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EARTHQUAKES IN CALIFORNIA IN 1889.

By J. E. KEELER.

INTRODUCTION.

The following paper is a continuation of the list of earthgquakesin
California, published by Prof, E. S. Holden, containing all the available
data up to the end of the year 1888,! and it brings the list up to the end
of 1889. It contains all the shocks recorded or felt on Mount Hamilton,
and all those reported to the Lick Observatory by letter, as well as
newspaper reports of such earthquakes as occurred in the State during
that year. No systematic examination of the newspapers has been
made, however, and reports may have escaped notice.

The instruments nsed for recording earthquakes on Mount Hamilton
are described in vol. 1, publications of the Lick Observatory, p. 82.
The largest and most complete instrument records the north and south,
east and west, and vertical components of the earth’s motion separately
on a smoked-glass plate, which is started by the preliminary tremors of
the earthquake and rotates uniformly in about three minutes, the edge
of the plate being graduated into seconds at the same time by a clock,
which also serves to record the time of occurrence of the shock. This
instrument has been called the Ewing seismograph in the notes.
Another simpler form consists of a heavy ¢ duplex” pendulum adjusted
to a long period of vibration, with a magnifying pointer or pen, which
records on a smoked glass plate both horizontal components of the
motion. The vertical component and the time are not recorded.

The observatory possesses other seismographs of various patterns,
but they are not ¢onstantly in use.

SCALE OF MEASUREMENTS.

In the record made by the Ewing seismograph both horizontal com-
ponents are magnified 3.3 times, and the vertical component is mag-
nified 1.6 times. The measures of the vibrations as given in the notes

! List of recorded earthquakes in California, Lower California, Oregon, and Washington Territory.
Sacramento: State Printing Office. (1887.)
Earthquakes in California, (1888). Am. Journal of Science, vol. 37, May, 1889,
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8 EARTHQUAKES IN CALIFORNIA IN 1889. [BULL 68,

are taken directly from the tracings, and therefore represent the mag-
nified motion. )

If both the period T and the amplitude a of an earthquake wave are
given, the maximum acceleration due to the impulse, which may be
taken as a measure of the .intensity or destructive effect of the shock,
is given by the formula—

47%
I::———Tz
in ‘which the motion is assumed to be simple harmoniec.

DIFFERENCES OF INTENSITY.

Estimates of the intensity of shocks are also given (in Roman nu-
merals inclosed in parentheses) according to the Rossi-Forel scale,
which for convenience of reference is here inserted. Prof. Holden has.
suggested that for observations in California (only) a few additions
should be made to this seale, and his suggestions are printed here in
Italics. When these are in quotation marks they refer to expressions
used in the newspapers, etc., in describing earthquake shocks.

I

Microseismic shock recorded by a single seismograph, or by seismo-
graphs of the same model, but not putting seismographs of different
patterns in motion; reported by experienced observers only.

11.

Shock recorded by several seismographs of different patterns; re-
ported by a small number of persons who are at rest. A very light
shock.” : :

N 111,

Shock reported by a number of persons at rest; doration or direction
noted. ‘A shock ;" “a light shock.”

1v.

Shock reported by persons in motion; shaking of movable objects,
doors and windows; cracking of ceilings. ¢ Moderate ;7 *“strong ;”
“sharp” (sometimes); ¢ light.”

V.

Shoek felt generally by every one; furniture shaken; some bells
rung. Some clocks stopped ; some sleepers waked ;  smart;” ¢ strong ;7
“heavy ;7 ‘¢ severe ;7 S sharp ;7 ¢ quite violent.”

VI

General awakening of sleepers; general ringing of bells; swinging
of chandeliers; stopping of clocks; visible swaying of trees; some
persons run out of buildings. Window-glass broken ; * severe;” “ very
severe;?” “oiolent.”
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VII.

Overturning of loose objects; fall of plaster; striking of church-
bells; general fright, without damage to buildings. Nausea felt;
Spiolent ;7 “very violent”

VIII

Fall of chimneys; cracks in the walls of buildings.

-

IX.
Partial or total destruction of some buildings.

X.

Great, disasters; overturning of rocks; fissures in the surface of the
earth ; mountain slides. ,

The relation between the intensity (I) of a shock as determined by
the formula already given, and the numbers of the Rossi-Forel scale,
has been deduced from all available data up to 1888, by Prof. Holden,
and is given below in tabular form.

Rosi-Rorel | pptensity. DIff.

. mm per gee.

1 20

I 40 20
1 60 20
! v 80 20
v 110 30
vi 150 T
VIL 300 150
vIII 500 200
IX 1,200 700

One of the objects of the earthquake observations on Mount Hamil-
ton is to obtain data for correcting this table, so that the intensity of

a shock as defined mathematically by the formula I=Ka2 can be in-

ferred from the ordinary description of its effects. On referriag to the
list it will be seen that for those occasions on which records were ob-
tained with the Ewing seismograph, the computed intensity always
falls considerably below the corresponding number of the Rossi-Forel
scale, obtained at the same time by an independent estimate. This is
probably due to the fact that the period of the undulation has a great
effect in determining the intensity, as will be seen from the formula,
.where T enters the denominator in the second power. Many small
waves with short periods might give a greater value of I than the max-
imum wave measured. The motion is far from being simple harmouie.
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The following are the only shocks in 1889 which give a means of
comparing the two scales:

Date. Cmtuex;:it:;'l. in- Eqmﬁfﬁ}i in-
April 3, 2:29 a. m. 7.0=(D) (1I)
April 14, 7:28 p. m. 40=1) | (TIT)
May 26, 7:13 a. m. 2.5=(D (II)
June 10, 7:34 a. m. 12.=(I) (II) ’
(V) E.S. H.,
July 25, 10:8 p. m. 53=(II-11I) { (V) J.E. K.,
July 31, 4:47 2. m. 88==(IV+) WMES®E |

As these are the only earthquakes observed in both ways, a compari-
son of the scales will be deferred until more data shall have accumu-

~lated.

A number of duplex-pendulum seismographs, quite similar to the
one used at the Lick Observatory, are placed at different points on the
Pacific coast, but they are not all in operation. The stations from which
reports have been received during the year 1889 are as follows:

Student’s Observatory, Berkeley, in charge of Prof. Soulé. 4

Chabot Observatory, Oakland, in charge of Mr., Burckhalter.

Private observatory of Mr. Blinn, in East Oakland.

Observai;ory of the University of the Pacific, San José, in charge
of Prof, Higbie.

Observatory of Mills College, near San Francisco, in charge of Prof.
Keep. .

Office of State Weather Bureau, Carson, Nev., in charge of Prof.
Friend. o

Much of the completeness of the reports is due to Mr. F. G, Blinn,
who has not only furnished the records of his own instrument, and
careful observations made by himself, but has collected information
from various reliable sources and sent it to this observatory. I have
also to thank the officers of the Geological Survey for the insertion of
a number of reports furnished by the Light-House Board and the U. S.
Signal Service.

CHRONOLOGIC RECORD.

1889. January 19, 1:43 a. m. Oakland.—A slight shock recorded on
the seismograph of F. G. Blinn. (I1.)

Janunary 22, 7:51:58 p. m. (%), Mount Hamilton.—A very light shock
* suspected by C.B. Hill (I?). No record was found on the seismo-
graphs.

February 6, 9:20 p. m. Southern California.—A distinct shock at'9:25
p- m., shaking buildings and causing people_to run into the streets.
Vibrations from north to south, lasting about ten seconds. (VI.) San
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Bernardino papers. Colton: Two distinet shocks at 9:20 p. m. Los
Angeles : Slight shock at 9:25 p. m. Shock accompanied by distinct
dull rumbling. Post-office clock at San Bernardino stopped at 9:20:30,
-subject to an error.of five or six seconds. The clock faced the east.
W. C. Parmley, San Bernardino. At Kodiac Island earthquake waves
were recorded from February 5, 9 p. m., to February 6, 7 a. m.

April 3, 2:29 a. m. Mount Hamilton.—A slight record was made on
the Ewing and duplex pendulum seismographs. (II.) The greatest
motion was from north to south, a very slight motion from east to west,
and the vertical component was imperceptible. The masimum (mag-
nified) amplitude was about one-fourth millimeter, and the period of a
vibration about two-thirds of a second ; hence, the computed intensity
is 7.0 or (I) by the Rossi-Forel scale. This shock was not felt by any
body at the observatory. The time given is that recorded by the seis-
mograph clock. :

April 14, 7:28 p. m. Central California.—Lick Observatory, time of
ending 7:27:56 (E. S. Holden), 7:28% (E. IS. Barnard). Felt by many
persons at the observatory, but not by all. Recorded on both seismo-
graphs, (IIL.)

The curve representing the north and south motion on the Ewing seis-
mograph begins with three quite regular waves of progressively dimin-
1shing amplitudes, the period of each being 1.25 seconds. The max-
imum (magnified) amplitude is 0.5 millimeters, The east and west
curve begins with a series of small, irregular tremors, «followed by
two marked and fairly regular waves which begin about where the
waves of the mnorth and south curve end. Maximum (magnified)
amplitude, 0.4 millimeters. The vertical motion is very slight. The
marked vibrations on all the curves end at about ten seconds, but very
slight undulations extend to about one and one-half minutes. It is hard
to say how much of these isreal. The intensity of this shock, computed
from the data above given, is 4.0 or (I) of the Rossi-Forel scale.

San José, 7:27:30 (8. W. Burnham). San José, University of the Pa-
cific.—The record on the duplex pendulumn seismograph at this place
18 considerably larger than that obtained at the Lick Observatory, and
is very complicated. The San José Times says: “The shock was not

_severe but was quite plainly felt by many people. A majority of peo-
ple, however, were unconscious of anything unusual.”

Santa Cruz.—Quite a severe shock, with quick, jerky motion from
east to west, rattling the windows in=loosely built houses. Time, 7:25.
Probably the heaviest shock felt in Santa Cruz in four or five years,
although many people on the first ioor of well built houses did not
notice it.—Santa Cruz Surf. ,

* An earthquake occurred at 7:30 p. m. The vibration was north and
south and lasted several seconds.—Dispatches from Santa Oruz.

Centerville.—Slight earthquake at 7:34. Vibrations northeast to
southwest.
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Los Gatos.—Two slight but distinct earthquakes at about 7:15. Vi-
brations from south to north. .

Gilroy.—Remarkably sharp but short earthquake at 7:25, making
lamps, crockery, etc., rattle severely.

Merced.—A heavy, double-shock earthquake at 7:33. Oscillation,

northwest to southeast, and about two seconds in duration.—Dispatches
to San Francisco papers.

Oakland.——Earthquake at about 7:28, not felt by all persons.—F. G.
Blinn. The record on Mr. Blinn’s selsmogmph shows dbout the same
amount of motion as at the Lick Observatory.

April 17, 832:38 p. m. Mount Hamilton.-—Noted by J. M. Schae-
berle, while observing the collimation constant of the meridian circle.
The wires vibrated through about 10”. Time noted, 8:32:40. Sas-
pected in another part of the building by J. E. K. Time noted, 8:32:36.
No perceptible record on the seismographs. (L)

April 20, 4 a. m. University of the Pacific, San José.—Prof. Hig-
bie sends a record obtained with his seismograph, showing a consid-
erable disturbance. I have no other notices of this earthquake.

April 24. San Frapncisco.—¢ Heavy earthquake shock occurred at
3:37 a. m. Vibrations from north to south.”—Jenkins, Received at
Washington Signal Office by General Greely.

May 1. Lompoc.—Qnite a heavy earthqunake shock was felt here at
11:55 to-day. The vibrations were from east to west, No damage was
donme. |

Susanville.—At 9 o’clock a sharp earthqnake was experienced. The
vibration was north and south.

May 19, 3:10 a. m. Central California..—At the Lick Observatory
nobody was awakened, although the motion as registered by the seis.
mographs was considerable. This is probably owing to the long period
of the vibrations. The time recorded by the earthquake clock was
3:9:6.

The following letter was furnished by Prof. Holden to the California
Associated Press:

]

Lick Observatory.—Thoe earthquake was felt at the Lick Observatory at nine min
utes past 3 o’clock this morning, as a serics of gentle shocks of small amplitude and
slow period. It was not severe enough to awake tho sleepers. The extraordinary
feature of this shock was its great duration, which is registered on our instruments
for no less than two minutes and twelve seconds. In this feature it resembles the
great Inyo shock of March 26, 1872, as experienced in San Francisco, and for a sim-
ilar reason. The observing station was in both cases far removed from the origin of
the shock, and the energy of the earthquake was manifested in long waves of slow
period, but lasting for an unusnal time. Moreover, in this case the shock was far
more severe in Santa Clara Valley than after it had traversed several ranges of
hills and reached Mount Hamilton. Our earthquake machine shows that the up
and down movement lasted eighty-four seconds. The period of each wave was about
1.7 seconds, which is very gentle and slow, and the double amplitude of the vertical
waves was never more than 0.03 of an inch. The east and west movemnent consisted
of strong tremors for nearly four seconds, when the waves began and lasted ay strong
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decided movements for twenty-nine seconds, after which the tremors continued until
their trace was lost. Ninety seconds after the beginning, the period of these waves
i8 0.8 of a second (very slow) and the double amplitude is about 0.03 of an inch., The
most remarkable motions were in the north and south direction. The tremor was
felt for three seconds, ten large waves for forty-five seconds succeeded by tremors
until one hundred and thirty-two seconds from the beginning. Their period was
0.6 of a second. The double amplitude is 0.05 of an inch. The duplex machine
shows results agreeing with the above and indicates the very complex nature of the
motion of the ground.

The vibration of greatest amplitude occurred only five seconds
after the plate of the Ewing seismograph started. and is nearly as
great in the east and west as in the north and south curve, while the
vertical component is small. Paying due regard to the values of the
different components, it appears that the maximum vibration (double
amplitude) of the earth at the Lick Observatory was 2.2 millimeters,
and the period being 0.6® as stated above, the computed intensity of the
shock is 120 or (V) of the Rossi-Forel scale.

Yerba Buena Island Light Station, San Francisco Bay; time, 3114
a. m.—On a hill 220 feet above sea-level; going from dwelling to light-
house to visit lizht when shoek was observed;.clay surface, 4 feet to
solid rock; everybody else at rest; one shock only; from eight to twelve
seconds duration ; one long, rolling shock with a sort of jumping motion
also, but it still can only be called one shock; 3:14 a. m.; light-house
clock did not stop; the motion was certainly from «ast to west; no
damage.—J. A. F. Mc¢Farland.

Mare Island Light Station; time, 3:9:30 a. m.—Qbserver was awak-
ened from a deep sleep on second floor of wooden building with brick
foundation on clay. The shock wasintermittent; sudden force slightly
diminishing and then increasing and slowly dying away ; the windows
-rattling ; door-bell rang in a house near by.—Kate C. McDougal light
keeper.

Berkeley.—In the valleys the shock was more severe. The seismo-
graph tracing of the university observatory at Berkeley shows a very
complex curve, which can be roughly bounded by an ellipse 8 by 6 mil-
limeters, with one great loop extending 7 millimeters farther (magni-
fied four times).

Oakland.—The Chabot Observatory record has some resemblance to
the above, but is larger, the bounding ellipse being 22 millimeters long,
also with a loop extending toward the northwest. The mean-time clock
of the Chabot Observatory stopped at 3:01:44. FPrror of clock inap-
preciable.—C. Burckhalter.

East Oakland.—The record obtained at Mr. Blinn’s observatory some-
what resembles that just described, and indicates a shock of about the
same intensity. Several loops extend about 20 millimeters from the
center.

The shock lasted from five to twelve seconds, according to some per-
sons, while others considered that the earth shook for fully a minute;
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motion great but gentle; two persons felt nausea ; four regulators in
Jewelers’ shops, on walls ranning west-northwest and east-southeast,
stopped at about 3:10, two of them indicating 3:10:30 and 3:10:35 respect-
ively. A clock with heavy mercurial pendulum on same wall was not
stopped.—F. G. Blinn. Intensity=(VI).—William Ireland.

Three'miles from Collinsville, in the region of greatest disturbance,
houses rocked and pieces of plaster fell (VII); articles shaken from
mantel-pieces, ete.; chickens shaken from their perches; dogs barked ;
two chimneys demolished, and one had the upper part twisted 45 de-
. grees; goods thrown from shelves in stores.—F. E. Booth, manager of
Black Diamond Canning Company, in letter to F. G. Blinn.

Mill’s College.—In the seismograph record at this place there are
great loops 80 millimeters long, which appear to have been produced
by the swinging of the pendulum after the shoek. It is necessary to
give the seismograph pendulums some stability, but they are adjusted

“to swing in along period, much longer than that of the ordinary earth-
quake shock. It is evident, however, thatin an earthquake like this the
vibrations might be nearly synchronous with those of the pendulum,
which would thus be thrown into violent oscillations. In most earth-
quakes this is not likely to happen. Possibly the long loops in some of
the other seismograph records may be due to the same cause.

San Francisco.—No damage was done in the city. The newspaper
accounts seem to be exaggerated. Motion from west-northwest to east-
southeast.—dJ. B. Trembley.
¢ Time of shock in San’Francisco, 3:10:42,—Prof. Davidson.

Fort Point Light-Station.—The shock was preceded and accompanied
by a rumbling noise and lasted eight or nine seconds. The keeper felt
three shocks, the first short and light, and about fifteen seconds later

. one more distinct; a minute afterwards, the last, which was a tremor.

Doors were opened; windows and crockery rattled and people were

aroused from sleep.

Lime Point Fog-Signal Station.—Time, 3:10:32, corrected the jpre-
vious day by time-bell on Telegraph Hill, San Francisco. Lasted about
five seconds, and was accompanied with a noise like the rumbling of
distant thunder. An undulatory movement that appeared vertical.

Forest Hill.——In the Mayflower mine no sign of an earthquake at
600 or 800 feet underground. Directly over the mine the shock was
strong enough to rattle a wash-bowl against a pitcher.—S. E. Reamer,
San I'rancisco. '

San José, University of the Pacific.—Prof. Higbie sends a record
which shows about the same amount of motion as at Oakland, the
greatest oscillations being northeast and southwest.

San Franciseco.—Various reports from the San Francisco papers are
given below, the date, May 19:

At 3:12 a. m. Sunday morning a severe shock of earthquake was experienced here,
It lasted twenty seconds and was followed by peculiar shivers continuing five sec-
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ondslonger. The motion was from east to west, and the shock is said to have been the
sharpest experienced here for the past fifteen years. Half of the door-bells in the
city were set ringing, and glassware and mirrors damaged. A slight shock was also
experienced about eighteen minutes past 10 o’clock on Friday night. The motion was
also from east to west. ’

Stockton.—A heavy shock of earthquake was felt here at 3:15 this morning. It
lasted about ten seconds, with vibrations from north to south. A large number of
people hurried into thestreets. One man jumped out of a second-story window. A
number of buildings were heard to crack, but no damage has been reported.

Lodi.—The heaviest earthquake that has been felt here for twenty years occurred
at 3:15 this morning. The wave was north and south, and so severe that goods were
shaken from shelves in one of the stores here, and dishes rattied in the houses.

Antioch.—The most severe earthquake shock experienced since the famous one of .
1868 visited this place about 3:10 this morning. It shook off'the tops of many chimneys
1n the town. The vibrations were from north to south. The entire population was
aroused and many peopls in their night-gowns rushed into the streets, thinking their
houses were coming Gown. No serious damage isreported, but the harvest of broken
crockery and glassware, cracked plaster ceilings and chimneys, is abundant.

Modestor—The people of this section were awakened by a heavy shock of earth-
quake at 3:15 this morning. The vibration was from north to south and lasted sev-
eral seconds. The windows and doors rattled and chandeliers vibrated, A second
shock, less pronounced, followed ten minutes later. No damage is reported.

Napa.—The severest earthquake experienced here in twenty years occurred at 3:10
this morning. It lasted twelve seconds. No damage is reported beyond the crack-
ing of plaster. The vibrations were from west to east.

San Leandro.—The heaviest shock of earthquake felt here for years was expe-
rienced at 3:11 this morning. The vibrations were from north to south and lasted
about one minute. R

Petaluma.—This morning at 3:15 there were three distinct shocks of earthquake.
They followed each other in quick succession, the vibrations being from east to west.
The second shock was exceedingly heavy. -

Rio Vista.—This community was startled at 3:15 a. m. by the most severe shock of
earthquake since 1868, the duration of the shock being several seconds. People
jumped from their beds, chickens were thrown frow their roosts, and some chimneys
were slightly damaged. The direction was from west to east.

Newark.—The most startling earthquake experienced for many years was felt here
this morning at 3:05. There appeared to be three shocks, vibrating from east to west.

Nevada City.—Three distinct and rather heavy shocks of earthquake were felt herex
this morning at 3:30. Their direction was from west to east

Calistoga.—An earthquake occurred at 3:03 this morning. It was not remarkably
heavy, but the vibrations, which were from east to west, continued longer than those
of any earthquake feltin many years.

Vacaville.—The earthquake shock this morning at 3:10 lasted fully half a minute.
It was the most severe shock ever experienced here. The vibrations were from north-
east to southwest.

Santa Cruz.—Quite a sharp shock of earthquake was felt here at 3:20 this morning,
vibrating from west to east.

Sacramento.-—An earthquake shock was felt here at 3:10 this morning. The wave
came from the southeast and was qunite severe. No damage was done.

Mountain View.—A heavy shock of earthquake, with vibrations north and south,
was felt here at 3:10 this morning. No damage was done.

San José.—The earthquake passed through here at 3:12 to 3:14 a. m., the wave seem-
ing to pass from southeast to northwest. There was but one distinct wave, followed
by a rumbling and a backward motion, due to the reaction.

Pleasanton.—At 3:15 this worning there was felt here the worst earthquake shoclk
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since 1868. The vibrations were north and south, and continned for fifteen seconds.
They were 80 severe that buildings creaked and tottered.

Haywards.—A severe shock of earthgnake startled the people of this town and val-
ley this morning about fifteen minutes past 3 o’clock, It was strong enough to throw
many out of bed, and lasted several seconds.

Los Gatos.—Thrée sharp earthquake shocks were felt here at 3 o’clock this morn-
ing. The first wasmuch more severe than the two succeeding ones. The vibrations
were north and south.

Fairfield.—Three heavy shocks of earthquake in quick succession were felt here at
10 minutes past 3 o’clock this morning, vibrating east and west. They were the
heaviest since 1868.

‘Woodland.—There was quite a hea,vy earthquake felt here this morning at 15 min-
utes past 3 o’clock. The vibrations were from east to west, and the duration-about
fifteen seconds.

Santa Rosa.—Three distinct shocks of earthquake in close succession were felt
at 3 o’clock this morning. The vibrations were from east to west.

Tone.—Many citizens were arounsed at 3:10 this morning by an earthquake shock,
lasting several seconds. The vibrations were north and south.

Suisun.—At 3:10 this morning a severe shock of earthquake was felt here, accom-
panied by a rumbling noise.

May 26, 7:13 a. m. Central California.—Lick Obsetrvatory. A very
slight shock was recorded by the seismographs at 7:12 4 1. The ex-
treme motion of the earth’s surface did not exceed 0.5™™, The greatest
disturbance was in a north and south direction, and the vertical com-
ponent was very small. Although this shock was recorded on both
instruments, it was not felt by any one on the mountain.

. (II) Period = two seconds, hence computed intensity = 2.5 or (I).

San José and vicinity.—Not felt. San José Times.

San Francisco.—A slight shock of earthquake was felt in this city on
Sunday morning at thirteen minutes six seconds after 7. The vibra-
tions lasted but two or three seconds and were east and west. (Time
noted by Professor Davidson).

Gonzales.—A heavy shock of earthquake was felt here this morning
at 7:15. The tremor lasted half a minute and made the large buildings
quiver. The oscillation was from northeast to southwest.

Santa Cruz.—Quite a shock of earthquake occurred at 7:15 this morn-
ing, the wave being west to east.” No damage was done, the shock
being much lighter than the one a week ago.

June 2, 5:54 p. m. Humboldt Light and Fog-Signal Station.-—Was
sitting at desk down-stairs; house onsand. It lasted about seven sec-
onds. No previous voises ; but with the quake came a noise of rushing
wind or sudden gust. I would class the quake as light. It rattled
crockery, but did- not throw anything off shelves. It indicated itself
in an undulatory motion from west-southwest to east-northeast as
marked by a wicker basket suspended from the ceiling which swung
15 degrees. The pendulum clock in Light tower (pendulum 20 inches
long) stopped at 5:54 p. m. sun time by almanac; the clock faces to
west., Weather at the time : Little light wind all around compass, with
heavy overcast sky for preceding forty-eight hours. My house being
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close to the bay, I ran to thé water’s edge to observe if there was any
disturbance in the water but could not see that the qnake made any, for
the ripple at the edge remained still.—William C, Price, Light-keeper.

June 6, 4 a. m, Oakland.—A sudden shock lasting one second, fol-
lowed by a rumbling noise lasting five or six seconds (II}.—TF. G.
Blinn. A slight trace was made by the seismograph. Mount Ham-
ilton, not felt or recorded.

Juune 6, 8:30 p. m. San Bernardino.—Noticed by some persons, but
not by all. A single shock from northeast to southwest, with some
vertical motion. A few persons report rumbling noises. Times of oe-
currence vary somewhat; 8:14 given by one person. Estimated in-
tensity (111).—W. C. Parmley.

There was quite a shock of earthquake in this city last evening at’

about 8:30. The shock was accompanied by a low rumbling, and the
vibrations were northeast to southwest.—San Bernardino, California,
- Daily Times-Index, June 7.

June 9, 3:44:24 & 3 p. m. Mount Hamilton.—Very slight shock (I)
noticed by J. B. K., not by others. Vibrations lasted a few seconds.
A small record was made on the duplex seistmograph.

June 10, 7:33:7 a. m. Mount Hamilton.—Very slight shock recorded
on both se'smographs, but not felt by anybody (IT). Measurement of

. the record on the Ewing seismograph gave the following data: Dura-

tion = twenty-four seconds; maximum double amplitude (magunified)’
east and west = 0.52 millimeters; maximum double.amplitude (mag- -

nified) north and south = 0.38 millimeters ; maximum double amplitude
(maguified) vertical = very small; period of eomplete vibration =
about one-half second. Hence computed intensity is 12 or (I) of Rossi-
Forel scale.

June 19, 10 p. m. Lassen County, California, and Nevada.—This
shock, which does not appear to have been felt in the central and south-
ern parts of California, is thus described in the Susanville Advocate :

Since the 19th instant the people of Susanville, Lassen County, have felt about

seventy-five slight shocks of earthquake. The first shock occurred at 10 o'clock on
the night of the 19th, and was the heaviest ever experienced in t}lis section, The

first great shock was followed at greater or less intervals by more or less Leavy shocks

for over two hours, until twenty-eight shocks had been recorded, of which the first,
the thirteenth, the fifteenth, and the eighteenth were very severe. At thefirst shock,
which was something fearful, rocking buildings from side to side and scattering
crockery and glassware in all directions, people rushed out of houses with the cos-

tume, principally, that vature had provided for them. The vibrations were from .

south to north, but apparently did not extend much north of Susanville. The shocks
were generally preceded by distinct rumbling noises.

Chico.—A slight earthquake shock was experienced here last even- '

ing about 10 o’clock. Vibrations from east to west.
Sacramento.—At 10:12 Jast night a slight shock of earthquake was

felt here. It lasted but a few seconds, and was felt by only a few per-

sons.
Bull. 68—2

i
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Susanville.—The heaviest earthquake ever felt here occurred at 10:05
last night, succeeded by lighter shocks at short intérvals during the
entire night.

Downieville.—There was an earthquake last night at 10:07 lasting
about a minute. The weather is warm. The mercury this afternoon
marked 90 degrees. .

Grass Valley.—An earthquake was felt here at 10 o’clock last highb.
The shock was quite heavy. ‘

The following is part of a letter to the San Francisco Call:

The series of earthquake shocks that commenced here on the evening of the 19th iﬁst.
have been continued at intervals up to the present. Although the first shock was by
far the hardest, there have been a number since that have made things quite lively,
and indicating that the force that creates these commotions is active still.  Reports
from different localities within a few miles of here point to the fact that this place,
Willow Creek, and Eagle Lake appear to he the centers of the disturbances, the sur-
rounding country being less disturbed. The section named above could be inclnded
in a circle twenty-five miles in diameter. Since the firss shock some curious phe-
nomena have been developed. The spring from which the town of Susanville is
supplied with water has been largely increased in its volume of water, as also many
others in this vicinity. The ‘waters are of a milky whitness. The water of Eagle
Lake has been greatly disturbed and is quite muddy. At the south of Xagle Lake
and extending many miles is a range of high voleanic hills, covered generally with
timber and chaparral. A number of persons who were near or on these hills last Fri-
day heard loud rumblings to the west, accompanied by loud detonations like the firing
of very heavy artillery, while the earth seemed to keep np an almost uninterrnpted
trembling motioh. A slight trembling is also noticed much of the time here in town.
A farmer, who lives in Willow Creek Valley and who was at work in a large irrigat-
ing ditch at the time of one of the recent.shocks, had the water thrown out of his
ditch, so violent were the,oscillations of the earth. A chimney in the house of 8.
Kpudson, in Willow Creek, was'thrown down by the first shock. The weather con-
tinues quite warm.

San Francisco.—News from Susanville in the Sierra Nevadas says
slight earthquake shocks continue, and that the people have become
so accustomed to the constant trembling of the earth that they pay no
attention to it.—Dispatch to San Francisco papers.

Carson City, Nevada.—Prof. C. W. Friend sends a seismograph record
which shows a maximum motion of 5 millimeters (magnified four times

-about equally distributed in all azimuths.

June 20. Susanville.—A continuation of the earthquake shocks.
“There were earthquake shocks at intervils the entire day after the
first heavy shock during the night. The upper heavens were filled witl
small meteors.”—San Francisco Chronicle, June 22, '

June 20, p. m. University of the Pacific, San José.—The seismograph
record shows vibrations of about 3 millimeters in an east and west di-
rection and 1.5 millimeters in a north and south direction (both mag-
nified). ’ :

June 24, about 4 a. m. University of the Pacific, San José.—The
record sent by Prof. Higbie indicates a shock of about the same in-
tensity as the preceding one, and with vibrations in about the same

direction.
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.June23,3a.m. Ban Diego.—* Dr. Eigenmann reports an earthquake
at San Diego at 3 a. m., June 25.” West American Scientist, August.
Carson City, Nevada.—A seismograph record, marked ¢ during night,
June 25-26,” is sent by Prof. Friend. The vibrations are west-north-
west and east-southeast, and indicate a shock of intensity (I1I).

June 27-28, during night. Carson City, Nevada.—A silight shock
recorded, with vibrations in same direction as the preceding one.

June 30, between 8 and 10 a. m.—Carson City, Nevada.—(II) or (ILI).
C. W, Friend. ’

July 2-3, during night. Carson City, Nevada.—Slight shock recorded
(11 ?). '

July 4, 8:05 a. m. Carson City, Nevada.—8light shock recorded.
About the same as the preceding.

July 4-5, during night. Carson City, Nevada.—Record larger than
the last, but pen did not return to starting point. Magnified motion
perhaps 3 millimeters.

July 6-7, during night. Carson City, Nevada.—Record shows (mag-
nified) motion of 4 millimeters in direction west-northwest and east-
southeast.

Jduly 9-10, during night. Carson City, Nevada.—Light shock. In all
these records the principal motion is west-northwest and east-south-
-east.

July 10, and preceding days. Arroyo Grande, San Luis Obispo
County.—The following report is from the San José Times:

The territory around Los Olivos has been troubled with au carthquake the past few
days. Sunday there were six distinct shocks, one of which rattled the dishes off the
shelves. The hardest shock took plaee at 3 o’clock this morning. The droggist at
Santa Ynez has removed his bottles from the shelves to the floor. Four years ago a

burning volcano was reported at Lookout Mounta,in, on the south side of Santa Maria
valley, which was decided to be a burning asphalt bed.

July 25, 10:8 p. m. Mount Hamilton,—Sharp shock. Rattled pict-
ures on the wall. Time, 10:8:2 (V).—E. S. H. A light, quivering
shock, followed by a severe shock, shaking the obgervatory building,
at 10:7:59.—E. E. B. Time, 10:7:59.—J. M. S. Time, 10:7:58.—C. B.
Hill. Generally felt by those on the mountain who were awake and
not engaged in some occupation which would disturb the attention. It
did not seem to me as strong as others we have had (IV)—J. E. K.

Record obtained on both seismographs. The Ewing machine shows
maximum {magnified) double amplitude = one millimeter in north and
south direction, with period = one-third second. Corresponding east
and west motion very small, and vertical component hardly percept-
ible. The vibrations are almost indistinguishable at fifteen seconds after
the time of starting of the plate. The duplex pendulum record agrees
well with this, but shows a slightly greater amplitude (magnified four
times, about 2 millimeters). The computed intensity is 53 or R-F.
(II-III).

July 31, 4:46:45 a. m. Central California. - Mount Hamilton.—Shock
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wakened sleepers. Time 4:46:45 a. m. (V).~E. 8. H. Awakened from
sleep. Time, as nearly as could be asecertained, 4:46:50 a. mn.—J. Ii. K,

Measurement of the record made by the Ewing seismograph gives the
following data:

Extreme duration, 30 seconds.

Greatest motion, north and south (double amplitude), 1.3 millimeters
(magnified).

Motion east and west, a little less.

Vertical motion very small.

. Period of wave = about 0.3 second.

Computed intensity = 88 == (I'V +).

The duplex pendulum seismograph gave a record in close agreement
w1th the above. )
< .Mare Island Light Station.—Time 4:48, navy-yard time.—Was
awakened from a sound sleep and took my wateh and marked the time
before the trembling subsided. There was a rattling of bowls and
pitchers. I felt two shoeks: that is, one that was continuous and a
suddeh heavier impetus in the midst of the general shaking. It was
sharp, severe, and quick, and more vertical than that of May 19,
Kate C. McDougal, light-keeper. .

Santa Cruz Light Station. Time, 4:45, standard time.—There seemed
one tremulous shock lasting about three seconds.—Laura J. I'. Hecox,
light-keeper.

Fort Point Light Station. Time, 4:47.—There was one shock lasting
about twelve seconds, an undulating movement from east to west, unaec-
companied by noise. The clock in the tower almost stopped but recov-
ered itself. It faces south-southeust.

Oakland,—The shock appears to have been very much wmore severe
than at the Lick Observatory. The magnified record at the Chabot
Observatory shows irregular vibrations distributed in all azimuths over
a circle about 8 millimetersin diameter, with irregular loops running out
about 18 millimeters from the center. These may be due to swinging
of the pendulum. Time, 4:45:30. Duration, twenty seconds. The pier of
the 8-inch equatorial telescope was cracked near the top, where it was
40 by 15 inches in cross-section, and the south side was shifted one-
sixteenth inch toward the east, the north sule remaining in position.
The pier is of brick. The ferry clock at the foot, of Market street, San
Francigco, stopped at 4:47:20. (Error 4 3 seconds) The clock in the
ferry-house at Oakland pier stopped 4:46:30; error unknown.—C. Burck-
halter. ’

East Oakland.—At Mr. Blinw’s observatory the record showed-an
indistinguishable mass of lines about 4 millineters in diameter, with
many loops roughly distributed over a eircle about 18 millimeters in
diameter, and finally a number of great loops extending as much as 35
millimeters from the center. The last are certainly due to swinging of
the pendulam. They extended mostly in an east and west direction.
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Fully (VI). F.G.B. Timeabout 4:47. ' A fresh plate was subsituted
immediately after the heavy shock, but the two subsequent lighter
shocks made no record, and I did not feel them. They are described as
being vertical and momentary.—F. G. Blinn.

The first shock awakened me at 4:46:34, which must have been very
nearly the time of beginning of the earthquake. Time of ending noted
by Mr. A. 8. Ireland at 4:46:45. The second shock occurred at 4:54:59,
and was quite slight, lasting only about three seconds. The correction
of my watch was determined by transit observations by Mr. Blinn,
shortly after the shocks occurred.—Wm. Ireland.

Oakland.—The first shock seemed to be from northeast to southwest,
and was attended by three distinet, loud, sharp reports, followed by a
rattling noise which gradually died away in the distance. No vibra-
tion of pendant objects, but rattling of windows for a longer time than
I had ever before noticed.—J. B. Trembley.

Berkeley.—At the University observatory a diagram was obtained
showing the effect of both shocks. The greatest oscillations are in an
east and west direction. (About 13' millimeters, magnified, but the
pen did not return to the starting point, stopping about midway on the
diagram. The greatest motivon is perhaps 6 millimeters.) Time, 4:47
a. m.—Prof. Soulé.

San Francisco.—Time, 4:46:3S.—Prof. Davidson.

Carson City, Nevada.—~The earthquake of July 31 was not felt here.
The seismograph did not show a trace.—(C. W, Friend.

Reports sent to the San Francisco papers follow, all dated July 31:

San José.—There was a heavy shock of earthquake at 4:45 this morning, the heaviest
in seven years. No damage was done, and there wasno excitement. The oscillations
appeared to be north and south.

Oakland.—The earthquake was quite severely felt in Oakland yesterday morning.
The shock was very sharp, but little damage was done.

At the students’ observatory at Berkeley the shock was registered as occurring at
4:47 o’clock in the morning and lasting fifteen seconds. The vibration wasfrom north
of west to south of east. It was followed by three slight ones at short intervals.
Prof. Frank Soulé says that this was the most severe earthquake that he has experi-
enced since he came to California, in 1869. He classes it as sixth in the Rossi-Forel
scale—that is, one that throws down chimneys and small articles.

Sacramento.—There was no earthquake here this morning.

Napa.—An earthquake shock was felt here at 4:45 this morning, It was preceded
by tremors which continued about six seconds, and the shock which followed was
quite heavy, lasting fourseconds. The vibrations were northand south. No damage
was done.

Petaluma.—Two heavy shocks of earthquake visited us this morning at 4:45 o’clock.
The vibrations were from cast to west. The weather is warm aud sultry.

Martinez.-——There was a severe shock of earthquake here at 4:50 o’clock thls morn-
ing, lasting several seconds. No damage donc as far as heard from,

Gilroy.—There was a slight shock of earthquake here at 5 o’clock this morning.

Santa Cruz.—An earthquake was felt here at 4:50 o’clock this morning, lasting sev-
eral seconds. The vibrations were west to east.

Centerville.—Two heavy shocks of earthquake occurred here this morning at 4:47
o’clock of about twenty-five seconds’ duration. The vibrations were east and west.
No damage has been reported as yet.
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Los Gatos.—A severe earthquake shock was felt this morning at 4:50 o’clock. The
wave was east to west. Houses creaked, glass rattled, and many were awakened
out of a sound sleep. Considerable alarm was felt.

Santa Rosa.—A sharp earthquake was felt here at 5 o’clock this morning, lasting
about five seconds. The vibrations were southeast to northwest.

Benicia.—The extremely warm wcather of the past three days was succeeded by
three distinet shocks of earthquake at 4:30 o’clock this morning. The first shock was
quite strong and lasted several seconds, and was followed by two lighter ones. The
vibrations seemed to be north and sonth. )

Newark.—A severe shock of earthquake was folt here this morning at 4:45 o’clock.
The vibrations were from north to south and the duration was about ten seconds.

Concord.—At 4:40 o’clock this morning a sharp shock of earthquake was felt, sue-
ceeded by a tremble that lasted fully two minutes. The direction of the shock was
southeast to northwest ; duration, thirty seconds. At about 3 2. m. a light shock
was felt, In the night also another. ‘

San Leandro.—The heaviest shock of earthquake since the one of October, 1868,
occurred at 4:46 o’clock this morning. A low rumbling sound preceded the first and
heaviest shock, which lasted about one and a qnarter minutes. The first half minute
the oscillations were light and easy. Then for a qnarter of a minnte they were
heavy, after which they gradually becamne less and less. Ten minutes after the first
shock another slight shock was felt, and six minutes later another. The oscillations
were from north to south. The damage includes one chimney thrown down and
some crockery brokemn.

6:19:39 p. m. Oakland.—Slight shock (I) momentary.—F. G. Blinn,

August 7, 3:43:11 p. m. Mount Hamilton.—Very slight shock suos-
pected by E. S. H. (1%).

August 13, 4:43 a. m. Oakland.—Sufficient to awaken a few sleep-
ers (1L, IV %), Appears to have been very local in character, and con-
fined to Alameda and Central, and West Oakland, as it was not felt in
San Francisco or East Oakland.

August 23, 2:32:46 p. m. Mount Hamilton. —Very slight shoek., Felt -
by some persons and not by others in the same room ; time, 2:32:46, E.
S. H. Time, 2:32:48—J. M. S. Ewing machine not started. Very
small record on the duplex pendnlum seismograph (I).

August 27, 6:15 p. m. Southern California.——Not felt at Mount Ham-
ilton. The following are dispatches to the San Francisco papers:

Pomona.—This evening at 6:15 the most severe earthquake shock that has been felt
in this locality for fifteen years was observed. Taere were two distinct shocks, accom-
panied by a peculiar noise that sounded as though houses and buildings were falling.
The shocks were about a second apart. Several people were thrown to the floor and
nearly every one ran out of doors in a moment. Dishes were rattled from shelves,
and in the stores goods were thrown down on the floor. Many windows were cracked
and broken and buildings shook, but no damage was done to them. At the Pomona
Progress office the type was pied, and at the Hotel Palomares glassware and crockery
was broken.

Los Angeles.—A sharp shock of earthquake occurred here at 6:13 this evening. It
began with a light tremor, which lasted a few seconds. Then the vibrations grew
stronger and ended with two heavy shakes. The entire duration of the disturbance
was about ten seconds. (locksstopped and ceilings eracked. Much alarm prevailed
for g time and many people ran into the streets. So far as now known no damage
was done, but the guake was the most severe experienced here in many years.

Santa Apna.—Two very marked shocks of earthquake occurred here this afternoon
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at 6:12. The vibrations were from southwest to northeast and followed each other
in quick succession. Crockery rattled, chandeliers and swinging signs vibrated, and
people in the second and third stories of bnildings were considerably frightened in
somo cases, The quaking continned for seven seconds, but no dawmage whatever
resulted.

Santa Monica.—There was an earthquake here at 6:16 p. m., lasting eight seconds.
It was very noticeable iu all buildings, but not strong enough to do any damage.
The vibrations were from north to south. It was thoe first known here for many
years.

Pasadena.—A very perceptible earthquake shock was observed in this city at 6:20
p. m., lasting from five to six seconds. Dishes on the dinner-tables were shaken and
some were broken.

San Bernardino.—¢ Quite a distinet shock of earthquake was felt in
this city last evening at about 6:15. The vibrations lasted several sec-
onds and wers from east to west.”—San Bernardino Times-Index, Au-
gust 28,

Alight shoek (IIT). Time noted by George Jordan, jeweler, at 2:12:20
p. m. Clock one minuate fifteen seconds slow by Signal Office signals,
hence Pacific Slope time = 6:13:35, A slight rambling noise before the
shock is generally reported. The shock is deseribed as a single impulse,
lasting but one or two seconds, but reports disagree as to direction of
the vibration.——W. . Parmley.

September 24, 8 a. m.—Reported in San Francisco papers:

Napa.—There was a slizht earthquake at 8 o’clock this morning.

Winters.—There was a slight shock of earthquake here this morning just Lefore 9
o’clock. The direction of the shock was from west to east.

Woodland.—Quite a heavy earthquake was felt here to-day at 8 o’clock this morn-
ing. There were two distinot vibrations and they were from north to south.

Septewber 29, 8:10 p.m. Wawona.—Theke were heavy shocks of earthquake at 8:10
Sunday night and at Yosemite followed by two lighter ones. The vibrations were
east and west and lasting twenty-two seconds. Other light shocks were reported at

- Yosemite. A special dispatch from J. H. Lawrence, at the Big Tree Grove, says there
was a severe shock of earthquake at 9:30 Sunday evening, continuing about twenty
seconds. The vibration was distinctly east and west, accompanied by a rumbling .
noise resembling a heavy train of cars crossiug a bridge, followed by two lighter
shocks. Hollow logs and trees oscillated.

Rancho Laguna de Tache, Kingsburg.—A slight shock in section 29,
T. 17 8., R. 21 E,, at 9:20 p. m.—S8. C. Lillis.

September 30, 12:17:30 p. in,—Kingsburg, same place as above. A
slight shock.—S. C. Lillis.

October 24, 7:20 a. m. East Oakland.—Tracing obtained with seis-
mograph shows (magnified) vibrations of about 1.6 millimeters. The
pen did not return to the starting point. Light shock (II) noticed by
several persons. Time noted by Mr. Ireland at 7:19:45 (wrongly given
in the Oakland papers as 7:15). TFelt by one or two persons in Qak-
land and Alameda.—F. G. Blinn. .

November 14, 6:54 p. m. San Lorenzo.—The telegraph operator re-
ports an earthquake at above time. HEast Oakland. The seismograph
record shows a (magnified) motion of 1 millimeter. The shock was
not felt here by anybody.—F. G. Blinn. ' "
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November 15, 7:55 p. m.—East Oakland.—A slight shock (II) felt by

, three persons in the vicinity, No record on seismograph, hence motion

was probably vertical. The shoek was felt in San Francisco, and
noticed in the daily papers.—F. G. Blinn.

Healdsburg.—¢ A very severe shock of earthquake was felt in this
city last night at 7:55. 1t was the heaviest experienced here in many
years.”—Dispatch to San Francisco papers.

December 2, 6:30 p. m.—East Oakland.—The seismograph record
(magnified) shows a number of nearly circular tracings about two mil-
limeters in diameter, inclosing short irregular lines in different azimuths.
The time was noted by a neighbor, as I was not at home when the
shock oceurred.—F. G, Blinn,

The present bulletin is to be regarded as little more than a list of re-
ported earthquakes in California in 1889 and a collection of such data
as are available for estimating the intensities of the different shocks.
Aeccurate observations of earthquakes are difficult to obtain, as the in-
stroments employed require some gkill in the observer and a certain
amount of attention to be always in working condition. The sensa-
tions experienced during an earthquake shock vary greatly for different
persons, and descriptions based on the feelings alone are apt to be ex-
tremely unreliable, It is hoped, however, that other stations provided
with suitable instruments can be established in different parts of the
State, and that eventually sufficient data can be accumulated for a
more complete study of earthquake phenomena on the Pacific coast
than the material now available would permit.
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ADVERTISEMENT.

[Bulletin No. 68.]

The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

‘“Thepublications of the Gevlogical Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and classification ot the lands, and reports upon general
and economic geology and paleontology. The annual report of operations of the Geological Survey
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports
of said Survey shall be issued in uniform quarto series it deemed necessary by the Director, but other-
wise in ordinary octavos. Three thousand copies of each shall be published for scientitic exchanges
and for sale at the e price of publication ; and all literary and cartographic materials received in exchange
shali be the property of the United States and form a part of the library ot the organization: And the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.” .

On July 7, 1882, the t‘ollowingjomt resolution) referring to all Government publications, was passed
by Congress:

““That whenever any document or wport shall be ordered printed by Congress, thereshall be printed,
in addition to the number in each case stated, the 'usual number’ (1,900) of copies for binding and
distribution among those entitled to receive theii.”

Exceptin those cases in which an extra number of any publication has been supplied to the Survey
oy special resolution ot” Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL REPORTS.

I, First Annual Report of the United States Geological Survey, by Clarence King. 880. 8°. 79 pp.
1 map.—A preliminary report describing plan of organization and pablications.

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
8o, Iv, 588 pp. 62 pl. 1 map.

IIT. Third Annual Repott of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883,
8o, xviii, 564 pp. 67 pl. and maps.

IV. Fourth Annual Repmt of the United States Geolovmal Survey, 1882-'83, by J. W. Powell. 1884.
8¢, xxxii, 473 pp. 85 pl. and maps.

V. Tifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885,
82, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80, xxix, 570 pp. 65 pl. and maps.

VII Seventh Annual Reportof the United States G—eoloawal Survey, 1885-'86, by J. W. Powell. 1888
80, xx,656 pp. 71 pl. and maps.

VIII Eighth Anuual Reportof the United States Geological Survey, 1886-'87, by J. W, Powell. 1889,
80. 2v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1.475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United Statei Geological Survey, 1887-'88, by J. W. Powell. 1889.
8o, xiil, 717 pp. 88 pl. and maps.” .

The Tenth and Eleveunth Annual Reports are in press.

MONOGRAPHS.

1. Lake Bonneville, by Grove Karl Gilbert. 1890. 4° =xx, 438 pp. 51 pl. 1 map. Price $1.50.
II. Tertiary History of the Grand Caiion District, with atlas, by Clarence E. Dutton, Capt. U. 8. A.
1882 40, xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price$10.12.
' 1IL. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882.
40, xv,422pp. 7pl andatlas of 21 sheets folio. Price $11.00.
1V. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.
I



II ADVERTISEMENT,

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. =xvi, 464 pp.
151. 29 pl. and maps. I'rice $1.85.

VI Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05.

VIL Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884, 4°. xiii, 200 pp. 16
pl. Price $1.20. - )

VIIL. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 298 pp.
241. 24 pl. Prile $1.10.

1X. Brachiopoda and Lamellibranchiata of the Raritan Clays and Gyeensand Marls of New Jersey,
by Robert ’. Whitficld. 1885. 40, xx,338 pp. 35pl. linap. Price $1.15.

X. Dinocerata. A Monograph of an Extinet Order of Gigantic Mammals, by Othniel Charles Marsh.
1886., 4°. xviii, 43 pp. 561. 56 pl. Price $2.70

XT. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885, 4°. xiv, 288 pp, 46 pl. and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 4°. =xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $5.40.

XIIT. Geology of the Quicksilver Deposits ot the Pacific Slope, with atlas, by George F. Becker.
1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishesand Fossil Plauts of the Triassic Rocks of New .Jersey and the Connecticut Val-
ley, by John 8, Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00.

XV. The Potomac or Younger Mesozoic IFlora, by William Morris Fontame 1889. 4°. xiv, 377
pp. 180 pl. Text and plates bound separately. Trice $2.50.

XVI. The Paleozoic Fishes of North Awerica, by John Strong Newberry. 1889. 4°. 340pp. 53 pl.
Price $1.00. .
In preparation : -

— Gasteropoda of the New Jersey Cretaceous and Eocene Marls, by R. P. Whittield.

— The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving and
C. R. Van Hise.

— Mollusea and Crustacea of the Miocene Tormations of New Jersey, by R. P. Whitfield.

~— Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux.

— Geology of the Eurcka Mining District, Nevada, with-atlas. by Arnold TTague.

— Sauropoda, by O. C. Marsh.

— Stegosauria, by 0. C. Marsh.,
" — Brontotheridz, by 0. C. Marsh.

— Report on the Denver Coal Basin, by 8. F. Emmona.

— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by 8. F, Emmons.

— Flora of the Dakota Group, by J. S. Nowberry.

— The Glacial Lake Agassiz, by Warren Upham.

— Geology of the Potomac Formation in Virginia, by W. M. Fontaine.

BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geological Sketch of Butfalo Peaks, Colorado, by 8. F. Emmons. 1883, 8°. 42pp. 2pl. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., com-
puted by Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents.

3. On the Fossil Faunasof the Upper Devonian, along the meridian of 76° 30’, from Towpkins County
N. Y., to Bradford County, Pa., by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9pl. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884, 8°. 325 pp.
Price 20 cents.

6. Elevations in the Domimion of Canada, by J.'W. Spencer. 1884, 8°. 43 pp. Price 5 cents.

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752-1881, in geographic and chrouologic order, by Jules Marcou and John Belknap Marcou. 1884.
8°. 184 pp. Price 10 cents,

8. On Secondary Enlurgements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 8°. 56pp. 6 pl. Price 10 cents.

9. AReport ol work donein the Washington Laboratory during the fiscal year 1883-’84, T. W. Clarke,
chief chemist. 'I'. M. Chatdrd, assistant chemist, 1881, 8°. 40 pp. Price 5 cents.

10. Oun the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcotit.
1884. 8°. T4 pp. 10 pl. DPrice 5 cents.

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of Naw Forms, by
R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. X.
Gilbert. 1884, 8°. 66 pp. 6pl. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884, 8°
34pp. 3pl. Price5cents. :
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13, Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8. 135 pp. Price 10 cents.

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent
Strouhal, 1885. 8°, 238 pp. Price 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885, 80,
33pp. Price5 cents. ’

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°.
86pp. 3 pl. Price5 cents.

17. On the Development, of Crystalhza,tmn in the Igneous Rocks of Washoe, Nevada, wnth Notes on
the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°, 44 pp. Price 5 cents.

18. On Maiine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America,
by Charles A. White. 1885. 8°. 26pp. 3pl. Price5 cents.

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 centa.

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-
brand. 1885. 8°. 114 pp. 1pl. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Reporton the Region between theGrand and Mo.
reau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16pp. 5pl. Price 5 cents.

22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°, 25pp. 5pl. Price
5 cents.

23. Observations on ihe Juuctlon between the Eastern Sandstone and the Keweenaw Series on
Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl.
Price 15 cents.

24, List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall,
1685. 8°. 836 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885. ¥°. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price10 cents.

27. Report of work done in the Division of Chemlstr\ and Physics, mainly during the fiscal year
1884-'85. 1886. 8°. 80 pp. Price 10 cents.

28. The Gabbrosand Associated Horublende Rocks occurring in the Neighborhood of Balthmore, Md,
by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents.

29, On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886.
8. 41 pp. 4 pl. Price 5 cents.

30. Second Contribuation to the Studies on the Cambrian Faunas of North America, by Charles Doo-
little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents.

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-
mids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents.

32, Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert
C. Peale. 1886. 8°. 233 pp. Price 20 cents.

33. Notes on the Geology of Northern California, by J. 8. Diller. 1886. 8°. 23 pp. Price 5 cents.

34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene
and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents.

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886, 8°, 62
pp. Price 10 cents.

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 centa.

37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. DPrice 25 cents.

38, Peridotite of Elliott County, Kentucky, by J. 8. Diller. 1887. 8°. 3L pp. 1pl. Price 5 cents.

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°. 84
pp. 1pl. Price 10 cents.

40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 80,
10 pp. 4pl. Price 5 cents. ’

41. On the Fossil Fannas of the Upper Devonian —the Genesee Section, New York, by Henry S
Williams. 1887. 8°. 121 pp. 4pl. Price 15 cents.

42. Report of work donein the Division of Chemistry and Physics. mainly during the fiscal year
1885-'86. ¥. W. Clarke, chief chemist. 1887. 8. 152pp. 1pl. Prico 15 cents.

43, Tertiary und Cretaceous Strata of the Tuscaloosa, ‘Tombigbee, and Alabama Rivers, by Eugene
A.Smith and Lawrence C. Johnson. 1887. 8. 189 pp. 21 pl. DIrice 15 cents.

44. Bibliography of North American Geology for 1886, by Nelsou H. Darton. 1887. 8°. 35 pp.
Price 5 cents.

45, The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. §°. o4
pp. Price 10 cents. .

46. Nature and Origin of Deposits of. l’hosphate of Lime, by R. A. F. Penrose, jr., with an Introdue-
tion by N. S. Sbaler. 1888. 8°. 143 pp. Price 15 cents.

47. Analyses of Waters of the Yellowstone Nationa! Park, with an Account of the Methods of Anal-
syis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84 pp. Price 10
centa.
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48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88 pp.
Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert
Simpson Woodward. 1889. 8. 133 pp. Price 15 cents. v

50. Formulas and Tables to tacilitute the Construction and Use of Maps, bV Robert Simpson Wood-
ward. 1889. 8°. 124 pp. Price 15 cents.

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889, 8°. 102 pp.
14 pl. Price 15 cents.

32. Subadrial Decuy of Rocks and Origin of the Red Color of Certain Formations, by Israsl Cook
Russell. 1889. 8°. 65 pp. 5pl. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8, 55pp. 10 pl. Price 10
cents.

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 313 pp.
incl.1 pl. 11 pl. Price 25 centa,

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1886-'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°, 96 pp. Price 10 cents.

_ 56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°, 72 pp.
7 pl. Price 10 cents.

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49pp. 2pl
Price 5 cents.

58. The Glacial Bounndary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois. by George
Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. 8°. 112pp. incl
1pl. 8pl. Price 15 cents.

59, The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp.
1pl. Price 10 cents.

60. Report of work done in the Division of Chemistry and Physics, mamly during the fiscal year
1887-'88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Xrice 15 cents.

61. Contributions to the Mineralogy of the Pacitic Coast, by William Harlow Melville and Waldemar
Lindgren. 1890, 8°, 40 pp. 3 pl. Price 5 cents.

62. The Greenstone Schist Arcas of the Menominee and Marquette Regions of Michigan; a contri.
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Williams;
with an introduction by Roland Duer Irving. 1890. 8. 241 pp. 16pl. Price 30 cents.

63. A. Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American
species and a systematic arrangement of genera, by Anthony W. Vogdes. 1890. 8°. 177 pp. Price
15 cents.

64. A Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1888-'89, F. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents.

66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence
of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Trice 5 cents.

67. The relations of the Traps of the Newark System in the New Jersey Region, by Nelson Horatio
Dartor. 1890. 8°. 82 pp. Price 10 cents.

68. Earthquakes in California in 1869, by James Edward Keeler. 1830. 82 25pp. Price 5 cents.

69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890.
80, 101 pp. Price 15 cents.

70. Report on Astronomical Work of 1839 and 1890, by Robert Simpson Woodward. 1890. 8°. 79 '

pp. Price 10 cents.

In press:

65. Comparative Stramgmphy of the Bituminous Coal Rocks of the Northern Half of the Appala-
chian Field, by I. C. White.

71. Index to the Known Fossil Insects of the World, by Samuel Hubbard Scudder.

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham.

73. The Viacosity of Solids, by Carl Barus,

74. The Minerals of North Carolina, by F. A, Genth.

75. A Record of North American Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton.

76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett.
In preparation:

— Mesozoic Fossils in the Permian of Texas, by C. A. White.

— A Late Voleanic Eruption in Northiern California and its Peculiar Lava, by J. S, Dlller

— The Compressibility of Liquids, by Carl Barus. .

— The Eruptive and Sedimentary Rocks on P]geon Point, Minnesota, and their contact phenomena
by W. 8. Bayley

— A Bibliography of Paleobotany, by David Whlte \
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STATISTICAL PAPERS.

Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883. 8°. xvii, 813 pp. Price
50 cents. .

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 80, xiv, 1016
pp. Price 60 cents.

Mineral Resources of the United States, 1885. Division of Mining Statistics and Techuology. 1886,
80, vii, 576 pp. DPrice 40 cents.

Mineral Resources of the United Siates, 1886, by David [, Day. 1887. 8o. viii, 813 pp. IPrice 50
cents.

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832 pp. IPrice 50
cents. '

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°. vii, 652 pp. Price 30
cents. - -

The money received from the sale of these publications is deposited in the Treasury, and the Secre-
tary of the Treasury declines to receive bank checks, drafts, or postage stamps; all remittances, there-
fore, must be by roSTAL NOTE or MONEY ORDER, made payable to the Librarian of the U. S. Geological
Suarvey, or in CGRRENCY, for the exact amount. Correspondence relating to the publications of the

Survey should be addressed
To THE DIRECTOR OF TIUE

UNITED STATES GEOLOGICAL SURVEY,
W ABHINGTON, D. C.
WasHINGTON, D. C., November, 1890.



