its general form, the pelvis of Hesperornis resembles that of Podiceps.
It is very long and narrow, as in that genus, and in other diving Birds.

The acetabulum differs from that in all known Birds, in being closed
internally by bone, except a foramen that perforates the inner wall, as
in the Crocodiles. The ilium, isckium, and pubis, moreover, have their
posterior extremities free and distinet. This reptilian character is seen,
likewise, in the Emeu, as well as in Tinamus, which in other respects
also shows affinities with the Ostriches.

F1G.14.

Fig. 16,

Fii. 14.—Pelvis of Hesperornis regalis Marsh; seen from the left, one-fifth natural size.
" F16. 15.—Pelvis of Emen (Dromauns Nove Hollandtw, L'ltham) side view, one-fifth ndlural 8120
F1G. 16.—Pelvic arch of Camptonotus dispar, Marsh; side view, one- -twelfth natural size.
a. acetabulum; ¢, ilium; 8, ischium ; p, pubis; p’, post-pubm.

The ilium is extremely long and narrow (figure 14). Its superior out-
line is gently arcuate, and this border joins the dorsal margin of the
other ilium on the median line, thus forming a roof-shaped covering over
nearly all the sacrum. The pre-acetabular portion of the ilinm is only
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about one-fourth its entire extent. From the acetabulum forward, the
ilia diverge, showing at first, between their upper margins, the neuml
spines of the vertebra below, and then, in front, the zygapophyses of
the first of the sacral series. The post-acetabular part of the ilium is
very elongate, and its lower border somewhat curved downward. The
free extremity, behind the last co-ossified ver tebra, is thin, and turned
slightly upward and outward.

The acetabulum has a well-defined border, which is nearly cirenlar.
Above this, there is a large anti-trochanter, or articular surface to
which was applied the neck of the femur. The internal face of the
acetabulum was not closed merely by fibrous tissue, as in modern Birds,
but by bone, which is penetrated by a foramen of moderate size.

The ischium forms part of the acetabulum, and then, contracting
rapidly, is continned backward as a long slender bone, which is entlrely
free at its distal end.

The bone usually called “pubis” in modern birds, which the writer
has shown to be probably the post-pubis, forms, in Hesperorms, the lower
portion of the acetabulum, and then extends backward as a long, slen-
der, rod-like bone, nearly parallel with the ischium. It is somewhat
longer than the ischium, and its distal extremity is truncated at right
angles with the shaft. This bone is of nearly equal width throughout
its entire length, and sends off no processes or projections toward the
ischium, or from its own lower margin.

The sacrum in Hesperornis is very long and narrow, and the vertebras
which compose it are usually well co-ossified. The number of vertebra
in the true sacrum cannot be accurately determined, but in the
ankylosed series there are fourteen. :

THE TAIL.

The tail of Hesperornis (figure 17) presents some peculiarities of
structure not before seen in Birds. Itwas composed,apparently,of twelve
vertebree, -and all of these are preserved, with the exception of that
portion of the last which formed the extreme end of the tail. The number

Fig. 17,

Fi16. 17.—Caudal vertebra of Hesperornis regalis, Marsh; seen from above, in position; two-thirds
natural size. a, anterior convex face of first caudal; b, transverse process of fifth caudal; ¢, trans-
verse process of eleventh candal, or middle vertebra of the pygostyle.
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of caudal vertebre in Hesperornis exceeds those in any known recent
Bird, with the possible exception of the Great Auk (Alca impennis,
Linn.), now nearly or quite extinect. The number falls far short, how-
ever, of that in the tail of Archaopteryr, which also differs essentially-
in its general structure from the caudal extremity of Hesperornis.

The anterior free caudals of the Hesperornis are short, with high neu-
ral spines and moderate transverse processes. They are opisthocceelian,
as in the corresponding vertebra of Pavo and Geococcyz. The middle
and posterior caudals bave very long, and horizontally expanded, trans-
verse processes, which restricted lateral motion, and clearly indicate
that the tail was mainly moved vertically, evidently as an aidin diving.
The last three or four caudal vertebra are firmly co-ossified, forming a
flat, horizontal, terminal mass, analogous to, but quite unlike, the plough-
share bone of modem Birds.

The last six or seven vertebree in the tail of Hesperornis were so inter-
locked by the expanded transverse processes that very little lateral
motion was possible. The hypapophyses, also, of the last two free cau-
dals would restrict vertical flexure materially, so that the end of the
tail would move mainly as a whole. This would give great power,
similar to that in the Beaver’s tail, or in the flexible blade of an oar.

THE LEGS AND FEET.

The posterior limbs of Hesperornis present an admirable example of
adaptive structure. The means of locomotion were confined entirely
to these extremities, and the life of Hesperornis was probably more
completely aquatic than that of any known Bird. It may fairly be
questioned whether it could even be said to walk on land, although some
movement on shore was of course a necessity. Considering the poste-
rior limb as a whole, it will be found a nearly perfect piece of machinery
for propulsion through the water. Provision was made for a very pow-
erful backward stroke, followed by a quick recovery, with little loss by
resistance, a movement quite analogous to the strong stroke of an oar,
feathered on its return.

Among recent Birds, we have in the genus Podiceps the nearest ap-
proach to the legs and feet of Hesperornis, and the osseous structure of
these parts is essentially the same throughout in the two genera. The
muscular system, also, of this member must have been very similar in
both. In many respects, however, the bones of the posterior limbs of
Hesperornis present evidences of a more prlmmve structure than is seen
in any recent diving Birds.

The femur of Hesperornis is remarkably short and stout, more so than
in any known Bird, recent or fossil. Inits general fea'fures it resembles
the femur of Podiceps, but the shaft is much stouter, and is flattened in
an antero-posterior direction. The shaft of the femur is somewhat
curved, with the convexity forward, and is marked on the posterior, in-
ner, and outer swfaces by strong prominences for the attachment of
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muscles. The shaft contains no pneumatic foramina, but there is a large
medullary cavity.

The tibia of Hesperornis is very long and powerful, and much the largest

bone in the skeleton. Inits general features, it most resembles the tibia
. in the genus Podiceps. There is no osseous bridge in front, over the
canal through which passes the tendon of the tibialis anticus muscle.
The absence of this osseous bridge is noteworthy also in Podiceps, as it
is apparently present in all other known aquatic Birds. The groove
between-the posterior projections of the two condyles is broad and flat,
but narrows rapidly above.

The patella in Hesperornis is a large bone, and entirely distinct
from the tibia. In its general proportions it resembles the patella in

Podiceps. 1t differs materially, hawever, in being perforated by a large
foramen for the tendon of the ambiens muscle, agreeing®in this respect
with the patella of the Gannet (Sula bassana, Briss.).

The fibula of Hesperornis agrees essentially with that of Podiceps in
its general characters. It is about three-fourths of the length of the
tibia, and was united to the fibular ridge of that bone only by cartilage.

In the tarso-metatarsal bone of Hesperornis we have the extreme modi-
fication of a form characteristic of modern diving birds. There were
four digits in the foot, the fifth digit being entirely absent, as in all
known Birds, recent and fossil. In the adult Hesperornis, the second,
third, and fourth metatarsals are thoroughly co-ossified into a stout,
transversely compressed bone of moderate length, but in most speci-
mens traces of the sutures remain. The fourth metatarsal element so
greatly exceeds the other two in size that it forms by far the greatest
part of the entire tarso-metatarsal bone.

The plane of motion for the whole limb, which above was coincident
with the axes of the femur and tibia, was continued below through this
clement of the tarso-metatarsal, and through the fourth or outer digit,
which it supported. In this structure of Hesperornis, so admirably
adapted for swimming, we have an example of the same kind of special-
ized modification that has prepared the foot of the Ostrich, among
recent BlI‘dS, and the Horse among Mammals, for extreme speed on
the land.

The feet of Hesperorms resembled more closely those of the genus
Podiceps than of any other known Birds. The number of digits-is the
samne, the number of phalanges in each digit identical, but the propor-
tions of the latter are different, and quite peculiar. In Podiceps, and the
other Grebes, the outer toe is indeed the longest, but the middle one
almost equals it in length and size, while the second is but slightly
smaller. - In Hesperornis, however, the fourth, or outer, toe is the dom-
inant one, being three or four times as powerful as the adjoining mid-
dle one, or, indeed, as the other three combined. Again, the phalanges
in Podiceps are very elongate and slender, and the terininal ones spatu-
late, while in Hesperornis the phalanges are short and thick, with the
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terminal ones more or less pointed. The phalanges in Hesperornis are,
in fact, shorter than in most swimming Birds, and in their individual
proportions remind one of the toe bones of the Penguins.

THE RESTORATION OF HESPERORNIS.

The foregoing description of the bones of Hesperornis, together with
the illustrations given, will make clear to anatomists the more impor-
tant points in the osseous structure of this ancient bird, in many respects

Fig, 18.

Fi6. 18. —Restoration of IHesperornis regalis, Marsh. One-eighth natural size.

the most interesting member of the class yet discovered. With the ex-
ception of one or two termiinal toe-bones, and the extreme point of the
tail, every part of the skeleton is preserved in one or more specimens,
and this ample material has been used in the restoration represented in
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figure 18, Not a few of the bones were nearly in their natural position,
when discovered, and the remainder have been placed in their appro-
priate places in the skeleton, after much careful comparison of the fos-
sils with the allied living forms. It istherefore confidently believed that
the field of conjecture has been reduced to a minimum in the skeleton
as restored.
The restoration of Hesperornis regalis, in figure 18, represent% the

_ skeleton one-eighth natural size, and in a position whlch the Bird

doubtless sometimes assumed when, on land, although it is probably

more erect than was habitual. . On the water, the body was of course

more nearly horizontal, the neck more bent, and the legs usually much
*farther behind.

The magnitude of Hesperornis regalis may be judged from the fact that
the skeleton, if extended, would measure over five feet (1.6™) from the
point of the bill to the end of the toes. Hesperornis crassipes was some-
what larger, and Hesperornis gracilis, so far as known, was apparently
smaller, and of more delicate proportions. When on land, in the position
represented in figure 18, Hesperorm? rega,l@s -would be rather more than
three feet in height. .

Hesperornis was a typical aquatic Bird, and in habit was doubtless
very similar to the Loon, although, flight being impossible, its life was
probably passed entirely upon the water, except when visiting the shore
for the purpose of breeding. The nearest land at that time was the sue-
cession of low islands which marked the position of the present Rocky

' Mountains. In the shallow tropical sea, extending from this land 500
- miles or more to the eastward, and to unknown limits north and south,
there was the greatest abundance and variety of fishes, and these doubt-
less constituted the main food of the present species. Hesperornis, as
we have seen, was -an admirable diver, while the long neck with its,
capabilities of rapid flexure, and the long slender jaws armed with sharp
‘recurved teeth formed together a perfect instrument for the capture and
retention of the most agile fish. "As the lower jaws were united in front
only by cartilage, as in Serpents, and had on each side a joint which
admitted of some motion, the power of swallowing was doubtless equal to
almost any emergency.

ORIGIN OF PECULIAR FEATURES.

Having thus shown what the skeleton of Hesperornis is, and what its
mode of life must have been, it remains to consider the more important
question of how the peculiar combination of general and specialized
characters manifested in its structure originated. The two mest striking
features of H. esperornis' are the teeth and the limbs, and an inquiry in
regard to them first suggests itself.

The teeth of Hesperornis may be regarded as a ch«mracter inherited
from a reptilian ancestry. Their strong resemblance to the teeth of
Reptiles, in form, .structure, and succession, is’ evidence of this, and their

56
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method of implantation in a common alveolar groove (Holcodont), con-
forms strictly: to what we have in one well-known group of Reptiles, exem-
plified by Ichthyosaurus. Thismethod ofinsertion inthejawis aprimitive -
dental character, quite different from what we should naturally expect as
an accompaniment of the modern style of vertebre, and is a much lower
grade than the implantation of the teeth in distinct sockets (Thecodont),
a feature characteristic, as we shall see, of another group of Odontornithes,
of which Ichthyornisis the type. These teeth indicate unmistakably that
Hesperornis was carnivorous in habit, and doubtless was descended from
a long line of rapacious ancestors.

In considering the limbs of Hesperomis, two explanations of their -
peculiar modifications naturally suggest themselves. The rudimentary
wings, viewed in the light of modern science, clearly indicate that Hes-
perornis was in this respect a degraded type. The Struthious charac-
ters which we have noticed in various parts of the skeleton might be
regarded, not as evidence of close relationship, but rather as general.
reptilian characters, common to the two groups through inheritance
from a remote reptilian ancestry. According to this view, the wings
may have been gradually lost by disuse, after the aquatic life was .as-
sumed. In proportion as the wings diminished, the legs and feet in-
creased in size, for their work increased. This change would be strictly
in accordance with the law of compensation, and the well-known
economy of nature.

We may suppose, moreover, the ancestors of Hesperornis to have been
at one time on an equality with the Loon, and later with the Penguln, “
in respect to means of flight and swimming. As the wings slowly di-
minished in size, first came the loss of flight, while the wings retained,
doubtless for a long time, their power of propulsion through the water.
As this, too, became gradually restricted, the legs and feet gained pro-
portionally. The power derived from them, aided indirectly by the.
tail, in timne so predominated that the wings became entirely aborted,
a remnant of the humerus alone remaining. :
~ During the life-history as thus indicated, Hesperornis would exem-
plify in the waters of the Cretaceous period the evolution that has re-
cently taken place in ocean navigation, in the. graducml change of the
side- wheel steamer into the modern propeller.

REPTILIAN ANCESTRY.

Another explanation seems on the whole more reasonable, and more
in accordance with the known facts. The Struthious characters seen
in Hesperornis should probably be regarded as evidence of real affinity,
and in this case Hesperornis would be essentially a carnivorous, swim-
ming Ostrich. The diminutive wings and very large posterior extrem-
ities would then have been aecquired on land, by the same means that
have given similar characters to the Ratztw, and subsequently have
been adapted to an aquatu, life. Against this view the carnivorous
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character of Hesperornis would be no valid objection. The long neck
and peculiar jaws and teeth would be equally effective in seizing prey
on the land, and many of the herbivorous cotemporaries would doubt-
less have beei easy victims. This would be pi#ecisely analogous.to
what we have among the corresponding groups in the Dinosaurs.
There is to-day no evidence that any of the Struthious Birds, or their
ancestors, ever possessed the power of flight, although this is generally
assumed. The case is even stronger with Hesperornis, as this genus
stands much nearer the ancestral type, both in structure and in time.
The absence from the sternum of any trace of a keel is alone strong
- proof against flight; the peculiar Dinosauroid union of the scapula and
coracoid, unlike that of any volant Bird or Reptile, confirms this; and
- other testimony bearing in the same direction is not wanting.
All Carinate Birds, moreover, so far as known, indicate by their
embryology that they have passed through the Struthious, or lower
stage; and some of them, Tinamus, for instance, still retain one or mare
of its distinctive chamacters There are, indeed, various flightless Birds,
recently extinct, which do not belong to the Ostrich group, but are
truly Carinate in all their essential features. The Dodo (Didus), Soli-
taire (Pezophaps), Cnemiornis, and Notornis are well-known examples;
but these all show in their shoulder-girdle unmistakable traces of the
"lost power ‘of flight. The characters necessary to volant movements,
once attained, would appear never to be completely lost, and this alone .
seems to-furnish a crucial test. ‘When such suggestive indications are
wanting in the skeleton, we may fairly (,hallenge any assamptlon of
previous flight.
Although Hesperornis may thus, hke its reptlllan ancestry, have
_always been incapable of flight, the anterior limbs may have long con-
tinued limited aids to locomotion. Whether used actively in the air,
like the wings of the Ostrich, or of young swimming Birds, or passively,
like the sail-set pinions of the Swan, or later as imperfect paddles, the
wings of Hesperornis were certainly not well fitted for diving, and hence
they gradually became useless, and virtnally disappeared. We may
imagine, among the reasons for the gradual ioss of wings, the fact that
" they were too weak to be of much service under water, while from their
position they added greatly to the resistance, especially during rapid’
diving. To diminish this resistance, they would naturally be applied
6lqsely to the side, and from such disuse, would gradually. suffer atrophy.

LOCOMOTION.

In this great swimming Bird, as thus modified, we have presented to
us an interesting problem in animal mechanics. The wings may be re-
garded as wanting, since the remnant of the humerus was attached
closely to the side, as in Apterywr, if not entirely concealed beneath
the skin,like a scapula. The locomotion was therefore entirely per-
formed by means of the posterior limbs, a specialization here seen for
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the first time in aquatic birds, recent or fossil. Those who have ob-
served a Penguin or a Loon swimming-beneath the water know what a
- vigorous use such Birds then make of their wings, however useless
these members may appear to be on land. Not only do6 the wings, in
such a case, assist in the forward movement through the water, but they
are of much service in steering. A Penguin, when in swift subaqueous
flight, can turn around, by the aid of its wings, while moving twice its
length. Hesperornis had no such aid, but the legs and feet were far
superior, for swimming and diving, to those of the Penguins, not merely
in power, but in the more perfect adaptive mechanism. This was doubt-
less the main reason why the posterior limbs of Hesperornis became so
predominant. :

The tail of Hesperornis was clearly of great service in its aquatic life.
In the number of vertebrz and length, it exceeds nearly all known
Birds, and it is unique in its widely expanded transverse processes, and
in its depressed, horizontal, plow-share bone. This broad horizontal
tail reminds one of that of the Beaver, and was undoubtedly of great
assistance in steering and in diving. Whether it was, like the Beaver’s
tail, destitute of feathers, or like the tail of Plotus was furnished with
long stiff rectrices, so as to act as a rudder, cannot at present be deter-
mined with certainty, although the latter view seems more probable.
That Hesperornis was provided with feathers of some kind, we can hardly

. doubt. :

The surrounding circumstances were evidently very favorable to Hes-
perornis for a long period. There was apparently during this time an
. absence of the enemies in the air above, and an abundance of food in the

water. Hesperornis was more than a match for the gigantic toothless
Pterodactyles, which hovered over the waters here in such great num-
bers, and the other inhabitants of the air all appear to have been small. ’
The ocean in which Hesperornis swam teemed with fishes of many kinds,
and thus a great variety of food was at hand, and obtained with little
effort. In this aquatic paradise Hesperornis flourished, disturbed only
by the serpentine Mosasaur, which, even without tradition, we may
. imagine, caused its banishment, if not its destruction.

AFFINITIES.

. Inthe preceding description, the writer has compared Hesperornis with
the Ratitw, or Ostrich group, and also with the diving Birds as exem-
plified by Colymbus and Podiceps, and the more noteworthy points of
resemblance or difference have been stated. It will hardly be profit-
able to extend the comparison to other groups of modern Birds, as the
similarity in points of structure is mainly of a general nature.

The genus Archeopteryz, from the Jurassic of Europe, the only Bird,
with the exception of Laopteryr, at present known more ancient than
Hesperornis, presents some marked points of difference, for example its
elongated tail; as well as some peculiar resemblances, which will be
discussed in the concluding part of this article.
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The genera Ichthyornis and Apatornis, which are from the same geo-
logical formation as Hesperornis, and are described below, differ widely
from that genus in having biconcave vertebre, as well as in other most
important characters.

Hesperornis really stands alone among all known birds, and the
special characters which thus separate it will be stated in the table of
classification at the end of the present article. -

DESCRIPTION OF ICHTHYORNIS.

The Birds included in the second order of Odontornithes, so far as now
known, were all of small size, and possessed powerful wings, and very
small legs and feet. They differed widely therefore in form and habit
from those described above, and, as we shall see, exhibited various sig-
pificant characters, which distinguish them more strongly from the
Odontolce than any existing Birds are separated from each other.
Some of these characters, as, for instance, their biconcave vertebrza, sep-
arate them widely from all Birds recent and extinct, and point back
unmistakably to a very lowly ancestry, even below the Reptiles.

The remains of this group preserved are more or less pneumatic, and
this fact, in connection with their small size, is perhaps the main reason
why so few have been discovered. As might naturally be expected, the
hollow bones of flying Birds, being filled with air, enable the carcass to
float upon the water much longer than it otherwise would, and it is
thus liable to be destroyed by fishes or other animals. Hence, the
chances of the entombment of a complete skeleton are greatly dimin-.
ished. Such delicate bones, moreover, even after their entombment,
require a favorable combination of circumstances for their preservation
in good condition. Fortunately, the bottom of the Cretaceous ocean,in
which the remains of these Birds were embedded, left nothing to be
desned in this respect, since in its fine calcareous sedlments the most
’ dehcate vascular impressions on the bones were often preserved.

A most careful search in these’ deposns, as they are now exposed on
the plains east of the Rocky Mountains, conducted by the writer in per-
son, with the aid of other members of the various expeditions already
mentioned, has resulted in bringing to light various remains represent-
ing no less than seventy-seven different individuals of this group of
the Odontornithes. - These remains are all in the Yale College Museum,
and form the material on which the following descriptions are based.
An investigation of these fossils shows that they are included in two
well marked genera, Ichthyornis and Apatornis; the former represented
" by several species, and the latter by only one. These were all small
Birds, scarcely larger than a Pigeon. In their powerful wings and
small legs and feet they remind one of the Terns, and, according to
present evidence, they were aquatic Birds of similar life and habits.
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» THE SKULL,

In Ichthyornis dispar, the type of the genus Ichthyornis and of the
order Odontotorme, the skull was very large in proportion to the rest
of the skeleton. This disproportion is shown in the restoration, figure
'27. The cranial portion of the skull is quite short, but the facial part is

Fic. 19. . FiG. 20.

Fie. 19.—Outline of the skull and brain-ca;'ity of Ichthyornis victor, Marsh ; seen from above; five-
sixths natural size.

Fi1G. 20.—Outline of the skull and brain-cavity of Sterhe cantiaca, Gmelin; same view; natural size.
ol, olfactory lobes; ¢, cerebral hemispheres; op, optic lobes ; ¢b, cerebellum.

much produced. The occipital condyle is very small and directed back- -
ward. Above the‘ccondyle, the occipital portion of the skull was nearly
vertical. Thelateral margin of this surface is bounded by a sharp ridge
which separates it from the temporal fossa, and this ridge, united with
its fellow above, was continued forward on the median line, as a sagittal
crest, between the temporal fosse. The latter were large and deep, and
were separated from the orbit by amoderate post-orbital process. The
orbits were very large, and near together. The quadrate is well pre-
served in one species, and its articular head has only a single facet, as
in Hesperornis and the Ratiice. )
The skull of Ichthyornis has deep glandular depressions along the roof
of the orbits similar to those on the cranium of Hesperornis and some re-
cent water Birds. The premaxillary bones are separate throughout
their posterior half, but were doubtless firmly united in front. The
anterior part has not been recovered, but the lower jaws would seem
to indicate that, in some respects, it resembled the beak of Hesperornis.
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THE BRAIN.

The brain of Ichthyorinz's was remarkably small, and in its main
features strongly reptilian. In form and proportions it resembled the

brain of Hesperornis more nearly than that of any other known Bird.

The figure given (19) represents an outline of the skull of Ichthyornis,

* with a cast of the brain-cavity in position. A comparison of this figure
with that of the skull and brain of Hesperornis (figure 7) will show the -

. main points of resemblance. The most noticeable reptilian features in~
the two brain casts are the elongated formn and prominent optic lobes.

The olfactory lobes of Ichthyornis (figure 19, ol) were large and prom-
inent. They were separated in front by the inter-orbital septam, and
their crura made their exit, apparently, through separate foramina.

The cerebral hemispheres were of moderate size, and proportionally
less elongated than in Hesperornis. Their form and proportions, in
Ichthyornis, are well shown in the figure, which represents a cast taken .
directly from a craninm with this portion well preserved.

‘"The optic lobes (ﬁgure 19, op) are very large, and the brain at this
part was nearly as wide as across the hemispheres. The cerebellum
(¢b) was large and elongate.

The general form and dimensions only of the posterior part of the
brain of Ichthyornis are shown in the figure, and hence are indicated by
a uniform shading.. The outline given was obtained from a comparison
and measurements of two different specimens.

Figure 20 represents the skull and cast of the brain-cavity of a Tern,
.and the figure of Ichthyornis beside it is made of the same absolute
length, for comparison. The Tern was chosen for this purpose, because
in size and-structure of its skeleton it has considerable resemblance
to Ichthyornis. The mode of life, also, of the two Birds was probably
similar. ' ' '

In comparing the brain-cavity of Ichthyornis with that of Sterna, as’
shown in figure 20, the strong contrast in size is at once apparent, while
the most marked difference is seen in the cerebral hemispheres. If the
latter alone be'compared, the hemispheres of Ichthyornis are less than
one-fourth the size of those of Sterna. If, however; the bulk of the -
entire brain of each be compared, that of Ichthyornis would be less

“than one-third the size of that of the Tern. This would hold true after
~ allowing a considerable reduction for any uncertainty in regard to the
exact proportions of the posterior part of the brain-case of Ichthyornis.

The result of this comparison between Ichthyornis and the Tern
agrees very closely with that obtained in contrasting the size of the
brain-cavities of Hesperornis and Colymbus as given above, and hence
is of special interest, as in no other instances have the brain cavities
of Mesozoic Birds been investigated. - '

THE TEETH.

In the fype specimen of Ichthyornis dispar, both lower jaws are
preserved. The two rami of the jaws of Ichthyornis are entirely separate,
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having been united in front only by cartilage. They are large and
wmassive, nearly straight, and much compressed transversely, espe-
cially in the posterior portion. The upper margin of the dentary bone

Fic. 21, ’ Fic. 22,

Fig. 21.—Left lower jaw of Ichthyornis dispar, Marsh; side view, twice natural size.
Fig. 22.—The same; top view.

. Fig. 23.—Cervical vertebra of Ichthyornis dispar, Marsh; side view, twice natural size.
Fig. 24.—The same; front view. i

is nearly straight. The anterior extremity is rounded, and without any
distinct symphysial surface. The right ramus is shown (reversed) in
figures 21 and 22. The sutures in the jaw are nearly all obsolete, with
the exception of that between the splenial and angular bones. This
suture is especially open on the inner surface of the jaw, and, in life,
doubtless admitted of some motion. There is no mandibular foramen,
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and, Just behind the articular face for the quadlate, the extremlty is
abruptly truncated.

The dentigerous portion of the lower jaw is so similar to that of some
of the smaller Mosasauroid Reptiles, that, without other portions of the
skeleton, the twe could hardly be distinguished.

The teeth of Ichthyornis were planted in distinet sockets, thus differ-
ing widely from those of Hesperornis. They are all sharp and pointed,
more or less compressed, and strongly recurved. The crowns are coated
with enamél, and the two fore and aft cutting edges are sharp and
smooth, without serrations. '

The maxillary teeth appear to have been larger than those opposing
them. Their alveolar cavities are crowded together, and yet distinctly
separated from each other by a thin septum of bone. They are oval
in outline, and quite shallow, owing to the small vertical extent of
the maxillary. Whether the premaxillary bones contained teeth is
uncertain, but they were probably edentulous, as in Hesperornis.

The dental cavities in the lower jaw are elliptical in outline, and vary
in size according to position. - They are in general deeper, and sepa-’
rated more widely from each other than those in the maxillaries. In
the lower jaw of Ichthyornis there are twenty-one distinct sockets. The
anterior one'is very near the extremity, and contains a tooth of moder-
ate size. The largest teeth of the lower jaw are just back of the middle
dentary bone. From this region to the posterior end of the dentary
the teeth diminish gradually in size. The whole surface of each tooth
exposed above the jaw is covered with smooth enamel.

In the.lower teeth of Ichthyornis, the pulp-cavity passes well up into
the base of the crown. The fang is compressed, and directed down-
war ) and forward. It is firmly set in a deep socket, which. it nearly or
quite fills. The dental succession took place vertically, as in Croco-
diles and Dinosaurs; not laterally, as in Hesperornis and the Mosasaurs,
" a fact of no little significance. The young teeth are much inclined when
they first appear above the jaw, after the old teeth have been expelled.

THE VERTEBRE.

The presacral vertebrae of Ichthyornis present characters more re-
markable than those of any other known Birds. Both articular faces
of the centra are concave (figures 23 and 24). This peculiar feature is
fully discussed below. None of the vertebre of Ichthyornis, in front
of the sacrum, are ankylosed together, and a number of them contain-
cavities in the sided, which are apparently pneumatic. Among existing
Birds, the Terns appear to bear in their vertebrz the nearest general
resemblance to Ichthyornis.

THE SCAPULAR ARCH.

The scaplilar arch of Ichthyornis, and its near ally, Apatornis, conforms
strictly to the type seen in living carinate Birds. This part of the skel-
eton gives no hint of the peculiar reptilian features in other portions
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of the structure, and has none of the Struthious characters noticed in
“Hesperornis. There is apparently no part of the entire shoulder girdle
" of Ichthyornis, or the allied genus, that might not have been used by
some existing Birds with strong powers of flight.
The sternum in tbe type species of Ichthyornis is deeply keeled, af-
fording ample room for muscular attachment. The manubrium is broad,

Fra. 25.

}}h
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‘F1e. 25.—Scapular arch of Ichthyornis victor, Marsh; twice natural size. s, scapula; ¢, coracoid;
, ¢, clavicle; st, sternum ; k, keel of sternum ; s7, costal border; g, glenoid fossa.

and somewhat unsymmetrical. The coracoid grooves are elongated,
and overlap widely across the median line, as in Ardea, and some Birds
of prey. As usually occurs in living Birds with this peculiarity, the
inner end of the left coracoid was above that of the right.

In the genus Apatornis, the sternum was keeled as in Ichthyornis,
although the precise depth of the keel cannot be determined. The

manubrium was narrower than in Ichthyornis, symmetrical, and ended
in a blunt point. The coracoid grooves scarcely more than meet on’
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the median line, and the left is but little depressed below the right,
the asymmetry being only about as.great as in a Cormorant (G’rdculus
dilophus, Gray).

THE WINGS.

The wings-in the -two genera of Odontotorme clearly indicate very
strong powers of flight, thus differing as widely as possible from the
corresponding parts in Hesperornis. 1In Ichthyornisnearly all the bones.
of the wings are well preserved, and these are all remarkably like those
of some carinate Birds living to-day. These remains give but slight
. indications of the reptilian features seen in the portions of the skeleton
already described.

The humerus of Ichthyornis is strong and well developed, thus widely
differing from that of Hesperornis. The most striking feature of the
bone is the enormous radial crest, surpassing in comparative size that
of any living bird. This crest is, moreover, remarkable for its posmon,
which is in a plane nearly parallel with the long axis of the head of
the humerus, instead of considerably inclined to this axis, is in most
birds. This.fact is clearly shown by a number of well-preserved exam-
" ples, including the type specimen of Ichthyornis dispar. In these two
points, the humerus of Ichthyornis strongly resembles the correspondmg
bone in the Pterodactyles.

" The radius, like the other bones of the wings in Ichthyorms, is strong
androbust. The ulna in Ichthyornisis a strong, moderately curved bone,
somewhat trihedral proximally, but becoming more nearly cylindrical

toward the distal end, where it is also less cuivéd than in the proximal
half. The surface for articulation with the humerus is placed more
obliquely to the shaft of the bone than in Sterna, and occupies a greater
proportion of the proximal end than in that genus, agreeing better in
both these respects with the ulna of Ardea. The shaft of the bone is
hollow, with thin walls, and presents faint but unmistakable evidence
of the attachment of about a dozen secondary quill-feathers.

The united metacarpal elements of Ichthyornis form a short and de- -

cidedly robust bone, somewhat resembling that of Sterna, but present-
"ing more points of resemblance to the genus GQraculus. The united
~ metacarpals in the genus Apatornis are much more slender than in

. Ichthyornis, but the bone is still of moderately robust proportlons, when
compared with the same part in modern Birds of flight.

"THE PELVIC AROCIL

" The pelvic arch in the two known genera of Odontotorme exhibits
some interesting reptilian characters, one of ‘which is seen also in
Hesperornis. This portion of the skeleton is small in comparison with
the pectoral ‘arch, corresponding to the difference in size between the
wings and the feet

The sacrnm is well preserved in the type specimen of Ichthyornis
dispar, Marsh, and appears to be composed of ten united vertebrz. The
centra of thése vertebra are thoroughly co-ossified, and in the anterior -
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part of the sacrum they are also considerably reduced in diameter. The
anterior articular face is slightly concave. The neural spines are mod-
erately developed in the anterior part, and are united with ossified
tendons, which diverge postemorl) and form a flattened upper surface
in the median part of the sacrum. The middle part of the sacrum is
much crushed below in the present specimen. The more posterior cen-
“tra are of moderate size, and the articular face of the last is depressed,
and distinctly concave.

Fi1c. 26.—Pelvis of Apatornis celer, Marsh; lateral view, seen from the right, one and one half times
natural size; 1, ilium; s, ischium; p, pubis; p’, post-pubis; @, acetabular foramen.

The pelvic bones in Ichthyornis are strongly co-ossified with each
other. The ilium is obtusely rounded in front, and its antero-superior
border is separated a short distance from its fellow. The pre-acetabu-
lar part of the ilium is concave externally, and considerably longer
than the posterior portion. The ischium is expanded medially, and ex-
tends further back than the ilinm. It is not united with the ilium poste-
riorly, thus agreeing with the corresponding part in Hesperornis. The
pubis has no distinct anterior process, but the post-pubic element is
elongated, and its distal portion free.

The pelvic bones of Apatornis (figure 26) are very similar in form and
proportions to those of Ichthyorwis. The pre-acetabular part of the
ilinm is much more extensive than the posterior portion. The acetabu-
lum is perforate, but the foramen («) is of moderate size. The ischium
does not coalesce with the posterior part of the ilium, and its distal
end was free, as in Ichthyornis and Hesperornis, and a few modern .

‘reptilian Birds. The post-pubic element of the pelvis is longer than
in Ichthyornis, and also much longer than the ischium.

The tail in Ichthyornis is notable mainly for being of the modern
ornithic type, thus widely differing from that of both Archaopteryx and
Hesperornis, the only other two Mesozoic Birds in whigh this organ is
preserved. The tail in the genus Ichthyornis was comparatively short,
and the terminal vertebrae were co-ossified. '

A series of seven ‘caudal vertebre are preserved in one specimen
of Ichthyornis wictor. They pertain to the median and distal part of
the tail, although not including the extreme end, a portion of the pygo-

_ style, or the part formed by the united centra of the terminal vertebrz,
being lost. .
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THE LEGS AND FEET.

The legs and feet in the two genera of Odontotorme are compara-
tively small, and present no peculiar features. The remains preserved
agree most nearly with the corresponding parts in modern carinate
Birds. _

The femur in Ichthyornis is a short and comparatively small boue..
The shaft is slender, and nearly smooth, being destitute of the rugosites
seen on the femur of Hesperornis. Both the articular faces present the.
ordinary avian type of articulatiou, and the shaft of the bone is hollow,
with thin walls, The ratio of the fibular face to that for the tibia is -
about the same as in the Tern, and the general proportions of the bone,
_ as to length, diameter of shaft, and size of articular faces, are nearly
the same as in that bird. The femur of Ichthyorms, however, is more
than half the length of the humerus.

The tibia of Ichthyornis is a slender bone of moderate length. The
cnemial process is but little developed, and only slightly elevated above:
the a1 ticular face of the bone. The shaft was hollow, with rather thin
walls, and was gently curved inward toward its distal end rather more
strongly than in the Tern.

The tarso-metatarsal bone of the Ichthyorms appears to be composed
‘of the same number of elements, united in the same degree as in living
Birds, a condition similar to that prevailing in the wings. The result-
ing tarso-metatarsal bone may be compared with the same bone in the
Tern, which it considerably resembles, although rather more robust in
proportion to its length.

RESTORATION OF ICHTHYORNIS.

The preceding description of the remains of Ichthyornis, in connection
with the illustrations given, will make known some of the more impor-
tant characters which separate these remarkable Mesozoic Birds from
all others, recent or extinet. The material on which the present inves-
tigation of this genus is made consists of portions of more than seventy
different individuals,

The restoration of Ichthyornis (figure 27) is one-half size, and is based
on portions of several skeletons. The other species of the genus Ichthy-
- ornis did not differ widely from this in size. The bones represented in °
outline are taken in part from other specimens of the same species, but
mostly from the skeleton of the Royal Tern (Sterna regia, Gambel),
which, after a careful comparison, seemed well adapted for completing,
approximately, the restoration here presented. The position chosen is
one which seemed on the whole to best accord with the remains at
present known.

In considering the skeleton of Iohthyorms, the anatomist is at once
. confronted with a strange combination of characters. The wing-bones

.
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are conclusive proof that Ichthyornis was a highly specialized Bird, with
great powers of flight. The individnal bhones correspond closely with
those of Birds living to-day. The legs and feet, also, are much like
those of some modern Birds. With these portions alone before him, the
comparative anatomist would unhesitatingly refer the remains to the
class of Birds, and would naturally conclude that they belonged to the
modern type. If, however, the skull should then be found with the
wings and feet, very strong evidence would be required to convince him

FiG. 27.
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Fic. 27.—Restoration of Ichthyornis victor, Marsh. One-half natural size.

that they were parts of one and the same Bird. The jaws and teeth
present reptilian characters wholly unknown in modern Birds, while the
base of the skull and the small brain point strongly in the same direc-
tion. The biconcave vertebre lead Ichthyornis still farther away from -~
all knows Birds, recent and extinct, and, if found alone with the jaws
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and teeth, would force any anatomist to the conclusmn that he had
before hlm the remains of a Reptile., .

The skeleton of Ichthyornis, as we know it to-day, can be interpreted
only, in the light of modern science, by supposing that certain parts
have become highly specialized in the direction of recent Birds, while
others have been derived, with but little change, from a reptilian, or even
4 more lowly, ancestry. In the wings, the most characteristic modern
feature is the co-ossification of the metacarpal bones, a character uni-
versal among existing Birds. In reptiles, however, and in the only
known European Jurassic Bird, Archeopteryz, these bones are separate.
The sternum of Ichthyornis is very similar to that of modern carinate
Birds. In the feet of Ichthyornis, also, the compound. tarso-metatarsal
is another modern feature, especially characteristic of recent Birds.

If, now, we consider the skull of Ichthyornis, we find the avian and
the reptlhan characters strangely ‘blended. The teeth are evidently a
strong reptilian feature, and, before the discovery of Ichthyornis, were
entirely unknown in the c]a,ss of Birds. Their method of implantation
in distinct sockets is a specialized character in reptiles, and was not
shared even by Hesperornis, the coritemporary of Ichthyornis. The di-
minutive elongated brain, also, points back to the Reptiles. Other
features of the skull, for example the single-headed quadrate, are shared
~ only by the most reptilian of Birds. The union of the lower jaws in front,
. by ligament only, is characteristic of many Reptiles, and is seen in
Hesperornis, butis unknown in recent Birds. The form of the skull, and
the obliteration of most of the cranial sutures are points of 1esemblance
to many modern Birds. : " . -

The locomotive organs of Ichthyornis are so similar to those of typical
* Birds that they present no such interesting mechanical problems as were
suggested by the skeleton Hesperornis. In the vertebrz, however, we
find a primitive form retained, and also have the key to the. origin of
one remarkable character in recent Birds, which has hitherto remained.
unexplained. :

ORIGIN OF VERTEBRAL FORMS.

While all existing Birds, and .all of the extinct forms so far as known,
including Hesperornis, have the peculiar saddle-shaped vertebra, those
of Ichthyornis, and its near ally Apatornis, are biconcave. This form
is seen in a few recent and in many extinct Reptiles, and in the Amphi-
bians; but it is especially characteristic of Fishes, from which class it
was undoubtedly inherited by the superior groups. This character alone
indicates unmistakably a great antiquity for the class of Birds.

The saddle-shaped vertebrz are certainly one of the most marked
features in the skeleton of modern Birds. This form is so peculiar and
so constant that it has been considered by many anatomists as the best
distinctive character for the class. In no other group of animals known
do we find the true saddle- shaped articulation of the centra seen in the
vertebrae of Birds. : :
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Not only do the presacral vertebrze of all existing Birds exhibit this
structure, but the many extinct species now known from the whole
series of Tertiary deposits have the same articulation. If we knew only
these fossil forms, in addition to the existing species of Birds, the origin
of this peculiar vertebral articulation would perhaps remain a niystery.
Most fortunately, however, one of the vertebre of Ichthyornis throws
much light on this point, and virtually explains the difficulty.

We have seen that Hesperornis has the same kind of vertebrae as mod-
ern Birds, while those of Ichthyornis are biconcave. The marked con-
trast between the shape of the vertebral articulation in these two genera
is seen in the figures below, which show a characteristic cervical verte-
bra in each form. In the vertebra of Ichthyornis showu in figures 28
and 29 it will be seen that the articulation of the centrum is cup-shaped;
while, in the corresponding vertebra of Hesperornis, the ends of the cen-
trum are saddle-shaped, as in ordinary Birds. Thus the distinction be-
tween the two types in this part of the skeleton is as wide as between
Ichthyornis and any living bird. ‘

FicG. 28.

Fic. 32.

F1c. 28.—T welfth cervical vertebra of Ichthyornis dispar, Marsh; front view; twice natural size.

FiG. 29.—The same vertebra; seen from the left side.

Fic. 30.—Third cervical vertebra of Ichthyornis victor, Marsh; front view; twice natural size.

Fic. 31.—Thirteenth cervical vertebra of Hesperornis regalis, Marsh ; front view; natural size.

F1¢. 32.—The same vertebra; posterior view.
a, anterior articulation; d, diapophysis; p, parapophysis; f, lateral foramen; ne, neural canal;
s, neural spine; z, pre-zygapophysis; 2/, post-zygapophysis.

To the evolutionist, who believes that Birds are all closely connected
genetically, this difference in structure, at first sight, offers a most
_serious difficulty ; since hitherto we have had no hint of a tran<f0rma-
tion from the one form to the other.
In the third cervical vertebra of Ichthyornis, however, we catch
nature in the act, as it were, of forming a new type, by modifying one
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form of vertebra into another. Following this clew, the connection
between these widely divergent types of structure soon becomes ap-
parent; and the development of the modern style of avian vertebra
from the fish-like, biconcave form finds a ready solution. In the ante-
rior articulation of this vertebra of Ichthyornis (figure 30) the surface
looks downward and forward being inclined at an angle of nearly
60° with the axis of the ceutrum In vertical section, it is moderately
convex, while transversely it is strongly concave; thus presenting a
near approach to the saddle-like articulation. None of the other known
vertebrze of Ichthyornis possess this character.

This highly specialized feature occurs at the first bend of the neck,
and greatly facilitates motion in a vertical plane. If, now, we consider
for a moment that the dominant motion in the neck of a modern Bird
is in a vertical plane, we see at once that anything that tends to facili-
tate this motion would be an advantage, and that the motion itself
would tend directly to produce this modification. With biconcave
vertebra,.the flexure in any direction is dependent on the elasticity of
the fibrous tissue that connects them, as the edges of the cups do not
slide over each other. An increasing movement in the neck of Ichthy-
ornis in a vertical plane would tend to deflect the upper and lower mar-
gins of the circular cup, and to produce a vertical constriction, and at
the same time to leave the lateral margins projecting; and this is
preclsely what we have in the third vertebra of.this genus.

This modification of the vertebra would naturally appear first where
the neck had most motion, viz, inthe anterior cervicals, and gradually
would be extended down the neck ; and on to the sacrum, if the same
flexure were continued.

Behind the axis, 'or where the vertlcal motlon prevails, we find in
modern Birdsno exception to the saddle articulation of the vertebre in
the whole cervical series. )

In the dorsal vertebrze, this cause would be less efficient, since the ribs
and neural spines tend to restrict vertical motion, and hence to arrest
" thismodification. This region, then, as might bé expected, offers strong
confirmatory evidence of the correctness of the above explanation; for
here occur, among existing Birds, the only true exceptions known in the
presacral series to the characteristic saddle-shaped articulation. In
Strigops and a few other land Birds; in the Penguins, the Terns, and
some other aquatic Birds, one or more vertebre® in the dorsal region are
without the saddle-shaped articulation, and are either opisthoccelian or
imperfectly-biconcave. In such instances we can usually, if not always,
detect evidence of an arrest of vertical ﬁexure. This may lock together
.the posterior dorsals by their neural spines, as in Strigops, leaving the
_ power of lateral flexure ; or several vertebrse may be co-ossified, as in
Accipiter, and some Raptores, in which a stiff back is a posmve
advantage. ’

-In the co-ossified sacral series of many Birds one or more of the
6 G
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anterior vertebrae have the saddle-shaped articulation. This,however,is
.novalid objection tothe aboveexplanation, since these vertebre are really
dorsals, and haveé gradually coalesced with the true sacral vertebrz. -

In the caudal vertebre of recent Birds we have, in a measure, the
original biconcave structure preserved, for here the motion in every
direction was much restricted. The caudal vertebra of these Birds,
even in the most aberrant forms, are essentially the same, and in the
fossil species the articulations at least appear to follow the general rule.
In Pavo and Geococcyx the caudal vertebree exhibit a tendency to a
proceelian union. Sowme other forms also show unimportant modifica-
tions of the normal type of caudal articulation, but nothing to suggest
a real objection to the explanation now proposed of the origin of the
saddle-shaped vertebra, characteristic of Birds.

In bringing together the above facts, and others suggested by them,
the classification and development of the various forms of vertebree
appear to be somewhat as follows:

(1.) Biconcave vertebre (Fishes and Amphibians); the primitive type;
a weak articulation, admitting free but limited motion. TFrom this form
have been directly derived the other varieties, namely:

(2.) Plane vertebree (Mammals); affording a stronger joint, with motlou
still restricted. ‘

(3.) Cup-and-ball vertebree (Reptiles); a strong and flexible joint, well
fitted for general motion, and evidently produced by’ it. The vertebre
are proceelian when lateral motion is dominant (Serpents); opistho-
ceelian with varied motion (Dinosaur cervicals).

(4.) Saddle vertebree (Birds); the highest type; a very strong and free
articulation, especially adapted to motion in a vertical plane, and mainly
due originally to its predominance.

HABITS OF ICHTHYORNIS.

In considering the mode of life and habits of Ichthyornis, many im-
portant suggestions may be derived from its structure, as well as from
the localities where the remains are found, The sharp-cutting teeth of
Ichthyornis prove, beyond a doubt, that it was carnivorous; its great
~ powers of flight,long jaws, and its reeurved teeth suggest, moreover, that
it captured its prey alive. Itsfood was probably fishes, as their remains
are found in great abundance mingled with those of Ichthyornis. These
fosails occur in the bed of the old Cretaceous ocean in which Hesperornis
swam. Both of these Birds were clearly aquatic in habit, as shown Ly
various points in their structure, already described, and the conditions
under which their remains were deposited. Inmany respects Ichthyornis
proba,bly resembled the modern Terns in its mode of life. The powerful
wings and small feet suggest similar habits in flight and rest. That
Ichthyornis was provided with feathers is proved beyond question by
the tubercles for the attachment of quills on the forearm.

Beside Ichthyornis and its allies, the only other denizens of the air
at present known to have then inhabited the same reglon were the

<
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toothless Pterodactyles. Ichthyornis doubtless competed with these
huge dragons for the fishes in the tropical ocean, about which they lived.

CONCLUSION. -

Having now described the more important characters in the structure,
so far as known, of the two groups of Cretaceous Odontornithes, or Birds
with teeth, it remains to consider what relation these birds bear to each
other, and to allied members of the class; and, also, to inquire if the
facts presented throw any light on the profounder question as to the
- origin of Birds. ' ,

In comparing Hesperornis and Ichthyornis, as the types of their respec-
tive orders, the Odontolew and Odontotorme, the contrast in their prin-
cipal characters is as striking as it is unexpected. Hesperornis had teeth
implanted in a continuous groove, a low, generalized character; with,
however, the strongly differentiated saddle-shaped vertebre. Ichthy-
ornis, on the other hand, had the primitive biconcave vertebre, and
yet the highly specialized feature of teeth'in distinet sockets. Better
examples than these could hardly be found to illustrate one fact brought
. out by modern science, that an animal may-obtain great development in
one set of characters, and at the same time retain other low features of
the ancestral type. . This is a fundamental principle of evolution.

- The more superficial characters of the absence of wings and the strong
swimming legs and feet of Hesperornis are in striking contrast, also,
with the powerful wings and diminutive legs and feet of Ichthyornis.
These and other characters already mentioned separate the two Birds
so widely that a more detailed comparison seems here unnecessary.

GOMPARISON WITH ARCHEOPTERYX. *

1t would bé highly desirable to carefully compare both Ichthyornis
and Hesperornis. with Archaopterya, the still older Mesozoic Bird. This
unfortunately cannot be done at present; as the two skeletons of Arche-
opteryz, now known, have not yet been fully described, nor even pre-
pared for examination by removal of the matrix. That Archeopteryxs
belongs to the Odontornithes, the writer fully satisfied himself by a per-
sonal examination of the well-known specimen in the British Museum.
This examination was made in 1878, several years after the writer had
beconie familiar with the American forms of toothed Birds.” The teeth
seen on the same slab with this specimen of Archwopteryx, and referred
to it by Evans, althou gh imperfectly preserved, agree so closely with the
teeth of Hesperornis that the writer identified them at once as those of
Birds, and not of Fishes. - _

During his iﬁvestigation of Archwopteryx last year,* the writer

*Seo Jurassic Birds and their Allies; a paper read before the British Association for

the Advancement of Science, at York, September 2, 1881. American Journal of
Science, vol. xxii, pp. 337-340, November, 1831.
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examined with some care the three known speeimens, and observed
several characters of importance not previously determined, the more
noteworthy of which are as follows:

1. The presence of true teeth, in position, in the skull

2. Vertebre biconcave.

3. A well-ossified, broad sternum.

4. Three digits only in the manus, all with claws.
5. Pelvic bones separate.
6. The distal end of fibala in front of tibia.
7. Metatarsals separate, or imperfectly united.

Fre. 33.

¥16. 83.—Archaopteryz macrura, Owen (restored).

These characters, taken in connection with the free metacarpals and
long tail, previously -described, show clearly that we have in Arche-
opteryx a most remarkable form, which, if a Bird, is certainly the most
reptilian of Birds.

If now we examine these characters in detail, their 1mport.mce will
be apparent.

The teeth actually in posmon in the skull appear to be in the premax-
illary. The form of the teeth, both crown and root, is very similar to
the teeth of Hesperornis. The fact that some teeth are scattered about
near the jaw would suggest that they were implanted in a groove. No
teeth are known from the lower jaw, but they were probably present.

The presacral vertebre are all, or nearly all, biconecave, resembling
those of Ichthyornis in general form, but without the large lateral foram-
ina. There appear to be twenty-one presacral vertebrae, and the same,
or nearly the same, number of caudals. The sacral vertebre are fewer
in number than in any known Bird, those united together not exceeding
five, and probably less.

The scapular arch strongly resembles that of modern Birds. The
articulation of the scapula and coracoid, and the latter with the sternum
is characteristic; and the furculum is distinetly avian. The sternumis
a single broad plate, well ossified. It probably supported a keel, but
this is not exposed in the known specimens.
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In the wing itself, the main interest centersin the manus and its free
metacarpals. In form and position these three bones are just what may
be seen in some young birds of to-day. This'is an important point, as
it has been claimed that the hand of Archeopteryx is not at all avian, but
reptilian. The bones of the Reptile are indeed there, but they have
already received the stamp of the Bird.

One of the most interesting poiuts determined during the writer’s
investigation of Archeopteryx was the separate condition of the pelvic
_ bones. In all other known adult Birds, recent and extinct, the three
pelvic elements, ilinm, ischium, and pubis, are firmly ankylosed. In
‘young Birds, these bones are separate, and in all known Dinosaurian
Reptiles they are also distinct, as shown in figure 16. '

In Birds, the fibulais usually incomplete below, but it may be co-ossified
with the side of the tibia. In the typical Dinosaurs, Iguanodon, for
‘example, the fibula, at its distal end, stands in front of the tibia, and
this is exaectly its position in Archeopteryr, an mterestmg point not
before seen in Birds.

The metatarsal bones of Archaopteryz show, on the outer face at
least, deep grooves between the three elements, which imply that the
latter are distinct, or unite late together. The free metacarpal and
separate pelvic bones would also suggest distinct metatarsals, although
they naturally would be placed closely together, so as to appear connate.

Among other points of interest in Archeopteryz may be mentioned
the brain-cast, which shows that the brain, although comparatively
small, was like that of a Bird, and not that of a Dinosaurian Reptile.
It resembles in form the brain-cast of Laopterys. The brain of both -
these Birds appears to have been of a somewhat higher grade than
that of Hesperornis, but this may have been due to the fact that the
latter was an aquatic form, while the Jurassic species were land Birds.

The other Mesozoic Birds now known from the deposits of this country,
and the few discovered in Europe, may, some or all of them, have had
teeth, but their remains are too fragmentary to determine this point,.or
even their near affinities.

It is an interesting fact that the Oretaceous Birds at present known,
some twenty species or more, were all apparently aquatic forms, which
of course are most likely to be preserved in marine deposits, while the
Jurassic Archeopteryx was a Jand Bird.

The Birds found in more recent formations all belong apparently to
modern types, and hence present few points for profitable comparison
with the Odontornithes. Theaexisting Birds with reptilian characters
are nearly all confined to the Ratite, or Ostrich tribe. These are evi-
dently the remnants of a very numerous group, once widely extended
over different parts of the earth; and it is to the fossil forms of these
Birds that we must look eventually for the intermediate types between
them and the less specialized Mesozoié Birds.
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CLASSIFICATION.

For the present at least it seems advisable to regard the Odontor-
nithes as a subclass, and to separate them into three orders, according
to the characters given below. These orders are all well marked, but
evidently are not of equal rank. Archeopteryx is clearly separated
much more widely from both Ichthyornis and Hesperornis than are those
two genera from each other. The free metacarpals and metatarsals
of Archmopteryr are significant characters. Gegenbaur and Morse
have shown, however, that young Birds of existing species have these
bones separate, and this is true for all Birds up to a certain age.
Hence this character is of less importance than the presence of true
teeth, since in no recent Birds, young or old, have these been found.
The length of ‘tail is perhaps a character of more value, but even this -
is a variable feature in modern Birds. The separate pelvic bones are
known only in Archwopteryz.

Subclass ODONTORNITHES (or AVES DENTATZE), Marsh.

Order OpoxTOLCAE, Marsh.

Genus Hesperornis, Marsh.

Teeth in grooves.
Lower jaws separate.

Vertebr» saddle-shaped.-

‘Wings rudimentary.
Metacarpals wanting.
Sternam without keel.
Metatarsals ankylosed.
Pelvic bones ankylosed.

OpoxTOTORME, Marsh.

Ichthyornis, Marsh.
Teeth in sockets.
Lower jaws separate.
Vertebra biconcave.
Wings large.

Metacarpals ankylosed.

Sternum with keel.
Metatarsals ankylosed.

Pelvicbonesankylosed.

Tail short.

SAURURE, Haeckel.
Archeopteryx, von Meyer,
Teeth in -9
Lower jaws ?
Vertebrae biconcave.
‘Wings small.
Metacarpals separate.
Sternum with keel ¢
Metatarsals separate.

" Pelvic bones separate.

Tail short, Tail longer than body.

That the three oldest known Birds should differ so widely from each
other points unmistakably to a great antiquity for the class. Arche-
- opteryx, Hesperornis, and Ichthyornis are all true Birds; but the reptilian
characters they possess are convergent toward a more generalized type.
No Triassic Birds are known, and hence we have no light on this stage
of the development of the class. They will doubtless be found, however,
and, if we may judge from Jurassic Mammals and Reptiles, the next
classes above and below Birds, the avian forms of that period would
still be Birds, although with even stronger reptilian features. For the
primal forms of the Bird-type, we must evidently look to the Pal®ozoic;
and in the rich land fauna of our American Permian we may yet hope
to find the remains of both Bu'ds and Mammals.

ORIGIN OF BIRDS,

The genera Archeopteryz, Hesperornis, and Ichthyornis, each possessed
certain generalized characters not shared by the others. These charac-
ters were undoubtedly united in some earlier form, and this fact gives
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us a hint ‘as to what the more primitive Birds must have been, and
suggests the prominent features of the ancestral type.

In the generalized form to which we must look back for the ancestral
" type of the class of Birds, we should therefore expect te ﬁnd the
following characters:

(1.) Teeth in grooves.
(2.) Vertebra biconcave.
(3.) Metacarpal and carpal bones free.
(4.) Sternum without a keel. s
(5.) Sacrum composed of two vertebrza.
(6.) Bones of the pelvis separate.
(7.) Tail longer than the body.

- (8.) Metatarsal and tarsal bones free.
(9.) Four or more toes, directed forward.

(10.) Feathers rudimentary or imperfect: i

These various characters may indeed have been combined in an
animal that was more Reptile than Bird; but such a form would be on
the road toward the Birds, rather than on the ancestral line of either
Dinosaurs or Pterodactyles, as feathers were not a character of these
groups. With this exception, all of the characters named belong to
the generalized Sauropsid, from which both Birds and the known
-Dinosaurs may well have descerded. An essential character in this
ancestral type would be a free quadrate bone, since this is a universal
feature in Birds, and ouly partially retained in the Dinosaurs now
known.

The Birds would appear to have branched off by a single stem, which
gradually lost its reptilian characters as it assumed the ornithic type,
and in the existing Ratite we have the survivors of this direct line.
The lineal descendants of this primal stock -doubtless early attained -
feathers and warm blood, but, as already shown, never acquired the
power of flight. The volant birds doubtless separated early from the
main avian stem, probably in the Triassic, since, in the formation above,
we have Archeopteryz, with imperfect powers of flight.

POWER OF FLIGHT.

This power of flight probably originated among the small arboreal
forms of reptilian birds. How this may have ,commenced, we have an
indication in the flight of Galeopithecus, the Flying Squirrels (Pteromys),-
the Flying Lizard (Draco), and in the Flying Tree-frog (Rhacophorus).
In the early arboreal Birds, which jumped from branch to branch, even
rudimentary feathers on the fore limbs would be an advantage, as they
would tend to lengthen a downward leap, or break the force of a fall.
As the feathers increased, the body would become warmer, and the
- Dblood more active. With still more feathers, would come increased
power of flight, as we see in young Birds of to-day. . A greater activity "
would result in 2 more perfect circulation. - A true Bird would doubtless
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require warm blood, but would not necessarily be hot-blooded, like the
Birds now living.

The short wings and clumsy tail of Archeopteryx were quite sufficient
for short flights from tree to tree, and, if the body were partially naked,
as some have supposed, we have in this Jurassic form an interesting
stage in the development of Birds before full plumage was attained.

‘Whether Archeopteryx and Laopteryxz were on the true Carinate line
cannot at present be determined, and this is also true of Ichthyornis; but
the biconcave vertebra of the latter evidently suggest that this form was
an early offshoot. It is probable that Hesperornis came off from the
main Struthious stem, and has left no descendants.

These four ancient Birds, so widely different from each other, and
from all modern Birds, prove beyond question the marvelous diversity
of the avian type in Mesozoic time; and also give promise of a rich
reward to the explorer who successfully works out the life-history of
allied forms, recorded in ages more remote.
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THE COPPER-BEARING ROCKS OF LAKE
SUPERIOR.

By R. D. IRVING.

CHAPTER I.
INTRODUCTORY.

The memoir from which the following pages are abstracted forms
Vol. V of the monographic series of reports of the Survey. It aims at
a general exposition of the nature, structure, and extent of the series
of rocks in which occurs the well-known native copper of Lake Superior.

This is a work which has never been attempted before; nor could it
have been accomplished sooner. A number of geologists have written
on different portions of the Lake Superior basin during the past fifty
years, but until very recently any attempt to compile a general account
of the copper-bearing rocks would have met with some insuperable ob-
stacles. Not to speak of the difficulties to be encountered in trying to
reconcile the conflicting statements of different authors, any one making
the attempt would have met the two serious obstacles of nearly complete
ignorance as to the nature of the crystalline rocks which form so large
a part of the series, and complete ignorance as to distribution aud
structural relations of the formations of the western end of the Lake
Superior basin, both on the Minnesota and the Wisconsin side. The-
first of these obstacles was in part removed by the microscopic studies
of Professor Pumpelly, whose conclusions as to the nature of the Kewee-
naw Point rocks were published in 1878.! The second was also in part
removed by the investigations of the Wisconsin Geological Survey,whose
results as to that portion of Wisconsin which borders on Lake Superior
were first published in 1880.2 There still remained unknown, however,
a wide extent of the series in Minnesota—a most important omission,
since in this region only is it possible to connect the rocks of the south
and north shores. The rocks of the southern range of Keweenaw Point
were also still but very vaguely known, and the structure of the Por¢u-
pine Mountains had never yet been made out.

1 ¢ Metasomatic Development of the Copper-Bearing Rocks of Lake Superior.” Proc.
Am, Acad., 1878, XIII, 253-309.

3R. D. Irving, R. Pumpelly, E. T. Sweet, T. C. Chamberlin, and M. Strong, in the
Geology of Wisconsin, Vol. III
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It thus became necessary for any one attempting to present anything
like a general account of the series to cover these gaps, and extend the
microscopic investigations begun by Professor Pumpelly, so far as pos-
sible, over the whole extent of the series. It was also necessary that he
should familiarize himself as much as possible with those districts, which
had already been more or less thoroughly worked up, by studying the
descriptions of others on the ground.

This work T undertook to accomplish during the months between July,
1880, and March, 1882, under the combined auspices of the United
States Census Office, and the United States Geological Survey, the field
work Dbeing of necessity confined to the season of 1880. The memoir of
which this is an abstract is the result of this work.

In the following pages those chapters of the original memoir contain-
ing the more general matter are in several instances reproduced almost
entire, but other chapters, and especially those containing local descrip-
tions, can only be very briefly quoted from, or barely alluded to.

In this chapter in the original memoir I have attempted to show
briefly the condition of our knowledge of the copper-bearing rocks—
which bave also been somewhat variously known as the Cupriferous,
Keweenian, Keweenawian, Keweenawan, or Nipigon rocks—previously
to my own work; to give a rapid resumé of the different views which
have been and are held as to the relations and origin of these rocks;
to give as complete a list as possible of all publications with regard to
them; to show the extent of my own observations; and to explain just
-how far I am indebted to previous publications, and to other observers,
and how far to my own independent investigations, for the facts in-
corporated in the memir. These are all points whose consideration may
be conveniently omitted from an abstract, to make room for matter of
more general interest.



CHAPTER II.

EXTENT AND GENERAL NATURE OF THHE KEWEENAW
SERIES.

The series of rocks under consideration is almost entirely restricted
to the Lake Superior basin, whose limits it passes only at the south-
west, where there is an extension for a short distance into the valley of
the Upper Mississippi. The bottom of the lake itself is for most of its
extent composed of these rocks, as are also the immediate shores for a
great part of the lake’s circumference. In much of its course around
the lake basin this group does not reach many miles inland, in some
places occupying only projecting headlands, the older rocks forming the
intervening shores. Towards the west end of the lake, however, in
the stretch across the State of Wisconsin, there is a very wide surface
spread, the area in Wisconsin alone being about.five thousand square
miles. )

To convey a more definite idea of their distribution in the circuit
about Lake Superior it may be said that, besides underlying the
greater part of. the lake, the Keweenawan rocks form the larger part
of Keweenaw Point, probably also underlying the horizontal sandstone
of the rewmainder; constitute the Michigan shore from Keweenaw Point
to the Montreal River, extending back into the country 8 to 20 miles;
in all probability underlie the sandstone country still farther away from
the lake, since they appear again in a few places on its southern edge,
which would carry them inland from the Michigan shore as much as
30 to 35 miles; underlie all of northern Wisconsin north of a line from
the Montreal River at a point 15 miles from Lake Superior to Numa-
kagon Lake, and thence to Saint Croix Falls, on the west boundary of
the State; stretch in Minnesota over two-thirds of the triangular area
included between the State boundary, the Saint Croix River, and the
Saint Paul and Duluth Railway; constitute the entire Minnesota shore
of the lake, from Duluth to Grand Portage Bay, running back into the
interior about midway in the coast as much as 30 miles; make up the
outer ones of the Lucille group of islands off Pigeon Point, and the
whole of Isle Royale; form the entire peninsula between Black and
Nipigon bays, with all outlying islands, and also the whole group of
islands, large and small, south of Nipigon Bay; spread over a very
wide area in the valleys of Black-Sturgeon and Nipigon rivers, north
of Lake Superior; after a long interval, during which older rocks only
appearon the coast, come up again in Michipicoten Island, which they
entirely compose; appear again on the east coast of the lake at Cape
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Choyye, Cape Gargantua, Pointe aux Mines, Mamainse, Batchewanung
Bay, and Gros Cap, at nearly all of which places they form mere edgings
between the lake and the older rocks, the only exception being at Ma-
mainse, where a great thickness is exposed ; and, finally, constitute the
isolated reef between Keweenaw Point and Marquette, known as Stan-
ard’s Rock. Between Gros Cap and Stanard’s Rock the rocks of this
series do not appear; but there can be little doubt that they are con-
tinuous underneath the lake, and underneath the newer horizontal beds
of the eastern part of the upper peninsula of Michigan.

The total area of the lake, exclusive of all the larger islands, but in-
clusive of all bays, is about 30,830 square miles. Deducting from the
last figure 2,500 square miles for lake area underlaid by older rocks in
the extreme northeast, in Thunder, Black and Nipigon bays, and again
between Keweenaw Bay and Marquette, we obtain 28,380 square miles
as the approximate total extent of the group under the waters of Lake
Superior.

To obtain the whole geographical extent we must add to the last fig-
ure as follows: For Michigan, in the area between Point Keweenaw and
the Montreal River (the “Main Trap Range,” and Porcupine Mountain
region), 1,744 square miles; for the area of horizontal sandstone south
of the main range of Michigan, and west of the head of Keweenaw
Bay, which area is undoubtedly underlaid by rocks of this group, 1,400
square miles; for Wisconsin, including the arca in the immediate vicin-
ity of Lake Superior, and again on the Saint Croix River, where the
Keweenawan rocks are covered with horizonal sandstone, about 5,000
square miles; for Minnesota south of the Saint Louis, including portions
buried beneath horizontal sandstone, 1,000 square miles; for Minnesota
north of Lake Superior, about 3,200 square miles; for Isle Royale, 210
square miles; for Isle Saint Ignace and adjoining islands, 180 square
miles; for Michipicoten Island 75 square miles; and for small areas
along the east shore between Cape Gargantua and the Sault, 90 square
miles. These rocks are also undoubtedly buried beneath the horizontal
formations of the south shore of the lalke west of the Sault, but not
to any very great extent. So that we may be safe in placing the entire
geographical extent of the series at 41,000 square miles for the imme-
diate basin of Lake Superior. This is exclusive of an extension north-
ward of some of the lower beds into the basin of Lake Nipigon through
the valleys of Black-Sturgeon and Nipigon rivers. The thickness of
this extension, judging from Bell’s description,! is inconsiderable, the
rocks being often nearly horizontal. In the valleys of Black-Sturgeon
and Nipigon rivers they appear to form strips between older rocks on
either side, but in the Nipigon lake basin to have a wider extent; Bell’s
map makes the total area in this basin as much as 5,000 square miles.

Throughout all of this wide extent, though local peculiarities are to
be noted, the general characteristics of the group are wonderfully con-

L Reports of Geological Survey of Canada; 1366-"69; 1872-73.
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stant, The predominant rocks belong to the basic crystalline class.
They are, as a rule, in distinct, but for the most part heavy layers, their
bedded structure being due, as I believe, to their having been spread
out as successive molten flows. These basic rocks belong wholly to
the augite-plagioclase family, hornblende occurring only very rarely,
and then always as an alteration-product Pumpelly has heretofore
recognized the three types of diabase, melaphyr and gabbro as charac-
terizing the Keweenaw point district; and after a study iu the field of
the entire north shore, and the examination of large numbers of speci-
mens from all portions of the Lake Superior basin, I am able, though
having discovered a number of interesting new varieties, to add only
two kinds deserving of distinct names, viz: diabase-porphyrite and
anorthite-rock ; and these are, after all, so closely allied to the others
as to be hardly more than varieties. Indeed, the three kinds first
named grade into each other in the field, and are themselves merely
phases of an ancient class of rocks for which science has as yet estab-
lished no eommon name, but which are the old equivalents of the post-
Cretaceous basalts.

The diabase is a plagioclase-augite rock, with or without olivine, and
unindividualized base; the melaphyr carries more or lessof this base
with olivine, and is, throunghout the Lake Superior region, everywhere
characterized by the presence of relatively large areas of augite, in-
cluding numbers of minute plagoiclases; while the gabbro has part or
all of the augitic ingredient as diallage, is orthoclase -bearing or not,
and is either olivine-bearing or not. The diabase-porphyrite is an oli-
vine-free diabase, with a strong porphyritic development, and a more or
Jess thoroughly unindividualized base ; and the anorthite rock is merely
a coarse gabbro in which all ingredients but the feldspar are wanting.
The nomenclature adopted for these rocks is Rosenbusch’s. There are
numbers of peculiar phases of the three kinds named, due to amygdal-
oidal and compact conditions, relative abundance of the several in-
gredients, coarseness of grain, the presence of unusual constituents, and
especially to internal molecular rearrangements. But the same types
constantly recur in the circuit of the lake, and there are only one or
two subordinate varietics which have not been seen again and again,
and at points widely removed from each other. Somne arrangement of
the kinds as to horizon is also to be observed. One of the most inter-
esting results of my work is the finding of gradation phases not only
between all the kinds named, but from the most basic kinds, with less
than 46 per cent. of silica, to the most acid of the acid varieties subse-
quently mentioned.

Interstratified with these basic crystalline rocks, at many different
horizons, but generally greatly more abundant above, are detrital beds,
chiefly reddish conglomerate and sandstone. The conglomerates are
for the most part made up of pebbles of one or more of three kinds of
acid rocks, viz: (1) a red to brown or purple felsite, nearly or quite
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without either quartz or orthoclase as porphyritic ingredients; (2)
a true quartziferous porphyry, usunally brick-red in color; (3) a non-
quartziferous porphyry with bright-red, striated, feldspar crystals; and
(4) fine-grained to coarse-grained granitic porphyry and augite-syenite,
of which the several phases verge towards quartziferous porphyry or
quartzless porphyry on the one hand, and granite or an orthoclase-bear-
ing gabbro on the other. The first two kinds are commonly without
structural lines, but occasionally show faint and wavy bandings. One
or two of these kinds will be found to predominate greatly among the
pebbles at any one place, the same conglomerate belt showing at different
points along its course great differences in this respect. ,

Pebbles of the basic rocks also ocear in the porphyry conglomerates,
but they are relatively very rare. Pebbles of altogether different rocks
are occasionally seen, as, for instance, on the peninsula of Mamainse on
the east coast, where graniticand gneissic pebbles are abundant. The
matrix of these conglomerates appears to be of the same material as the
pebbles themselves, and in the coarser kinds can easily be seen to be so.
It is frequently permeated by calcite, which at times has completely re-
placed the matrix, yielding a striking combination of red and brown
pebbles, with a background of pure-white, cleavable calcite.

An altogether different conglomerate from those just described, and
one of much more restricted distribution, has a red, shaly matrix, often
finely laminated, in which the pebbles are wholly of the common dia-
base and diabase-amygdaloid. Of these conglomcerates there seem to be
again two kinds—one in which the pebbles are distinctly waterworn, and
another in which there are no such distinct evidences of water action,
and in which the vesicular exteriors of the balls suggest their origin as
voleanie scorise that have become buried in the accumulating detritus.
The first of these varieties has been noted on the north, or Minnesota,
shore only; the other has been observed on both the south and north
shores, and isoften hard to distinguish froma kind in which the red, shaly
material is most confusedly mingled with the vesicular amygdaloidal
diabase, which at times seems to grade into the detrital matrix, and
again to be separated from it in more orless distinctly defined balls—an
appearance suggesting the deposition of detrital material upon and
within the extremely scoriaceous upper portion of a lava flow.

Sandstones make up much the greater portion of the detrital mem-
bers of the series, reddish sandstones prevailing. These run from
earthy and shaly to coarsely granular, but are always aluminous from
the presence of a more or less decomposed feldspathic constituent.
They vary from brick-red to quite dark-red in color, and are made up in
large measure of the detritus of the same acid rocks that have supplied
the pebbles of the conglomerates, as was first shown by Pumpelly. In
the darker kinds more or less basaltic detritus is contained. Quartz is
never an exclusive, and not often a very prominent, ingredient in any of
the sandstones belonging to this group. Many of the ‘sandstones are
highly charged with secondary calcite. Those kinds of sandstones
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which are dark-gray to nearly black in color are made up of basic de-
tritus, usually mingled with more or less of the common porphyry de-
tritus, and cemented by secondary calcite. These sandstones often
contain only a few grains of quartz, having then not over 50 per cent.
of silica. They grade into finer varieties, which at times pass into an
earthy black shale or slate. These gray sandstones and accompanying
black shales, with a thickness of several hundred feet, have been recog-
nized in a single belt running from the neighborhood of the Gratiot
River, on Keweenaw Point, to Bad River, in Wisconsin, a total distance
of 150 miles. '

The source of the materials of which the porphyry conglomerates and
red sandstones are made up has been a matter of speculation to all
writers on Lake Superior geology. Foster and Whitney supposed them
to come from the friction of the ascending igneous rocks against the
rocks penetrated,! but they ignored the totally different natures of the
porphyry of the pebbles and of the diabase forming the greater part of the
series. Besides,it has long been plain that the pebbles of these conglom-
erates are simply water-worn fragments of some massive acid rocks,
which could never have been far removed from where the pebbles now
are. It has been supposed by some that the original massive rocks
were to be looked for in the older so-called Huronian, although where-
ever this Huronian is exposed in the Lake Superior country such acid
rocks are noticeably wanting.

I find the source of the pebbles in the massive acid rocks of the series
itself, and recognize now, for the first time, that these original acid rocks
are a prominent feature of the Keweenaw Series, which they character-
ize throughout its entire extent, although always greatly subordinated
in quantity to the basic kinds.?2 [ find it even possible to trace some of
the pebbles of the conglomerate to their immediate sources. It is well

10p. cit., p. 99.

8 Foster and Whitney (Report on the Lake Superior Land District, Vol. I, pp. 65 and

" 70) speak of ‘‘quartzose porphyry” and ¢ jasper” as occurring at Mount Houghton
on Keweenaw Point, and in the Porcupine Mountains, but they do 1ot seem to have
appreciated the true nature of these rocks, which, moreover, they regarded as merely
alterations of the red sandstones by the heat of the intrusive rocks. Macfarlane dis-
tinctly recognizes tho existence of true quartzose porphyry, ¢trachyte,” and  phono-
lite,” on Michipicoten Island (Report of the Geological Survey of Canada for 1866, pp.
137-143), but he does not appear to have realized the importance of his observation.

~ Hunt has'recently spoken of a true quartzose poryphyry a8 occurring on a small
island near Saint Ignace Island, on the north shore, but he appears to regard this as
Huronian, though it is undoubtedly merely one of the numerous instances of the occur-
rence of this rock within the Keweenaw Scries. In my work in the Bad River country
of northern Wisconsin, in the years from 1873 to 1877, I had recognized true gran-
ites cutting gabbro at the base of the Keweenaw Series, and also noted and mapped
two or more belts of apparently massive quartzose porphyry and felsite; but these
latter were so poorly exposed—the deceptively massive appearance of some of the
conglomerates being well known to me—that I only provisionally announced the ex-
istence of massive acid rocks in my published results. (Vol. III, Geology of Wisconsin,
pp. 11 and 193-198.)
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known that the-same belt of conglomerate will vary in its predominant
pebbles in different portions of its longitudinal extent, while several con-
glomeratesin one section will often show the same characteristic pebbles;
facts which are to be explained by the difference in the original rocks
at different points along the trend of the formation, and the derivation
of the pebbles of the several conglomerates of one section from a com-
mon source. Thus the Portage Lake conglomerates all carry a great
predominance of non-quartziferous porphyry pebbles, while further north-
east a granite-porphyry or augite-syenite becomes very abundant, and
still further, in the region of the Calumet mines, a true quartz-porphyry
prevails. In the latter case the source was a quartz-porphyry mass to
the southeast, of which small exposures are still to be seen. In the
Eagle River conglomerate again a common pebble is eomposed of quartz-
less porphyry, much like the rock exposed at the old Suffolk mining
location, a few miles to the south.

These original acid rocks embrace all of the kinds included as peb-
bles in the eonglomerates, viz: true quartzose porphyries, with large
doubly-terminated quartzes and orthoclases as porphyritic ingredients;
a non-quartziferous porphyry; compact felsites; granitic porphyry and
augite-syenite, and true granite. Most of these rocks are of some sort
of reddish hue, running jrom a pale pink to a bright brick-red, whence,
in a large measure, the red colors of the conglomerates and sandstones
derived from them.

In recapitulation, then, it is to be said that the Keweenaw Series
consists of eruptive flows and bedded detrital rocks interstratified with
one another, the eruptive rocks occurring also, smbordinately, in the
form of dikes.

These eruptive rocks include basie, intermediate, and acid kinds, as
is commonly the case with volcanic regions of more modern activity;
but there is no such chronological relation between these three kinds
as is so often found to be the rule in Tertiary and post-Tertiary vol-
canic regions.

An extraordinary thing is the complete absence of anything like
volcanic-ash from the series. This is another point of difference be-
tween it and the rocks of regions of more recent volcanic activity, and
one which goes far to support the view that the eruptive 10cks of this
region have come through open fissures, and not after the manner of
the volcanic flows of the present day.

The detrital rocks are all made up of water-derived fragments, worn
for the most part from the acid rocks of the series itself. Such viscous
materials as these acid rocks must have been when molten would natu-
rally solidify into bulky, more or less erect, masses of relatively small
lateral extent. Arranged as they were around the rim of a basin whose
middle portion was constantly depressing, each one of these masses was
able to contribute to the making of anumber of layers of sandstone and
conglomerate,
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CHAPTER III.
LITHOLOGY OF THE KEWEENAW SERIES.

The natural grouping of all of the rocks of the Keweenaw Series,
into the three classes of basic eruptive, acid eruptive, and detrital rocks,
has already been indicated. In the original memoir this chapter in-
cludes detailed accounts of each prominent variety, along with the
tabulated results of microscopic observations.

BASIC ERUPTIVE ROCKS OF THE KEWEENAW SERIES.

1. Coarse-grained :
1. Gabbro and diabase; olivine-gabbro and olivine-diabase; all
free from orthoclase.

2. Orthoclase-bearing gabbro.

3. Hornblende-gabbro.

4. Anorthite-rock.

II. Fine-grained:

5. Diabase of the ¢ordinary type.”
6. Olivinitic fine-grained diabase, and melaphyr.
7. Ashbed-diabase and diabase-porphyrite.

8. Amygdaloids (vesicular diabase and melaphyr).

Pumpelly first showed, in 1878, the true nature of the prevalent basio
rocks of the copper region of Michigan.! Subsequently (1880) the same
geologist extended his researches to a suite of rocks collected in north-
ern Wisconsin by the Wisconsin State Geological Survey.? The inves-
tigation thus begun by Pumpelly I have extended for this memoir over
nearly the whole extent of the Keweenaw Series. So far as the
amygdaloids are concerned, and the peculiar metasomatic changes to
which the amygdaloids and many fine-grained diabases are prone, I have
accomplished little beyond extending the area to which his conclusions
are applicable. The chief additions that I have been able to make are
with regard to the non-amygdaloidal and less altered kinds.

The classification given above of the basic original rocks of the Kewee-
navw Series is based not only on microscopic differences and resemblances,
but also upon the characters and relations of the several kinds as seen
in the mass, and on their prominence and persistence in the field. For

1Proc. Am. Acad. Arts and Sciences, Vol. VIII, pp. 253-309.

¢ Geology of Wisconsin, Vol. III, pp. 27-49.
(101)
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instance, the first group given is made to include olivine-diahase,’
orthoclase-free gabbro, and olivine-gabbro; because all of these in the
hand specimens bear the closest resemblance to each other, and in the
field are seen to constitute parts of the same continuous mass or bed,
forming together one of the most prominent types. The distinction
between diallage and augite is a valueless one, sinee not only are both
often found in the same section, but every gradation is found in the
rocks of this class from aungite to diallage.

It will be seen at once that all of the kinds named are very closely
related. Except one exireme phase, the anorthiterock, they are all
plagioclase-augite rocks—the diallage being but a phase of ordinary
augite—and all earry magnetic or titanie iron, while olivine is a common
ingredient. The differences consist only in variations in coarscness of
grain, relative amounts of the several ingredients, presence or absence
of olivine, presence or absence of unresolvable base, presence or absence
of orthoclase, variations produced by metasomatic changes and varia-
tions in texture from granular to vesicular (amygdaloids). All of the
kinds, though distinct enough in the field, are in fact, lithologically
considered, but phases of one kind of vock, for which usage has not es-
tablished any common name, They are the ancient equivalents of the
Tertiary and Recent basalts.

Orthoclasefree diabase, olivine-diabase, gabbro and olivine-gabbro.—The
rocks included here have a prevailing very dark-gray, often black,
shade; more rarely they are light-gray, when the plagioclastic ingredi-
ent becomes greatly predominant, asis apt to be the case in the coarsest
kinds., Not unecommonly a resinous hue is produced by the presence of
a brownish film of ferric oxide over the shining Dblack augite. The
texture is a highly crystalline one, causing a very rough-surfaced
fracture. The several primary ingredients, except olivine, can nearly
always be recognized with a lens, in the coarser kinds with the naked
eye. The specific gravity ranges from 2.8 to 3.1.

The olivine, which is a common but not constant ingredient of these
rocks, is, when present, always the oldest of the chief constituents.

1The terms ‘‘diabase,” ‘“melaphyr,” *gabbro,” &c., are here applied in accordance
with the usage of H. Rosenbusch {Microscopische Physiographie der Massigen Gesteine,
Stuttgart, 1877, pp. 317--458), who has classed the pre-Tertiary plagioclase-augite rocks
as indicated in the following scheme:
I. GRANULAR:
a. Plagioclase-augite==diabuse.
b. Plagioclase-aungite-olivine==olivine-diabase.
II. PORPHYRITIC, containing more or less of an insoluble base.
a. Plagioclase-augite=diabase-porphyrite.
b. Plagioclase-augite-chrysolite=melaphyr.
III. Grassy: Known only as subordinate vitreous modifications of diabase-porphyrite
not deserving a speecial name.
IV. GRANULAR PLAGIOCLASE-DIALLAGE ROCKS.
a, Plagioclase-diallage=gabbro.
b, Plagioclase-diallage olivine=olirinc-gabbro.
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Occasionally, in the fresher rocks, it may be detected in the hand speci-
men with the lens, while in a few instances it has been observed of a
size so large as to attract the unaided eye. As seen under the micro-
.8cope, the olivine occurs nearly always in irregularly outlined, rounded
particles, which run from a fraction of a millimeter to two or three mil-
limeters in length. Only very rdrely does it present erystalline outlines.
Commonly it is in large measure still fresh, but only very rarely is so
completely so as to be without some traversing rifts, edged with a
greenish-brown or brownish-yellow alteration-product. In not a few
cases this brown alteration has affected the whole area. In other cases,
again, the iron oxide, instead of being deposited about and within the
olivine, has been leached out, and then the mineral is more or less com-
pletely represented by a greenish material supposed to be serpentine,
‘This greenish alteration has at times been accompanied by the produc-
tion of a secondary magnetite.

Next to the olivine in order of age is the plagioclase. Its crystals are
usually in elongated forms, from less than one-sixteenth of an inch to two
or three inches in length. The cutlines of these crystals are commonly
linear, or at least partly so, but in some thin sections the mutual inter-
ruptious accompanying erystallization are seen to have produced rounded

- contours. In composition the plagioclase appears to be always near the
basic end of the feldspar series, the optical measurements indicating
anorthite, or a labradorite verging on anorthite in basicity. The plagi-
oclastic ingredient of these rocks is commonly quite fresh, and always
much fresher than the olivine or augite. When alteration occurs, it is
usually but a slight cloudiness. The alteration of plagioclase to prehn-
ite, noted by Pumpelly as s0 common in the fine-grained diabases of
Keweenaw Point, is unknown in these more coarsely-grained rocks,
The iron oxide constituent of these rocks appears commonly to stand
between the plagioclase and the augitic ingredient in point of time of
crystallization, but it is not evident that this has always been the case.
In composition this constituent appears to be a slightly titaniferous
magnetite. In size, its particles run from a mere dust, as seen with a
high power, to areas one-fourth of an inch across. It occurs, as a rule,
in very irregularly outlined forms, much more rarely in elongated par-
allel rods, in which no distinct crystalline outlines can be made out.

The augitic constituent, which varies from augite to highly-fibrous
diallage, is invariably of later formation than the olivine and plagioclase,
and usually is later than the magnetite also. It includes often the
olivine grains, and always has its outlines determined by those of the
previously-formed plagioclase. As seen with the naked eye, it is, on a
fresh surface, of a lustrous black color. On a weathered surface, how-
ever, it presents at times a brilliant brassy, metallic luster. It is often
the coarsest ingredient present, its particles at times reaching a width
of one or two inches, even when the rest-of the rock is not unusually
coarse. Very often one crystal will present in the thin section a num-~
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ber of wholly detached areas, which are proved to be parts of one indi-
vidual by their common cleavage-directions and common optical be-
havior. In some cases, when the augitic constituent is diallage, and
reaches the extraordinarily large sizes above noted, it will include a large
number of plagioclase erystals. The body of the rock in these cases is
no coarser than usual, nor does the hand specimen present any peculiar
appearance until it is held in a certain position, when brilliantly flash-
ing, brassy surfaces are seen, each from half an inch to two inches
across, where before seemed to be only the usual promiscuously mingled
fine particles. In the thin section the augitic ingredient presents a
wine-colored or violet section, varying considerably in depth of tint.
It often shows the characteristic prismatic cleavage, but more commonly
is traversed by irregular cracks, or is affected in very varying degree
by the diallage-cleavage, parallel to the clinodiagonal. 1t is often quite
fresh, but often also has undergone alteration, generally to some sort of
soft, green, chloritic substanee, which is not unfrequently more or less
brown-stained from the peroxidation of the iron of the original augite.
More rarely the iron oxide thus produced has taken the form of magne-
tite. The change of augite to uralite, so characteristic of the orthoclase-
gabbros of the Keweenaw Series, is only very rarely seen in rocks of this
class, and then with an inconsiderable development.

In only two or three sections out of the forty studied of this class of
rocks was any apatite found, and then only in rare and minute crys-
tals.

The rocks of this class present in the field very massive exposures,
occurring in very heavy beds, which are often affected by a marked co-
lumnar structure, and are never furnished with an upper amygdaloidal
or vesicular portion. As typical and easily accessible localities may be
mentioned the cliffs of the Minnesota shore, between Sucker and Knife
River bays, and the shore of Nipigon Bay, near the mouth of Nipigon
River, Ontario, Canada.

Orthoclase-bearing gabbro.—The rocks of this class are less common
than those last described, but are nevertheless often met with. They
are distingnished from the ordinary gabbros and coarse-grained dia-
bases by the presence of more or less orthoclase-feldspar, and of a
plagioclase near oligoclase; by the abundance of coarse-grained apatite,
often large enough to bereadily seen with a lens or with the naked eye;
by the invariable absence of olivine; by the comparatively greater ten-
dency to decomposition of the feldspars, the results of which are a
clouding and reddening of the constituents and the introduction of a
greater or less amount of secondary quartz; by the greater richness of
the magnetite in titanic acid; and by the common presence of a uralitie
alteration of the augitic ingredient. So constantis the associationin the -
Keweenaw basic rocks of orthoclase, oligoclase, coarse apatite, secondary
quartz and uralitic alteration of augite or diallage, that only in rare
cases is one of these found without most of the others.
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In coarseness of grain these rocks have about the same range as those
of the class last described. The specific gravity is lower—2.7 to 2.8. In
the mass the orthoclase gabbros do not present amy features different
from those of the orthoclase-free kinds, like which they occur chiefly in -
heavy flows without amygdaloids. They may also occur as intersecting
masses, but this needs proof. As typical instances of orthoclase-bear-
ing gabbros may be mentioned the coarse syenite-like rock of the Bohe-
mian Mountain, on the north shore of Lac La Belle, Keweenaw Point,
and the coarse, gray rock of the Saint Louis River bluffs at Daluth, Min.
nesota. : :

Hornblende-gabbro.—Along a belt of country some 14 to 20 miles in .
length, running westward from Bad River, Wisconsin, through parts of
townships 44 and 45, ranges 3, 4, 5, and 6 west, at a horizon not far .
above the Huronian Slates, exposures of a peculiar hornblende-gabbro
have been noticed. This rock differs from the uralitic gabbros pre-
viously described of groups I and II in containing, instead of the
fibrous, greenish, comparatively weakly dichroic uralite, a deep-brown,
intensely absorptive so-called basaltic hornblende. Some of these rocks
have been described briefly by Pumpelly in the third volume of the
Geology of Wisconsin,! under the name of ‘“aungite-diorite.” He re-
garded the hornblende as primary, and the rocks as intermediate be-
tween diabase and diorite, whence the name. In the same volume I
suggested that the hornblende was secondary, and that the rocks were
merely altered gabbros.? This opinion I find sustained by a re-examin-
ation of Pumpelly’s sections, and a study of a number of new sections
from other outcrops. The rocks described in the ‘table in the original
memoir have been selected to illustrate -the different phases of this

" hornblende-bearing rock. The first one is a rock in which the basaltic
hornblende is in small quantity only. The next three contain more
hornblende, and are peculiar microscopically, being mottled black, white
and pinkish. They also carry a good deal of original quartz. The last
two are black rocks in which the hornblende makes up most of the sec-
tion. Abundance of coarse apatite, presence of a low-angled plagio-
clase, of orthoclase, and of original quartz seem to be prevailing char-
acteristics. ‘ :

Anorthite-rock.—At several points on the north or Minnesota shore of
Lake Superior, between the mouth of Split Rock River and the great Pali-
sades, and again in the high point near the mouth of Temperane River,
known as Carlton’s Peak, are to be seen exposures of a very coarse,
light-gray to colorless or white rock, occasionally with a faint greenish
tinge. This is seen in the thin section to be composed exclusively or
nearly so of anorthite feldspar. Often there is no other mineral pres-
ent except in exceedingly minute inclusions, and these are very sparse.
In one ‘section a few grains of altered olivine were noticed within the

LP. 36. ¢P. 170.
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anorthi te, and ia two or three a little augite between the feldspar grains.
The feldspar appears in every case to be anorthite. In no section did it
show the peculiar arrangement of needle-like inclusions met with in
European gabbros and so commonly found in the coarse gabbros of Lake
Superior, to which these anorthite rocks are very nearly related.

Olivine.free diabase of the “ordinary type”—The diabases here in-
cluded, which Professor Pumpelly first described as of the ¢ ordinary
type,” because of their prevalence in the typical region of Keweenaw
Point, make up relatively thin flows, which are almost invariably fur-
nished with vesicular or amygdaloidal upper portions. These vesicular

portions have always undergone great internal changes, both in connec-

tion with the deposition of minerals in the vesicles and in the formation
.of pseud-amygdules, or minerals replacing primary constituents in such
a way as to present macroscopically very much the appearance of the true
vesicular fillings. The latter change, with others, has usually affected
also the lower non-vesicular portions of the beds in a greater or less de-
gree. So general are the alterations that an account of these rocks
has to be taken up more with the internal changes that they have
undergone than with the nature and arrangement of the original constit-
uents. In the original memoir I have quoted at length in this connec-
tion from Professor Pumpelly’s exhaustive studies of these changes.
TFor the most part my own studies of these fine-grained rocks have merely
served to extend the 'geographical range to which Pumpelly’s conclu-
sions are applicable.

. Externally the different varieties of these dlabases ‘““are dark in shade,
varying from almost black in unaltered specimens to dark-green or
dark-brown, or varying minutely-subdivided mixtures of these colors,
according to the relative proportions of chlorite and ferric oxide among
the decomposition products. They vary in texture from medium fine-

grain to crypto-crystalline, and the fracture from uneven and hackly

to conchoidal.’!

The pseud-amygdaloidal alteration of these rocks is especially char-
. acteristic of the middle portions of the beds. The common pseud-amyg-
dules are chlorite, quartz, prehnite and calcite. They vary in size
from one-fourth of an inch or more in diameter down to microscopic
particles. In the former case the rock is coarsely blotched with the
pseud-amygdules, while in the latter case the only effect on the exter-
nal appearance is some variation of the general shade.

Under the microscope, when mnot too profoundly altered, the diabase
‘“is seen to have for primary constituents plagioclase, augite, and an
opaque black mineral, which may be cither magnetite or a titaniferous
iron-ore? The plagioclase appears from optical measurements to belong
near oligoclase in the feldspar series. It appears in tabular polysyn-

IR. Pumpelly, in Geology of Wisconsin, Vol. III, p. 31.
2R. Pumpelly, Geology of Wisconsin, Vol. III, p. 32



IevIXG. ] OLIVINE-FREE AND OLIVINITIC DIABASE. - 107

thetic crystals, whose long, narrow sections are scattered confusedly
through the section, while the spaces between the crystals are occupied
by augite, the augite in each space generally giving the integral polar-
ization which indicates a single individual. In ordinary light, the
augite is distinguishable from the plagioclase by its very faint, delicate,
violet-gray color, and by its anastomosing cracks. The sharpness with
which it fills the interstices between the feldspar ¢rystals shows that it
crystallized after them. The magnetite occurs in small grains, rarely
with an appeararnice of crystal outlines.”

Almost always, however, the rock has undergone changes to a greater
orlessdegree. The commonly resulting alteration-products are, as Pum-
pelly has shown, from the augite a green and greenish-brown chloritic
substance, often with red-stained cracks; and from the feldspar a true
chlorite, antecedent to which has been in many cases a change to
prehnite.

These rocks receive their typical deve]opment in the mining region of
Keweenaw Point, but simlar rocks are known throughout the entire
" extent of the series.

Olivinitic fine-grained diabase, including Pumpelly’s melaphyr.—To
these rocks, which grade through coarser and coarser kinds into the
coarse-grained olivinitic gabbrosalready described, Pumpelly has given
‘the name of melaphyr, because of the presence in those examined by
him from Keweenaw Point.of:a small amount of altered residuary mag-
ma. Precisely the same rocks are, however, found without-a residuary
base, which is at best but a very unimportant ingredient, so that 1
have preferred to call them here all by the above general title,

These rocks form a class very strongly marked by external character-
istics both in the fresh and altered states. They have commonly un-
dergone. great alteration, the amount of change lessening rapidly as the
rock becomes coarser. - ¢“The Greenstone” of Keweenaw Point, which
Pumpelly has selected as a type of the fresh state of the rock, is one of
the coarser phases. The following is quoted from Pumpelly’s descrip-
tion of these rocks as developed on the South Shore.! Itapplies equally
well to the fine-grained olivinitic kinds of the North Shore, where ¢ luster-
mottled,” fine-grained rocks are very abundant:

_ In its fresh state it is dark-green or greenish-black, finely crystalline, very compact,
hard and brittle, and breaks with an uneven to semi-conchoidal fracture. * * * It
is an important characteristic of this rock that its freshly-fractured surface is mainly
occupied by spots 7 to £ of an inch in diameter, each of which reflects the light with
asatin-likesheen. * *_ * Aside from thissheen there is nothing either in difference
of color or texture visible to the naked eye to betray the presence of these spots, which
might be called luster-mottlings.” To the naked eye the phenomenon suggests at once
interrupted cleavage of large individuals of one of the constituents as the cause, but
under & strong hand-glass these reflecting surfaces show the same granular texture

and character as the rest of the rock; and it is only when examined under the micro-
scope, with an objective of low power and in polarized light, that the appearance to

| Geology of Wiscousin, Vol III, p. 3.
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the unaided eye is corroborated. We here find the cause in the fact that each spot
is the cross-fracture or cleavage of a crystal of pyroxene, which, in erystallizing, has
inclosed hundreds of feldspar erystals. The weathered surface is a rusty gray, scarcely
one-fifth of an inch thick; but it is covered with knobs, which are due to the more
rapid destruction of the materials between the pyroxene individuals. Examining these
sections under the microscope, we find the constituents to be plagioclase, pyroxene,
olivine, and the alteration product of the latter, as well as magnetite, and an unindi-
vidualized substance, both fresh and altered, oceupying interstices. In thin sections
the plagioclase is seen to exist in very sharply-defined, and fresh, thin, tabular erystals,
.001 to .002 inch thick, and .01 inch and less long. It contains scattering interposi-
tions of an opaque black substance, and minute brown particles, which may be, or
have been, glass. The crystals of plagioclase have predetermined the contours of all
the other counstituents, except the olivine, which crystallized first. The predominat-
ing feldspar is near anorthite. * * * The augite is very fresh and transparent,
almost colorless in the thin section, but with a tendeney to purple-gray. An imper-
fect cleavage is indicated by somewhat irregular, parallel fractures. It fills the
interstices betweep the closely-packed individuals of feldspar in such a manner that .
o single pyroxene crystal incloses many hundreds of these, while its crystalline integ-
rity is shown by the uniform color in polarized light, and by the arrangement of the
cleavage cracks throughout the area of the augite individual. It is a remarkable
fact that, while these large individuals of pyroxene contain thousands of feldspar
crystals, they inclose only very few of olivine or of magnetite. These minerals,
together with the unindividualized substances, are crowded into the interstices
between the pyroxenes. In this intermediate space, which surrounds the pyroxene
individuals with a continnous network, we find, also, a few small pyroxenes, just as
isolated grains of olivine occur in the pyroxene areas. A careful examination of this
occurrence will, I think, convince the observer that, at the time the pyroxene crystal-
lized, both the olivine and feldspar crystals, and apparently the magnetite, were
already individualized; for where we find any of these in contact with the augite,
we find that the latter has adapted itself to the already defined contours of the others.
‘While the i}ngite inclosed the feldspar crystals with ease, it crowded the other constit-
uents almost wholly into the surrounding spaces, a process which was facilitated by the
presence of the then fluid unindividualized substance. The magnetite is in irregular-
shaped bodies, which mold themselves sharply around the contours of the feldspar
and olivine. The olivine is abundant in grains and reughly-outlined crystals, but as
a rule, however fresh the melaphyr may otherwise be, the olivine is partly or wholly
altered.

As with the olivine-free ‘ordinary type” diabases, so also with the
olivinitic kinds, much altered forms are more common than the fresher
ones. The space is not available here for the description of these al-
tered forms.

As typical occurrences of these rocks, may be mentioned ¢“The Green-
stone” of Keweenaw Point; therock of the north shore of Béte Grise Bay,
Keweenaw Point, 8. W. }, Sec. 27, T. 58, R. 28 W.; and that of the south
point of Agate Bay, on the Minnesota coast. These fine-grained olivin-
itic rocks are among the most common of the Keweenawan eruptives.

Ashbed-diabase and diabase-porphyrite.—The olivine-free fine-grained
diabases of the “ordinary type” pass into still finer-grained kinds, in
which there is a black or brown color, and a more or less perfectly
developed conchoidal fracture. The finest of these rocks are completely
aphanitic, and all kinds tend to a porphyritic development, carrying
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as porphyritic ingredients ohgoclase and orthoclase, and more rarely
labradorite and augite. The augite is always a subordinate ingredient
and appears at times to be almost wholly absent, at least as an individ-
ualized substance. These rocks play a very prominent réle in the cop-
per series, and are always very strongly characterized in the field.

Some of the more distinctly crystalline of these rocks Pumpelly has
described under the name of ¢ ashbed”-diabase, the name being given
from the fact that such a diabase forms the base of the flow whose up-
per vesicular portion is the well-known and so-called * ashbed” of Ke-
weenaw Point.

As to the external characteristics of this class of rocks, Pumpelly
~ gives a light or dark gray or black color, a very compact texture, and a
conchoidal fracture; and as the accompaunying microscopic characters
the subordinate [)OSltIOIl of the augite, and more especially its occur-
rence in rounded grains, whose contours are not determined by the
feldspars.!

My own study has shown me that the typical ashbed-diabases of Pum-

pelly are but phases of a large class of rocks; that between these type
kinds and the fine-grained olivine-free diabase of the ¢“ordinary type”
there are various gradation-forms in which the rounded grains of augite
are mingled with more and more of the augite whose contours are de-
termined by the feldspars; and also that, in the other direction, there
are gradation-forms into aphanitic kinds in which there is much non-
polarizing unindividualized material. In extreme cases,as in arock from
Michipicoten, figured on Plate IX of the original memoir, the unindivid-
ualized base makes up the greater part of the rock. The presence of
unindivi