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ANIAKCHAK CRATER, ALASKA PENINSULA. 

The discovery of a gigantic crater north- 
west of Aniakchsk Bay (see fig. 11) closes 
what had been thaught to be a wide gap in the 
extensive series bf volcanoes occurring at 
irregular intervals for nearly 600 miles along 
the axial line of the Alaska Peninsula and the 
Aleutian Islands. In  this belt there are more 
active and recently active volcanoes than in all 
the rest of North America. Exclusive of those 
on the west side of Cook Inlet, which, how- 
ever, belong to the same group, this belt con- 
tains at least 42 active or well-preserved 
volcanoes and about half as many mountains 
suspected or reported to be volcanoes. The 
locations of some of these mountains and the 
hot springs on the Alaska Peninsula and the 
Aleutian Islands are shown on a map prepared 
by G. A. Waring.' Attention has been called 
to these volcanoes for nearly two centuries, 
but a record of theiraactivity since the dis- 
covery of Alaska is far from being complete, 
and an adequate description of them as a 
group has never been written. Owing to 
their recent activity or unusual scenic beauty, 
some of the best known of the group are 
Mounts Katmai, Bogoslof, and Shishaldin, 
but there are many other beautiful and in- 
teresting cones and craters. 

Aniakchak Crater (Pls. XLI, S I I )  was dis- 
covered in August, 1922,= by a United States 
Geological Survey party, in charge of R. H. Sar- 
gent, topographic engineer, in the course of a 
reconnaissance topographic and geologic survey 
of the country west of the Aleutian Mountains 
between Wide and Aniakchak bays. The first 

' 

evidence of an ancient volcanic eruption in the 
di8trict was observed 30 miles northeast of the 
crater, in the form of thin deposits of fine ash 
concentrated in small depressions on the hill- 
sides. As the work progressed southwestward 

U. S. Qeol. Survey Water- 
Supply Paper 41% pl. I, 1917 

W .  French, an engineer, 
but no report of the dis- 

the deposits of volcanicash became more numer- 
ous and the materialcoarser. Along Ray Creek, 
18% miles from the crater, pieces of scoria and 
fine ash had consolidated and subsequently 
been cut by the stream until vertical walls 
stand 6 to 12 feet high on both banks. (See 
P1. XLIII, A, B.) The floor of the broad 
valley of Cinder River was found to ' ~ e  entirely 
covered by volcanic ejecta, but the source of 
the ,material was not discovered until the 
summit of Elephant Mountain was occupied 
by Mr. Sargent and the writer. Prior to the 
view of the crater, however, locations on the 
topographic map of a group of peaks in the 
distance had assumed the form of a circle, but 
the reason of the arrangement was not sus- 
pected. 

Aniakchak Crater is 24 miles northwest of 
Aniakchak Bay, approximately in the central 
part of the Alaska Peninsula, on the divide 
between the Pacific Ocean and Bering Sea. 
Although there are no trails, the district is 
easily accessible from either side of the penin- 
sula. Aniakchak River, the largest stream on 
the peninsula flowing into the Pacific Ocean, 
rises within the crater and breaks through the 
east side of the rim in a narrow and pictur- 
esquely castled canyon which has been named 
"The Gates" (PI. XLIII, C), from two long, 
nearly symmetrical mountain spurs that di- 
verge from the canyon, one on each side of the 
river, and inclose the upper valley. The 
crater is nearly circular in outline and has a 
maximum diameter of 6 % miles and a minimum 
diameter of a little over 594 miles. The lowest 
part of the crater floor is 1,100 feet above sea 
level and contains Surprise Lake, a body of 
water with an area of 2 square miles. The 
walls are well preserved and rise almost ver- 
tically in places to altitudes of 1,200 to 3,000 
feet above the bottom of the crater. A large 
truncated cinder cone, the summit of which is 
2,200 feet above Surprise Lake, occupies the 
south-central part of the area inclosed within 
the crater rim. 
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its position is indicated On the map of Alaska I 4 s,,,ith. W. R.. snd Baker, A. A,, The cold ~ a y - ~ h i g n i k  district: 

The crater was f i s t  mentioned without a 
name by R. F. Griggs in a book that was 
printed shortly after the return of Mr. Sar- 
gent's party. Under the name "Old Crater" 

published by the Survey in 1923. U. 8. a&. ~ u r v e ;  BUU. 755, p. 157, 1924. 
8 Qrewingk, Constanti, Beitdge zur Kentniss der orographischen description of the crater Was ,,, ~ ~ m m t ~ h e n  Baschaflenheit der ~ord-west Kuste Amerikas, 

report ' on the geology of the district. In  a 
chronologic account of observed volcanic ao- 
tivity in Alaska, Grewingk gives the geo- 
graphic position of Veniaminof volcano as 

~. - .~ I 2; den anliegenden Inseln (with geologic and other maps), St. Peters- 
8 The Valley of Ten Thousand Smokes, p. 85. footnote, 1022. 1 burg, 1850. 
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latitude 56' and longitude 158" to 159'. 
This position is rather close to that of Aniak- 
chak Crater, which is latitude 56' 45' and longi- 
tude 158' 9', but from the short account given 
it is quite evident that Grewingk meant the 
volcano known a t  present as Veniaminof, lati- 
tude 56" 17' and longitude 159' 15', and not 
Aniakchak Crater. Although the Russian 
scientists and travelers recorded many inter- 
esting and valuable observations regarding the 
volcanoes of Alaska Peninsula, they made no 
mention, so far as known to the writer, of the 
immense crater discovered in 1922. I t  is quite 
probable that some of the Russian fur hunters, 
or perhaps a prospector or trapper of more 
recent days, came across the crater but either 
failed to recognize it as such or failed to report 
it. Inquiries were made of the inhabitant? of 
Ch.lgnrk, the nearest settlement, and of local 
trappers, all of whom knew nothing about the 
crater. The present paper is based on observa- 
tions made by the writer during a few hours. 
Time was not avdable to determine the age of 
the crater or the exact manner in which it was 
formed. 

The observer at  a distance would not suspect 
the existence of a huge crater within the cluster 
of rather gentle peaks which are separated from 
the other mountains of the district by broad 
level areas. The valleys of Meshik and Aniak- 
chak rivers west of the crater are in general 
less than 200 feet above sea level. The boldest 
portion of the outer rim of the crater is along 
the east side of the mountains, where cliffs rise 
abruptly from the tributary valleys of Aniak- 
chak and Meshik rivers. Over these precipi- 
tous cliffs many streams cascade from the 
glaciers near the summit of the rim. One of 
these streams ha$ a vertical fall of at  least 1,000 
feet. The west and north sides of the rim 
slope more gently away from the crater and 
are covered to a great depth by ash and cinders. 
Gullies 30 feet deep on these slopes do not 
expose the solid rock beneath but show rudely 
stratified layers of ash and large lava and scoria 
boulders 4 feet and less in diameter. 

The panoram4 of the crater (Pl. XLI) con- 
veys a rather podr conception of its magnitude, 
owing to the large size of the area inclosed 
within the proportionally low rim and to the 
absence of an object of known dimensions. 
However, the greatest length of Surprise Lake 
visible in the photograph is 2% miles, and the 

small cones near the upper end of the lake rise 
about 200 feet above the floor of the crater. 
The summit of the large cinder cone is 4% 
miles from the point at which the picture was 
taken; the mountains beyond the cone are 6 
miles from the observer. The inner wall is 
abrup t-at places nearly vertical-and so far 
as known it can not be easily descended except 
just north of The Gates. A view of Black 
Nose (Pl. XLIV, A), the peak immediately 
south of The Gates, taken from a cinder ridge 

I within the crater, gives an idea of the steepness 
of parts of the inner wall. The south side of ' the crater rim affords a gathering ground for 

I the snow, and here vigorous alpine glaciers 
have been formed on the steep slopes. Evi- 
dence of slumping along the inner wall was not 
noted except for several talus slopes in the 
canyon of Aniakchak ~ i v i r  and near the base 
of Black Nose. The circumference of the crater 
is nearly 19 miles. The rim is broken in two 
places-the sharp notch through which Aniak- 
chak River flows and a depression on the west 
side which was not seen in 1922 but has been 
reported by M. W. Taylor, of Seattle, who 
visited the crater in 1923. On the south side 
the highest point on the rim is 4,200 feet above 

I sea level and 3,000 feet above Surprise Lake. 1 This peak and several others close by were 
obscured by clouds at the time the photograph 
reproduced in Plate XLIV was taken. The 
greater part of the crest of the rim is not jagged, 
although Black Nose and several other sharp 
peaks rise above the average altitude, which is 
approximately 3,000 feet. 

Along the north and northeast sides the inner 
wall is partly covered by detritus, but in the 
few exposures seen the rocks appeared to be 
layers of pink and black lava, probably obsidian, 

1 several hundred feet thick, overlying a hght- 
colored quartz diorite. Most of these ex- 
posures are inaccessible and were not closely ' examined, but a specimen of the quartz diorite 
was taken on the' outer wall northeast of the 
crater. Exposures in the cMs along the canyon 
and near the bottom of Black Nose consist of 
nearly horizontal sedimentary rocks, chiefly 
very massive gray sandstone. In the lower 500 
feet the rocks exposed in the canyon are 
abundantly fossiliferous; the greater part of the 
fossils belong to several species of Aucella that 
are characteristic of the Naknek formation, 
of Upper Jurassic age. From a distance the 
summit of Black Nose apparently consists of 
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lava, but the upper portion may be in part 
sedimentary rock, presumably of Tertiary age. 
The unconformity and the contrast in lithology 
between the rocks of the two kinds can be 
seen in Plate XLIV, A. Although the high 
mountains forming the south side of the rim 
were not closely examined, they probably con- 
sist entirely of sedimentary rocks, the greater 
part of which are Upper Jurassic. A rugged 
spur north of the north wing of The Gates is 
composed of very coarse agglomerate or tuff 
similar to that overlying large areas in the 
vicinity of Aniakchak and Kejulik bays. Most 
of the large and small boulders that make up the 
agglomerate are angular, but some are rounded. 
Individual blocks attain 16 feet in diameter and 
display the darker shades of red, green, and 
gray. Many of the boulders are black, and all 
of them show a scoriaceous texture. 

The area of the bottom of the crater is 
approximately 30 square miles. The entire 
floor is covered to an unknown depth by black 
and gray scoria ranging in coarseness from very 
fine material to pieces several feet in diameter. 
About one-third of the floor is level; around the 
base of the large cone ridges of cinders, 200 to 
800 feet high, radiate toward the crater wall. 
The formation of the cones and the position 
of the material within the rim are undoubtedly 
the results of activity subsequent to the major 
eruptions that produced the great crater. 
The later activity probably decreased the 
original depth of the crater by partly filling it 
with cinders', The upper 800 feet of the large 
cone is remarkably circular and well preserved. 
It is thought to be formed entirely of cinders, 
as no lava was observed on the ridges around 
the base. The summit is truncated and may 
be slightly depressed. An attempt was made 
to reach the top, but traveling over the loose 
material is wearisome, and the attempt was 
given up late in the evening with the realiza- 
tion that a trip of 10 miles tb camp was yet to 
be made. The small cones near the head of the 
lake were not examined. Toward the west 
side of the crater, 5 miles from the writer's 
nearest point of observation, another small 
cone, which was not caught by the camera, 
could be seen by aid of a field glass. Near this 
cone a curious bowl-shaped deposit of white 
material, probably formed by hot mineral 
waters, stands out in contrtast to the surround- 
ing black scoria, which appeared to be very 

marse at  that locality. Only a rough estimate 
of the dimensions of the bowl can be given, 
but it is at  least 200 feet in diameter. 
. Surprise Lake, in the northeastern part of 

the crater, is irregular in outline and has a 
maximum length of 2% miles and average 
width of three-fourths of a mile. It covers an 
area of nearly 2 square miles, but the bluish- 
green color of the water indicates that the 
depth is not great. The lake mayhave formerly 
covered a much larger area, before the river 
had deepened its channel through the canyon, 
but terraces or hh-water  marks could not 
be detected on the wall at the few places ex- 
amined. An ill-defined bench occurs well up 
on the sides of the cinder cone, however, but 
the bench is not continuous nor sufficiently 
well preserved to consider it an ancient lake 
shdre. A small circular lake or pool several 
hundred feet higher than Surprise Lake is 
situated at the base of Black Nose. Although 
a stream of considerable size flows from the 
lake and unites with Aniakchak River just 
inside The Gates, the lake has no affluents and 
must derive its supply of water from the snow 
fields and glaciers by seepage through the 
cinders. 

The narrow notch in the crater's rim 
through which Aniakchak River flows has un- 
doubtedly been deepened by the erosive power 
of the stream, which is very turbulent as it 
emerges through The Gates. The break in 
the wall, however, is thought to be caused by 
a rift, which may extend across the crater and 
account for the depression on the west side. 
No evidence of relative vertical displacement 
of the opposite sides of the canyon was noted. 
The photograph of The Gates (PI. XLIII, C ) ,  
taken through the haze from a point 5% miles 
down the valley, does not do justice to their 
~rofoundly impressive beauty. Several ter- 
races formed by the river in the ash and pumice 
can be seen in the foreground. The crater can 
be entered through The Gates without difficulty 
on the soyth side of the river. The stream 
was too swift to be waded within the canyon 
when it was visited in August, and an attempt 
to pass through on the north side of the river 
terminated by climbing .a precipitous cliff 
1,600 feet high. 

Only the east side of the crater was visited, 
but the country to the north could be seen 
from Jaw Mountain and the southeast outer 
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wall from Pinnacle Mountain. All the valleys 
of the surroundmg country for many miles are 
covered by thick deposits of ejecta from the 
crater. The material consists of fine ash, 
fragments of black and pink lava, and gray, 
black, and red pumice, The greatest observed 
thickness is expwed in the steep banks of Lava 
Creek. The stream hm developed many 
beautiful terraces and its present bed, west of 
Jaw Mountain, is cut, perhaps 50 feet, into a 
deposit of black volcanic glass, as reported by 
Mr. Sargent. The glass or obsidian is 10 miles 
from the nearest point on the crater's rim, and 
whatever its source it was extruded before the 
great eruptions of the volcano, as it is overlain 
by at least 150 feet of loose material, the 
greater part of which is black pumice. This is 
the only lava seen in place except on the inner 
wall of the crater, but many fragments of 
black obsidian, containing a few glassy lath- 
shaped crystals of feldspar, were found on the 
mountaips many miles from the crater. Indi- 
cations of extinct fumaroles were sought in the 
ash-covered area east of the crater, but much 
of the volcanic has been worked over 
by streams, and no evidence of fumarolic 
activity was found. me upper valley of 
~~m ~i~~~ and slso ,.he valley of fiakchak 
River in the vicinity of M~~~~ Johnson Creek 
have been filled with volcanic d6bris to such 
an extent that the present valley floors are very 
broad and nearly level. A few low isolated 
hille near the margins of the level area appear 
to have been partly buried, with only their 
summits left exposed, but this is probably an 
illusion. Several high mountains southeast of 
the crater are sharp-peaked, especially Pin- 
nacle Mountain, and are composed of horn- 
blende andesite. A stream of considerable 
size, Hidden Creek, a tributary of fiakchak 
River, flows through a subterranean channel 
beneath the ash and cinders for a distance of 
5 or 6 miles and emerges on'the west bank of 
the river. The Aniakchak is about 100 feet 
wide and 4 feet deep below the North Fork. 
The current is swift enough to transport small 
pieces of pumice along the bottom. At 4 miles 
from its mouth(the river has eroded a pictur- 
esque gorge thrcrugh a thick deposit of volcanic 
agglomerate. !&e southwest side of the gorge 
is formed by a rugged spur that projects across 

.+~:~f* the valley from the hills to the southwest and 
is locally known as Cape Horn. (See fig. 11.) 

The river is navigable by small boats as far as 
the meanders below the mouth of Mystery 
Creek. 

A broad marshy lowland lies between the 
shore line of Aniakchak Bay and the hills 
toward the northwest. In  this area a remark- 
able series of nine crescent-shaped ancient 
beaohes can be seen from the mountains north 
of the river in the form of low ridges conform- 
ing in direction to the present shore line. A 
large part of the material in these ridges con- 
ists of volcanic ash and pumice washed ashore 
by the waves after having been trsnsported 
into the bay by the river. The bay is un- 
charted and is not a ~roteoted harbor, although 
deep water is reported by masters of fishing 
schooners who have entered the bay. Hook 
Bay7 25 miles directly south of the crater, 
affords an excellent harbor for boats of mod- 
erate size. An old trail leads from this bay 
Over the mountains toward Meshik River 
valley and is probably the best route from the 
Pacific coast to the crater, although in fair 
weather a landing can be made at the 
the river at hiachak this point 
the distance to the crater is not so great as 
from Hook Bay, and the route is over level 
country. Chignik is the nearest settlement 
and is 40 miles southwest in a direct line from 
the crater but at least 60 miles by trail. A 
trapper's cabin has been built near the lagoon 
at Aniakchak Bay and one on the south side 

the Nbert Johnson Creek. The 
trappers occup~ing the cabins during the winter 
had traveled over the cinders as far west as 
h!fe~hik Lake for many years, but they did not 
know of the existence of Aniakchak Crater. 

Vegetation has gained a footing in places 
throughout the area covered by ash, and even 
within the crater several tufts of grass and 
low flowering plants were seen. Large areas, 
however, within a radius of 20 miles of the 
crater, are entiri?ly barren of plant life and have 
the appearance of arid plains. Alder bushes 
have grown to a height of 6 feet in the valleys 
of High and Lava creeks and furnish sufTi- 
cient fuel for camp purposes, but they are not 
straight enough to be used for tent poles. 
Foxes and Kodiak bears inhabit the region, 
Small herds of caribou were seen near the valley 
of Pumice Creek. 

The .wide general use of the tern "crater" 
includes several varietiors 9r types, which have 
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been differentiated as impact craters, sub- 
sidence craters, upbuilt craters, and explosion 
craters. An impact crater may be formed by 
the fall of a body, such as a large meteorite or a 
projectile from a cannon. Such a bowl-shaped 
hollow or pit may have no thing in common with 
volcanic activity. A subsidence crater is a de- 
pression below the general level of the country 
or a concave area on a mountain, made by the 
collapse of the roof of a cavity. In  limestone 
countries such depressions are common, but the 
use of the term is restricted by many geog- 
raphers to pits occurring in volcanic regions. 
These pits are usually caused by the collapse of 
cavities formed in volcanoes by the eruption 
of lava and other material. Craters formed in 
this manner are also known as caldrons. The 
largest and some of the best-known craters on 
the earth are of this variety, to which belong 
Kilauea, in the Hawaiian Islands (2.93 miles in 
diameter) ; the pit of Crater Lake, Oregon (534 
miles in diameter) : Ngorongoro, East Africa 
(12 miles in diameter) ; and Aso-san, in Japan 
(dimensions, 9 by 14 miles). An upbuilt crater 
has the form of a more or less circular mound 
surrounding an aperture, relatively small in 
diameter but usually deep, which serves as a 
vent for the lava, ash, and fumes thrown out 
by a volcano. This is the normal and most 
common type of craters and occurs on the 
summits of Lassen, Etna, Cotopaxi, Fuji, and 
scores of other volcanoes. Stromboli, in the 
Mediterranean Sea, is taken as the type of the 
explosion craters. Better examples, however, 
are known, such as the crater formed by the 
ancient explosion of Vesuvius, A. D. 79, of 
which Mount Somma is a remnant, and the 
ruins of Erakatoa in 1883 and of Katmai in 
1912. Excavations made by erosive agents 
have been referred .to and classified as craters, 
but they have nothing to do with volcanic 
action. 

All the evidence now avadable points to the 
origin of Aniakchak Crater by explosive activ- 
ity and not .by subsidence. Besides the vast 
quantities of rather fine material thrown from 
the crater and concentrated in the valleys of 
the surrounding country, huge projectiles were 
hurled many miles. On the north slope of 
Elephant Mountain, 1,000 feet above the valley 
of Meloy Creek and 23% miles from the center 
of the crater, a block of black obsidian was 
found which measured at least 2 cubic feet in 
volume. About 14 miles southeast of the 
crater an angular mass of sandstone, 5 feet in 

diameter and containing fossils similar to those 
found near Black Nose, occurs near the summit 
of a small hill composed of agglomerate. The 
large boulder is not waterworn, and there is 
slight probability that it was carried to its 
present position by a glacier. The ash con- 
tains smaller fragments of sandstone that have 
the same lithologic character as that exposed in 
the southeast wall of the crater and were not 
derived from rock in the immediate vicinity in 
which they were found. That tremendous ex- 
plosive forces were active at  the time the pres- 
ent crater was formed is quite evident. All the 
known craters of the world as large as Aniak- 
chak Crater or larger are thought to have been 
formed by subsidence. Katmai Crater, 3 
miles in diameter, 151 miles to the northeast, 
was formerly considered the largest crater of 
the explosive type known, but it is greatly 
surpassed by Aniakchak Crater, 6% miles in 
diameter. In diameter and general outline the 
caldron of Crater Lake, Oreg., and Aniakchak 
Crater are remarkably similar, although the 
two are of entirely different types. 

The form of the mountain mass that occupied 
the present site of the crater prior to the 
eruptions that resulted in the formation of 
the depression can of course only be con- 
jectured. Before the existence of the volcano 
the area now within the crater was probably 
occupied by one or more mountains of mod- 
erate altitude-that is, by analogy with other 
mountains in the district, between 3,000 and 
4,000 fee'e-which were composed of very 
slightly folded sedimentary rocks, intruded 
on the north by a large mass of quartz diorite. 
Why volcanic vents should be formed near the 
summits of high mountains composed of nearly 
horizontal strata is difficult to explain, but on 
the Alaska Peninsula many of the active and 
extinct volcanoes originated in mountains of 
this type. This is especially true of the vol- 
canoes toward the northwest, of which Mounts 
Katmai, hfagiek,. Peulik, and Chiginagak are 
examples. These volcanoes and many others 
on the Alaska Peninsula have formed cones 
and increased their altitudes to heights rang- 
ing from 5,000 to nearly 10,000 feet by suc- 
cessive lava flows over the sedimentary rocks. 
Mount Chiginagak (Pl. XLIV, B),  an active 
volcano 43 miles northwest of Aniakchak 
Crater, is an impressive and typical example 
of an upbuilt cone. That a similar cone 
once towered above the site of Aniakchak 
Crater is suggested by beheaded lava flows, 
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remnants of which are exposed on the east 
wall of the crater, on the summit of Black 
Nose, and possibly in the bed of Lava Creek. 
An imaginary cone reconstructed a mile in 
height above the present floor of the crater 
would be slightly over 6,000 feet above sea 
level, an altitude which is very low in propor- 
tion to the diameter of the base and also 
relatively low if compared with the altitude 
of other volcaqic cones. But even if a low 
cone is postulated the amount of material to 
be accounted for is enormous and the force 
necessary to remove i t  in one or several ex- 
plosions is beyond imagination. The capacity 
of the crater alane, if 1,600 feet is taken as the 
average height of the rim, is about 9 cubic 
miles. Subtracting 1 cubic mile for the large 
cinder cone still leaves space for 8 cubic 
miles within the crater. To. this must be 
added at least 7 cubic miles if the low cone, 
suggested above, ever existed. Between 300 
and 400 square miles of adjacent country 
on the east and south is known to be covered 
to  various depths by volcanic ash and cinders, 
and if an equally large area north and west of 
the crater is also overlain by ejecta, certainly 
an appreciable part of the supposed total of 
15 cubic miles is still to be seen. 

Ordinarily the Bering Sea coastal plain on 
the northwest side of the peninsula is dotted 
with thousands of small lakes, but in the area 
north of the crater no lakes could be seen from 
Jaw Mountain. That all depressions in this 
part of the plain were filled by material from 
the crater is a fair deduction. The volume of 
material ejected from Katmai is estimated at 
4.75 cubic miles, but Katmai Crater has a 
capacity of only 2 cubic miles. The ejection 
of vast quantities of material from a single 
source and perhaps during a single period of 
eruption is not unheard of in volcanism. 
Capps has estimated a volume of 10 cubic 
miles of volcanic ash thrown from a vent in 
the upper White River basin, and other large 
estimates have been made. Most of these 
computations, however, were made from meas- 
urements of the material ejected and not from 
the capacity of the crater. 

Few date, arqnow available for estimating the 
age of Aniabhak Crater. However, it is 
believed to besone of the oldest of the series 
of volcanoes abng the Aleutian Range. That 

Capps, 8. R., An &ient volcanic e ~ p t i 0 n  in the upger Yukon basin: 
U. 6. Qeol. Survey Prof. Paper 06, p. 62,1915. 

the eruption antedates historic record is sug- 
gested by the amount of stream erosion, 
especially in Lava Creek, and the vegetation 
of the area, including alders. If the absence 
of evidence of glaciation since the eruption is 
taken as a criterion i t  would appear that the 
eruption is of post-Pleistocene age. Although 
the ash is more or less concentrated in' the 
valleys it is not in the form of glacial moraines, 
and unless an ice sheet in which there was little 
or no movement covered the entire area, 
moraines of the loose pyroclastic material 
would be expected had this material been de- 
posited before glaciation. A few of the valleys, 
such as that of Ray Creek, in which thick 
deposits of ash occur, are rather narrow and 
probably have been formed almost entirely by 
stream erosion. Most of the valleys are broad 
and suggest extensive glaciation before they 
were partly filled by ash. A detailed study is 
necessary for a more definite age determination. 

An examination of the relief map (PI. XLII) 
will perhaps convey a better idea of the giant 
crater than a description. Nearly all distances 
were scaled from Mr. Sargent's skillfully 
drawn topographic map, on which the relief 
map by Mr. Renshawe is based. The topo- 
graphic map is published separately as the 
Cold Bay-Chignik map. 

The writer wishes to acknowledge his in- 
debtedness to Mr. Sargent for cooperation 
during the field work and for valuable assist- 
ance and criticism in the preparation of this 
paper. Thanks are also expressed to Mr. Sid- 
ney Old, who accompanied the writer into the 
crater and led the way across Aniakchak River. 

The scenery of the Aniakchak district, with 
its broad prairie-like valleys, margined by ma- 
jestic, sharp-peaked mountains, is impressive 
and in many respects unique. The once active 
scene of terrific earth convulsions is now almost 
oppressively silent. The coloration of the 
country is somber and together with the fret- 
fully driven clouds tends to create a rather 
pleasing weirdness. Aniakchak Crater is one 
of the great natural curiosities of North Amer- 
ica and is certainly worthy of further investi- 
gation. Although small in comparison, it is 
probably the nearest counterpart on earth to 
the craters of the moon in regard to the man- 
ner of its formation. Were it not so remote 
from the usual paths of travel the setting apart 
of this crater as a national monument would 
be justified. 





INDEX . 

A Page . 
Acknowledgments for aid ....................................... 94, 135 
Adams, L . H., and Williamson, E . D., determinatiolls of com- 

pressibility of rocks by .................~~~~~~~~~~~~~~ 79 
Ancylus undulatus Meek- ....................................... 112 

...................... Aniakchak Crater, Alaska Peninsula, age of 145 
description of ............................................. 139-145 
discovery oL .............................. c~~~~~~~~~~~~~~~~~~ 139 
origin of ...................................................... 144 
plate showing.. .............................................. 140 
volcanic deposits near ...................................... 139, 143 
and vicinity, relief map of .................................... 140 

................ Aniakchak River, Alaska Peninsula, features of 14% 143 
Animal substances, complexity of- ............................... 68 
Aphanotylus Brusina ............................................ 115 

. whitei Dall, n . sp .................................. 115, PI XXVI 
Arizona, northern . Sse Colorado Plateau . 

. ..................... Asplenium 1 primero Knowlton 91, PI XXIII 
Aston, F . W., "mass spectra" of.. .......................... 60 

work of, on isotopes .......................................... 83-84 
Atomic numbers, features oL ................................... 59 

importance of ................................................ 65 
table showing..+ ............................................ 56 

Atomic volumes, curve of, described ............................. 57-58 
curve of, plate showing ....................................... 58 

............. Atomic weights, divergence8 of, from whole numbers 60 
numerical relations of- ....................................... 59 

........................................... three standards for 55 
u ~ e w h ~ s s  of .................................................. 64-65 

Atoms, complexity of ............................................ 59 

B 
Bascom, F., The resuscitation of the term Bryn Mawr gravel.. 117-119 

........ Berry, E . W., An early Eocene florule from central Texas 87-92 
Berzelius, system of, for atomic weights ........................ 5 -  55 

................ "Black layer, " Shinerump conglomerate so called 11 
...................... Black Nose, Alaska Peninsula, features of 141-142 

plate showing ................................................ 140 
Blue Gate sandstone, features of ................. _... ............. 15-16 
"Blue Gate shale, " features o t  ................................... 15 

...................... Boars Tusk Ridge, Utah, rocks exposed in- 37-39 
Boghead wals, algal theory of origin of- ................ 123.126.130-131 

discovery of, b A t  ..................................... 123 
in Scotland ............................................... in 

from Alaska, descriptioq o t  ................................ 132-133 
microsections of ......................................... 138 

from Australia. description of- ............................. 131-132 
photomicrographs of ..................................... 138 

from Bathgate, Scotland, description of ...................... 132 
from Pennsylvania, description of ........................... 133 
from Torbane Hill, Scotland, description of ................. 132 

microsections of .......................................... 138 
nature and origin of ........................................ 1%-126 
organism supplying cslbonsceous matter to ................ 12G127 
origin of . summary OIL ..................................... 134-13.5 

Page . 
................. Cannizzaro. scheme of atomic weights revised by 66 

Carbon atom, tetrahedral, theory OF ............................. 65 
............ Carbon compounds, possible similarity of elements to 64 

Carinifex, basis for name- ........................................ 112 
(Vorticifex) tryoni Meek ..................................... 111 

Carnegie Museum dinosaur quarry, abovc Jcnsen, Utah, section at 44 
Caspia Dybowski ................................................ 114 
Castle Butte, Utah, plate showing ............................... 12 1 Cermm, . plural valency of 58 ........................................ 
Chinle formation, nature of ...................................... 11 
Chlorine, possible isotopes of ..................................... 8 4 8 6  
Chlorophyll, production of ....................................... 68 
Choffat, Paul, cited .............................................. 28 
Circle Cliffs, Utah, sections in .............................. 20-21,2 2.23 
Clarke, Frank Wigglesworth, The evolution and disintegration of 

matter ............................................... 51-86 
Coal, material of . .  121 
Coconino sandstone, nature and occurrence of .................... 8 
Colorado, northwestern, sections of Green River formation in- . 101-107 

............................................ topography of 94 
Colorado group of southern Montana, new fauna from. .......... 2633  
Colorado Plateau, Cretaceous rocks of. ........................... 14-16 

............................................ erosion intervsl in 9 
Jurassic rocks in, terminology of .............................. 11-12 
previous work on ............................................. 1-2 
sandstones and shales, unnamed, in .......................... 14 
sections of rocks in- .......................................... 18-23 

plates showing- ...................................... 6 
stratigraphy of ................................. 2.5,11.12,1 4.15,16 
Tertiary rocks of ............................................. 16 
topography of ................................................ 2 

Colorado River, plates showing .................................. 6.12 
.................................... Compounds, general nature of 65 

solid, flrst formed in a cooling celestial mass .................. 66 
................................ syntheses of, in the laboratory 69 

Compression within the earth ................................... 78 
Coorongite, chemical properties of .............................. 129-130 

formation of ................................................ l~+ln 
occurrence and physical properties of ........................ 127-128 

..................... Coronium, existence m d  possible relations of 53, 61 
............................................... Craters, types of 143-144 

........... Crescent Creek, Utah, sections on Colorado River near 18-19 
...................... Crow Indian Reservation, Mont., section in 25-26 

D 
Dakota(?) sandstone. features o t  ................................. 15 
Dall, W . H., Discovery of a Balkan fresh-water fauna in the Idaho 

formation of Snake River valley . Idaho ............. 109-115 
De Hautp ik  E., cited . .  1% 

......................... Desolation Canyon, Utah, rocks exposed 45-47 
Devolution, evidence obtaihsble from ............................ s4 
Digestion of food, breaking down and regeneration of compounds 

in .................................................... 69-70 
.... 

other names for .............................................. 122 
use of term .................................................. 122 
yellow bodes in 2 1 ........................................... 

~ource of- .............................................. 130, 131 
. ............................................ Boodle, L A., cited 128-129 

Bradley, W . H . See dears and Bradley, 
Brandwine formatioq, history of the tetm ....................... 117 
Browns Park, Utah.Cblo., rocks exposed in and near ............. 41 
Bryn Mawr gravel, hiatow of the term ........................... 118 

resuscitation of the term proposed .......................... 117-119 

C . Campbell, W W., cited .......................................... 53 
Camel wal from Pennsylvania and Kentucky, description of.. 135-134 

microllections oL ............................................. 138 

E 
Earle, Tex., fossil plants found at.. .............................. 87 

fossil plants found at, age of 8a-89 .................................. 
distribution of ............................................ m 

Earth, average composition of ................................... 78-77 
average composition of known materials of ................... 71 
chemical development of the crust of ......................... 68-67 
compounds formed in the cooling of- ......................... 66 
compression within .......................................... 78 
diameter of the nucleus of .................................... 77-78 

................................... distribution of matter in- 66, 77 
temperatures in the interior of ................................ 78<9 
volume of atmosphere, ocean, and crust of .................... 70 

Echo Park and Mitten Park, Colo., rocks exposed in ............. 42 

147 ' 



INDEX. 

Page. 
Elmophyton coorongiana, material of boghead coals derived 

............................................... from 130-131 
.................................. coorongiana, name proposed 128 

...................................... ohotomicromaphs of 138 - .  

......................... Electronic structure of atoms, theory of. 59 
................................... Electrons, planetary, nature of 59 

Elements, chemical, decay of ..................................... 51-52 
chemical, d i i i a t e d  condition of, in the hotter stars postul- 

..................................... ated by Lockyer 51 
........................ evolution of, suggested by Clarke 51 

............................ Rutherford's scheme for- 59 
normal and abnormal, differences between - - -. . -. --- -. -- - 84 82 

.................................. order of development of 53 

Pam. 
........................... Island Park, Utah, rocks exposed in 42-43,46 
.............................. Isotopes, production and nature of. 83-84 

............................................ of lead, features of 82-83 

n 

.................. Kaibab limestone, ocammce and thickness of. EL9 
Kaiparowits Plateau, Utah, section in front of --.-----.-----.-,--- 21 

.............................. Kemgen, nature snd variations of 100-101 
.................................... Kerosene, introduction of.. 122-123 

K-e shale. See Boghead coals. 
gingesher Canyon and Flaming Gorge, Utah, rocks exposed in 

and between ...................................... 39-40,45 
.......................................... Knowlton, F. H., cited 91 

................................ Hancock, J. Oething, cited t t t  .... 128 
......... Harkins, W. D., scheme of, for evolution of the elements 61 

................................ Heat, generation of, in the earth. 78-79 
.................................. produced by union of atoms 54 

............................... Helicoceras pariense White? 31, PI. XX 

...................................... Helium, elemental nature of 61 
...................... presence of, in nebulae and cooling stars 53,54 

............. Henrys Fork, Utah, rocks along Green River near.. 36-37 
.......................................... Hydrocarbons, origin of 67 

presence of, in meteoric stones ............................... 72 
... Hydrogen, liberation of, from elements of higher atomic weight 85-86 

perfect and imperfect .................................... - 60-61 
speculations regarding a common ori@ of................ 51 

Emery, W. B., naming of Jurassic formations by................. 12 
Erosion, remnants of, near Fremont River, Utah, plate showing- 13 
Evolution of substances, increasing compledty and im-wbiuty 

produced ........................................... 52 

F 

Farrington, 0. C., on the average composition of the Earth------- 76 
................................. on the origin of meteorites--- 74 

Bield work on the Colorado Plateau, remd of -.................. 1 
Flaming Gorge and K i n a h e r  C w o n ,  Utah, rocks exPo& in 

and between ...................................... 39-40,46 ............ Fremont River, Utah, section on Colorado River near 17-18 

G 
Qirty, GI. H., cited ............................................... 7 

.............................. Ooniobasis taylori (Qabb) 114, P1. XXVI 
taylori (Qabb) var. calkinsi.. ...................... 114, PI. XXVI 

Qoodridge formation, nature and age of.. ........................ 7 
Gray Canyon, Utah, rocks exposed in ......................-.... 47 

..................................... Meen River, plate showing- 6 
Green River, Wyo., rocks along Green River near .............?.. 35 
Qreen River formation in Colorado and Wyoming, examinations 

of ................................................... 93 
.................................................. history of. 99-100 

...................................... kerogeninoilshaleof 1Wl01 
................................ map showing distribution of- 94 

............................................ nomenclature of-. 9 8 -  
oil shale in, chemical properties of .......................... 1OC-101 

.................................... distillation yields of 102-107 
physical properties of- ................................... 100 

.......................................... plates showing. 100 
.................................................. sections of 101-107 

.......................................... source of material oL 9e-97 
..................................... stratigraphic features of. 95 

.......................................... ...... structure of. 95 
.................................. variations in material of 97-Q$, 101 

Oreen River valley, Wyo.-Utah, lithologic succession in, com- 
pared with those of southwestern Utah and centrd 

.......................................... Wyoming- 47-50 
Qrepory, H. E., naming of Jurassic formations by ................ 11-12 

H 

. .......................... Halls Creek, Utah, sections on.. - -  21-22 
Halogens, relations of, to inert gases and allrebe metals.. -. . -, -- IIS 58 

I 

........................ hoceramus labiatus (Schlotheim) 31. PI. X N  
sp ..................................................... ai, PI. XN 

................... Ionium, admixture of, with thorium, effect of. 82 
'Iron, meteoric, composition of .-.--.---..---------- ------- --; 72-74 

L 
~ ~ t i a  d a  white.-- ............................................. 112 
m, ancertain atomicweight of ................................ 83 
Lees F~rry, ~r iz . ,  section near.. 16 ................................. 
~ e *  H. c., cited ............................................... 118 
Lithasiaantiqus Qabb ........................................... 114 

............................. eampbelli Ddl, n. sp-  115, Pl. XXVI 
.................... Lithoglyphus antiquus (Qabb). 114-115, PI. XXVI 

Lithosphere, approximate"thickne~s of-- 77-78 ......................... 
...................................... average composjtjon of- 75 

m o r e  cmyon, Colo., rocks exposed in-......-.-......---------- 41-42 
~ ~ n g a a ,  C. R., and others, Rock f ~ m t i o m  in the Colomdo 

Plateau of southeetern Utah and northern Arizona.. 1-23 
Lym~aea? sp ...................... --- ----- -- ------- -- --------- - 111 

M 
......... McElmo formation, festures of, in the Colorado Plateau 14 

"Mass spectra," process for producing ........................... 83 
............................................. work of Aston on 60 

..................................... Mrrriuk sandstone, features of 16 
...................................... "Mesukshale,"features o t  16 
.................................... Megesystropha binneyi Meek 112 
................................... ........ Melania taylori Qahb 114 

Mendel4ef, existence and properties of undiscovered elements de- 
............................................. ducad by 51,57 

................................... periodic law discovered by 66 
........ Mercary,iwtopicvarietiesof ------- i - - . - -----------------84-85 
...................................... Merriam, John C.. dt&-. 109 

M d ,  Q. P., average comparltiox of meteorio stones computed 
by .................................................. 71-72 

............. Mespilodaphne precoushatta Berry, n. sp. 91. P1. XXIII 
................................... Meteoric iron, composition of. 72-74 

........................................ former molten state of 73-74 
........... Meteorites, origin of -.-.-----..------------------- 74 

......................................... stony, composition of 72 
............................................ Meteors, dismption of 74-75 

............. Meyer, Lothar, curve of atomic volumes devised by 67-66 
................................. ..... Micromelsnia Brusina.. :. 114 

Mmnkopi formation, nature and divisions of. - -. --. -. - --- -. .----- 9-10 
.............................. Molecules, polyatomic, formation of E4 

....................... Montena, fauna from Colorado group of.-. 26-33 
........................................... Moon, mean density of 78 

Moseley, H. Q. J., law of relation of the elements propoaed by- - - 59-60 
................. Mount Chiginagak, Alaska Penhula,  origin of. 144 

.................................. .......... plate showing- .-- 140 

N 
............ Navajo sandstone, deposition and thickness of. -, .... 13-14 

.................................. ........... rock carving in -: 13 
sheer cliff of, plate showing-.. - ----- -. . - - -- -- - - - - - - -- - -- - -- -- 12 

................ Nebulas, development of, intb stars and planets.- 52-54 

................ Nebdam, disappearance of, from cooling stars-.. 64 
.................................... existence and properties of 6.3 

,paesible relatiom of. - - LIS L I S L I S L I S L I S L I S L I S - - - -  - - - - - - - -  - - - - 58,131,132 
Nematurella Bandberger. -. -.--. -: ----- - -- -- ----- - -- -- - - - - - - - 114 

......................... N 'hsngellite, microscopic features of.. 128-129 
.................................................. occurrence of 128 

0 

O m ,  a possible source of the chlorine in. --.-. ----- -- -- ----- -- -- 73 
....................... Oil, occurrence of, in the Colorado PlatBsu 4 7 

Oilshalas. See Boghead cadsand Grwn River formation- -- -- ---- 000 
opium. See POPPY. 

.............................. 0-0 compounds, complexity of. 67-68 



INDEX . 
Page . 

Organisms. living. matmid for the substance of ............ 67 
. Orygoceras (Bovillina) tuba Dall, n sp .......................... 113 

(Ibicicornu) arouatam Dall, n . sp-  ................. 113, P1 . XXVI 
crenulatum Dall, n . sp ......................... 113, P1 . XXVI 
idahoense Dall, n . sp ........................... 113, PI . XXVI 

. p 
........................................... Payettia dalli (White) 112 

.............. Periodic classification of the elements, description of 5&57 
................................................ table showing 56 

.................................... PervinquiBre, Leon, cited... 28 
....... Pila scotica, occurrence of, in boghead coals from Scotland 132 

Piute Farms, Utah, section near ................................. 17 
.................................................... Planorbis? sp 111 

.................... Plants, dilTerent compounds produced by.... 67-68 
reproduction of, by seeds ..................................... 68 

Poppy, hydrocarbons produced by ............................... 67-68 
............. Prout, hydrogen basis of atomic weights proposed b y  55.59 

. Pseudotissotia (Choffaticeras) sp.? ...................... 30-31, PI XI1 

Radioactivity. discovery o t  ...................................... 51, 79 
products o t  .................................................. 80-83 

Radium, atomic weight o t  ....................................... 82 
Rare-earth metals, origin oL ..................................... 58 

place of, in the periodic table ................................. 56-58 
relation of. to  Moseley's "law" ............................... 59 

Ray Creek, Alaska Peninsula, volcanic ash on, plate showing .... 140 
Red Canyon, Utah., rocks exposed in- ........................... 40-41 
Reeside, John B., jr., A new fauns from the Colorado group of 

southern Montana ................................... 2fr33 
Notes on the geology of Green River valley between Q w n  

River, Wyo., and Green River, Utah ................ 3.5-50 
Reactions, chemical, what atomic adjustments areinvolved in? .... 63 
Reinschia australis, occurrence of, in  Australian boghead coal.. 131-132 
Rocks, igneous, average composition o t  .......................... 71 
Rutherford, Sir Ernest, hypothesis of, for evolution of the dements 59-43 

work of, on the disintegration ofelements... ................... 85-86 

S 
San Juan Canyon. Utah. plates showing ........................ 6,7, 12 
San Juan River, Utah, sections on ............................... 17 
Sandra B r a  .................................................. 114 
Sayersville, Tex., fossil plants found near. ...................... 87 

fossil plants found near, age o t  ............................... 8889 
distribution of ........................................... 90 

Sears, J . D., and Bradley, W . H., Relations of the Wasatch and 
Green River formations in northwestern Colorado and 
southern Wyoming ................................. 93-107 

Shale, bituminous, use of term- .................................. 121 
bituminous, varieties oL ..................................... 121 
carbonaceous, use of term .................................... 121 
oil, use of term ............................................... 121 

Shinarump conglomerate, occurrence and deposition of- .......... 10-11 
Silver Falls Creek, south forkof, Utah, sectionnear .............. 20 
Smith, Walter R., Aniakchak Crater, Alaska Peninsula ......... 139-145 
Snake River valley, Idaho, Balkan fresh-water fauna in ......... 109-115 
Solar system, composition of members of ......................... 77 
Solar systems, differenem in composition among .................. 64 
Spencer Camp, Utah, $ection near- .............................. 14 
Sphaeriurn idahoense Meek ..................................... 111 

meeki Dall, n . sp .................... .. ............ 111, . P1 XXVI 
rugosum Meek .............................................. 110 

Split Mountain Canyon, Utah, rocks exposed in ................. 43-44 
Stability of substances, conditions affecting ....................... 52 
Stars, "new, " phenomena of ..................................... 88 

Page . 
Supai (7) formation. occurrence and correlation of.... ............. 7-8 
Surprise Lake, Alaska Peninsula, features of ................... 141, 142 

Temperatures within the earth .................................. 78-78 
Terminalis Ideyana (Lesquereux) Berry ........... 91.92, P1 . XXIII 
The Gates, Alaska Peninsula, features of ....................... 139, 142 

plate showing ................................................ 140 
Theories, scientitic, value of ...................................... 63, 64 
Thiessen, Reinhardt, Origin of the boghead coals ............... 121-138 
Thorium, atomic weight of, not known ........................... 82 

products of disintegration of .................................. 80, 81 
Todito(7) formation, nature of ................................... 13 
Trachyte Creek, Utah, section on Colorado River near ........... 19 

view near, plateshowing ...................................... 6 
Tununk sandstone, features of ................................... 16 
"Tununk sbale, " features of... .................................. 15 
Twomile Canyon, Utah, section on .............................. 19-20 

. 
Upper Desolation Canyon. Utah. rocks exposed in- .............. 4- 
Uranium, atomic weight of, not known ........................... 82 

products of disintegration of .................................. 80, 81 
Utah, southeastern . See Colorado Plateau . 

V 
Valvata 0 . F . Miiller? ........................................... 115 
Vascoceras, Choffat, features oL .................................. 28-29 

moultoni Reeside, n . sp ...................... 30, Pls . XVII, XVIII 
stantoni Reeside, n . sp ......................... 30, PIS . XIX-XXI 
thomi Reeside, n . sp ... ....................... 29-30, Pls . XI-XVI 
sp- .................................... .. ............... 30, P1 . XX 

Volcanoes, series of, along Alaska Peninsula and the Aleutian 
Islands ............................................... 139 

Vorticifex troni Meek- ........................................... 111 

Wasatch formation in Colorado and Wyoming. conglomerate in. 
plate showing ........................................ 100 

............................................. examinations of- 93 
history of ................................................... 99-100 
map showing distribution of ................................. 94 
nomenclature of. ............................................. 98-99 
source of material oL ..................................... 96-97 
stratigraphic features of 94-95 . .....................--......-........ 
structure of. ................................................ 95 
variations in material of ...................................... 97-98 

....... Washington, H . S., analyses of igneous rocks assembled by 71 
Waterpocket Fold, Utah, plateshowing .......................... 13 

section across. ............................................... 21-!ZZ 
surface distribution of rock formations near, plate showing .. 13 

................. Whirlpool Canyon, Colo..Utah, rocks exposed in 42 
...... Wiechert, E., on the average composition of the lithosphere 75-76 

Williamson, E . D., with .4dams, L . H., determinations of com- 
pressibility of rocks by ............................... 79 

.................... Wilson Mesa, Utah, view near, plateshowing 12 
Wingate sandstone, nature of .................................... 12-13 
Wonsits Valley, Utah, rocks exposed in .......................... 44-45 
Wyoming, southern, sections of Green River formation in.----- 101-107 

southern, topography of ...................................... 94 

z 
Zabns Camp, Utah, section at... ................................ 17 
Zinc, possible complexity of ...................................... 85 





DEPARTMENT OF THE INTERIOR 
Hubert Work, Secretary 
-- 

U. S. GEOLOGICAL SURVEY 
George Otis Smlth. D k t o r  

Professional Paper 132 

SHORTER CONTRIBUTIONS TO 
GENERAL GEOLOGY 

W. C. MENDENHALL, CHIEF GEOLOGIST 

WASHINGTON 
GOVERNMENT PRINTING OFFICE 

1925 

/ 

< 





CONTENTS 
The letters in parentheses preoeding the titles are those used to designate the papers for advmce publication.] 

Page 
(A) kock formations in the Colorado Plateau of southeastern Utah and northern Arizona, by C. R. Long- 

well, H. D. Miser, R. C. Moore, Kirk Bryan, and Sidney Paige (published July 27, 1923) - - - _ - - - - -  1 
(B) A new fauna from the Colorado group of southern Montana, by J. B. Reeside, jr. (published November 

5 , 1 9 2 3 ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  25 
(C) Notes on the geology of Green River valley between Green River, Wyo., and Green River, Utah, by 

J. B. Reeside, jr. (published November 30, 1923) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
(D) The evolution and disintegration of matter, by F. W. Clarke (published April 9,1924) ----  _ _ - _ - - - - - - - _ - 51 
(E) An early Eocene florule from central Texas, by E. W. Berry (published April 10,1924) - - - - _ _ - - _ - _ _ - - - - 87 
(F) Relations of the Wasatch and Green River formations in northwestern Colorado and southern Wyoming, 

with notes on oil shale in the Green River formation, by J. D. Sears and W. H. Bradley (published 
November 6, 1 9 2 4 ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  93 

(G) Discovery of a Balkan fresh-water fauna in the Idaho formation of Snake River valley, Idaho, by W. H. 
Dall (publishbd November 10, 1924) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 

(EI) Theresuscitatim of the term Bryn Mawr gravel, by F. Bascom (published November 12,1924)__..,..-_- 117 
(I) Origin of the boghead coals, by Reinhardt Thiessen (published May 14,1925) - - - - - - - - - - - -_  __-_-._-_ 121 
(J) Aniakcliak Crater, Alaska Peninsula, by W. R. Smith (published May 15, 1925) - - _ -  - _ - - _ - - _ _ _ _ _ _  139 

ILLUSTRATIONS 

PLATE I. Generalized columnak sections of the Paleozoic and Mesozoic rocks of northern Arizona and 
southemtern Utah-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

11. Generalized columnar sections of the Paleozoic and Mesozoic rocks of southeastern Utah- - - 
111. A, View looking down San Juan Canyon, Utah, a t  a point 9 miles by stream above Hon- 

aker trail; B, View looking down Green River toward its junction with Colorado River, 
Utah;> C, View in Cataract Canyon of the Colorado, Utah- - - - - -_- - - - - - - - - - - - - - - - - - - - -  

IV. A, View looking down San Juan Canyon, Utah, a t  a point between Clay Hill Crossing and the 
mout$ of Moonlight Creek; B, View near Colorado River 2 miles below mouth of Trachyte 
Creek, Utah; C, View looking down San Juan Canyon a t  the mouth of Slickhorn Gulch, 
Utab,------------------__-_------------------------------------------------------- 

V. A, View looking southwest down head of Marble Canyon from point near Lees Ferry, Ariz.; 
B, View looking up Colorado River from a high point near the mouth of Crescent Creek, 
Utah; C, Erosion remnants standing on platform of Coconino sandstone near mouth of Fre- 
mont River, Utah---------------------------_--------_---------------------------- 

VI. A, View looking up San Juan Canyon from point near mouth of Clay Gulch, Utah; B, View 
looking west toward high mesa a t  Clay Hill Crossing on San Juan River, Utah----- - 

VII. A, Castle Butte, near mouth of Red Canyon, Utah; B, View looking north across Colorado 
River at Lees Ferry, Ariz ---- -------------- ------  - - -  ------ -------------- ----- - - - - -  

VIII. A, V i e ~  looking northwest up Colorado River toward proposed dam site near Lees Ferry, 
Ariz.; B, View from point half a mile south of Spencer Camp looking south down San Juan 
Canyon toward Navajo Mountain, Utah- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IX. A, View looking northeast toward Wilson Mesa from point on Wilson Creek near S m  Juan 
Canyon, Utah; B, View looking across Colorado River opposite Smiths Fork, Utah; C, 
Sheer cliff of Navajo sandstone a t  Warm Spring Creek on Colorado River, Utah------ - - - 



PLATE X. A, View of Waterpocket Fold and Cretaceous plateaus between the Circle Cliffs and the 
Henry Mountains, Utah; B, Sketch of the country between the Circle Cliffs and the Henry 
Mountains, Utah, showing the surface distribution of the rock formations- - - _ - - _ - - _ - - _ - 

XI-XXI. Fossils of the Colorado group of southern Montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XXII. The curve of atomic volumes- - - - ------,---- - - - - -  - - ----  - -  - - - - - - - - - - - - - - - -:- - - - -  - -  - -  - 

XXIII. Fossil plants from the early Eocene a t  Sayersville, Tex ------------ ----------  - -  - - -  - - - ---  
XXIV. Geologic map showing the distribution of the Wasatch and Green River formations in north- 

western Colorado and southern Wyoming ----------------------- - ------  ------------ - 
XXV. A, Conglomerate in the lower part of the Wasatch formation a t  Sugarloaf Butte, Colo.; B, 

Oil shale in the Green River formation, showing characteristic thin, regular bedding; C, 
Papery oil shale, showing flexibility-- -,- -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

XXVI. Fossils of the Idaho formation-- - ------,----------------------..-_-_-_-_-_---- - - - _ -  - 
XXVII. Microphotographs of Elaeophyton ------- -_- --------  - -  - - ..- - -  - -  - - - -  - - - - -  - - - - - - - - - - - - - - - - 

XXVIII. Microphotographs of Elaeophyton ------- - __----_----- - - - - - - - - - - -  - - -  - - - -  - -  - - - - - - - -  - - -  - -  - - 
XXIX. Microphotographs of Elaeophyton ------- - - - - -  _ - -  - - - - _ - - -. - - -  - - - - _  - _  - - - _ - _ - .. - _ - - - _ - - - 
XXX. Microphotographs of E l a e o p h y t o n - - - - - - - - _ _ - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

XXXI. Microphotographs of E1aeophyton.- - - - - -  - - - - -  - ---  - -- - -..- - -  - - - - - -  - _ - - - - -_ - -  - - - _ - - - - - _ - 
XXXII. Microphotographs of Australian boghead (kerosene shale) - - - ------ - -  - - - - - -  - -  - - -  _ - - - - - _ - 

XXXIII. Microphotographs of Australiarr boghead (kerosene shale) - - - - - -- -- - _ - - - - - - - - - - - - - - - - - _ - 
XXXIV. A, Microphotograp4 of Australian boghead (kerosene shale); B, Microsection of torbanite 

from Scotland---------------_---------------------------------------------------- 
XXXV. Microsections of torbanite from Scotland- - - - - - -- - - - -- -- - -- - - - - - - - - - - - - - _ - - - - - - - - - - - - - 

XXXVI. Microsections of torbanite from Scotland - - - - - - - - - - - - - - - - - - -  - - -  - -. - - - - - -  - - - - - -  - - -  - -  - -  
XXXVII. Microsections of torbantie from Scotland--- -- - -- - --- - ---- --- -- - - - - - - - - - - - - - - - - - - - - - - - 

XXXVIII. A, Microsection of torbanite from Scotland; B, Microsection of boghead from Alaska- - - -- - 
XXXIX. A, Microsection of boghead from Alaska; B, Microsection of cannel coal from Pennsylvania- - 

XL. Microsections of cannel coal from Pennsylvania- - - -  - - - - - -  - - - - - - - - - - - - - - - - - -  - - - -  - - - -  - - - 
XLI. Aniakchak Crater. A h k a  Penins~la----_----~---_------------------------------------ 

XLII.' Relief map of Aniakchak Crater and vicinity, Alaska Peninsula -------_..---------------- 
XLIII. A, B, Exposures of volcanic ash on Ray Creek, Alaska Peninsula; C, "The Gates" of Aniak- 

chak Crater, Alaska Peninsula- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XLIV. A, Black Nose, Alaska Peninsula; B, Mount Chiginagak, Alaska Peninsula - - - - - - - - - -__- - - - -  

FIGURE 1. Index map of parts of Utah and Arizona showing location of columnar sections givenin Plates 
I and II----------------------------------------------------------------------- 

2. Sketch map of Green River between Green River, Wyo., and Green River, Utah -----,---- 
3. Map showing Green River between the mouth of Henrys Fork and the mouth of Skull Canyon, 

Daggett County, Utah- - -----------,------_----_---------------------------------- 

4. Section of the north slope of the Boars Tusk ridge, Daggett County, Utah ,---..---------- 
5. Cross section of the ridge east of the Boars Tusk ridge, Daggett County, Utah - - - - - - - - - - - 
6. Diagrsmmatic sketch of the bluff northwest of Neilsons Flat, Daggett County, Utah -- - - - - 
7. Diagram showing correlation of sections near Flaming Gorge, Daggett County, and in Island 

Park and near the Carnegie Museum dinosaur quarry, Uinta County, Utah- - - - -- ----- - 
8. Sketch map showing areal relations of the Wilcox floras - - - - .. ---------  - -  - -  - -  - - ---------  
9. Index map showing location of area in northwestern Colorado and southern Wyoming----- 

10. Sections from northwest to southeast in the Green River Basin, Wyo., showing interfinger- 
ing of the Wasatch and Green River formations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11. Sketch map showing location of Aniakchak Crater, Alaska Peninsula - ------  - -----  - -  - -  --- 



PLATE X. A, View of Waterpocket Fold and Cretaceous plateaus between the Circle Cliffs and the 
Henry Mountains, Utah; B, Sketch of the country between the Circle Cliffs and the Henry 
Mountains, Utah, showing the surface distribution of the rock formations- - - _ - - _ - - _ - - _ - 

XI-XXI. Fossils of the Colorado group of southern Montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XXII. The curve of atomic volumes- - - - ------,---- - - - - -  - - ----  - -  - - - - - - - - - - - - - - - -:- - - - -  - -  - -  - 

XXIII. Fossil plants from the early Eocene a t  Sayersville, Tex ------------ ----------  - -  - - -  - - - ---  
XXIV. Geologic map showing the distribution of the Wasatch and Green River formations in north- 

western Colorado and southern Wyoming ----------------------- - ------  ------------ - 
XXV. A, Conglomerate in the lower part of the Wasatch formation a t  Sugarloaf Butte, Colo.; B, 

Oil shale in the Green River formation, showing characteristic thin, regular bedding; C, 
Papery oil shale, showing flexibility-- -,- -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

XXVI. Fossils of the Idaho formation-- - ------,----------------------..-_-_-_-_-_---- - - - _ -  - 
XXVII. Microphotographs of Elaeophyton ------- -_- --------  - -  - - ..- - -  - -  - - - -  - - - - -  - - - - - - - - - - - - - - - - 

XXVIII. Microphotographs of Elaeophyton ------- - __----_----- - - - - - - - - - - -  - - -  - - - -  - -  - - - - - - - -  - - -  - -  - - 
XXIX. Microphotographs of Elaeophyton ------- - - - - -  _ - -  - - - - _ - - -. - - -  - - - - _  - _  - - - _ - _ - .. - _ - - - _ - - - 
XXX. Microphotographs of E l a e o p h y t o n - - - - - - - - _ _ - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

XXXI. Microphotographs of E1aeophyton.- - - - - -  - - - - -  - ---  - -- - -..- - -  - - - - - -  - _ - - - - -_ - -  - - - _ - - - - - _ - 
XXXII. Microphotographs of Australian boghead (kerosene shale) - - - ------ - -  - - - - - -  - -  - - -  _ - - - - - _ - 

XXXIII. Microphotographs of Australiarr boghead (kerosene shale) - - - - - -- -- - _ - - - - - - - - - - - - - - - - - _ - 
XXXIV. A, Microphotograp4 of Australian boghead (kerosene shale); B, Microsection of torbanite 

from Scotland---------------_---------------------------------------------------- 
XXXV. Microsections of torbanite from Scotland- - - - - - -- - - - -- -- - -- - - - - - - - - - - - - - _ - - - - - - - - - - - - - 

XXXVI. Microsections of torbanite from Scotland - - - - - - - - - - - - - - - - - - -  - - -  - -. - - - - - -  - - - - - -  - - -  - -  - -  
XXXVII. Microsections of torbantie from Scotland--- -- - -- - --- - ---- --- -- - - - - - - - - - - - - - - - - - - - - - - - 

XXXVIII. A, Microsection of torbanite from Scotland; B, Microsection of boghead from Alaska- - - -- - 
XXXIX. A, Microsection of boghead from Alaska; B, Microsection of cannel coal from Pennsylvania- - 

XL. Microsections of cannel coal from Pennsylvania- - - -  - - - - - -  - - - - - - - - - - - - - - - - - -  - - - -  - - - -  - - - 
XLI. Aniakchak Crater. A h k a  Penins~la----_----~---_------------------------------------ 

XLII.' Relief map of Aniakchak Crater and vicinity, Alaska Peninsula -------_..---------------- 
XLIII. A, B, Exposures of volcanic ash on Ray Creek, Alaska Peninsula; C, "The Gates" of Aniak- 

chak Crater, Alaska Peninsula- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XLIV. A, Black Nose, Alaska Peninsula; B, Mount Chiginagak, Alaska Peninsula - - - - - - - - - -__- - - - -  

FIGURE 1. Index map of parta of Utah and Arizona showing location of columnar sections givenin Plates 
I and II----------------------------------------------------------------------- 

2. Sketch map of Green River between Green River, Wyo., and Green River, Utah -----,---- 
3. Map showing Green River between the mouth of Henrys Fork and the mouth of Skull Canyon, 

Daggett County, Utah- - -----------,------_----_---------------------------------- 

4. Section of the north slope of the Boars Tusk ridge, Daggett County, Utah ,---..---------- 
5. Cross section of the ridge east of the Boars Tusk ridge, Daggett County, Utah - - - - - - - - - - - 
6. Diagrsmmatic sketch of the bluff northwest of Neilsons Flat, Daggett County, Utah -- - - - - 
7. Diagram showing correlation of sections near Flaming Gorge, Daggett County, and in Island 

Park and near the Carnegie Museum dinosaur quarry, Uinta County, Utah- - - - -- ----- - 
8. Sketch map showing areal relations of the Wilcox floras - - - - .. ---------  - -  - -  - -  - - ---------  
9. Index map showing location of area in northwestern Colorado and southern Wyoming----- 

10. Sections from northwest to southeast in the Green River Basin, Wyo., showing interfinger- 
ing of the Wasatch and Green River formations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11. Sketch map showing location of Aniakchak Crater, Alaska Peninsula - ------  - -----  - -  - -  --- 


