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BRIEF MEMORANDUM ON THE GEOLOGY OF THE
PHILIPPINE ISLANDS. |

By Grorce F. BECKER.

Much office work must be done on the specimens collected and much
literature abstracted before all of the information at my command on
the geology of the Philippine Islands can be systematically presented.

So far as my observation or my information goes, the geological
history of the whole group is similar. I have seen that the post-
 Tertiary gradual upheaval, presently to be described, is common to
Jolo, Mindanao, Luzon, and the intermediate islands; and descriptions
leave little doubt that the Philippines belong, and have long belonged,
to a single geological and biological province.

Prior to the Tertiary epoch the Philippines consisted of slates and
igneous masses, the age of which is as yet unknown, no fossils having
been detected in these ancient rocks. They are now to be found chiefly
in the northern and eastern ranges of Luzon, but appear to be repre-
sented also by some limited occurrences in Cebu, and seem to form the
walls of the gold-bearing quartz veins of the province of Surigao, in
the northeastern portion of Mindanao. They are doubtless in reality
widely distributed, but in most localities are buried beneath more
recent formations.

During the Eocene, or earliest Tertiary, the archipelago must have
consisted largely of swamps and shallow seas, perhaps not very dif-
ferent from those now existing in the same region. Limestones were
formed at some distance from the coasts, shales and sandstones were
laid down near the shores, and accumulations of vegetable matter
grew in the swamps. These last were covered by mud, and in the
almost total absence of free oxygen they were gradually converted into
lignite, probably the most valuable mineral asset of American India.

At the close of the Eocene a great crumpling and upheaval took
place, which was felt from Switzerland to the Philippines, and perhaps
most of all in the Himalayas, where marine Eocene beds now stand at

1 Memorandum addressed to the military governor as a preliminary report, and an official copy
transmitted by the author to the Director of the United States Geological Survey.
’ 3



4 GEOLOGY OF THE PHILIPPINE ISLANDS.

an elevation of 16,000 feet above the sea. In these islands the Eocene
strata are frequently thrown into a nearly vertical position and some-
times are actually overturned. In the Visayas the axis of upheaval
trended a little east of north, corresponding to the direction of greatest
extension of the islands of Cebu and Negros. These disturbances were
accompanied by much faulting and it is believed by some metamorphism.
Intrusions and extrusions of igneous rocks seem to have accompanied
this upheaval, but no satisfactory study has yet been made of the
phenomena, good exposures being rare. .

During the remainder of the Tertiary the islands appear to have
been above water. Miocene and Pliocene strata have not been detected
with certainty, though some traces of such beds will probably be
discovered in future investigations. Near Jolo I found strata which
appeared to be younger than the Eocene and older than the Recent
period. In the main the area of the Philippines was probably then
continental, and there is zoological evidence of a land connection with
the Asiatic continent, probably by way of Borneo, during the middle
Tertiary. This connection did not persist to the close of the Tertiary,
however, and to its rupture is aseribable the extraordinary peculiari-
ties of animal life in these islands, evolution here having been left to
take its own course undisturbed by invasions. ,

The subsidence which cut off immigration of the lower animals con-
tinued, seemingly, till somewhere about the close of the Tertiary and
long afte1 Homo sapiens had made his appearance in the Malay Archi-
pelago. This group also was very probably already inhabited during
the Pliocene, possibly by the ancestors of the Negritos. This is a mat-
ter which requires careful investigation, for in the opinion of my late
famous colleague, O. C. Marsh, this archipelago is likely to have been
one of the earliest haunts of the human species.

When the elevation was atits minimum the archipelago was reduced
to a group of small, hilly islets, four of which existed within the area
now occupied by the Island of Luzon. Cebu was almost completely
submerged.

At or before the period of maximum subsuience began a series of
eruptions which hasnot yet closed. Mayon Volcano, insouthern Luzon,
had a violent eruption in 1897. It is probably the most beautifully
symmetrical volcanic cone in the world, and the truncation at the top,
due to the crater, is scarcely sensible.! The work done in fusing lavas
and ejecting ash is probably a manifestation of the energy involved in
the mighty earth throes which bring about regional upheavals with
incidental subsidences. The earlier of the eruptions under discussion
were largely submarine, and vast additions were made to the super-
ficial material of the archipelago by these outflows, especially in the

1The radius of any horizontal section is the hyperbolic sine of the distance from this section to the
summit.



BECKER.] PLEISTOCENE AND RECENT UPHEAVAL. 5

central and southern portions of Luzon. The ejecta include andesites,
rhyolites, basalts, and probably other less common rock species.

The period of upheaval, once initiated, does not seem to have been
interrupted by any era of subsidence, and the modern coral reefs give
evidence that it is still in progress. It is said that uplifts accompany-
ing earthquakes have actually been observed by the Spaniards, and the
earthquakes themselves are spasmodic jars in the process of elevation.
The elevation hds not been, properly speaking, catastrophic, however,
for the tremors which may wreck a cathedral are insignificant from a
terrestrial standpoint. On the whole, the uplift has been very gradual,
so that even the coral polyp has been able to adjust himself to the
changing conditions, building outward into deeper water as his old
home was raised too high for his welfare. In this way nearly the whole
of Cebu, to a height of over 2,000 feet, has been covered with a nearly
continuous sheet of coral which can be followed seaward into living
reefs. Much of Negros has been clothed with a similar mantle. Ona
small scale, also, off the coasts of these islands, and particularly about
Mactan, reefs can still be studied in every stage of upheaval, all those
portions being dead which are exposed to the air even at the lowest
tides. In southern Luzon and to the northward of Lingayen Bay simi-
lar phenomena can be observed.

Although upheaval does not appear at any time since the close of
the Tertiary to have given way to subsidence, there have been repeated
pauses in the uplifting process. On exposed coasts these pauses are
marked by benches eaten into the land by the action of the waves.
Thus the southern ends of Cebu and Bohol are terraced from top to
bottom, each terrace being an old beach cut out of the rock mass by
stormy seas. Pauses in the uplifting process are also marked by a
rude stratification of the corals. Even in the interior of the islands ter-
races indicative of uplifts are frequently visible. Some of them repre-
sent base-levels of erosion; others are ancient coral reefs which have
been checked in their upward growth by reaching the surface of the
water. In short, terraces constitute one of the most prominent topo-
graphical features of the archipelago.

The slowness of the uplift is emphasized by the stupendous accumu-
lation of coral in these islands. Coralis, of course, mainly composed of
calcium carbonate, and this is formed by the coral polyp from the lime
salts dissolved in the sea. Now, the sea contains a very minute pro-

‘portion of lime salts (chiefly the sulphate, or gypsum), say a tenth of
1 per cent, and corals are necessarily of slow growth because of the
scantiness of the material with which they build. The sheets of coral
on uplifted areas seem to have a tendency toward a nearly uniform
thickness, approximating to 100 feet. This is explicable from the
habits of the coral animal, which does not grow at a greater depth than
15 or 20 fathoms. Unlike merely sedimentary strata, the coral follows
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the topography of the rising surface, along a contour of which it grew.
Where muddy waters or frequent eruptions befoul the sea there are no
coral reefs.

When the uplift began, say ten or twelve thousand years ago, the
island shores were steep and the sea about them was relatively deep, so
that an upheaval of 100 feet added but little to the area of the islands.
. As the amount of uplift increased to something approaching the mean

depth of the circumambient sea, the area of the land increased in a far
greater ratio to the increment of upheaval. The last rise of 100 feet
has rescued from the seas the most valuable part of the archipelago.
Examination of the charts will show that a fresh rise of 100 feet would
add a further area, which, though important, would be less important
than the actual lowlands of the Philippines. The plateau on which the
island stands is now mostly above sea level.

Area has also been added to the land by the formation of deltas at
the mouths of the rivers, a process which has been greatly assisted by
the mangrove trees and the nipa palms. These grow in the water in

- all favorable situations, and hold back the solid contents of the streams,
adding their own débris to the accumulation. Along the eastern shore
of Manila Bay the so-called *“estero” or ‘‘ bayou” country consists of
the confluent deltas of the various rivers flowing into the bay.

To the eastward of the estero country the ground passed over by
(General MacArthur’s army from Manila to San Fernando consists of
low, base-leveled terraces, all more or less dissected by water courses.
These almost always have somewhat high and steep banks. They are
in fact engorged, as is characteristically the case in a country under-
going upheaval; for upheaval increases the potential energy of the
flowing water and leads to erosion of the stream beds.

In my published memorandum on the mineral resources of the Phil-
ippines® I have briefly noted the distribution of valuable minerals. The
distribution of gold deposits indicates that this metal, when in place,
is associated with the older rocks, and it -will probably be found that
~ the last great addition to the auriferous deposits was an incident of
the post-Eocene upheaval. 1n some parts of the world gold is found
in neo-volcanic rocks, as at Bodie, in California, and elsewhere. I have
learned of no such occurrence in these islands. Where streams in the
Philippines cut into the older rocks they seem nearly always to carry
a little gold, which the natives have been exploiting time out of mind.

There is a very general impression that Mindanao is a rich aurifer-
ous region, though little definite information is current on the subject.
The ahsence of information seems to add the attractions of the imagi-
nation to the tales of a few prospectors. It isa fact to which attention
should be called that each of the two auriferous provinces of Mindanao—

1 Nineteenth Ann. Rept. U. 8. Geol. Survey, Part VI Continued, 1898, pp. 687-693.
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viz, Surigao and Misamis—has been reported upon by a competent
expert, and that neither expert found anything to excite his enthu-
siasm. There is gold there beyond a doubt, and the natives have been
extracting it on a modest scale, yet with no little skill, for centuries.
The information at hand points to very moderate auriferous resources,
comparable with those of the Carolinas and Georgia rather than w1th
those of Colorado or California. :

Luzon, so far as I can judge from reports, is as rich in gold as Min-
danao. It is probable enough that a fair number of spots exist in
which capital invested in gold mines will find reasonable remuneration,
but I fear that any *“rush” to the gold fields will involve great disap-
pointment. The whole archipelago has an area almost the same as that
of Arizona. There is nothing known which indicates that the islands
contain more gold than this Territory.

The copper deposits of Lepanto seem rich and extensive, but very
expensive roads will ‘be needed to render them available. The high
quality of some of the iron ores of Luzon is beyond question, but the
lignite of the islands is not adapted to iron smelting. A moderate
industry could be based on charcoal smelting, while the pig could be -
converted into steel and manufactured by the use of furnaces burning
lignite gas.

The so-called coal is a good lignite.! Its heating effect is from two-
thirds to three-fourths that of the best steaming coal. There are great
quantities of this fuel, and much of it could probably be delivered at a
profit on vessels at $2.50 (Mexican) per ton. The lignite is at least as
good as the Japanese ‘‘ coal,” which is also lignite. The Japanese fuel
often brings $9 or $10 (Mexican) in Manila, and is now much dearer; so
that unless the price of such coal were to fall enormously, great profits
await the coal miner. The development of a coal industry is of great
importance to the industries of the archipelago, and, though our naval
vessels would prefer Cardiff or Pocahontas coal, they could use Philip-
pine lignite in case of need. ‘

Maxtra, P. L., September 28, 1899. -

1Lignite dlﬁers from true coal chiefly in the amount of combined water, which is insignificant in
true coal and usually from 8 to 18 per cent in lignite.
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A STUDY OF BIRD MOUNTAIN, VERMONT.

By T. NELsoN DaALE.

.PIIYSiOGRAPHY AND AREAL GEOLOGY.

Bird Mountain lies in the Taconic Range, 7 miles west-southwest of
Rautland, in the townships of Castleton, Ira, and Poultney; its summit
(2,200 feet) is in Castleton. Since the writer’s brief visit to the moun-
tain in 1891 the region has been mapped by the topographers of the
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Fic. 1.—Outline of Bird Mountain as seen from the east side of Lake Bomoseen, 5§ miles northwest of
the summit,

Survey (Castleton quadrangle, 1895), and the mountain has been care-
fully explored by the writer, with the aid of Mr. Fred. H. Moffit (1896),
0 that the materials are at hand for a more satisfactory description of
it. The areal geology is shown on PL 1.

Although covering less than 4 square miles and lying near to several
much larger masses differing not very greatly from it in height,

1See Thirteenth Ann. Rept. U. S. Geol. Survey, 1894: The Rensselaer grit plateau in New York;
appendix on the continuation of the Rensselaer grit in Vermont, pp. 337-338. 15



16 A STUDY OF BIRD MOUNTAIN, VERMONT.

Bird Mountain will always attract the eye of the traveler and the
geologist by reason of its outlines, which are unique in the Taconic
region. Fig. 1 shows its appearance from the northwest and fig. 2
that from the west; Pl II, 4 and B, shows its form as seen f10m the
south and south- southwest

The top of Bird Mountain is 14 miles south of the Castleton River,
which flows westward through a valley which cuts the entire Taconic
Range transversely down to the 500-foot contour. The mountain is
almost entirely isolated from the masses to the south, east, and west by
two tributaries of the Castleton River, but on the southeast, at the 1,480-
foot contour, a saddle still joins it to the Herrick Mountain mass.
While the cliffs which rise to an altitude of about 300 feet above the
talus slope on its southern side and the roundish outline of its north-
ern end point to glaciation as one of the principal causes of its form,

F16. 2.—Outline of Bird Mountain as seen from Pond Hill, 2 miles west of the summit,

the general relations of the mountain to the ad]acent masses throw
little light upon its structure or its-origin.

After the areal geology was worked out it appeared that the central
crest of Bird Mountain forms but part of a larger area of metamor-
~hosed grit and conglomerate, alternating with beds of sericite-schist,
measuring altogether about 34 miles in length and varying from one-
fourth to 134 miles in width. This area includes the next mass on the
southwest, whose summit (1,962 feet) is 288 feet lower than Bird
Mountain, while the incision which separates the two masses reaches
down to the 1,000-foot contour. The general trend of this grit and
conglomerate area is about north-northeast to south-southwest, which
is also the trend of this part of the Taconic Range.

Entirely surrounding as well as underlying the Bird Mountain grit
are the muscovite- (sericite- ) schists of the Ordovician—the Berkshn‘e

~schist of the Taconic Range.
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DALE.] THE GRIT AND CONGLOMERATE. 17

On the western side of Hampshire Hollow, 24 miles southeast of the
- southern extremity of the Bird Mountain grit area and 14 miles east
_ of East Poultney, is a lens-shaped area of conglomerate and schist a
few hundred feet long, possibly of the same age as the Bird Mountain

beds.
- THE GRIT AND CONGLOMERATE,

In the previous survey of Bird Mountain' Dr. Wolff, who made
the petrographic determinations, found the conglomerate to consist
of quartz pebbles (of granite, gneiss, or vein origin) often showing
signs of compression, of pebbles. of limestone and of quartzite
with calcite cement, of pebbles having a dark-brown limonitic matrix
inclosing flakes of muscovite and chlorite, and of clastic grains of
tourmaline; all in a cement of chlorite, muscovite (sericite), quartz
“(partly secondary), calcite in grains and in vein-like masses with col-
umnar crystallization, and some grains of pyrite, magnetite, and
titanite. =

The results of further collecting at the summit and in various parts
of the mountain justify the following description: The chloritic green
color of the cement, the quartz pebbles, which are milky or bluish or
pinkish and sometimes over an inch in diameter, and the abundance
of pebbles of a dense, homogeneous, pale-greenish rock, weathering
at their circumference and along cracks a light or dark yellowish
brown, and eventually completely altered to a limonitic powder, are
" the most marked features of the rock. The specific gravity of a
piece of the conglomerate containing several of the small green peb-
bles, and a few smaller ones of quartz with the usual amount of cement,
proved to be 3.286, or 0.632 higher than that of quartz (taken at 2.654).
Pyrite is often found in the cement, and galenite occurs rarely in
small particles. Grains of orthoclase and plagioclase feldspar can be
detected here and there with the microscope. At the summit of the
mountain pebbles of a coarse, calcareous, feldspathic quartzite or grit
~and of a fine and medium grained brownish-weathering crystalline
limestone are not uncommon, some of these measuring as much as 3
by 5 inches. At a point a little south of the ravine on the northwest-
ern side of the mountain, on the 1,200-foot contour, the joint faces in
the conglomerate are coated with secondary -quartz, forming distorted
tabular crystals, sometimes about a quartz pebble. More rarely sid-
erite has crystallized on the joint face, and at the surface passes into
hydrous ferric oxide. While the rock is thus in places a metamor-
phosed grit, in others it is a metamorphosed conglomerate; and in
some localities, from the scarcity of cement and the small size and
_ abundance of the quartz grains, it approaches a quartzite. There isa
perceptible increase in the size of the pebbles from the lower to the

Loc. cit.

20 GEOL, PT 2 2




18 A STUDY OF BIRD MOUNTAIN, VERMONT.

higher strata of Bird Mountain. The interbedding of the grit and
conglomerate with sericite-schist occurs throughout, but is probably
more or less irrvegular. At a point a little south of the northern
incision in the crest from 50 to 65 feet of schist overlie the grit, and
are presumably also overlain by grit farther south. The attempt to
use the grit for monuments has been abandoned on account of the
weathering out of the caleite from the cement on the polished surface
wherever it was exposed. '

THE PEBBLES UNDER THE MICROSCOPE.

The fine, greenish pebbles consist largely of a calcareous mineral -

without the multiple twinning of calcite and effervescing very slowly
with cold dilute hydrochloric acid. Embedded in it are numerous
scales of chlorite, fewer of muscovite, and some angular grains of
quartz. In weathering, the calcareous mineral passes into limonite,
showing the silicates more plainly. As weathering proceeds the
limonite itself is carried off, leaving an aggregate of muscovite, chlo-
rite, and quartz. These pebbles thus seem to consist of a mixture of
dolomite and siderite, together with detrital quartz, secondary chlo-
rite, and muscovite of uncertain origin; thatis, a chloritic and micaceous
carbonate of magnesia, iron, and lime, containing quartz grains. The
specific gravity of the conglomerate (3.286) is 0.514 lower than that of
siderite (taken at 3.80) and 0.109 higher than the average of siderite
and quartz. In places the cement itself seems to have the same con-
stitution as these green carbonate pebbles. The amount of limonite
present is not sufficient to give the rock economic value.
- The large, calcareous, granular pebbles consist of large grains of
quartz, with fewer of orthoclase and plagioclase feldspar, in a cement of
calcite rhombs and plates with multiple twinning and rapid efferves-
cence. The feldspars are partially altered. to muscovite; the quartz
grains show many inclusions and a wavy extinction; the cement is
undergoing partial alteration to limonite. The rock is a calcareous
quartz and feldspar grit—a calcareous and feldspathic quartzite.

Other finer-grained pebbles consist mainly of rhombs and plates of
calcite, with fine, angular quartz grains and muscovite bcales—a
quartzose, micaceous crystalline limestone.

A very fine-grained and noncalcareous pebble consists of partly ori-
entated muscowte and chlorite scales and quartz grains, with thickly dis-
seminated spherules or crystals of pyrite, partly altered to limonite—a
fine, micaceous quartzite, or a quartzose mica-schist.

SOURCES OF THE PEBBLES.

The pre-Cambrian must naturally be regarded as the source of the -
granitic or gneissic quartz pebbles (frequently bluish or pinkish), and
also of the feldspar grains, but either the Cambrian or the Ordovician

_supplied the crystalline limestone and the calcareous and micaceous
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A. BIRD MOUNTAIN, SOUTHERN FACE, NEAR VIEW.

B. BIRD MOUNTAIN, GENERAL VIEW, FROM A POINT 1} MILES SOUTH-SOUTHWEST OF
SUMMIT.
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quartzite, as well as the carbonate of iron. The writer is not
acquainted with any similar deposit of carbonate in the Taconic

mglon
THE SCHIST.

“A purplish schist from the north foot of the mountain shows the finely
plicated sericite, quartz, hematite dots, and many actinolite prisms
lying in all directions. A green schist from the ravine on the north-
northwest side (1,100-foot contour) is like the purple, but has chlorite
and no hematite, and the plications have resulted in the usual slip
cleavage. = A similar schist occurs also at the foot of the talus on the
western side of the summit. Inall these specimens the actinolite prisms
produce a fine speckling. Such schists recur also on the eastern side
- of the mountain, but the actinolite is not always present.

In the schists on the western side of the mass southwest of Bird Moun-
tain there is a light-buff, calcareous or dolomitic, brownish-weathering
sericitic rock abounding in angular quartz grains. Thin quartzite beds
occur in the schist just beyond the southern extremity of the grit area,
also a mile northeast on the southeastern side of the mass, again a half
mile north on its western side, and also three-fourths of a mile west of
the northern part of Bird Mountain.

While the schists which underlie the grit area crop out on all sides
of it, their finest exposure is a mile southeast of the top of Bird Moun-
tain, on the northern side of Herrick Mountain in Ira. Here at the

1,600-foot contour is a cliff of schist from 100 to 200 feet high, and
about 400 feet wide from east to west, known locally as the Ben Slide.
It is traversed by joint planes striking east and west, and dipping about
70° N., from which great blocks have either been pried off by frost
or loosened by percolating water, aided by the lubricating action of the
muscovite folia of the schist itself; and these blocks have brought down
portions of the hemlock forest growing above, so that a large talus of
schist blocks and trees has accumulated at the foot of the cliff in chaotic |
confusion. The northern face of the cliff has also been striated by the
descending material.

The schist is here a fine- gralned lustrous, slippery, crumpled, seri-
cite rock, purple and green, in alternating beds. It includes small.
beds of chloritic quartzite, containing chalcocite (Cu S,) and siderite
(Fe Co,). Both schist and quartzite contain here and there flakes of
a bright-green pyrophyllite.* The quartzite weathers into a rusty
sand with flakes of pyrophyllite. The schist is the Berkshire schist of
the Taconic Range, and is of Ordovician age.

While pyrophyllite occurs here and there in these schists, and sider-
ite, usually altered to limonite,? is not uncommon in their quartz veins,
the occurrence of copper disulphide on the Taconic Range is exceptional.

1For analysis see op. cit., Nineteenth Ann. Rept. U. 8. Geol. Survey, Part I1I, p.191.
2 Thirteenth Ann. Rept. U. S. Geol. Survey, p. 303, footnote 1, and PL C, fig. 5, a, h.
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West of the schist and underlying it are the Cambrian vslates, grits,
etc., of the slate belt, which are here, however, not considered.

STRUCTURE OF THE MOUNTAIN.

In looking up at the great cliff on the southern side the most con- .

spicuous structural features are steep easterly dipping joints and low -

westerly dipping beds, but close inspection shows easterly dipping
bedding planes along the western side of the mountain. The struc-
tural symbols and the section on Pl 1 show the real character of
Bird Mountain. It is an open syncline, the axis of which runs along
the western half of the mass. This syncline is traversed by several
sets of joints, the most conspicuous of which strikes N. 60° to 65° W.
and dips 70° N. to 90°; and to this set the southern cliff face is due.
"Another set which appears on the face strikes N. 20° to 45° E. and
dips S. 70° to 75° E. On the west side a third set strikes N. and dips
90°, forming Westelly facing cliffs. Still other more obscure sets
stllke N. 20° W., dip N. 45° E., or strike N. 35° W., dip S. 20° W.
The former are sl1ckens1ded on the southern mass. ,

‘While the noirthern half of the grit mass consists of a single syn-
cline, the southern half appears to consist of at least two, and the main
western one of these has a distinct northerly pitch toward Bird Moun-
tain. The symbols in the northern half likewise indicate a southerly
pitch. Bird Mountain itself thus forms the structural center of the
entire grit area.

The grits commence on Bird Mountain at the 1,780-foot contour—
that is, 430 feet below the top—but the section indicates an approxi-
mate thickness of from 500 to 550 feet for the grits, conglomerate,
and the interbedded schist. The thickness of the underlying Ordovi-"
cian schist was not determined, but from estimates made at several
points on the range it appears to be between 1,000 and 2,000 feet.

GLACIAL DISTRIBUTION OF BIRD MOUNTAIN GRIT.

As the character of the grit and conglomerate of Bird Mountain is
so marked, and as it is not duplicated between Lake Champlain and
the Hudson on the west and long. 73° 7’ on the east, and between lat.
43° 35" and 42° 30’ (with the exception of the small area in Poultney
already referred to), there is no difficulty within the area thus bounded
in tracing bowlders of it back to their probable source. Such bowlders
are very numerous and widely distributed. The following have been
precisely located: One (diameter about 1 foot) on Mason Hill, in
Pownal, Vermont, or about 58 miles S. 4° W. from the top of Bird"
Mountain; another (diameter 2 feet 6 inches) 4 miles west of the Hud-
son and 8 miles south of Schaghticoke village, in the town of that name
in Rensselaer County, New York, or about 53 miles S. 12°'W. from
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Bird Mountain; whatis probably still another (size 3 by 2 feet), 24 miles
southwest of the northeast corner of Pittstown, in the same county,
or about 47 miles S. 5° W, from the mountain; another (diameter 4
feet), 14 miles southeast of Granville, New York, in the northwestern
part of Pawlet, Vermont, 15 miles S. 25° W. from the top of the
- mountain. Such facts have a double significance—they not only indi-
cate the probable direction of some of the glacial currents, but they
also show that the Bird Mountain grit mass has been reduced by
glaciation. But the slight possibility that these bowlders have come
from a like grit deposit farther north should be admitted. '

GEOLOGICAL LITERATURE AND DISCUSSION.

Geological literature does not shed much light on the general rela-
tionships of this deposit.

In the writer’s former paper!® the Bird Mountain beds were consid-
ered to be of the same age as the grits of the Rensselaer Plateau, and
both were regarded as overlying the Hudson formation and thus prob-
ably forming the base of the Upper Silurian. Dr. R. W. Ells? questions
the correctness of this classification, because very similar grits and
phyllites near Quebec have been shown by their fossils to be partly of
Potsdam (Upper Cambrian) and partly of Calciferous (lowermost Ordo-
vician) age, and he therefore considers the Rensselaer grit as under-
lying or forming the base of the Ordovician instead of overlying it.
He would explain its apparent position by complicated structural rela-
tions.® As pointed out in the former paper, the Bird Mountain grit
is petrographically different from the Rensselaer grit, but they were
classed together because of their apparently similar relations to the
Hudson beds. To whatever formation the Rensselaer grit may even-
tually be assigned, the age of the Bird Mountain grit is probably
later than Calciferous, for these reasons: The Berkshire schist, which
includes the Hudson River formation and which underlies Bird Mount-
ain on all sides, overlies the Stockbridge limestone on the eastern side
of the Taconic Range, and the upper part of that limestone is of Cal-
ciferous, Chazy, and Trenton age. Again, on the western side of the
range, as shown on Pl I, the schists come close to the Cambrian
slates, and may thus along that border possibly be of Calciferous and
Chazy age;* but thc Bird Mountain mass, lying so far toward the
axis—i. e., the thicker part of the Taconic synchnorlum—could hardly
belong to 1ts lower portion.

¥Thirteenth Ann. Rept., loc. cit.

2The Rensselaer grit plateau : The Ottawa Naturalist, April, 1895, Vol. IX, No. 1, pp. 9-11.

3Mr. Henry M. Ami, of the Canadian Geological Survey, gives the normal order of the formations
asthey occur in Canada in this descending series: 7, Hudson River (=Lorraine); 6, Utica; 5, Trenton;
4, Birdseye and Black River; 3, Chazy; 2, Calciferous; 1, Potsdam (=Upper Cambrian). The Utica
terrane in Canada: The Canadian Record of Science, Oct., 1892. '

4See op. cit., Nineteenth Ann. Rept. U. 8. Geol. Survey, Part III, 1899, pp. 295-296.
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It is not proposed to discuss here at length the age of the Rensselaer
grit, upon which it is hoped that further field work southeast of the
plateau may throw more light. In a region of such frequent changes
of sediment as the Hudson and Champlain Valley it is hardly safe to
establish a correlation on the petrographical similarity. of beds 300
miles apart, the distance between Troy and Quebec. The structure
required by Dr. Ells’s interpretation would be that of two transverse,
. complex anticlines, and the pebbles of quartzite, marble, chert, and
phyllite would also require explanation. In Mr. McGee’s map, pub-
lished under Professor Hall’s direction in 1894, the plateau and the
Taconic Range are colored as ‘“‘Hudson River and Utica (Oswego
Sandstone).”

Beds of fine quartz conglomerate or coarse quartzite occur nere and
there in the Berkshire schist of the Taconic Range, but as their thick-
ness is inconsiderable and their pebbles are almost exclusively quartz
they are regarded merely as coarser sediments derived from the same
sources as those which supplied the material of the schist itself. In
the pebbles of clastic rocks in the Bird Mountain grit-we have evi-
dence of an unconformity to Cambrian if not to Ordovician beds
which these minor beds of quartz pebbles in the lower formation do
not afford. '

Mr. James P. Kimball’s article on ‘‘ Siderite basins of the Hudson
River epoch ”* shows that during Hudson River time calcareous and
ferruginous sediments were formed west of what is now the Taconic
synclinorium, and he ascribes the alteration of the original limonite
to siderite to buried organic matter, its subsequent change back
into limonite. being regarded as the result of weathering. As the
schists of the Taconic Range are in part, at least, of Hudson River
age, the question arises whether the bed which furnished the material
for the carbonate pebbles of Bird Mountain may not have been such
a small siderite basin; but the apparent conformity of the grits and
schists and their interbedding do not favor this view. Another possi-
ble source is the Cambrian area west of the Taconic Range, in which,
however, no such massive carbonate has thus far been found, although
the Cambrian slates do contain not a little carbonate. Still another
possibility is that the carbonate pebbles are autoclastic—that is, they
resulted from the crushing of beds of carbonate occupying the area
of the Bird Mountain grit and were subsequently rounded by solution—
but that the limestone, quartz, and quartzite pebbles were detrital; in
other words, that the rock is partly a breccia and partly a conglom-
erate. While the thin sections show cracked pebble-like masses of
‘carbonate, they also show areas of carbonate which are indistinguish-
able from the cement, and this lends support to such a theory.

1Am. Jour. Sci., 3d ser., Vol. XL, 1890, pp. 155-160.
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CONCLUSIONS.

Bird Mountain is an open syncline within the Taconic Range, and
consists of about 500 feet of grit and conglomerate interbedded with
muscovite- (sericite-) schist, and underlain on all sides by schist of
similar character, but frequently containing small beds of quartzite.
The presence of pebbles of crystalline limestone, calcareous quartzite,
* and granitic quartz in the conglomerate shows that at no great distance
rocks of these kinds were above sea level at the time of its deposition.
The presence of a carbonate of iron, magnesia, and lime, both in the
cement and in pebble-like masses in the grit, indicates that these peb-
bles may be due to brecciation and solution, and that the area of the
Bird Mountain grit may have been a basin in which fine ferruginous
and calcareous sedimentation took place and in which also coarser detri-
tus was collected. The stratigraphical relation of the schists which
underlie Bird Mountain, both to the Cambrian on the west and to the
Ordovician on the east, and the synclinal structure and position of
Bird Mountain itself, indicate the upper part of the Ordovician as the
probable age of the grit. While some of its pebbles must have come
from pre-Cambrian rocks, others originated in Cambrian beds,* and the
carbonate pebbles may also be of that age.

The formation of secondary quartz crystals on the joint faces of the
grit shows that important chemical changes went on in the mass after
the jointing.

The narrowness of the grit mass at Bird Mountain compared to its
width, and its more complex structure at the south, indicate that at least
the northern half of the deposit may originally have been much more
extensive. The peculiar outline of the mountain as seen from the south
(PL. 1), the difference between its material and the underlying schists,
its isolation, and the wide distribution of its fragments by the conti-
nental glacier, all indicate that it has been greatly reduced by erosion.

The incision which separates Bird Mountain from the rest of the grit
mass on the south and the high cliff which forms its southern face are
probably due to erosive influences acting along a system of nearly verti-
cal joints, striking N. 60° to 65° W. The steep lateral faces of the moun-
tain are in like manner due to longitudinal joints, while the talus at the.
foot of the cliffs on all sides is largely the result of more recent weather-
ing by frost and vegetation acting along bedding and joint planes.

The outline of the mass as seen from the northwest and west (figs.
1 and 2), and also that from the Green Mountain range on the north--
east, the roundish northern end and the steep southern face are prob-
ably the shock and lee sides of a glaciated mountain, although the
axis of this one was not paralle] to the glacial current, but intersected
it at an acute angle. ‘

1See on the relation of the Ordovician to the Cambrian in this region, The slate belt of eastern New
York, etc. : Nineteenth Ann. Rept. U. 8. Geol. Survey, Part IT1, 1899, pp. 290-297.
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DEVONIAN FOSSILS FROM SOUTHWESTERN COLORADO: THE
’ FAUNA OF THE OURAY LIMESTONE.

By GroreE H. Girty.

INTRODUCTION.

These strata, whose age, on evidence more or less unconvincing, has
been variously determined as Devonian and Carboniferous, have long
been known to geologic literature. The first mention -of Devonian
rocks in Colorado concerns a portion of the area furnishing the col-
lections upon which the following descriptions are based. In 1873
F. M. Endlich made a hasty survey of the San Luis division, Colo-
rado, and some of the strata in this area he referred to the Devonian,
without, however, presenting any very good evidence for so doing.
It is somewhat doubtful whether Devonian strata occur at all in his
section A of this region,” but if any member of the series examined
is of that age, it is said to be conformable with the Silurian belowand
the Carboniferous above.* Endlich, however, regarded the presence
of Devonian rocks as more probable in section €, and he referred 80 -
feet of yellow and gray shales to that age,® though he presents no
fossil evidence to support this view, and in his general conclusions on .
the regions surveyed he states that ‘“the Devonian rocks also seem to
be represented, although no strict identification was possible.” On
page 340 is cited a partially identified fauna from a limestone occur-
ring a little higher in the section than the shales ascribed to the
Devonian, the facies of which would suggest to one acquainted with
the Ouray fauna that possibly this bed, as well as, or instead of, the
other, should be referred to that era. Continuing work in the same -

-general region, Endlich in 1876 reported upon the geology of the San
Juan district of Colorado.* Here also Devonian strata are recognized,
but upon rather insufficient evidence. It is said® that *“near the head
of Cunningham Gulch a light blue to white limestone crops out, which,
according to its lithological character, must be referred to the upper
Silurian or lower Devonian of that region, no fossils having been

1Seventh Ann, Rept. U. S. Geol. and Geog. Surv. Terr., for 1873, map facing p. 305.
2Loc. cit., pp. 308, 310, 312.
3Loc. cit., p. 340.
4Bull. U. 8. Geol. and Geog. Surv. Terr., 2d. ser., Vol. I, No. 3, pp. 151-164.
5Loc. cit., p. 157.
31
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found that might establish its age beyond a doubt.” Mention is also
made® of Devonian limestone some distance down the Animas.

Making a more det iled report the same year, Endlich identified
Devonian s*rata :iwre authoritatively at several points.* One area
cited is alorg Lime Creek down to its junction with Cascade Creek.
The series at this locality is said to have a thickness of from 1,200 to
1,500 feet, and is fossiliferous, Rhynchonella, Spirifer, and numerous
remains of crinoids having been found at almost every exposure.
“A second outerop belonging. to this formation occurs immediately
on the southern boundary of the metamorphic area, running in a
northwesterly direction from station 48. This station is located on
an isolated patch of Devonian limestone, surrounded on all sides by
metamorphic granite.” At this locality were collected a small Pro-
ductus resembling P. subaculeatus, Orthoceras, Athyris, Rhynchonella,
Bellerophon, Euomphalus, and Rhynchonella Endlichi.

On page 114 of the same volume Peale describes his work in the . -
region of the Grand, Gunnison, and Eagle rivers, and he there sets
aside a series of beds having a total thickness of over 1,000 feet as
possibly belonging to the Devonian. This seems to have been done
as much because Endlich and Marvine had discovered rocks of Devc- -
nian age in the areas surveyed by them as upon intrinsic evidence.
He says, referring to this series (p. 116): “‘A portion of the upper
limestone may have to be referred to the Lower Carboniferous, while
the lower layers may be of Silurian age, leaving the center to repre-
sent the Devonian. Of course, without fossils to prove their age, all
opinions are merely conjectural.”

Farther to the north, though still within the confines of Colorado,
is found the White River district, which Endlich surveyed in 1876.
His report upon this region appeared two years later.®? The Devonian
is said to occur at a number of localities,* but is with difficulty dis-
criminated from the Silurian below and the Carboniferous above. It
is said to be represented by a very extensive series of limestones,
interstratified with shales and sandstones near top and base. On the
Animas the most complete development was observed. It is suggested .
that a large portion of the Colorado Devonian will be found to be par-
allel to the lower Devonian groups of the East. Attention is called toa
prominent feature in Devonian faunas of the West—the intermingling of
Devonian with Lower Carboniferous types, a circumstance which, it is
said, can be observed in those beds usually assigned to the Carbonifer-
ous proper. In the synopsis of geological formations found in Colo-
rado,® it is stated that the Devonian strata are 1,200 to 1,500 feet thick
on Lime Creek, and 400 feet thick south of Mount Oso. Both expos-

1Bull. U. 8. Geol. and Geog. Surv. Terr., 2d ser., Vol. I, p. 162.

2Eighth Ann. Rept. U. S. Geol. and Geog. Surv. Terr., for 1874, 1876, pp. 211-214.
3Tenth Ann. Rept. U. 8. Geol. and Geog Surv. Terr., 1878, pp. 61-131.

4Loec. cit., p. 106.

5Loc. cit., pp. 123-131.
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ures show a massive blue limestone, in the latter case associated with

sandstone and shale near the top. Rhynchonella, Spirifer, and crinoids

are cited from Lime Creek, and from Mount O& Productus subacule-

atus, Orthoceras, Athyris, Bellerophon, BuomphalilsPand’ Bhynchonella
Fndlichi. In Hayden’s Atlas of Colorado,® which appeitted in 1881,

three years later, Devonian areas are mapped in the Animas Valley

(sheet 15), but nowhere else are rocks of thatage recognized. Thesame
year Prof. G. A. Koenig, writing of the occurrence of lustrous coal

with native silver in porphyry in Colorade,® described the outcropping
of Devonian limestone along the Uncompahgre River near Ouray and
regarded it as representing the early or middle portion of the era.

Nothing of paleontologic interest is added to what was already known.

The same is true of three papers by Comstock,® which refer more or

less briefly to the same subject. The chief point brought out in this-
connection seems to be the metamorphism of some of the beds.

The latest contribution to the subject of which I have just given a
hasty review was made by Mr. A. C. Spencer.* In this- paper, to
which my own is supplemental, a discussion of the Ouray limestone
is given as considered from the stratigraphic side. For an account of
the geology of the Devonian of Colorado, so far as known, reference
should be had to this publication.

As mentioned above, Endlich thought the Devonian of Colorado
would be found equivalent to the lower portion of the eastern Devon-
ian. When Meek deseribed Rhynchonella Endlichi, which is one of
the most persistent and characteristic fossils of the Devonian lime-
stone of southwestern Colorado, he remarked:

This is a fine species, more nearly resembling some Devonian and Upper Silurian
forms than the usual Carboniferous types; [adding that] according to Dr. End-
lich’s sections, as well as from its affinities, it would seem to be most probably an
Upper Devonian species.?

In 1883 White redescribed and figured 2. Endlich: among a num-
ber of Carboniferous forms. He states:

Although Mr. Meek, when he originally described this species, believed it to
have been derived from strata of Upper Devonian age, subsequently ascertained
facts lead me to believe that those strata really belong to the lower portion of the
Carboniferous series. I therefore include it among the Carboniferous fossils of thig
article.®

The nature of the facts subsequently ascertained is unfortunately
not stated, but the conclusions thus reached seem to have been not

17, 8. Geol. and Geog. Surv. Terr., Geol. and Geog. Atlas of Colorado, etc.

2Trans. Am. Inst. Min. Eng., Vol. IX, p. 650.

3Trans. Am. Inst. Min. Eng., Vol. XI, 1883, pp. 172-174. Am, Naturalist, Vol. XX, 1886, p. 1007. Proc.
Am. Ass. Adv. Sci., Vol. XXXV, 1887, pp. 232-233.

4 Am. Jour. Sci., 4th ser., Vol. IX, 1900, pp. 125-133.
- 8Bull. U. 8. Geol. and Geog. Surv. Terr., 2d ser., No. 1, 1875, p. 47.

6 Twelfth Ann. Rept. U. 8. Geol. and Geog. Surv. Terr., for 1878, Pt. I, 1883, p. 133, Pl. XXX1III, figs.
4a, 4b; Pl. XXX VI, figs. 2a, 2b.

20 GEOL, PT 2—3
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without influence, for although the Hayden Atlas® shows Devonian
areas in the Animas region of southwestern Colorado, rocks of that
- age are not indicated in either the Pueblo,” Pikes Peak,® or Anthracite-
Crested Butte! folios.®

While I do not know that the Ouray limestone or its equivalent
occurs in the Pueblo or Pikes Peak quadrangles, it is present with its
characteristic fauna in the Gunnison region, a portion of which is within
the Anthracite-Crested Butte quadrangle. In commenting upon the
species Camarotwchia Endlichi, in 1897.° Mr. Charles Schuchert says:

This type of Rhynchonella occurs in eastern North America only in the Lower
Devonian. It therefore seems probable that Meek’s provisional reference to the
Devonian is nearer correct than White’s to the Lower Carboniferous.

The fossils studied by me consist of such of the collections of the
Hayden Survey made by Endlich and others as were to be found in
the National Museum, of which they are now the property; of part
of rather extensive collections made in the Gunnison and Salida
regions by Mr. Eldridge, of the United States Geological Survey, and
of several 1”&th61' complctc oollantions made hv Mesgars. Cross and
Spencer from the Ouray limestone in the Anmms region, all in Colo-
rado. These localities, which are twenty in number, show a coincident
fauna which is distinctly Devonian in character, and which, as proved
by the different points at which it has been recognized, enjoyed a con-
siderable areal dispersion while retaining its integrity and individuality.

AGE OF THE BEDS.

The evidence against regarding the Ouray limestone as of Carbon-
iferous age is conclusive. Some of the intrinsic evidence can be out-
lined as follows: The presence in the Ouray fauna of an Orthis related
to and perhaps identical with Schizophoria striatule is of importance,
as no Orthoids of this type are known in this country from Car-
boniferous rocks. The Productoids, while of Devonian rather than
Carhoniferous type, might not seem strongly out of place in a basal
Mississippian fauna, but at the same time the absence of characteristic
Carboniferous species is significant. Species of the genus Athyris,
sensu strieto, are not common in the Carboniferous. Perhaps the
only form which may be claimed as an exception is Athyris lamellosa
of the lower Mississippian, but Athyris lamellosa is of a very different
type from A. coloradoensis, which is related to A. spiriferoides, of the

- Hamilton group. Furthermore, we have in the OQuray limestone two
Spirifers of a distinctly Devonian habit, a habit which is, at the same

17. 8. Geol. and Geog. Surv. Terr., Geol. and Geog. Atlas of Colorado, ete.

2Geologic Atlas of the United States, foho No. 36, 1897.

3Idem, folio No. 7, 189%4.

¢Idem, folio No. 9, 1894. }

51 may add that I have not been able to find Devonian colors in this area either on Hitchcock’s map
(Trans. Am. Inst. Min. Eng., Vol. XV, 1887, pp. 486-487) or on either of the McGee maps (Fifth Ann.
Rept. U. S. Geol. Surv., 1885: Fourteenth Ann. Rept., Pt. IT, 1894).

0Bull. U. S, Geol. Surv. No. 87, p. 166.
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time, quite alien to the Carboniferous. One of these seems to be allied
to Sp. disjunctus,of Chemung age, though it has a high, flat, horizontal
area. The other,which also has a high, flat, horizontal area, is similar
to Spirifer asper, of the Hamilton group. I know of no Carbonifer-
ous Spiriferoids, with the possible exception of members of the genus
Syringothyris, which at all approach either of these species in the con-
formation of the valves, while one of them is totally unlike Syringo-
thyris in the character of its surface ornamentation, and both seem to
be in point of structure genetically different.  Camarotachia Endlicks,
as pointed out by Meek and Schuchert, is quite pre-Carboniferous in
habit, and, in fact, most nearly resembles certain lower Devonian
shells. These constitute the strongest points in evidence of the age of
the OQuray limestone, and though much testimony in the same direction
might be obtained by a consideration of the Gasteropoda and the
Lamellibranchiata and by showing the affinity of the fauna as a whole
with other faunas of recognized Devonian age, I think enough has
been said to prove conclusively that the Ouray limestone contains a
fauna of more primitive character than even the lJowest Carboniferous.

It is, perhaps, possible to fix the age of the Ouray limestone some-
what more exactly in the Devonian. The evidence is rather conflicting,
but it is my opinion that this fauna represents late middle or early
upper Devonian time. It shows many points of approximation to the
Athabasca fauna described by Whiteaves,! which he justly concludes
to be of about the same age as the Tully limestone of the New York
section. While the two faunas are far from being identical, they are
enough alike to suggest, in view of their wide geographic separation,
that the Ouray limestone may represent the same geologic period,’
namely, the base of the upper Devonian. Much of the evidence of
individual species points in the same direction. Prominent among this
class of facts may be mentioned Spirifer disjunctus var. animasensis, -
which is very closely related to Whiteaves’s Sp. disjunctus var. ocei-
dentalis. Both these forms are nearly allied to Spirifer disjunctus, a
type which, as closely limited, is not, I believe, known in the United
States to occur before the Chemung period, though in Europe it was
initiated during middle Devonian time. Schizophoria striatula also is
restricted in its range to middle and upper Devonian rocks, while
Sprrifer conzeulus is of a distinctly middle Devonian type. The form
which has been identified as Spirifer bimesialis also is one which would
seem most in place among the later Devonian faunas. I am led to con-.
clude, therefore, that the Ouray limestone was deposited certainly no
earlier than middle Devonian time, and that its deposition may have
taken place as late as early upper Devonian time.

This fauna not only shows affinities with that of the Mackenzie River
basin above mentioned, but is certainly related to that of Nevada and

1 Geol. Nat. Hist. Surv. Canada ; Contributions to Canadian Palzontology, Vol. I, pt. 3, pp. 197-253.
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Montana. At the same time the three species, Spiregfer disjunctus
var. animasensis, Athyris coloradoensis, and Camarotoechia Endlichi,
which are among its most constant and abundant factors, give it a
rather individual character.

DISTRIBUTION OF THE FAUNA.

The following table shows the fauna of the Ouray limestone and the
several localities at which collections have been made: :

. Table showing distribution of the fauna of the Ouray limestone.
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Jn the followmg list will be found a fuller description of the locali-
ties which are referred to in an abbreviated form in the table and in
the description of species:

Gunnison 130, 131, 132, 133, 134, 135, 136. érested Butte quadrangle; bluffs on
the north side of Cement Creek. Probably from near the base of the Devonian
limestone.

Gunnison 145. Maroon formation, Crested Butte quadrangle; about 1 mile NNE.
of Cement Peak. From a limestone pebble in a limestone conglomerate in the great
series of grits.

Gunnison 145a. East of the Crested Butte quadrangle; bluffs on the north s1de of
Dead Mans Gulch, about 1 mile above its mouth.

Salida 26. On East Monarch Mountaif, northwest face, Chaffee County, Colorado.

Salida 27. Same as 26, but 100 feet lower topographically.

Salida 28. Same as 26, but 200 feet lower topographically.

Salida 29. Same as 26, but 250 feet lower topographically.

Salida 80. Same as 26, but about 275 feet lower topographically. *

Durango 284. Ouray limestone, Durango quadrangle. Limestone below main lime-
stone cliff of the Devonian; Animas River.

Durango 286. Ouray limestone, Durango quadrangle. Top of main limestone;
Animas River.

Durango 291. Ouray limestone, Durango quadrancrle, north side of Bear Creek,

south of moraine camp. Lower part of main limestone.

Durango 294. Ouray limestone, Durango quadrangle; south side of Bear Creek.
Granular layer in main limestone.

Engineer Mountain 7. Quray limestone, Engineer Mountain quadrangle; southern
edge of the quadrangle on the Animas River, 2 miles north of Rockwood..

Ouray, Colorado. West side of Canyon Creek, near the falls.

The four collections next described were made a number of years
ago by the Hayden Survey and transferred to the National Museum.
The descriptions of localities preserved in the museum records are more
meager than might be wished. They are given below with such addi-
tional information as I have been able to gather:

‘White River. ‘“The massive limestone of White River, Colorado.” This locality
seems to be in the Paleozoic area on the head waters of White River, near the White
River Plateau, northwest of the central part of the State.

““Northwestern Colorado.”’” This collection, like the preceding, was received from
A. R. Marvine, and it seems probable that both were made in the same region, if not
at the same locality. ’

Cement Creek. ¢‘Canyon of Cement Creek, Colorado.”” This collection must have
been made very near the point which furnished those designated Gunnison 130, ete.

Station 48. This is the original locality of the Colorado Devonian, the one which
fornished the type specimens of Camarotechia Endlichi, and which is described by
Endlich in the Eighth Annual Report of the U. 8. Geological and Geographical
Survey of the Territories [1874], 1876, p. 211. The locality is a point in the Needle
Mountains quadrangle, about 4 miles southwest of Mount Eolus. The fauna col-
lected at this point, as cited in the above reference, consists of a Productus like P.
subaculeatus, Orthoceras sp., Athyris sp., Rhynchonella FEndlichi, Bellerophon sp., and
FBuomphalus sp. There seem to have been, in addition, a specxes of Camaroteechia
and a poorly preserved Spirifer.

Collections were made at Glenwood Springs, Colorado, in 1889, by
Mr. T. W. Stanton, from a blue limestone containing the Ouray
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fauna. Since these collections were made, and before they were
studied by me, a certain amount of mixing had, I am sorry to say,
taken place. That is, two lots were found with two different labels in
each. This circumstance happens to be, in the present case, a matter
of minor importance, as the species are in the main precisely the same
as those which characterize the Ouray limestone at its typical locali-
ties. However, a species of Chonetes and several specimens of a
Seminula were found in the collection, which not only differ specific-
ally from anything yet known in the Ouray fauna, but have a some-
what different matrix and style of preservation from the rest of the col-
lection. As these same species are found in the Hermosa formation,
overlying, with which their preservation and matrix more nearly agree,
I have concluded that their association with the Ouray fauna is fortui-
tous, and they have not been considered in. the following pages. A
species of Spirifer, however, which, though not found elsewhere; is
here associated with Ouray species, is a Devonian type of shell, and
is in matrix and preservation not to be distinguished from the rest of
the material. A description of this species will be found on page 55.

Glenwood 1. Glenwood Springs, Colorado. From loose fragments at the roadside,
opposite mouth of tunnel.

Glenwood 2. Glenwood Springs, Colorado. One hundred to 150 feet above base
of the blue limestone.

Glenwood 3. Glenwood Springs, Colorado. One hundred and fifty to 200 feet
above base of the blue limestone.

Glenwood 4. Glenwood Springs, Colorado. One hundred to 200 feet above base
of the blue limestone.

DESCRIPTIONS OF SPECIES,

STREPTELASMA SP.

Corallum small, rapidly expanding, and moderately curved toward
the ventral side.

Septa, about 64 in number, meetmg in the center, where they are
somewhat twisted.

Tabule and dissepimental tissue entirely wanting.

This species shows the typical arrangement of the septa very
prettily. In each of the alar quadrants 16 septa were counted, and in
- the two counter quadrants combined, 30 to 82. These numbers were
not made out with absolute precision, but probably an allowance of
one for each quadrant would cover any error in counting. The total
number can thus be placed at from 60 to 64.

While having about the same number of septa as 8. rectum of the
Hamilton period, this species seems to differ in being smallel more
rapidly expanding, and more stlongly curved.

The length of the best specimen observed was probably 20 mm.
from the apex to the center of the distal end The diameter of the
latter is 15 mm.
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Another spemmen examined is less perfect and shows con51derably
increased dimensions. _

Formation and locality. —Oul ay limestone: Gunnison 145¢; Du-
rango 286. ‘

SCHIZOPHORIA STRIATULA (Schlotheim) Schuchert.

Many localities in the Ouray limestone have furnished representa-
- tives of the Orthis group, but they are always both few in number and -
poor in preservation. Several show enough of the internal characters
to leave no doubt that they belong to the type of Schizophoria, and
_the others afford no evidence on account of which they should be
- removed to another genus. The majority of the specimens are ven-
tral valves, and agree in helonging to a large lenticular species of
about the size and conformation of Rhepidomella Vamuxemi. One
unusually large example, with a transverse diameter of slightly over
50 mm. (the length is somewhat less), shows that the anterior portion
is depressed into a narrow, strong sinus. This specimen, at least,
seems to belong to the type of Sch. striatula. Other smaller speci-
mens show a faint, broad depression, possessing this character in about
the degree that the larger example would have had when.of the same

~ size. All are but slightly convex.

The dorsal valve has much the same shape as the ventral, but is
more gibbous. Larger individuals, the largest being stlll much
smaller than the large ventral mentioned above, show a broad, faint
elevation of the anterior portion.

The striee are subequal and number about 10 in the space of 5 mm.

Making due allowance for difference of age as indicated by size,
I have little hesitation in referring all these specimens to the same
species, which must be, although this shell is more than usually lentic- |
ular, Sch. striatula or one closely related.

The synonymy adopted will be found in Schuchert® and need not be
repeated in this place.

Formation end localety.—Ouray limestone: Gunnison 135, 136, 145,
145a; Durango 291; Salida 27, 30; ‘White River; Glenwood Springs.

ORTHIS sp.

At Gunnison 131 is found a single specimen of Orthis, which seems
to resemble (it is considerably crushed) smaller individuals of the
type which Thave referred to Sch. striatula. It differs, however, in
having the striee unequal, two or three finer radii occurring between
two stronger ones.. The particular group of Orthis to which this
species belongs it has not been possible to ascertain.

Formation and locality.—Ouray limestone: Gunnison 131.

1Bull, U. 8. Geol. Surv. No. 87, 1897, p. 375.



40 THE FAUNA OF THE OURAY LIMESTONE.

OrrHOTHETES CHEMUNGENSIS (Conrad) Hall and Clarke.
P1. III, figs. 1-3.

The shells with which I am dealing under this name manifest all the
inconstancy in the matter of details which is so characteristic of the
genus. The collections from Colorado indicate a certain gregarious
tendency often observed, such that, though the genus is known at com-
paratively few localities, it frequently appears, where it occurs at all,
in considerable abundance. Usually specimens from the same loea.hty
are fairly constant and resemble one another more than shells from
other places.

The form which perhaps more nearly than any in the collection
resembles typical O. C%em/ngemzs, from New York and Pennsylvania,
is found at Salida 29. It is a rather large shell, attaining a width of
43 mm. and a length of 28 mm. It seems to be usually semicircular
in outline, with cardinal angles of about 90° and subparallel sides.
The amount of convexity of the dorsal valve and elevation of the
ventral beak is subject to considerable variation. The growth of both
valves is often very irregular. There are 9 or 10 striz in the distance
of 5 mm., between which, and alternating with them, can sometimes be
seen much finer strize, so minute as to be scarcely visible.

For the synonymy of this species here accepted see Schuchert.’

Formation and localety—QOuray limestone: Engmeel Mountain 7;
Durango 291; Salida 29, 30; Glenwood Springs.

ORTHOTHETES CHEMUNGENSIS var.

Pl II1, figs. 4-6.

rr

At Engineer Mountain 7 especially, and also at other localities,
occurs a form which may be regarded as a variety of the above, chiefly
distinguished by being smaller and more finely striated. The shell is
small, 25 mm. representing the width of an average-sized individual.
The shape is variable, the width greater than -the length in varying
degrees. Usually the shape is subsemicircular, with the cardinal
angles quadrate and the sides for a distance straight and nearly paral-
lel. In some cases the cardinal angles appear to be rounded, so that
the greatest width is just below the hinge line, and in others the sides
converge anteriorly, so that the hinge line is considerably wider than
the shell below. The convexity of the dorsal valve is usually slight,
though variable. The convexity of the ventral valve is also slight,
but the beak is flequently eleva‘oed so that the altitude of the area is
rather great for the genus.

1 Bull. U. 8. Geol. Surv. No. 87, 1897.
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Growth in both valves was irregular, more frequently in the way of
causing concentric undulations or local elevations or depressions than
of twisting to one side or the other, a condition which also obtains.

The radiating striee are fine, threadlike, subequal, increasing by
intercalation, separated by spaces wider than the strie themselves.
The latter number from 13 to 15 in the space of 5 mm.

In a specimen from Gunnison 131, referred to this type, the strie
are unequal. The larger striee are separated by intervals about
2 mm. in width, and inclose between them smaller ones, 8, 4, or 5in
number.

Formation and locality.—Quray limestone: Engineer Mountain 7;
Gunnison 181, 145; Durango 291, 294; Salida 27, 29: Cement Creek.

CHONETES sp.

A single imperfect ventral valve of Chonetes from Gunnison 133
furnishes the following partial description: '

Shell small, tumid. Longitudinally the greatest curvature is poste-
rior. Transversely the slant is rapid from the elevated mesial portion
to the depressed sides. Shape of the cardinal angles and number and
character of the spines not known. ‘

Radiating strie rather fine, bifurcating, about 12 in the space of
5mm. Concentric strie fine, distinct, but not obscuring the radiating
ones. ’

Width of shell probably about 5 mm. :

This species is of the type of Hall’s Chonetes Logans var. aurora,
which, as originally defined, seems to include several distinct forms.

Typical examples of that species from the Tully limestone at Tinkers
Falls, Truxton, New York, are, as stated by Williams,' quite distinct
from typical examples of Ch. Logani from the oolitic beds of the
Kinderhook group of Burlington, Iowa. In Ch. aurora the concen-
tric striee, while not so coarse as the radiating ones, are more strongly
. expressed, so that they interrupt and obscure them. Comparing the
Colorado form with Ch. aurora, it is seen that both the radiating and
the concentric striee are much finer, and that, in fact, it is a quite dis-
tinct shell. It more nearly resembles Ch. Logani, but here again hoth
sets of strise, especially the concentric ones, are finer. In this regard it
can be compared with Ch. / ll?’/)wz'sensés, but in that species the radiating
strise are much finer.

This is possibly the same fonn as that identified by Whiteaves as
Ch. Logani var. auwrora. 1 suspect, however, that Whiteaves’s form
is distinct from typical Ch. aurora, and possibly a new species.

Formation and locality.—Ouray limestone: Gunnison 133.

1Bull. Geol. Soc. America, Vol. I, 1890, p. 491.
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PropuctErna sEMicLoBosA Nettelroth.

: Pl II1, figs. 7-10.

" Productella. spinulicosta # Hall, 1867. Pal. New York, Vol. IV, p. 160, pl. 23, figs.
6-8.

Productus subaculeatus # Meek, 1876. Simpson’s Rept. Expl. Great Basin Terr. Utah,
p. 345, PL. I, figs. 3*-3°.

Productus subaculeatus £ Meek, 1877. King’s U. S. Geol. Expl. Fortieth Parallel, -
Vol. IV, p. 36, PL. III, figs. 7-7¢. C

Productella semiglobosa Nettelroth, 1889. Mem. Kentucky Geol. Surv.; Kentucky
Fossil Shells, p. 70, Pl. XXVI, fig. 7.

Productella spinulicosta Whiteaves, 1891. Cont. Canadian. Pal., Vol. I, p. 217, PL
XXIX, figs. 3-3 Pl XXXT, fig. 1. .

Productella subaculeata Whiteaves, 1892. Cont. Canadian Pal., Vol. I, p. 283.

Shell rather small, narrow, highly convex. Shape subsemicircular,
hinge line wide as any portion of the shell below, cardinal angles quad-
rate, width slightly exceeding the length. '

Ventral valve highly inflated. Beak strongly incurved. Longitu-
dinally the greatest curvature occurs posteriorly, the anterior portion
being more nearly straight. Sides more or less spreading. Ears
small, quadrate, upturned.

The surface of the posterior third of the shell seems to be smooth.
Over the remainder of the surface and upon the ears are scattered the
bases of a few large, round spines, which tend to arrange themselves
in transverse rows. Fine concentric growth lines canalso be seen, espe-
cially over the more marginal parts of the surface.

A single specimen showing the character of the dorsal valve has
come to hand. It is in the usual condition—a convex object, the shell
having adhered to the matrix externally, though in this case it isalmost
completely exfoliated. I will describe the specimen as it is presented
to the eye, though the characters of the shell 1tself would of course be
the reverse.

- The convexity is rather strong. There is a not very marked genic-
ulation, and the peripheral portions are flattened; but the visceral
area in thls specimen shows considerable convexity, and the side out-
line departs but little from a regular curve. A number of fine con-
centric wrinkles are seen over the visceral area, particularly strong
laterally. The anterior or peripheral portions show traces of coarse
but faint radiating striee and a few large pustules.

At-Engineer Mountain 7 occur two dorsal valves, much larger than
the one just described, though resembling it in shape. They are not
of the character which I should expect to go with Productella sub-
alata, although they are associated with that species, and I provision-
ally refer them to P. semiglobosa. They may belong to a different
‘species from either. Only the interior of this shell is known, and it
can be described as follows: Shell rather large, about 25 mm. in
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width, transverse, subsemicircular. Vlscelal portion slightly convex,
peripherally geniculate. Ears small, strongly upturned, bounded by
grooves. Marked (interiorly of course, as the whole description is -
based upon this view) by thin discontinuous ridges, having the appear-
ance of minute interrupted striee. Fine concentric rugosities traverse
the visceral portion. The cardinal process appears to be bilobed, and
there is present a low, thin, median septum

This shell is related to several species of Productella from the mid-
dle and upper Devonian which are distinguished by their small size,
arcuate shape, and comparatively large and rare spines. Some have,

like the form in question, been referred to 2. subaculeata Murch., which,
at least as identified in. this country, Schuchert believes to be the same
-as P spinulicosta Hall. This is in many cases doubtless true, but sev- -
eral types so identified can be distinguished from typical P. spenuli-
costa by reason of the fewness of their stout spines, which spring
directly from the shell instead of being mounted upon elongate bases.

Without attempting to discuss the synonymy and the specific limi-
tation of these protean forms, I will provisionally identify my shell

with Nettelroth’s Productella semiglobosa, which was found in rocks of
supposed Corniferous age at the falls of the Ohio. T have not been
_ able to compare my material with individuals representing P. semiglo-
bosa, but as far as can be made-out from his descriptions and figures
the two forms might well be referred to the same species. There can
be little doubt that this is the species which Meek mentions under the
name of P. subaculeatus in the fauna associated with O Endlichs, and
I am inclined to believe that Whiteaves identifies the same form as P.
speinulicosta from the Hay River, 40 miles above its mouth, where it is
associated with Sp. disjunctus var. occidentalis and an interesting
fauna of middle or low upper Devonian age. I am not quite convinced
that P. subaculeate Meek' is the same form which I am describing.
Some differences can be detected, but they are slight. Hall® figures a
form which is very similar to the one in hand. It is said to occur in
the Corniferous limestone near Louisville, Kentucky. From the same
locality and the same formation was described Nettelroth’s P. semeglo-
bosa above referred to, and the figures given by the two authors show
such marked correspondence that I feel little hesmatlon in placing
them in synonymy.

Productus subaculeatus Walcott can hardly be referred to the form -
under discussion, nor yet to P. subaculeatus (=2L. spinulicosta). Tt
seems more closely allied to P. subalata Hall, and with that species I
am inclined to place it. When I compare the specimens which I have
identified as P. semeglobosa with specimens of P. concentrica (=P. Coop-

1King’s U. S. Geol. Expl. Fortieth Parallel, Vol. IV, 1877, p. 86, P1. 111, figs. 7-7b,
2Pal. New York, Vol. VI, Pl. XXITII, figs. 6-8.
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erensis Swallow)! of the Kinderhook horizon, I can find no differences
which are either constant or important. P. concentrica seems to be a
trifle more highly arched, and that is all. As the horizon of the OQuray
limestone is more nearly that of the strata from which P. semiglobosa
was described, I have made use of the latter name. It would be inter-
esting if this form should prove to range from the middle Devonian
through into the base of the Mississippian. In that case, of course,
the name P. concentrica would have to be retained.

" The synonymy given above should be looked on rather as present-
ing suggestions than carefully drawn conclusions.

Formation and locality.—QOuray limestone: Gunnison 135; Durango

291, 294; Salida 26, 30; Station 48; Glenwood Springs.

PropucTELLA suBavraTa Hall?

Productus (Productella) subaculeatus Walcott, 1884. Mon. U. 8. Geol. Surv., Vol. VIII,
p. 128, PL. VII, fig. 2; Pl XIII, figs. 19, 19% 20, 20*.

There are a few specimens in the collection, only one or two from a
single locality and not perfectiy preserved, which are related to the
species described by Hall under the name of Productella subalata. A
larger collection of these shells and one better preserved might show
that two, or even three, specific or varietal types are here included.

. Four ventral valves from as many different localities are probably

conspecific. The shell is of medium size (about 25 mm. broad), some-
what transverse, semicircular. Cardinal angles probably quadrate.
Convexity slight; beak not much projecting or incurved. The surface
is rendered in a measure rugose by reason of numerous though irreg-
ular and not very strong concentric inequalities of growth. There
are in addition fine microscopic growth lines, and the whole surface
is covered, though in varying abundance, with small spines, which arise
from slender elongate bases and are arranged in more or less concen-
tric rows. The growth lines and spine bases are for the most part so
inconspicuous that but for the irregular concentric rugosities the sur-
face appears nearly smooth.

At Salida 80 occurs a form whose present condition differs somewhat
from that of the one just described. The general shape, etc., agree

1In a former publication (Mon. U. 8. Geol. Survey, Vol. XXXII, Part II, 1899, p. 530) I stated a con.
viction which I will venture to repeat here—that, in contradiction to what has been sometimes
claimed, P. Shumardiane Hall (Rept. Geol. Surv. Towa, Vol. I, pt. 2, Pl. VIL, fig. 2) is distinct from P.
Shumardiana Hall (ibid., Pl. III, fig. 9) and is, moreover, synonymic with P. Cooperensis Swallow.
That the form from the Kinderhook originally referred to the Devonian species P. Shumardiana is
distinct, was recognized by Professor Hall himself, for in a footnote, under P. Shumardiana (loc. cit.,
p. 499), occurs the following remark: ““ At the time these specimens were figured, I regarded certain
other forms from near Burlington (Iowa) as identical with them. A further comparison, however,
shows the propriety of separating these specimens from those of that locality.” P. Shumardiano of
Pl. VII is undoubtedly only a ventral valve of P. concentrica (fig. 3 of same plate), which is based
upon a dorsal valve of similar type from the same locality. A careful comparison of P. concentrica
Hall from Burlington, Towa, with P. Cooperensis Swallow from the Chouteau limestone of Missouri
reveals no constant element save size by which they can be distinguished. The Burlington form
is regularly about one-third larger than that from Missouri.
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sufficiently well, as does the surface ornamentation, where it occurs in a
more or less completely exfoliated condition. Thisisthe case over most
of the shell, but from what seems to be the anterior margin projects
a row of rather stout spines, which are ‘distinctly larger than those
of the other specimens and seem to arise directly from the surface
without being mounted on elongate bases.

As far as I can judge, this specimen belongs to the same species as
Productella subaculeata Walcott, which can perhaps be satisfactorily
referred to P. subalata Hall. P. subaculeata of Walcott, however,
together with P. subalate Hall, approach nearer to P. subaculeatn
Murchison than most of our American forms, and may be identical
with it. They are certainly different from P. swbaculeata of most
American authors, part of which I believe to be the same as P. sems-
globosa Net., and part also Schuchert correctly refers to . spinulicosta
Hall.* The synonymy of this species, except for the citation suggested
above, I adopt from Schuchert? without change, and his list need not
be here reproduced.

The figure given by Walcott (loc. cit., Pl. XIII, figs. 19, 19%) shows
a shell with stronger rib-like markings than common, and one which
is rather under the usual size. '

Formation and locality.—QOuray limestone: Engineer Mountain T;
Durango 284,291; Salida 30; White River; Glenwood Springs.

PRODUCTELLA SUBALATA Var.

There is a shell of about the same general character as P. subalato
and associated with it, which, nevertheless, differs in having the spines
much stouter and less numerous. I have but three specimens of this
form, and, being crushed and exfoliated, they are unfit for figuring or
even detailed description. A '

Formation and locality.—Ouray limestone: Salida 27, 30.

PropucTELLA sp.
Pl 111, fig. 11.

Shell large. Shape somewhat transversely subquadrate.

Ventral valve not highly arched, gradually spreading toward the
cardinal angles, which are flattened, and at the sides, but more nearly
vertical in the anterior portion. Beak small, incurved. Surface marked
over the visceral region by a number of rather fine, discontinuous, con-
centric wrinkles, and by the elongate bases of a large number of closely
distributed spines.

Dorsal valve not known. ,

- Only two specimens of this species have been found, one almost
entirely exfoliated, the other a mere fragment.

1Bull. U. 8. Geol. Surv, No. 87, p. 318. 2Loec. cit.
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. The characters described seem to indicate that the shell is related to
P. lachrymosa of the Chemung group, but I think it is not identical
with that species.

Lormation and locality.—Ouray limestone: Englneel Mountain T;
Durango 294.

ATHYRIS COLORADOENSIS n. sp.
PL V, figs. 5-11.

Shell large, thick, subcircular in outline, and often very inequivalve.

Ventral valve usually very convex. Shape subcircular, length and
width about equal; if anything the width is slightly the greater.
Anterior outline regularly semicircular but broken with a distinct
bend where the posteuor periphery is retracted toward the heak.
The latter is large and incurved but not much produced.

Dorsal valve shield-shaped, always shallower than its fellow and
often nearly flat. The anterior margin regularly curved, posterior
* outline flattened or subrectilinear, broadly rounding into confluence
with the anterolateral curvature. Beak small, slightly projecting.

Neither valve has a fold or sinus, and the curvature from side to
side is regular and unbroken. '

Surface marked by numerous closely arranged, concentuc, lamel-
lose growth lines.

This shell is of the type of Athyris spiriferoides Eaton, which it
resembles more closely than most others of the genus known from this
continent. The surface characters and shape are much the same, but
A. coloradoensis can be readily distinguished by the complete absence,
so far as my observations extend, of anything like a fold or sinus on
either valve. “The beak is larger and the ventral valve more inflated
than the dorsal, while in A. spiriferoides the reverse holds true. - In
the absence of fold and sinus A. coloradoensis resembes A. britise
Miller .and A. meénutissima Webster. 1 have not been able to exam-
ine specimens of the species mentioned, but A. coloradoensis would
seem to be distinguished by the unequal convexity of its valves,
and doubtless by other characters besides that of size, which is quite
marked, that a comparison with descriptions and figures alone does
not permit me to point out.

‘With the possible exception of Sp. disjunctus var. ansmasenses, this
is the most abundant species of the Ouray limestone as far as its fauna
has been explored. It usually occurs in the condition of separated
valves, and the shell is almost invariably exfoliated in removing the
inclosing matrix. A few weathered specimens show the lamellose sur-
face similar to that of A. spiriferoides.

Formateon and locality.—Ouray limestone: Engineer Mountain 7;
Gunnison 130, 131, 182, 1385, 136, 145, 145¢; Durango 284, 291, 294;
Salida 26, 27, 29, 30; White River; Station 48; Glenwood Springs.
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ATHYRIS VITTATA var.

PL V, fig. 12.

Two specimens of a little Athyris observed in the collection may be
young shells of A. coloradoensis, butthey aremuch smaller and not con-
nected with the large shells by intermediate sizes. They can be almost
exactly matched among some diminutive specimens of the same .genus
from Petosky, Michigan, which, though seemingly distinct from A.
vittata, nevertheless pass as such, and are said to be linked to it by
intermediate forms. The following description is hased upon the more
perfect of the specimens from Colorado.

Shell minute, length and breadth about the same, 16 mm. Both
valves are rather convex, the dorsal slightly more so than the ventral.
The outline of the shell is in general sectoral. That of the apical
portion would be made by two nearly straight lines at right angles to
each other. The rest.of the outline, comprising possibly two-thirds
the length of the shell, is evenly rounded. The beak of the ventral
valveis rather large and projecting. Fold and sinus seemingly entirely
undeveloped. -

This species approximates AzAyris parvula® Whiteaves, especially
the figure seen on Pl XXXI, fig. 4, but it is without the fold and
sinus of that species. It stands in close relationship also with A.
Brittsi and A. minutissima. The species last named has never been
figured and a satisfactory comparison is therefore impossible. It
resembles the Colorado form, but is very much smaller. 4. Britiss
is close, indeed, to A. witfata var., and may be conspecific. The
ventral beak seems to be smaller and slight differences in outline are
apparent, but these might not be maintained by a larger suite of
specimens. '

Formation and locality.—Ouray limestone: Engineer Mountain 7.

SPIRIFER CONICULUS n. Sp.
Pl V, figs. 1-4.

Shell somewhat beneath medium size, semiconical. = The shape,
-which is best seen from the dorsal valve, is semicircular, or semi-
elliptical, the length varying from two-thirds to three-fourths the
greatest width, which is found at the hinge line or just in front.
Sides subparallel, meeting the hinge line at nearly a right angle,
front broadly rounded. Sometimes the cardinal angles also are
rounded, giving the outline more or less the shape of an ellipse.

Ventral value semiconical, high, with the apical portion frequently
twisted to one side or the other, forward, or back. Area usually
almost flat, and directed at nearly right angles to the plane of junction
of the valves. Often, however, the angle so formed is somewhat less

1Geol. Nat. Hist. Surv. Canada; Contributions to Canadian Palzontology, Vol. I, pt. 2, 1891, p. 228,
- Pl. XXXII, figs. 4, 5, 5%
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than this. The area, though varying in altitude, is always high, and
sometimes the height is as much as three-fourths the greatest width.
Foramen high and narrow, usually more than twice as high as it
is broad. The slope from the apex to the front and sides is usually
direct, and except for distortion due to twisting of the apical portion
there is seldom any longitudinal curvature of moment.

~ The dorsal valve is nearly flat, being highest along the middle and
slopmg off regularly to the 81des

The fold and sinus are distinet, but broad and shallow, and not
sharply defined from thc rest of the shell. They are themselves
unplicated, but on either side are found 8 to 10 coarse and indis-
tinct ribs. These are so poorly marked that sometimes the shell looks
smooth and altogether destitute of plications. Although at present
all the specimens are exfoliated, even in this condition it is possible to
discern that the entire surfa(’:e was covered with fine, closely set .
pustules. -

This species is related to Sp?m ifer asper and others of the same type,

but ig evidently distinet.  In fact, the small gize of AQL” comacailus, its
elevated ventral valve, nearly obsolete plications, and pustulose sur-
face ornamentation, combined, give it great individuality. I know of
no species with which a close comparison is necessary. It resembles
Sp. altus in the character of its obsolescent plications, but has not a
plicated fold and sinus and shows other important differences.
- Spirifer coniculus is of interest in its bearing upon the determina-
tion of the age of the Ouray limestone. This type of Spirifer, with
high, flat, and horizontally directed area and unplicated fold and
sinus, especially when, as in this case, the surface ornamentation is
papillose instead of lamellose, may be regarded as very characteristic
of middle Devonian time. Although the type was initiated in the
lower Devonian and persisted into the upper portion of the same, it is
most prolific of individuals and of species in the middle Devonian. I
know of but four species of this type in the lower Devonian. These
are Spirifer arctisegmentum, Spirifer segmentum, Spirifer Mannz, and
Sperifer varicosus. In the upper Devonian I know of but one, Speri-
Jer McBridei, while in the middle Devonian over a dozen can easily be
mentioned. The testimony of Spirifer coniculus would therefore seem
to be in favor of assigning the Ouray limestone to about the age of
the Hamilton group.

Formation and locality.—Quray limestone: Engineer Mountam 7.

SPIRIFER DISJUNCTUS var. ANIMASENSIS n. var.

PL 1V, figs. 1-10.

Shell of medium size, transverse, pyramidal, marked by numerous
rather fine radiating ribs.
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Ventral valve subpyramidal in shape. Beak elevated, frequently
twisted to one side or the other, and only slightly, often not at all,
incurved. Area large, usually flat, and nearly or quite perpendicular
to the plane of junction of the two valves. Its width is from 2% to 3
times the height. The large delthyrium is a little higher (about 1})
thanitisbroad. Itisusually entirely open,showing only the thickened
edges of the dental plates, but in one specimen the upper portion of
the delthyrium is plainly seen to be covered, as in Spirifer, by a con-
cave deltidium, deeply emarginated in its inferior outline. The front
of the valve is marked with numerous rather fine radiating ribs, which
cover the sinus equally with the wings. Those upon the latter appear
to be simple, but those in the sinus often bifurcate, especially in older
individuals. There are from 20 to 25 striee upon the sides, and from 5
to 10 in the sinus, the usual number being about 24 on the sides and 7
or 8 in the sinus. The latter is broad and shallow, though clea,lly
defined, and extends quite to the apex.

Dorsal valve shallow, fold rounded, low, and broad, though clearly
defined from the rest of the shell. There are from 20 to 25 simple
strize on the sides, and from 9 to 16 bifurcated ones on the fold. The
higher numbers are notat all uncommon, owing to frequent bifurcation.

The strize are rounded and separ: ated by angular grooves. Any
finer ornamentation which may have covered them has in every case
been lost through exfoliation, and neither its presence nor its character
has been determined.

Spirifer digjunctus var. amimasensis is a variable type, and the
description above detailed applies to the average individual. In
rather young specimens the shell is usually transverse, the width
being greatest at the hinge line, where it is not infrequently more
than twice the length. From that point it contracts rapidly toward
the front, so that the outline is, in the main, that of an inverted isos-
celes triangle of broad base and low altitude, truncated at the apex.
The area has usually a horizonal direction, the shell being viewed
dorsally.

In older examples, growth of the shell seems often to proceed more
rapidly in front than laterally, so that the length sometimes nearly
equals that of the hinge length. = Another effect of this process is to
tilt the area backward until it ténds to assume more of an érect or
vertical position when viewed dorsally. The area varies considerably
in height as seen in different specimens of the same size. In some
examples it is almost perfectly flat, but in others decidedly concave,
especially at the beak.

The delthyrium, while it is usually somewhat higher than it is wide,
has been observed in one specimen to be a trifle wider than high, with
the width almost half that of the entire area.

20 GEO.I,, PT 2—4
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Variation within moderate limits is also to be seen in the radiating
ribs in both size and number.

There can.be little doubt that Sp. disjunctus var. animasensis belongs
to the disjunctus type of the aperturati, in which Hall and Clarke®
include Sp. arenosus, Sp. unicus, Sp. Whitneyi, Sp. disjunctus, Sp.
disjunctus var. sulcifer, and Sp. Billingsanus, all from the Devonian
rocks of North America. Schuchert regards Sp. unicus as a synonym
for Sp. arenosus, and in any case its affinities are certainly with this
type. Ifeelsome doubtabout the propriety of assigning Sp. Billings-
anus, to the same group. It presents many points of similarity to
Sp. divaricatus, and perhaps belongs with the dévaricatus type rather
than this; but if retained here it must be regarded as a somewhat
aberrant form. To the list just quoted can,. I think, be added Sp.
disjunctus var. occidentales, Sp. Kennicotte, Sp. utahensis, Sp. altus,
8p. cyrtiniformis, and the form under - discussion. It will be seen
that among the species mentioned are found some which' have been
referred by authors to the genus or subgenus Cyrtia There Hall
and Clark placc the Devonian s oyomcn S[/ CyT uowo:fw 1S and u_[/. woou/o,
and Schuchert? refers Sp. wiahensis to the same assemblage on the
strength of marked resemblance in external form. I think, however,
that these Devonian forms are unwisely withdrawn from Spirifer and
associated with the Silurian species which exhibit the typical condition
of Cyrtia. Hall and Clarke state that ‘‘the general habit of these
shells is the coexistence of the vertical cardinal area with a convex
deltidium perforated by a circular, oblique foramen.” These authors
have certainly failed to demonstrate the existence of the distinctive
structural characters of Cyrtia in either Sp. cyreiniformas or Sp. altus.
The best material they obtained to illustrate these features in Sp.
cyrtiniformis preserves no deltidial covering of any.sort, while Sp.
albus® is shown to have a concave deltidium neither perforated by a

1Pal. New York, Vol. VIII, pt. 2, p. 37.
2Bull. U. 8. Geol. Surv. No. 87, 1897, p. 197 (as Cyrtia Norwoods). .
3The deltidium of this species seems to have been sometimes convex, as in Cyrtia, but usually con-
cave. The description of Sp. cltusin Pal. New York, Vol. IV, 1867, p. 248, states that the fissure ‘‘is
closed by a concave, transverse septum for two-thirds of its length from the apex,” and the figures,
which were drawn from impressions of natural molds of the exterior, show that the deltidium must
have had a concave flexure in those specimens. Schuchert, writing in 1890, says (Ninth Annual
Report New York State Geologist, p. 85) that '*the deltidial opening was closed by a lamellose con-
vex covering,” ete. Hall and Clarke (Pal. New York, Vol. VIII, pt. 2, p. 42), by referring this species
to Cyrtia, which they define as having a convex deltidium, imply that this condition existed in Sp.
altus, and they figure a specimen in which this seems to have been the case. At the same time they
reproduce, without comment or correction, Hall’s earlier figure in which a concave deltidium is
shown (pl. 26, fig. 3). I have been able to examine three or four undoubted examples of this species
which show the structures in question. Oneof these is especially convincing in the mannerin which
its characters are manifested. Casts of the exterior and of the interior are presented to view, sepa-
rated by a space representing the original thickness of the shell. The external cast shows a decidedly
concave, incomplete, imperforate, deltidial covering, impressions of which correspond in detail to
Hall’s figures already mentioned. The internal cast shows the spaces left by the powerful dental
plates, while on the biunt edge of the wedge-shaped mass between them is preserved the groove rep-
- resenting the internal meédian thickening noted by Hall and Clarke as below. This specimen is
quite conclusive as to the points involved, and the facts which it demonstrates’are corroborated by
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foramen nor showing traces of having had this condition. In Sp.utah-
ensts also I have not found the deltidium preserved, but only an open
delthyrium is seen, bounded by the thickened edges of the dental plates.
Under the circumstances, therefore, the separation of these Devonian
forms, based almost together on a peculiar external expression, from
Spirifer, and their union with Cyrtia, seems scalcely justified by the
facts.

Nor, does it seem to me, do these cyrtiniform Spirifers, when joined
- to the disjunctus group, form an incongruous assemblage. Hall and
Clarke define the disjunctus type in the following terms: ¢ Forms with
well-developed fold and sinus, elongate hinge and elevated cardinal
area, lateral plications simple, median phcatlons dichotomous or lnter
calary.” .

All of the species just mentioned answer to this diagnosis in every
paltlcular except, perhaps, that which pertains to the area, and expe-
rience has demonstrated that such characters as height, 1nchnatlon, and
flatness or concavity of the area are often very variable, even in the
same species, and can be held at little or no value even in such inferior
coordination as the group in question. There is, in fact, some reason,
a priori, for expecting that the Spiriferoid type, with plicated fold
and sinus, should develop a varietal group with high, flat, horizontal
areas, since the type with unplicated fold and sinus has done so. The
amount of variation of these characters in the same species and their
intergradation in the group is illustrated by an examination of Sp.
disjunctus and its allies. The British form of Sp. disjunctus® seems
to have the area nearly erect, i. e. parallel to the plane of the valves,
but it may be flat or concave, low or elevated. = In specimens from
New York the area is usually low and concave, either erect or not
much reclining,® and presumably the same condition obtains in the
var. suleifer. Sperifer Whitneys, which represents Sp. desjunctus in
the Mississippi Valley, has the area always low, but it is sometimes

several other good examples. In no specimen that I have seen or read of is there any evidence that
the deltidium was perforate, and the only cases in which that structure is shown to be convex that
have come to my knowledge are the specimen figured by Hall and Clarke and the statement of
Schuchert guoted above. I am led to believe, therefore, that the deltidium was imperforate and’
incomplete so that the pedicle issued below it instead of through a perforation in its upper or apical
portion, and that it was usually but not invariably concave. The range of variation thus suggested
is not altogether unprecedented, since in a representative of Syringothyris (S. hannibalensis, from Pike
County, Mo.), a genus of which Sp. altus was probably the immediate progenitor, I have observed
aearly an equal latitude, for the detidium in that species, though pretty constantly convex, is some-
times depressed below the plane of the area, sometimes on a level with it, and sometimes elevated
above it. Hall and Clarke explain the absence of a deltidial perforation in the following manner
(loc. cit.): “In the Devonian Cyrtias the foramen in the deltidium is frequently obscured or absent
at maturity. It may have existed at earlier stages of development and have become obliterated by
subsequent overgrowth, but this assumption has yet to be verified. Thatmaturity induces a modifi-
cation of the deltidium is evinced by the internal median thickening of this plate in C. alta.”” No
such explanation for the admitted absence of the perforation in the deltidium of Sp. altus is, I think,
needed.
. 1Pal. New York, Vol. VIII, pt. 2, p. 24.

28ee Davidson’s Mon. Brit. Foss. Brach., plates..
. 3Pal. New York, Vol. IV, Pls. XLI, XLIIL
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only slightly, often strongly incurved, and in position it seems to vary

~ from nearly vertical to nearly horizontal. ~Sp. digjunctus as identified
in the Rocky Mountain region has usually a rather high area, which

in mature shells is seen to be at first nearly flat and horizontal in direc-
tion, with the beak sometimes only slightly, more often strongly,
concave. In Sp. cyrtinzformes' the area seems to be regularly flat, high,
and horizontal, and the same is true of Sp. altus, where, in fact, the
area is a little inclined from the plane of the horizon. Spirifer wtah-
ensts has a high area, usually nearly horizontal in direction, flat for
the greater part of its height, but apically more or less concave. In
Sp. HKennicotts the area, which is only slightly overhung by the small
beak, is flat, indeed, but low and almost vertical in direction. Sp.
disjunctus var. occidentalis has the area high, horizontal, and nearly
flat, with usually only the apex slightly concave, while the range of
variation in the variety anemasensis has already been described. It
is evident that among the species just mentioned there is a more or
less continuous series from one extreme, best represented by certain

forms of Sp. disjuncius, where the area is low, vertical, and strongly

.

arched, to the other extreme seen in Sp. cyrtiniformas (or almost as
well in Sp. disjunctus var. occidentalis®), whose area is high, flat, and
horizontal. One or two of the species grouped here may have to be
eliminated when the characters, especially the minuter surface orna-
mentation, of all are known more in detail, but for the present they
seem to form a fairly homogeneous assemblage. Sp. alfus and Sp.
cyrtiniformis are, perhaps, the most likely to be withdrawn, and in
the latter the slightly developed and differentiated fold and sinus,
and the.infrequent bifurcation of ribs in the median region, give it a
distinct individuality of expression when compared with the true
disjunctus type.

It will be apparent from the above discussion that several of this
disjunctus type of Spiriférs are very closely related to the form here
described. I refer to Spirifer desjunctus itself, Sp. disjuntus var.
occidentalis, Sp. disjunctus var. sulcsfer, Sp. Kennicotti, Sp. Whitneysi,
Sp. utahensis, Sp. cyrtiniformis, and Sp. altus® These resolve
themselves naturally into two groups—one with high, horizontal, and
flat areas, the other with low, erect, and incurved areas. '

1Whiteaves (Cont. Can. Pal., Vol. I, pt. 3, 1891, pp. 222-223) identifies Spirifer cyrtiniformis at the
Hay River locality. The form found there is said to be of much larger size, with fewer plications,
and is probably a distinet species.

21f Sp. altus is admitted to close relationship with Sp. digjunctus, it certainly forms one of the
extremes in the series described, for the area is high and fiat and is 'inclined to the plane of the
valves at a more or less acute angle, so that the apex of the ventral valve is projected in front of that
of the dorsal.

3 Spirifer arenosus, Sp. unicus, and also Sp. Billingsanus if it really belongs to the digjunctus group,
are Oriskany species, and less closely related to Sp. digjunctus and its allies which appear in middle
and upper Devonian time (in New York only in the latter) They have the area low, erect, and con-
cave, as in Sp. digjunctus.
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Walcott* places Sp. wiahensis and Sp. Kennicotti, both of Meek, in
the synonymy of Sp. disjunctus. In this he is followed by Whiteaves,®?
who places Sp. Whitneyi also in the same category on the strength of
a suggestion contained in the Twenty-third Regents’ Rept. New York
State Cab. Nat. Hist., p. 218 (under Spirifer Orestes). This is no
place to discuss the synonymy of Sp. disjunctus, but Sp. Whitney:
has an individuality of expression which seems to justify the granting
it varietal distinction, and Sp. Kennicotts, with its low but nearly flat
area and unusually contracted visceral space,’can also claim to be con-
sidered distinct. These three cognate species, however, together with
Sp. disjunctus var. sulcifer and the Oriskany forms, constitute a group
to which Sp. desjunctus var. occidentalis, Sp. disjunctus var. enimasen-
sis, Sp. utahensis, Sp. altus, and Sp. cyrteniformis, are less closely
related. Concerning relations of these species to one another 1 am
less confident. In form and size and ornamentation the different
specimens of Sp. wfahensis can be almost exactly matched among
small and probably immature specimens of Sp. desjuncius var. ane-
masensts. And, furthermore, in some localities, as at Durango 235,
smaller individuals of the latter alone occur, just as at the others
(e. g., Durango 291) the larger ones predominate. Thus at Durango
235 the largest individual seen measdres 35 mm., this being one of
the very transverse forms in which the width far exceeds the length.
At Durango 291 a width of 45 mm. is not uncommon, while one
individual is 50 mm. across, and all are large shells, nearly as long as
broad. On the other hand, while every specimen of Sp. wiahensis
examined has the area more or less incurved, the prevailing type in
Sp. disjunctus var. animasensis has a flat area, and the delthyrium,
which is long and narrow in Sp. utahensis, almost always proportion-
ately broader. I think, therefore, that Sp. disjunctus var. animasensis
is distinct from Sp. utakensis by reason of being usually much larger,
with a flatter area and proportionately broader delthyrium. Turning
now to Spirifer disjunctus var. occidentolis, of which Professor Whit-
eaves has kindly loaned me speclmena for comparlson a still closer
affinity is found. The area in the Canadian form is high, flat, and
horizontal, sometimes more or less twisted to one side. The beak is
but slightly incurved, being more constant in this character than Sp.
disjunctus var. animasensis. The delthyrium also resembles the latter
species rather than Sp. wfahensis, in being rather broad. The chief
distinction between these two varieties accredited to Sp. disjunctus
consists in the fact that the lateral plications in the var. animasensis

1Mon. U. 8. Geol. Surv. Vol. VIIL, 1884, p. 31.

2 Cont. Can. Pal., Vol. 1, pt. 3, pp. 221222,

3Schuchert calls attention to this character in Bull, U. 8. Geol. Sury. No. 87, 189/ p. 394. The cir-
cumstance that Sp. Kennicotti is a middle Devonian species, while Sp. disjunctus, or the form accepted
as such in New York, occurs at a considerably higher horizon, gives additional weight to this dis-
tinction.
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are usually appreciably finer and more numerous. This form has
more nearly the expression of true disjunctus, while the var. occi-
dentalis rather suggests Sp@mfer TRUCTONALUS, Wlth, however, a ph-
cated fold and sinus.

Two small and two larger specnnens of Sp. digjunctus var. occiden-
talis have come under my observation. The smaller examples, with a
common length of about 17 mm. and a width of 24 mm. and 35 mm.,
respectively, have 17 or 18 lateral plications. The larger individuals,
both being about 42 mm. across and 21 mm. long, measured on the
dorsal valve, have also 16 or 17 plications. They are thus more
coarsely plicate than one of the smaller specimens, which in turn is
somewhat coarser than the other. When of the same size, the larger
individuals would have had only 13 or 14 plications. Sp. disjunctus
var. anemasensts of the same size as the smaller individuals of the var.
occidentalis have 19 or 20 ribs on a side, while mature specimens have
25 or more. At the same time more coarsely plicated forms do occur
in Colorado, and one large longitudinally produced form,in especial,
has not more than 18 to 20 ribs on a side. These are 2% mm. wide,
much flattened, and separated by narrow, shallow grooves. The shell
from which these measurements were made, a dorsal Valve, must have
been originally about 45 mm. 1dng and 54 mm. wide. It is now con-
siderably broken. Another point in which our Colorado form differs
from Whiteaves’ species is the shape of these larger shells, all of
which are subquadrate, not much wider than long, and with slightly
converging lateral and broadly rounded anterior outlines. The largest
specimens of Sp. disjunctus var. occidentalis seen were transverse, sub-
mucronate, a distinctly alate form. However, as in most Spirifers the
growth of the shell at and after maturity is chiefly anterior, these alate
forms might readily have grown into the more quadrate ones. Com-
parisons with Sp. cg/wt?'ﬁwfomnés and Sp. altus seem scarcely necessary,
and Sp. disjunctus var. animasensis finds its closest allies in Sp. utak-
ensis and Sp. disjunctus var. occidentalis.

- Spirifer disjunctus var. animasensis has been found at almost every

point at which collections from the Ouray limestone have been made,
and it is usvally a common fossil. It seems strange, therefore, that it
should not have been present in the collections accompanying the orig-
inal specimens of Camarotwchia FEndlichi; but such appears to have
been the case, for no member of the genus is mentioned in the list of
forms which Meek cites as associated with that species.

The bearing of this species in determining the age of the Ouray
limestone deserves a few words of consideration. I feel no doubt of
the affinity of Sp. désjunctus var. amimasensis with Sp. disjunctus
itself as representing the general stock from which it is a variant.
Although in the New York section Sp. disjunctus is restricted in its
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range to the upper Devonian (Chemung), the type is known in England
to range through both middle and upper Devonian rocks. Turning
now to Sp. utahensis and Sp. disjunctus var. occidentalis, with which
it is especially allied, I find Sp. disjunctus is a member of a fauna
which Whiteaves, for satisfactory reasons, correlates with the Cuboides
zone of Europe or with the Tully limestone of New York, while Meek,?
speaking of the fauna in which Sp. wtahensis is found, makes.the
statement: ‘‘Hence we can not doubt that these beds belong to the
Devonian, and probably to about the horizon of the Harmlton group
of the New York series.’

Formation and locality.—Ouray limestone: Ouray, Colorado; Engi-
neer Mountain 7; Gunnison 130, 132, 134, 135, 145, 145 a; Dulanovo 284,
291, 294; Salida 26 21, 28, 30; northwestern Colmado Cement Cr eek
Station 4:8 Glenwood Sprmgs

SPIRIFER BIMESIALIS Hall?

Among some material from Glenwood Springs, Colorado, which has
come to hand since the rest of the collection was worked up, and after
the manuscript of this report had been completed and submitted for pub-
lication, occur two not very perfect specimens of an interesting species
of Spirifer. The form inquestion seems to be associated with the char-
acteristic Ouray fauna, but does not occur in any of the other local
collections. The shell is very alate and mucronate, the width heing
about 26 mm. and the length only 8 mm. There are-8 to 10 simple
plications on either side of the fold, which is well defined, thin, and high.
The sinus is deep and the ribs bounding it are heavy. In the bottom
of the sinus is a well-developed plication, and presumably the fold had
a median furrow to correspond. The surface is crossed by concentric
ornamentation of coarse, heavy, lamellose striae.

So far as the two specimens examined furnish a correct expression of
the specific characters of this form, we have here a species intimately
related to Sp. bimesialis Hall. The most important difference that I
have been able to discover is that the concentric lamelle are more dis-
tant and heavier than in the latter species, but collections in which this
form is more plentifully represented may furnish other differentiating
charactérs or obliterate this. Sp. mesicostalés Hall is another allied
species, and some varieties of Sp. mucronatus approach it closely. The
evidence of this species seems to be favorable to assigning the age of
the Ouray limestone to late middle or to upper Devonian age.

Formation and locality.—Ouray limestone, Glenwood Sprmgs Colo-
rado.

-

1Cont. Can. Pal,, Vol. I, pt. 3, 1891, p. 252.
2. S. Geol. Exp] Fortieth Parallel, Vol. 1V, 1877, p. 6.
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Camaror@cHIA Expricar (Meek) Schuchert.
PL VI, figs. 1-4; P1. VII, fig. 1.

To Meek’s very complete description of this species I have little to
add, and subsequent collections from the same region have failed to
furnish anything quite equal in size® and perfection to the material
upon which the original description was based. C. FEndlichi is a
variable species, especially in the character of its plications, and pre-
sents an almost endless diversity in shape and ornamentation. The
speciméns selected for illustration by White are characteristic, and
have been reproduced here, together with drawings made from more
recently gathered material, to show some of the various forms pre-
sented. ILarge specimens like those figured by White occur in both
the earlier and the later collections in association with much smaller
individuals, which appear to belong to the same species and at the
same time bear evidence, in their gibbosity and strong development of
fold and sinus, of having nearly or quite attained a mature condition.
(See P1. VI, ﬁgs 1, 2; PL VII, fig. 1)

Meek says? of C. Bwllw/n

This is a fine species, more nearly resembling some Devonian and Upper Silurian
forms than the usual Carboniferous types. Its most marked features are the large size
of its mesial sinus, the flattening of its posterior lateral slopes, and the angularity of -
the posterior lateral margins of its ventral valve on each side of the sinus, formed
by the abrupt flexure of those margins to meet those of the other valve, this pecu-
liar truncated, rectangular appearance contrasting strongly with.the very acute angles
formed by the connection of the antero-lateral margins of the valves.

The forms with which Meek would compare (. Frndlichs are doubt-
less the group of Oriskany Rhynchonelloids for which Hall and Clarke
have proposed the subgeneric or group name Plethoriyncha,® including
Comarotaechia (Plethorhyncha) Barrondii, C. (P.) speciosa, and C. (P.)

" pleiopleura, together with such species of Uncinulus as U. Stricklande
of the Niagara group and U. Caumpbellonus of the Lower Helderberg,
etc. The only internal character which I have succeeded in determining
in O. Zndlichi is the presence of along and well-developed median sep-
tum which is divided posteriorly so that it is Y shaped in cross section,
the two branches extending to the hinge plate, where they support the
crural processes. In this structural character, as well as in the super-
ficial peculiarities pointed out by Meek, O. Fndlichs agrees with the
species of Plethorhyncha and Uncinulus mentioned. Plications of. the
character of those of C. Zndlichi, which are bifurcate and very variable
in number and size, are not common in the genus Camarotechia, and
if possessed at all by the species mentioned above seem to be found in

1Since the above was written there has come to hand some material from Glenwood Springs,Colorado,
among which I find several large specimens of C. Endlichi. One of them shows the unusual length
of 76 mm.

2Bull. U. 8. Geol. and Geog. Suryv. Terr., 2d ser., Vol. I, 1875, p. 47.

3Pal. New York, Vol. VIII, pt. 2, 1893, p. 191. Schuchert places Rhynchonella Endlichiin this group.



GIRTY.] . DESCRIPTIONS OF SPECIES. 57

C. pleiopleura only. They are, however, quite common in the genus
Leiorhynchus, and, conjoined with the obsolescence of the lateral plica-
tions, especially upon the dorsal valve—a fact of common occurrence
not mentioned by Meek—it gives the shell of €. Zndlichi considerable’
of the expression of that genus, with which the internal structure, so
far as ascertained, also agrees. The peculiar angulation of the posterior
lateral margins which has been described by Meek is not found, I
believe, in Leiorhynchus, though it occurs also in Eatonia, which has,
however, different structural peculiarities. On the whole, it seems that
Rhynchonella Endlichi, though of a rather peculiar type, must be left
- in the genus Camarotcechia, with a probability of its belonging to the
group Plethorhyncha. If the latter have any stratigraphic value, the
evidence of this form would tend to throw the horizon of €. Endlzc/w,
into the lowest Devonian, but Meek, presumably because of its occur-
rence ‘‘ with a small Productus of the type of P. subaculeatus,” refers
O. Endlichito the latter portion of the same era. He says: ‘““According
to Dr. Endlich’s sections, as well-as from its affinities [?], it would
seem to be most probably an Upper Devonian species.”* This conclu-
sion is corroborated by Schuchert, who observes:?

This type of Rhynchonella occurs in eastern North America only in the Lower

Devonian. It therefore seems probable that Meek’s provisional reference to the
Devonian is nearer correct than White’s to the Lower Carboniferous.

In 1883 White concludes, from facts ascertained subsequent to Meek’s
description, that the strata from which this species was derived really
belong to the lower portion of the Carboniferous series. In this he
is followed by Weller. ‘ ‘

The synonymy of this species which I adopt will ‘be found in
‘Schuchert.?

Lormation and locality.—QOuray limestone: Engineer Mountain 7;
Gunnison 130, 131, 132, 133, 136, 1454; Durango 291, 294; Salida 26,
27, 28, 29, 30; Statlon 48; Glenwood Springs.

CaMaroTr@®cHIA coNTRACTA (Hall) Hall and Clarke?

Pl VII, figs. 2-4:

The figures annexed will afford a better idea of this shell, which is
common-place in every particular, than I am able to give by verbal
description. In shape it is one of the transverse, spreading types
of Rhynchonella, of which examples could be cited from Silurian,
-Devonian, and Carboniferous rocks. Its internal characters, which,
so far as observed, consist of diverging dental plates in the ventral
valve and a thin, strong septum in the dorsal, taken in connection with
its stratigraphic occurrence, leave little doubt that it belongs in
the group of Camarotechia. There are, pretty uniformly, 4 plica-

1 Loe. cit. 2Bull, U. 8. Geol. Sury. No. 87, 1897,
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tions on the fold and 3 in the sinus, with 6 lateral ones. The pli-
cations are thin and angular ; the fold and sinus well developed.

This shell is, as a rule, considerably smaller than the average speci-
men of C. contracta, which it otherwise much resembles both in shape
and in the number and disposition of its plications. - Some individuals,
however, are as large as the normal shell of C. contracta, one dorsal
valve belng 13 mm. long and 16 mm. wide.

I would not assert that the form in question is genetically so closely
related to . contracta as to be really identical with it, but with the
material in hand a separation would scarcely be justified, the two being
in so close external agreement.

The synonymy of this species found in Schuchert® is adopted here
and need not be repeated.

Formation and locality.—Ouray l1mestone Engineer ) Mountain 7;
Gunnison 181, 145¢; Durango 291, 294 bahda, 26 27,29, 80; Sta—
tion 48; Glenwood Springs.

MODIOMORPHA (9 sp.
. Pr. VII, fig. 6

The following description is based upon a single specimen, which is
the only representative of the species yet found. .

Shell very small, transverse, pyriform. The superior border is
subrectilinear, but by degrees enters upon the curvature of the anterior.
and posterior mar gms Posterior outline broadly rounded, the greatest
curvature occurring below the median line. Inferior outline slightly
sinuous though nearly straight, with a gentle emargination a little in
front of the middle. Anterior end narrower than the posterior, and.
strongly rounded. Beak large, projecting beyond the hinge line, and
subcentral, being located slightly anterior to the center of the shell.

* Convexity considerable, somewhat flattened toward the posterior
superior angle, falling away rapidly in front of the beak to the anterior
end, which is nasute and reflexed. :

Surface marked by fine concentric striee and stronger constrictions
of growth.

The generic position of this form is purely conjectural, and it is not
certain that it is properly referred to Modiomorpha, with which I have
provisionally placed it on account of a certain similarity of contour.

When both valves were in contact the shell must have been gaping
in front by reason of the reflexed anterior portion, and also below on
account of the emargination at that point.

The possibility that this may be an immature example of Alorisma
sp.,with which it is associated, is worthy of consideration, but itscarcely

1Bull. U. 8. Geol. Sury. No. 87, 1899.
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seems probable because of the great difference in important par tlculals
which exists between the two.
Formation cmd localzty —OQuray limestone: Durango 291.

ALLORISMA sp.

~ There is nothing distinctive about this form, of which only a single

specimen has come to hand. The width is 43 mm. and the length 28
mm. The beak is about one-fourth the entire length of the shell back
from the anterior end. There is a faint sulcus a little anterior to the
median line. The surface is concentrically rugose.

The form may properly belong to the genus Grammysia, but it has
more the proportions of an Allorisma, and might very well pass as a
young example of such a characteristic species as A. subcuneatum. It
is more elongate than Grammysia /meiéalensis, and has its sinus less
strongly marked than &. communis.

Lormation and locality.—Ouray limestone: Durango 291.

Paracycnas sp.

Neither the quality nor the condition of the material representing
this species wholly justifies separate notice, but as it is found at several
localities I mention it here for the sake of completeness. The shell
is moderately convex, subecircular, with a diameter of about 25 mm.,
marked by regularly disposed concentric strize. The preservation is
extremely poor, and the generic reference suggested by its shape is
not altogether trustworthy.

Formation and locality.—Ouray limestone: Durango 291, 294.

MyTILARCA ? SP.

Pl VII, fig. 5.

Shell 1athel small, subquadrate; length a trifle greate1 than the
width. Hinge line straight and equal to about half the width of the
shell. "Beak slender, prominent, terminal with regard to the hinge
line. Anterior outline retracted under the beak; then becoming con-
vex, the curvature is regularly maintained around the inferior and
part of the posterior outline. The upper portion of the posterior out-
line is rectilinear, meeting the hinge line at an obtuse angle.

Convexity slight, the most elevated point of the shell being on the
line of the beak just below the hinge line.

Surface apparently marked only by concentric lines of growth.

The shape of this shell, none of the generic characters being retained,
is so peculiar that it is referred to Mytilarca with some doubt, though -
to that genus it appears to be more nearly related than to any other
which I recall. In some respects it is suggestive of Myalina.
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A single specimen, a left valve, is all that represents this species,
which I have little doubt is new. The outline of the figure on P1. VII
has been restored in places.

Formation and localsty.—Ouray limestone: Durango 294.

Naricorsis ¢IGaNTEA Hall and Whitfield.

Nuticopsis gigantea Hall and Whitfield, 1873. Twenty-thirci Ann. Rept. New York
State Cab. Nat. Hist., p. 238, Pl. X117, figs. 8 to 10.

Associated with the preceding is a shell which T at first placed
with V. ¢ Awmaeles, but now refer with doubt to V. gigantes H. and
Wh. One specimen from Durango 294 is much larger than those
referred to the former species. The spire is missing, but as it stands
it is closely similar to specimens from Towa which have been referred
to IV. gigantea. Another individual which was collected at Engineer
Mountain 7 is young, or represents only the apical portion of a larger
shell. The spire is higher than in the form referred to V. ¢ Zumalzs,
and seems to have more the form of that of V. g¢gantea. This speci-
men is probably distinct from . ? Awmaelis, at least to the degree of
being a variety, but the other may be merely an exampleof V. ¢ Aumelis
in which a final volution has been added to the shell, large and pro-
duced diagonally downward. :

Formation and locality. ~Ou1ay limestone: Enmneer Mountain 7;
Durango 294. '

Naticoesis 7 (IsoNEMA) HUMILIS Meek.

Pl. VII, figs. 9-11.

Isonema humilis Meek, 1871. Proc. Acad. Nat. Sci. Phila., p. 79. _

? Naticopsis levis Hall and Whitfield, 1872. Desc. New Species Fossils, P1. XTI,
figs. 3-5 (not N. levis Meek, 1871).

? Naticopsis levis Hall and Whitfield, 1873. Twenty-third Ann. Rept. New York .
State Cab, Nat. Hist., Pl. XIT, figs. 3-5 (not N. lawvis Meek, 1871).

Naticopsis ? (Isonema) humilis Meek, 1873, Geol. Surv. Ohio, Paleeontology, Vol. I,

© p. 214, Pl XIX, figs. la-lc.

- Meek calls attention to the fact that the forln figured by Hall and
‘Whitfield as V. lowvis Meek is not that species at all but . ¢ humilis
Meek or a species very similar. N ¢ humelis was described from the
Corniferous limestone of Columbus, Ohio. Hall and Whitfield give
neither description, horizon, nor locality for their shell, but from the
comments of Meek it would seem to have been found in strata of
Corniferous or Hamilton age at Louisville, Ohio.

The Colorado specimens, which are not very perfect, present a type
which is close indeed to the one described by Meek, though future
comparisons with better material may show them to be different
species. Where the shell is broken away the shape of the volution is
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the same as represented by Meek’s figure, which is also that of an exfo-
liated specimen. In examples not reduced to this conditon the shell
seems to be distinctly thickened on the upper and lower portions, so
that the true outline of the peritreme is more flattened peripherally
than seen in the figure. Associated with V. gzgantea at Rockford and
at Hackberry, Iowa, is a form- plobably identical with that under
discussion; at least with the material in hand I doubt if they can be
dlstmgulshed ’
" Formation and locality.—Ouray limestone: Engineer Mountain 7;
Gunnison 131; Durango 291, 294.

STRAPAROLLUS CLYMENIOIDES Hall?

Pl VII, figs. 7-8.
Buomphalus clymenioides Hall, 1861. Desc. New Species Fossils, etc., p. 26.
Euomphalus clymenioides Hall, 1862. Fifteenth Ann. Rept. New York State Cab.
Nat. Hist., p. 54.
Euomphalus (;S'tmparollus) clymenioides Hall, 1862. Ibidem, p. 166, Pl VI figs. 1, 2.
FBuomphalus clymenioides Hall, 1876. Illustratlons of Devoman Fossils; Cephalopoda,
Pl LXX, figs. 1-5.

Buomphalus clymenioides Hall, 1876. Illustrations of Devonian Fossils; Gasteropoda,
Pl. XVI, fig. 15. . _
Buomphalus (Straparollus) clymenioides Hall, 1877. Geol. Surv. New York; Palseon-

tology, Vol. V, pt. 2, p. 62, PL. X VI, fig. 15; P1. XVII, figs. 1-5.

Shell attaining a rather large size, discoidal, section across the per-
itreme nearly circular. Volutions gradually expanding, rather numer-
ous, tangent. The spire is depressed below the plane of the outer
volutions, so that the upper side of the shell is slightly concave, while
the lower side is still more so.

The largest specimen observed has a diameter of about 35 mm.

The form upon which the description just given is based is not com-
mon in the Ouray limestone, and not well preserved. I think the
characters cited are warranted by the material examined, and they indi-
cate a species closely related to Hall’s Straparolius clymeniozdes.

Formation and locality.—Ouray limestone: Durango 291, 294;
Salida 26, 29. , :

: PreuroNoros DEcewI (Billings) Hall?

Euomphalus Decewt Billings, July, 1861. Canadian Journal, p. 358.

Euomphalus Conradi Hall, 1861. Fourteenth Ann. Rept. New York State Cab. Nat.
Hist., p. 107.

Euomphalus Decewi Meek, 1873. Geol. Surv. Ohio; Paleeontology, Vol. I, p. 220, Pl
XIX, figs. 3a-3b; Pl XX, fig. 1

Euomphalus Decewi Hall, 1876. Illustrations of Devonian Fossils; Gasteropoda, PL. XV,

" Buomphalus Decewi Hall, 1879. Geol. Surv. New York; Palzontology, Vol. V, pt. 2,
p. 55, PL. XV, figs. 1-8.

Pleuronotus Decewi Hall, 1879, Ibidem, pp. 137-138.

There is also in the collection a Euomphaloid shell in a fragmentary
condition which is characterized by having the peritreme flattened
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above and subangular upon its superior peripheral line. A further
description is impossible because of the imperfect condition of the
material. So far as its characters are known it seems to belong to
Plewronotus Decewt or some nearly related species.

Formation and locality.—Ouray limestone: Engineer Mountain 7.

BreLLEROPHON sp.

Shell large, very gradually expanding, not flaring at the aperture.
Umbilicus open.  Volutions somewhat flattened above, so that a trans-
verse section at any point would be elliptical. Slit band in the form
of a narrow ridge, not much elevated, traversing the median dorsal
line. The surface is marked by transverse, lamellose ridges, about 1
mm. broad, which appear to be but little deflected as they cross the
dorsal ridge. -

One large specimen measures about 60 mm. on its longest diameter.
The others are somewhat smaller.

This species evidently belongs to the genus Bellerophon as restricted
by Waagen, and seems to be related to B. Felops of the Corniferous
- limestone. Of further comparison than this, the poor preservation of
. the material hardly admits. : :
Formation ond locality.—QOuray limestone: Durango 291, 294;

Station 48.
ORTHOCERAS sp. @

Several species of Orthoceras are represented by fragments in the
collections from the Ouray limestone.

. One form is distinguished somewhat by its size. One large frag-
ment hds a diameter of 85 mm., the measurement being taken still
within the chambered portion. The taper of this species is so gradual
that the convergence in outline is only just discernible.

The most perfect specimen is about 50 mm. long. The larger end
measures 27 mm. on one diameter and 21 mm. on the other. It is
seen from this that the transverse section would be elliptical in out-
line. The flattened shape may be the result of compression. The
measurements of the other end would be slightly less.

. The chambers at this stage measure about 4 mm. in height. The
siphuncle is eccentric and situated near one of the less convex sides.
It is very large, measuring 9 mm. in diameter.

Formation and locality.—Quray limestone: Durango 291, 294;

Salida 30.
: ORTHOCERAS sp. b.

This species is much smaller than the preceding, but may be founded
upon the smaller ends of individuals whose distal portions would have
had the characters of sp..a. “As the two forms are not connected in the
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collection by intermediate examples, and as new names are not being
proposed, it seems advisable to take cognizance of the existing differ-
ences.

Like the preceding, shells of this specws taper very gladuallv The
largest diameter observed is about 11 mm., and the transverse section
is circular. The chambers are 2% mm. hlgh The position of the
siphuncle is not known. _

Formation and locality. ——Oulay hmestone Engineer Mount&m 7;

Durango 291.
- ORTHOCERAS sp. ¢.

The third species of Orthoceras recognized in the Ouray limestone -
is one of the annulated types. From the single specimen observed, it
appears to be a shell of small diameter (about 8 mm.) and but slightly
tapering. The chambers are low, the diaphragms being only about 2%
mm. apart. The annulations are strongly marked, not quite horizontal,
and disposed at intervals of about 5 mm. The siphuncle is small and
nearly central. This species resembles Orthoceras crotalum Hall, of
the Hamilton group of New York. It is this form which was men-
tioned hy Meek in the list of species found at the time Camarotechia
Fndlichi was discovered.

Formation and locality.—Ouray limestone: Durango 291; Station 48.
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PLATE IIIL

ORTHOTHETES CHEMUNGENSTS. - - -« s e e et oee e me e e e eee e eee e e .
1. A characteristic dorsal valve of the type referred to this species.
la. Specimen seen from above, showing the rather coarse strize, and the
irregularities of curvature, many of which are due to growth.
Ouray limestone ; Salida 29. '
2. A characteristic ventral valve of the same type.
2a. Specimen seen from above.
2b. Side view of the same in outline.
2¢. Posterior view of the same.
Ouray 1imestone Salida 29.

3. A type of which several specimens have been found. It has fine strie
more like Orthothetes chemungensis var., with the proportions of the,
form referred to O. chemungensis itself.

3a. A ventral valve seen from above.

30. Side view of the same in outline, showing vertical direction of the area.

3c. Posterior view of the same.

Ouray limestone: Durango 294.
ORTHOTHETES CHEMUNGENSIS VAT« o oot nmeeieeeae e enn . e eeeaiaaaas

4. A dorsal valve of a type considered to be varietally distinct from Ortho-

thetes chemungensis ag above identified. It is smaller in size and
more finely striate. ‘
4a. Specimen seen from above.

4H. Same; outline of side view.

Ouray limestone: Durango 294.

5. Another dorsal valve of the same species.

5a. Specimen seen from above.

50. Side view of same in outline.

Ouray limestone: Engineer Mountain 7.
6. Asmall, finely striated, ventral valve of the same type as the one last
. figured and associated with it.

6a. Specimen seen from above.

6b. Same; side view in outline.

6¢. Posterior view of the same.

Ouray limestone: Engineer Mountain 7.
PRODUCTELLA SEMIGLOBOSA - -« -ttt it et St et e e e e caeaaaee

7. A specimen of the usual size and shape found in the Ouray limestone

and referred to Productella semiglobosa. This specimen shows a
considerable number of large spine bases arranged in concentric
rows, chiefly in the anterior region of the shell.

7a. Ventral valve as seen from above.

7b. Anterior view of same.

7c. Posterior view of same, showing almost complete absence of spines

in this region, either through erosion or nondevelopment.

7d. Side view of the same. :

Ouray limestone; Gunnison 135.
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ProDUCTELLA sEMIGLOBOsA—Continued. Page.
" 8. Another ventral valve belonging to the same species where the surface,
probably owing to imperfect preservatlon, appears almost smooth.
"8a. Specimen seen from above.
8b. Same; side view.
8c. Same; posterior view.
Ouray limestone; Durango 291.

9. The only dorsal valve observed, which, it is believed, with certamty
belongs to this species.. The interior of the shell here seems to be
presented to-view. This specimen is a part of the old Museum col-
lections, and is-probably the one upon which Meek based his deter-
mination of Productus subaculeatus as assocmted with Rhynchonella
Endlichi in the Ouray fauna.

9a. Specnnen seen from above.

9b. Side view of same in outline.

Ouray limestone; east of the Animas River. -
PRODUCTELLA SEMIGLOBOSA ? _ L. .. ettt i ieceaaaans 42

10. A dorsal valve of somewhat larger size than and different character from
the preceding, though provisionally referred to the same species.
This valve, of which only the interior is known, seems to belong to
an arcuate species like Productella semiglobosa, but presents points of
dissimilarity to the dorsal valve shown by figs. 9a, 90 of the same-
plate.

10a. Shell seen from above.

10b. Side view of same in outline.

Ouray limestone; Engineer Mountain 7.
PRODUCTELLA 8D . o ee it iciiieaciaaaaaiaaan 45

11. The only specimen found of a large Productella of uncertain affinities.
The shell of this specimen is almost completely exfoliated.

11a. Specimen seen from above.

J1b. Side view of same in outline.

11c. Same; posterior view.

Ouray limestone; Durango 294,
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PLATE IV.

SPIRIFER DISJUNCTUS VAY. ANIMASENSIS . - o totnn i oat e imacaa e c e cca e eamae 48

1. A small vental valve of a common type. The shell is transverse; the
area high, flat, and normal to the plane of junction of the two
valves.

1a. Shell seen from above.

1b. Side view in outline.

le. Posterior view showing rather broad delthyrium.

Ouray limestone; Engineer Mountain 7.

2. A somewhat larger specimen, with less elevated area. The beak is
slightly incurved and twisted to one side.

2a. Specimen as seen from above, showing somewhat distorted mode of
growth. The sinus is covered with numerous plications, finer than
those on the wings.

" 2b. Same; side view in outline.

2¢. Posterior view of same.

. Ouray limestone; Durango 294.

3. A medium-sized .specimen with high area, beak somewhat twisted-
and incurved, and a large number of fine strize in the sinus. Too
few of these are shown by the figures.

3a. Ventral valve seen from above..

3b. Side view of same in outline.

3¢. Anterior view of same.

3d. Same; posterior view.

Ouray limestone; Engineer Mountain 7.

4. A specimen similar to the last, but very much distorted in growth.

4a. Ventral valve seen from above.

4b. Outline side view of same.

4c. Posterior view of same.

Quray limestone; Engineer Mountain 7.

5. Ventral valve of medium size with a high, flat area, directed at right
angles to the plane of junction of the valves. The sinus is marked’
by numerous bifurcated stris, not well shown by the figure.

5a. Specimen seen from above.

5b. Same; side view in outline.

5¢. Posterior view of same, showing wide foramen.

Ouray limestone; Durango 294.
6. A large ventral valve, with its high area nearly flat and 1nchned back-
_ ward toward the plane of junction of the valves. The sinus is trav-
ersed by coarse bifurcated strize.

6a. Specimen seen from above.

6b. Side view of same in outline, showxng inclination of the area and its
slight concavity.

‘6¢. Posterior view of same, showing the broad delthyrium.

Ouray limestone; Durango 291.

7. Dorsal valve of a transverse type.

7a. Shell seen from above.
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SPIRIFER DISJUNCTUS var. ANIMASENsIsS—Continued.
7b. Same; side view in outline.
Ouray limestone; Durango 294.

8. A dorsal valve of the subquadrate type, and of medium size. The fold
is covered by a large number of bifurcated strize, finer than those at
the sides. ) :

8a. Specimen seen from above.

8b. Side view of same in outline.

Ouray limestone; Durango 294. .

9. A large dorsal valve of subquadrate shape. The fold is traversed by
numerous strize, large and fine, simple and bifurcate. -

9a. Shell seen from above. . :

9b. Same; side view in outline, '

Ouray limestone; Durango 291.

10. A subquadrate dorsal valve of large size, in which the plications upon
the fold are coarse and simple.

10a. Specimen seen from above.

102. Side view of same in outline.

Ouray limestone; Durango 291.
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PLATE V.

* SPIRIFER CONICULUS i e

1. A rather large but distorted and not very perfect ventral valve belong-
ing to this species.

la. Anterior view. .

1b. Side view inoutline. The peculiar conformation of this specimen ren-
ders visible portions of the further side, when viewed as in the
drawing.

lc: Posterior view, showing high area and narrow foramen.

1d. Another view of the same, showing the bilateral asymmetry of this
specimen.

Ouray limestone; Engineer Mountaln 7.
2. A slightly undersized but nearly perfect specnnen, preserving both val-
- ves in conjunction.
2a. Ventral view, in which part of the area is brought to view by its
* slightly resupinate character and the faint distortion of the beak.
The plications are seen to be low and indistinct, and the sinus not
strongly demarked.

2b. Dorsal view of same specimen in which the obsolescent plications and
indistinct fold are well shown. . .

2¢. Anterior view of the same specimen.

2d. Posterior view of same, showing high area and narrow delthyrium.

2¢. Side view of same, showing slightly retrorse area.

Quray limestone ; Engineer Mountain 7.
3. A well-preserved specimen of about the average size and character.
3a. Ventral view, showing slightly twisted and overarching apex. The
- strize and the sinus are both seen to be faintly defined.

3b. Posterior view of same. The rounded character of junction of the
areal plane with the sides of the shell is well shown. This is con-
stant and characteristic.

3¢. Anterior view of the same.

3d. Side view, in which the height of-the Ventral valve and the slight
concavity of the area are well shown.

Ouray limestone; Engineer Mountain 7.

4, A small and imperfect ventral valve, which is peculiar by reason of
its incurved beak, and its apparently smooth surface without either
plications or sinus.

4a. Specimen seen from above.

4b. Posterior view of same.

4c. Anterior view.

4d. Side view.

Ouray limestone ; Engineer Mountain 7.

ATHYRIS COLORADOENSIS . - oot e icmaiemae e iiieieemcaeannans mmemeeieaaaan

5. A rather small example of nearly circular shape, in which the two valves
have retained their normal position.
5a. Dorsal view.
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ATHYRIS COLORADOENSIS—Continued. Page.

5b. Side view in outline. The convexity of the two valves, as represented
in this figure and the one following, seems to show this character as
existing in nearly equal degree in each. Such is far from being
universally the case, especially in full-grown shells. The ventrals
often become highly inflated, and many dorsal valves are but slightly
arched.

Ouray limestone; Salida 29.

6. Another undersized shell, better preserved in this regard than the last,
in which both valves are retained in their natural position and con-
vexity. This specimen was probably the Athyris mentioned by
Meek as occurring associated with Rhynchonella Endlichi. '

6a. -Side view, showing the relative convexity of the two valves.

Ouray limestone; Station 48.

7. A dorsal valve of transverse type, in which the shell is almost com-
pletely gone and some of the ihternal markings preserved on the cast.

7a. Specimen seen from above. :

7b. Side view in outline.

Ouray limestone; Salida 30.

8. A ventral valve, somewhat distorted by pressure but weathered so as to
retain the shell and preserve in part the surface ornamentation,
which is seen to consist, peripherally at least, of closely set, lamellose-

. growth lines,as in Athyris spiriferoides and other members of the
genus.

8a. Specimen seen from above.

8b. Side view in outline.

Ouray limestone; Gunnison 145.

9. A specimen of an elongate type; somewhat crushed. This example,
together with 10¢ and 1le, shows in some measure the massive
character of the shell, which breaks off usually in thick, angular
exfoliations. :

9¢. Dorsal view of specimen.

9b. Side view of same in outline. .

Ouray limestone; Durango 294.

10. A semiorbicular specimen of considerable convexity.

10a. Seen from above.

10b. Same; outline of side view. ) '

Ouray limestone; Durango 294.

11. Another convex specnnen transverse and slneld -shaped.

11a. Shell seen from above.

11b. Side view of same in outline.

Ouray ]imestone; Durango 294.
ATHYRIS VITTATA VAT - oot i e e e e i e iamaeacceeaaaeaeas 47

12. A small, subcircular shell of doubtful affinities; perhaps a young
specimen of Athyris coloradoensis.

12a.  Dorsal view of a specimen, showing both valvesin conjunction. x2.

12b. Same; side view in outline. x2.

12¢. Same; front view in outline. x2.

Ouray limestone; Engineer Mountain 7.
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CAMAROTECHTIA JENDLICHI. « v e e eeecaemaeceacccceoccennacaancennennaaaanns

1. A small specimen of a type common in the later collections from the
Ouray limestone, and present also in the material described by
Meek.

la. Dorsal view of an entire specimen.

1. Ventral view of same, showing broad and deep, though ill-defined,
sinus.

lc. Side view of same, in which the laterally angulated and flattened

" character of the ventral valve is shown.

1d. Anterior view, in which the nature of the fold and sinus is well

exhibited.

le. Posterior view of same, showing angulatlon and ﬁattemng at the sides

of the ventral valve.
Ouray limestone; Durango 204.

2. A specimen of about the same sizc as the last, and though much
smaller than those figured by White, probably mature or even senile,
as shown by its gibbosity. The plications are finer and more numer-
ous than those of 1.

2a. Ventral view of specimen.

2b. Side view .of same, showing gibbosity of -dorsal valve and angulated
lateral margin of the ventral valve.

2¢. Front view of same, showing high fold and sinus, and strong lateral
angulation of the ventral valve.

2d. Posterior view of the same, showing bread, undeﬁned sinus, and lateral
angulation of the ventral valve.

Ouray limestone; Duarango 291.

. A large, nearly perfect specimen, figured by White, the original of his

figures 2q, 2b, pl. 36 (Twelfth Ann. Rept. U. S. Geol. and Geog.
Surv. Terr., 1883, p. 133). This specimen is of the type of 1 of this
plate, though much larger.

3a. Dorsal view, after White. ‘

3b. Side view of same, after White. This drawing shows the lateral angu-
lation mentioned by Meek. (See also 1¢, 1e, 2b, 2¢, 2d, etc.)

3¢. Posterior view of same, showing the broad, undefined ventral sinus,
and the lateral angulation of the same valve.

3d. Anterior view of same, showing high fold and sinus.

Ouray limestone; Station 48.

4. A very large though imperfect specimen; one of the types figured by
White (1. c., pl. 33, figs. 4a, 4b). This gibbous specimen is of the
same type as that shown by fig. 1 of this plate, though much larger.

4c. Ventral view, after White.

4b. Dorsal view of same.

4c. Side view of same.

Ouray limestone; Station 48.
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CAMAROT®CHIA ENDLICHL - . ..o oo e 56

1. A small example of the type of fig. 1, Pl. VI.

la. Dorsal view, showing undefined fold.

1b. Ventral view, showing broad, undefined sinus.

Ilc. Side view, in which the lateral angulation of the ventral valve is well
exhibited.

1d. Posterior view, showing the broad, though ill-defined, fold and sinus
and the lateral angulation of the ventral valve.

le. Anterior view.showing the character of the fold and sinus. These are
séen to be marked by a few strong ribs, the more lateral plications
in this, and also in other individuals, mamfestmg a marked tendency
toward obsolescence.

Ouray limestone; Durango 294. '

CAMAROTECHIA CONTRACTAT . .. .. iiaiieii it aii i 57
2. A small but characteristic specimen, and the best preserved which :
has'come under my observation.” Much larger shells of the same
species occur in the collection, but their poor preservation renders

them unfit for illustration.
2a. Dorsal view.
2b. Ventral view.
. Anterior view. -
‘)d Side view.
Ouray limestone; Salida 27

3. A small but imperfect specimen in which but two ribs occur in the
sinus. .

3a. Specimen seen from above.

Ouray limestone; Engineer Mountain 7.

4.- A nearly perfect dorsal valve in which the fold is surmounted by four
plications, the middle two bemg more prominent than those at the
at the side.

4a. Shell seen from above.

4b Same; side view.

Ouray limestone; Engineer Mountain 7.
MYTILARCAT 8P - -« oo et e e e et et e e e et e e e e e e 59

5. A left valve of a peculiar lamellibranch sheil of uncertain affinities.
The shape suggests a Mytilarca or a Myalina.

5a. Specimen seen from above. The outline has been restored in places.

50. Side view of same in outline.

Ouray limestone; Durango 294.
MODIOMORPHA? SP - - ettt e e e e e 58

6. The leftvalve of a small lamellibranch shell, which may be a represent-
ative of the genus Modiomorpha, but is possibly only a very young
example of Allorisma sp.

6a. Specimen viewed from ahove; enlarged.

6b. Side view of same; enlarged.

) Ouray limestone; Durango 291.
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Page.
STRAPAROLLUS CLYMENIOIDES 7. . oo ieecam i et eimieaeciecceaiamaaans 61
7. A small specimen referred to this species. Much larger specimens
occur in the collections, but they are unfortunately too poor for illus-
tration.
7a. Superior view.
Ouray limestone; Durango 294.
8. Another small example similar to the last.
8a. Inferior view.
8b. Side view of the same.
Ouray limestone; Durango 294.
NATICOPSIS? (ISONEMA) HUMILIS. - o oot ottt et e e e e ee e maememeennns 60
9. An imperfect specimen referred to this species in which the shell is
retained, showing the shape of the peritreme and the nature of the
- surface ornamentation.
9a¢. Superior view.
9b. Same; side view, showing the shape of the peritreme. This is seen
to Dbe slightly different from the exfoliated examples figured beyond.
Ouray limestone; Engineer Mountain 7.
10. Another specimen of the same species.
10«. Side view.
10b. Superior view. .
) Quray limestone; Engineer Mountain 7.
11. A'specimen in which the shell is largely removed.
1la. Superior view. ’
115. Same; side view.
1l¢. Same; inferior view.
Ouray limestone; Durango 294.

20 GEOL, PT 2 6







A PRELIMINARY PAPER

ON THE

* GEOLOGY OF THE CASCADE MOUNTAINS IN
NORTHERN WASHINGTON

BY '

. ISRAEL C. RUSSELL

83






CONTENTS.

Page.

Introduction ... taeeieiaiaaan © 89
Climate, vegetation, and drainage...._,...... e PR 91
Climate. .. ...l l..s e e 91
Forests ... ... e eeeeaaan R, 92
Drainage. . ..o i - 95
General topographic features ..... ... ... ... ... ... 98"
Geological formations. ... .. . . _ oo .l .. ... e e et 100
Metamorphic rocks. .. ... 101
Sehdsts . - e 102
Igneous roeks ... iiiiiii... aee e e e wm e aemesum 105
Granite - .. it ... 105
GreenStone . ... eenne e, v 108
Serpentine . . ..o 109
Sedimentary ToCKS . ... e imeaieaaaaalas emee 112
Slate - e ieieceeaca 112

© Pre-Cretaceous - oo vl eaae it imeiaa e 113
Ventura formation ... ..o il 113

Cretaceousle co v cvimii e e e 114
Similkameen formation ... ... .. ... .. 114

Winthrop sandstone. ... ..l . ciiiiiiiieiiiiiiaiiiaa 117

Preliminary report on a collection of fossil plants from vicin-
ity of Winthrop, Methow Valley, Washington, by F. H.

Knowlton . o .ot T & 4

B 4 T R 118
Swauk sandstone .. ... ... .. L. 118

Roslyn sandstone. .. oo .o iiiiiiaiiiaiaaaaa 123
Ellensburg sandstone . . o ..o it oi it iia e c e 127
SUmMMArY . - oo iieneeeaiaaaaaa eemeeaaa 128

Volecanic rocks .. .. o el 129
Columbia lava. . o . .o i 129
Rocks of Glacier Peak. ... ... . iiiiiiiiiaol.. 134
SUMMATY -« et m e emae e ae oo el 135
Geological strueture ... ... ... .. ... .. e e 1387
Cascade peneplain ... ... ... .. l.iLiliiiiii..i...... ... 143
Cascade Plateaul <. ... .o i oo i ceee. 144
Dissection of the Cascade Plateau...... ... .. . ... .. ... ... 145
Evidences of previously intense glaciation. ... . ... .. . . .. . o . ... 150
Ancient glaciers at the head of Yakima Valley....... . .. ............. 153
Ancient glaciers about the Wenache Mountains..._ ... ... ........... 154

- Ingall Glacier. .. .. ieeiiiiiaaa. 155
Tcicle Glacier ..o ieeieecaiaaaan 157
Other glaciers near Mount Stuart. ... ... ..o il 158
‘Wenache and Chiwahwah glaciers .. ... ... ... . ... .. ... ... 159

Chelan Glacier and Lake Chelan........ccooooooooiiiiiiiaiiiiio, 161



86 CONTENTS.

Evidences of previously intense glaciation—Continued. Page.
Methow Glacier. . ... .. 166
Similkameen Glacier :_.__ .. ... ... e 167
Okanogan Glacier .. ... . ... i P 167
Ancient glaciers on the western slope of the Cascades.................._. 170
[ 10535853 F: 8 R SR 172

Post-Glacial gravels and stream terraces. ... ..................... e 173
Gravel deposits along the Yakima and its tributaries...._._._._......_.. 174
Gravel deposits and terraces along the. Wenache.._... ... . ... ... .. 175

Gravel deposits'and terraces along the Methow and its tributaries...._... 175
Gravel deposits along the Columbia ... ....o.._.._..o..o............... 176,
.Gravel deposits at Peters Canyon ... ... . .. . .. .. ... - 180
Gravel deposits on the western slope of the Cascades. ................ .. 182
Gravel deposits in eastern Washington.._.........._..... e 182
Terraces in the adjacent portions of Canada ........ ... ... .._... 183
SUMMATY - et e ettt et et aiaiaae e, 184

Existingglaciers....... ... . . iiill. RN 189
Glaciers on the Wenache Mountains.. . ... ... ... .. .. PO 191
Glaciers on the Cascade Mountains .. ... ... ... . ... ... ... 192
Landslides . ..o o el 193
Displaced blocks and open fissures_..... .. ... . ... ... S, 200
Avalanches .................. S, e L 202
Economic geology - . .- n e 204
(070 205



ILLUSTRATIONS.

Page.
Prare VIII. Outline map of the State of Washington.._............... PR 89
IX. Geological sketch map of the Cascade Mountains in northern
Washington. . ... i 90
. [(A. Glacier Peak from the south ... ..:. ... .o.._...
X {B. Snow field on south side of Glacier Peak................ } 9%
XI. Mount Stuart from south side of Ingall Canyon .._.....___..__. 106
XII. Dikes in Swauk sandstone, head of Stafford Creek......__..__.. 120
XIII. The Cascade Mountains near Monte Cristoe_ ... ... ... ... .. 140
XIV. Rock-basin lake at head of Ingall Creek ... .. _....c......_.. 154
XV. Mount Stuart granite on north side of Ingall Creek............. 156
XVI. Pleistocene gravelnear Liberty_ ... ... ... .............l... 174
XVII. Rock rising through the Great Terrace of the Columbia ... _._._. 178
XVIII. Sketch map showing Pleistocene glaciers on the east side of the
Cascades ... ... ieaiiiaaa. et 192
.+ {A. Lake in landslide basin, Lookout Mountain.........._... ‘
XIX. {B. Landslide topography, near Lookout Mountain.......... } 196
XX. Portion of a brecciated vein, Swauk mining district--......_... 206
Fic. 3. Sketch map showing junction of the Methow with the Columbia. .. .. 177
4. Section through Lookout Mountain, showing landslides........._._.. 198






A PRELIMINARY PAPER ON THE GEOLOGY OF THE CASCADE
MOUNTAINS IN NORTHERN WASHINGTON.,

By IsraerL C. RUSSELL.

INTRODUCTION.

The region referred to in the above title embraces a tract of country
about 60 miles wide, extending from the Northern Pacific Railway,
where it crosses the Cascade Mountains, northward to the United
States—Canadian boundary, a distance of approximately 100 miles.
A large portion of this area is included in what is known as the
Washington Forest Reserve, established in 1891. Only reconnais-
sance geological work has been done in this region, and the present
paper is intended as a prehmmary report, to be followed by more

- detailed studies.

The field work ,which -forms the basis of the- plesent pape1 was
done pr 1nclpally during the summer or field seasons of 1897 and 1898,
but some of the country under consideration was visited during a
reconnaissance in 1892, a report of which forms Bulletin No. 108 of
- the United States Geological Survey. , The work done during the
last two years was under the direction of Mr. Bailey Willis, assist-
ant to the Director, and to him I am indebted for every facility that
could be afforded in aid of my work and also for many suggestions
based on his own observations in the same general field, more
especially while he was connected with the Northern Transcontinental
Survey. In 1897 my work began July 5 at Clealum,-a station on the
Northern Pacific Railway, and terminated at the same place Septem-
ber 22. During this interval a preliminary geological examination, was
made of an area including about 750 square miles, in what is known
in the reports of the Geological Survey as the Mount Stuart quad-
rangle, a rectangular area embracing one-guarter of a square degree
(latitude 47° to 47° 30’ and longitude 120° 30’ to 121°), with Mount
Stuart in the northwestern portion. The boundaries of this quad-
rangle are shown on the sketch map, Pl. IX. Detailed geological
work has since been done in this area by Mr. George Otis Smith,*

Messrs. Willis and Smith have kindly read the manuscript of this paper and given me the benefit
of their searching eriticisms, but are in no way responsible for the observations and conclusions pre-
sented. Iam also greatly indebted to Mr. Smith for the determination of numerous rock specimens,
and to Mr. F. H. Knowlton for the study of the fossil plants collected. %9
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90 CASCADE MOUNTAINS IN NORTHERN WASHINGTON.

and to him I am indebted for much assistance, in reference especially
to the geology of the southern portion of the region treated in the
present report. Early in July, 1898, 1 resumed work at Clealum,
reviewing, in company with Mr. Smith and Mr. G. C. Curtis, the
conclusions previously reached in reference to the geology of the
Mount Stuart quadrangle, and on July 22 began a rapid reconnaissance
through the Cascade Mountains to the north of Mount Stuart, which
" extended nearly to the international boundary. This journey led me,
in a general way, up the Wenache River to the head of Lake Wenache,
thence westward, following the West Fork of White Creek to Indian
Pass, and down the Sauk River to its junction with the Skagit.
Proceeding northward, I ascended the valley of the Skagit to the
mouth of Ruby Creek, and then traveled eastward up the canyon of
that stream to the main Cascade divide. Crossing Crater Pass, T fol-
lowed the Methow River to its junction with the Columbia, and thence
continued my explorations southward to Mission, a station on the
Great Northern Railway, in the Wenache Valley, where my party was
dishanded on September 20. The routes followed during these several
journeys are indicated on the sketch map, Pl. IX.

The region embraced in the Mount Stuart quadrangle has been
mapped by Messrs. R. U. Goode, S. S. Gannett, and G. E. Hyde, of
the topographic branch of the United States Geological Survey, ona
scale of 1:125,000, or about 2 miles to 1 inch, with 100-foot contour
intervals. Of the region to the north of Mount Stuart a map, known
as the Washington Forest Reserve map, has been made from surveys
by Messrs. R. U. Goode and D. C. Harrison, on a scale of 6 miles to 1
inch, with contour intervals ¢f approx1mately 500 feet. Photographic
copies of éach of these maps were used by me in the field, and form
the basis of the sketch map, Pl. IX. The portion of the State of
Washington embraced in this map is indicated on the outline map
of the State, P1. VIII.

Concernmg previous explmatlons in the region covered by this
report little need be said, since, for the most part, it has received but
slight attention from geologists. The eastern border of the area was
visited by Prof. George Gibbs during the surveys for the Pacific Rail-
road in 1853, and is br iefly described in Vol. I of what are commonly
designated the ‘‘ Reports of the Pacific Railroad Survey.” Gibbs also
published a paper on the ‘‘ Physical geography of the northwestern
boundary of the United States,”' in which attention was directed to
the geography, climate, forests, etc., of the northern portion of the
Cascade Mountains.

The preliminary railroad surveys made under the direction of Gov-
ernor Stevens, in connection with the explorations just referred to,
traversed the Yakima Valley at the southern margin of the area under

1Jour. Am. Geog. Soc., 1870-71, pp. 134-157.
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* consideration, and much information concerning the geography of this
portion of the field may be found in various portions of the Pacific
Railroad reports. This region was also examined by several parties
connected with the Northern Transcontinental Survey in 1880, but no
reports on the general geology have appeared. The results of this

.survey relating to economic geology were in part included in the
Reports of the Tenth Census. The foregoing list of reports, eté.,
relating to the geology of the northern part of the Cascades is proba-
bly not complete, but, so far as I am aware, it includes about all the
sources of information concerning the geology of the region under
consideration. Reference to a few minor papers will be made later.
Practically the northern portion of the Cascade Mountains was geo-
logically unknown previous to the explorations described in the
present paper, and it is for this reason mainly that a report on a
preliminary geological examination of it was thought desirable.

CLIMATE, VEGETATION, AND DRAINAGE.
CLIMATE.

To the geographer the climate of a region is of primary interest,
not in itself alone, but for the reason that the relief of the land and
many of the changes recorded by the topography are brought about
largely by atmospheric influences. To the geologist, also, the general
climatic conditions now prevailing are suggestive, inasmuch as the
causes on which they depend are far-reaching and long-lived, and may
have been essentially the same—or in one region may have held a
similar relation to the climate of adjacent regions—during the later
geological ages. It is not intended to imply by this statement that the
climate of Pleistocene time in any part of the United States, for
example, was closely similar to what we now find, but it seems to be
true that in some instances the relation of the climate of one region to
that of an adjacent region, or the ratio of the two, we may say, has
been similar for long periods of time. Exceptions will, no doubt, be
taken to even this cautious statement, but as applied to the State of
Washington, at least, I judge it will be found true.

There is a strongly marked contrast at the present time between the
climate of the west and east sides of the Cascades. The west side,
exposed to the prevailing westerly winds, which are warm and humid,
is characterized by a mild winter climate, heavy rainfall, and long-
continued cloudy or foggy weather. The snowfall is slight near sea
level, but heavy in the mountains. The total annual precipitation
about the shores of Puget Sound varies from 70 to over 100 inches.
Observations to show the increase in. precipitation with increase in
elevation are wanting, but it is safe to assume that at altitudes of from
4,000 to 8,000 feet on the west side of the Cascades the mean annual
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precipitation is much in excess of what it is at Port Townsend, Seattle,
Tacoma, etc. The western slope of the Cascades may be characterized
as the rainy side, in distinction from the eastern slope, which with
equal truthfulness may be termed the sunny side. The western slope is
humid; the eastern slope, semiarid. -The former is clothed with forests;
the latter, while in part forested, is largely without trees, especially
in the region adjacent to the Columbia. To the west of the crest line of
the Cascades grass is scarce, while to the,east of that line great areas
“furnish rich natural pastures.

FORESTS.

The mild, equable temperature and the abundant moisture of the
Puget Sound region favor the growth of vegetation, and the entire land
area from tide water to an elevation of about 7,000 feet, except where
the slopes are too precipitous, is clothed with a splendid forest of giant
trees. This belt of forest adjacent to the Pacific begins at the south,
in California, and extends to southern Alagka. It is the most mag- .
‘nificent forest in North America, and one that demands far more space
from both a geological and a geographical point of view than can be
-given to it at this time. ‘‘The great forest” extends up to the western
" slope of the Cascades, through the lower passes, and far down the larger
valleys on the eastern or sunny side. Its grandeur inan artistic sense
is beyond description, and can be fully appreciated only by one who
abides for weeks or months in its perpetual twilight. Great fir trees,
rising from 150 to 250, and even 300, feet above the ground, stand in
closed ranks, their rugged trunks from 6 to 8 or 10 feet, and even
more, in diameter, shaggy with mosses and lichens of many subdued
tints of brown, green, and yellow. Mingled with the giant firs are
equally massive cedars, although of lower stature. The cedars are fre- -
quently 25.or 30 feet in circumference near the ground, but taper
rapidly from a deeply fluted base to a sharp, spine-like top. These
~ great trees do not form groves or detached clumps, as in the forested
regions. of less humid lands, but stand thickly together for mile after
mile, and as one threads his way along the deeply shaded roads and
trails he soon gets the impression that the forest is of interminable
extent. Beneath the deep shade of the boughs, which, to one looking
upward from beneath them, seem to mingle with the clouds—and during
much of the prevailing misty weather this is literally true—there is a
rank undergrowth, especially in the valleys and along the smaller
streams, of vine-like maples, alders, frequently of the size of what may
be termed forest trees, elders, the devil’s club (Zehinopanaz horridum),
with its broad tropical-looking leaves, and young firs, cedars, hemlocks,
yews, etc.. Of still more lowly habits are the ferns, equiseta, mosses,
and lichens, which form the luxuriant and ever-varied carpet of the
forest. '
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The ground throughout the great forest is éncumbered with fallen
trunks, sometimes piled one on another, which, owing to the continued
moisture, remain undecayed for centuries. Not infrequently a mas-
sive cedar or fir, in size and shape not unlike a prostrate column,
supports three or more trees, each large enough to be cut for lumber,
whose gnarled and twisted roots clasp the sides of their host and
descend to the earth beneath. The beauty of these fallen giants of
the forest when overgrown with shaggy mosses and decorated with
hundreds of small hemlocks and a multitude of gracefully bending
ferns, ‘always fresh in color and usually beaded with moisture, is
beyond the power of the most skillful artist to portray. The fascina-
tion of the great forest is such that the explorer, weary with forcing
a passage through dense undergrowths and climbing over prostrate -
trunks, is lured by its charms into more and more inaccessible retreats,
probably never before invaded by man, or is tempted to rest content
on the inviting couches of lichens and study the varied charms and
endless details of the dream-like picture. While ever a source of
interest and a delight, the forest clothes the ground and even the
rocky precipices with so impenetrable » mask that the geologist has
but little hope of being able to read the secrets of the strata that
are buried beneath it. Where the great trees cast their shadows,
grasses and all forage plants are absent, thereby rendering traveling
with horses difficult, and thus again impeding the work of the explorer.
Owing to the many and serious obstructions in the way of geological
work on the west side of the Cascades, it must be many years before
the nature, structure, etc., of the rocks, even of the surface, can -
be determined.

To the east of the Cascade Mountains in Washington lies a generally
plain area of vast extent, with topographic and climatic conditions
characteristic of the Great Basin region farther south, of which in
reality it is an extension. Instead of being an area of interior drain.
age, however, it is crossed by the Columbia, which sends a great and
never-failing flood to the ocean. The mean annual precipitation in
what is known as the Big -Bend country of east-central Washington,
is in general from 16 to 20 inches. The minimum, so far as known,
is near Pasco, where the total precipitation for a year is not over 8
inches. In no other portion of North America is a region of excessive
humidity like that on the western slope of the Cascades in so close
proximity to a land of almost desert-like aridity, such as borders the
Columbia in central Washington.

To the east of the Cascade Mountains the rainfall is not only small,
but the days of cloud and fog are rare. The summers are long and
hot and the winters cold, but without much snow, except in the
mountains. While the traveler on the west side of the Cascades is
exposed to frequent rains, on their east side he has clear weather
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continuously. * On account of the heat and dryness of the air in the
region of the Upper Columbia, there are broad, prairie-like areas
where grass grows thriftily apd furnishes the richest of pasture.
The subhumid conditions characterizing the Great Plains of the
Columbia extend westward to the foothills of the Cascade Mountains,
and there, because of greater elevation and close proximity to the
humid lands farther west, a gradual change is manifest both in the char-
acter of the vegetation and in the humidity and cloudiness of the air.
The east or sunny side of the Cascades is clothed with open, park-like
forests of pine and fir, beneath which luxuriant grasses furnish a rich
carpet of shining green in spring and russet brown in late summer and
autumn. Inearlier times,and even to this day throughout certain broad
regions, this favored land furnished a congenial home for herds of deer
and elk. Mountain goats and the bighorn are still found in considerable
pumbers about the most elevated peaks. The streams are nearly all
clear, cold, and of wonderful transparency, and abound in trout. In
this intermediate region, bhetween the hot, dusty valleys near the
Columbia and the damp forests of the Puget Sound country, per-
sons who delight in camp life may find a paradise. The three main
requisites of comfortable out-of-door life—water, wood, and grass—are
everywhere abundant, as are also the spruce boughs with which the
experienced mountaineer makes his bed. The stream sides furnish
most delightful camping places, while the neighboring peaks and tow-
ering cliffs tempt one to climb to their summits and scan the pages of
the earth’s history as they lie spread before him, illuminated by an
ever-brilliant sky. o

The striking contrast between the climate of the two sides of the Cas-
cades is again manifest in the distribution of the scores of small.glaciers
that cluster about the higher peaks. By far the larger portion of the
existing glaciers are on the west side of the main divide, which parts
the waters of the eastward from those of the westward-flowing rivers.
The streams on the west side of the divide are mostly turbid with gla-
cial silt, while of the larger streams that discharge their waters to the
Columbia, from Yakima River northward to the Similkameen, only
those having their sources near Glacier Peak reveal the characteristic
milky color of glacial waters.

The suggestion offered on a previous page, to the effect that the
main differences in climatic conditions between the wet and dry sides
of the Cascades are of great antiquity, is sustained, I think, by the
records of past glaciation. The ancient glaciers which flowed down
the western slope of the mountains were far more extensive and of
greater thickness than those that descended the deeply cut valleys
on the east side. As the growth of glaciers is favored by heavy pre-

" cipitation when in the form of snow, we are justified in concluding
that the west side of the Cascade Mountains during the Glacial epoch
received a heavier snowfall than the east side, the mean temperature
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of the entire region, in common with that of the rest of the continent,
being lower than now. If we go still farther back, and study the
great valleys that have been excavated in the (,ascade Plateau—for a
plateau it really is, in spite of its rugged aspect—we shall find that the
valleys on the west side are deeper and show a more advanced stage of
development than those on the east side. These valleys had about
their present depths previous to the birth of the old glaciers, and, as
I hope to show later, owe their main differences to contrasts in the
climatic conditions to which they were subjected previous to the Glacial
epoch.

The dense forest of giant trees, which gives to the country on the
west side of the Cascades its most dlstmctlve feature, extends through
the passes in the central portion of the mountainous region, Josing
some of its characteristics, however, on account of changes in climate
and elevation, and reaches far down the narrow, trench-like valleys to
the east. In the narrow defiles or passes which cross the main water-
parting the firs characteristic of the forests on the lowlands are
replaced hy other species belonging to the same genera, and mingled
with them are hemlocks and tamaracks; but in the bottoms of the val-
leys leading eastward huge firs and cedars reappear, together with
many of the lowly shrubs, ferns, and mosses that seem indigenous to
their shade. On the eastern slope of the Cascade Mountains, particu-
larly in the deep, canyon-like valleys drained by White Cleek the
Chiwahwah, Stehekin, etc., traveling is nearly as difficult, on account
of the dense thickets of alder, young fir trees, yews, hemlocks, etc.,
and the prostrate trunks of trees killed in large part by forest fires, as
it is in the heart of the great forest on the borders of Puget Sound.
In fact, throughout the entire Cascade region of northern Washington
tlavelin‘g is arduous, not only on account of the steep declivities, the
sharpness of the mountain crests, and the marked degree to whlch
the ancient plateau has been dissected, but also for the reason that the
valleys with their cold streams are clothed with a dense tangle of
vegetation through which, unfortunately, but few roads or trails have
been opened.

DRAINAGE.

In the northern half of the Cascade Mountains, as is shown on the
sketch map, Pl. IX, the streams flowing eastward are.separated from
those flowing westward by a divide or watershed, which follows a
generally north-south direction. These opposite-flowing streams head
against each other, and have extended their head waters until the
divide between them has become an irregular sharp-crested ridge.
Every main stream has numerous branches, and all portions of the
uplift are well drained, except where lakes exist, and these, as will be
shown later, are due principally to the obstructions left by glaciers in
previously stream-eroded valleys. ‘
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An examination of the accompanying map, P1. IX, will show that the
streams have reached a stage in their development that may be desig-
nated maturity. The smaller creeks and the multitude of brooks
and rills tributary to the larger streams are not shown, but evenin their
absence it is manifest that all portions of the region are well drained.
‘When the topography of the land is considered, later, it will be shown
that this conclusion in reference to the stage of development reached
by the streams is sustained by many other facts.

In the region under consideration the principal streams flowing east-
ward from the main Cascade divide are, in their order from south to
north, the Yakima, Wenache, Stehekin, Chelan, Methow, and Simil-
kameen. Each of these rivers has its source close to the main divide
and is tributary to the Columbia.

The streams on the west side of the Cascades furnish even stronger
evidence of maturity than those on the east side. The waters of .
hundreds of brooks and creeks there unite to form rapid but not
impetuous rivers which discharge into Puget Sound. The principal
westward-flowing river to be considered at this time is the Skagit.
This especially typical river has its source to the north of the United
States—Canadian boundary, and flows at first southward through an
exceedingly rugged country for some 50 miles, and throughout this
distance is a narrow and for much of the way a swift stream; then
bending westward, it becomes a broad, navigable river for about 70
miles, to the point where it discharges into Puget Sound. Its main
tributary from the south is Sauk River, which has its source in the
neighborhood of Glacier Peak. To the. south of the region drained
by the Skagit there are other rivers which conduct the waters from-
the mountains to Puget Sound by somewhat direct courses, but of
these little need be said in the present paper. ‘

One of the most instructive features in connection with the rivers of
the northern Cascades is that their valley tracts® extend far into
the mountaias. Many of the larger river valleys have what may be
termed railroad grades to within a few miles of théir ultimate sources.
Near the main divide the gradients of the streams are high, and in
these short mountain tracts their waters are swift, and cataracts and
foaming rapids are of frequentoccurrence. The features just referred
to will be recognized at once by geographers as evidences of well-devel-
oped drainage. The main streams have reached maturity, except
near their sources, and have comparatively low gradients throughout

1Geographers recognize three divisions in a normal river, in the direction of its length; these are
the mountain tract, the valley tract, and the plains tract. In the first, the stream is impetuous, for
"the most part flows over bed rock, and is without flood plains; in the second, it isless rapid and
is bordered by narrow flood plains, commonly of coarse material: in the third, it is still less rapid
and perhaps sluggish, and usually meanders in sweeping curves through hroad flood plains. The
divisions between these three several tracts are indefinite, and the extent of each depends on the stage
in development that any individual stream has reached. In the old age of streams the plains and
valley tracts are greatly extended at the expense of the mountain tract.
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their greatly extended valley tracts; only the westward-flowing rivers
are bordered by plains, and these are near their mouths. The rivers
flowing to Puget Sound have reached a more advanced stage in devel-
opment than their rivals on the east side of the Cascades, and certain
well-characterized differences in the topography of- the two s1des of
the range have resulted from this cause.

Reasons for the differences in the amount of work performed by
 these opposite-flowing streams are not difficult to find. The streams
flowing westward discharge directly into an arm of the sea, while
those flowing eastward join the Columbia, the master stream of all of
the eastern portion of Washington, at a considerable elevation above
sea level, or, to use more technical language, above base-level of
erosion. The clevations in feet above the sea of the mouths of the
eastward-flowing streams, as. determined by the topographic branch
of the United States Geological Survey, are as follows: Yakima, 317
(at Pasco); Wenache, 610; Chelan, 670; Methow, 690 (?); Okanogan,
718 (?). In general, the distances that the westward-flowing rivers
have to traverse in order to reach tide water is somewhat less than
the average lengths of the streams which join the Columbia. = The
amount of rock that the westward-flowing streams had to remove in
order to deepen their channels to base-level was therefore less' than
in the case of the similar streams on the east side of the Cascades.
The westward-flowing streams made the descent from the crest of
the mountains to sea level in a shorter distance than their rivals on
the east made it, and consequently during at least the earlier stages
in the deepening of their valleys must have flowed more rapidly.
Other conditions being the same, the westward-flowing streams would
evidently have been able to deepen their channels to base-level more
quickly. But other conditions were not the same; the rainfall on the
west, as we have Seen, was greater than on the east side of the
mountains, and this, again, favored the work of the westward-flowing
streams. At the present time the dense vegetation on the western
slope of the mountains retards mechanical erosion, although favoring
rock decay and solution, while on the east side the slopes are in gen-
eral much more freely exposed to the infrequent rains and more
readily eroded. It does not seem probable, however, that the differ-
ences in the forests were so marked in late Tertiary times. While
the rocks on each side of the Cascade divide are in general about the
same so far as their resistance to’erosion is concerned, the conditions
on the west side have been much more favorable for stream work than
those on the east side, and consequently the western slope has been
more deeply dissected and the valleys have been given great widths.

Another contrast between the westward- and eastward-flowing trunk
streams is that the former are all, or nearly all, turbid with glacial
mud, while the latter are generally clear, the most notable exceptions

20 GEOL, PT 2—T



98 CASCADE MOUNTAINS IN NORTHERN WASHINGTON.

being White Creek, which receives some of the waters supplied by
the melting of glaciers about Glacier Peak and discharges into Lake
‘Wenache. '

The characteristics of the present streams of northwestern Wagsh-
ington, to which attention has just been directed, have an intimate -
bearing on the study of the origin and history of the leading features
in the topography of the Cascade Mountains, and will be more fully
.discussed later. - '

GENERAL TOPOGRAPHIC FEATURES.

The impression among geologists and geographers in reference to
the general character of the Cascade Mountains is, I think,.that they
form a narrow, sharp-crested range, composed largely of basaltic
rocks. Each of these ideas, so far at least as the mountains in north-
ern Washington are concerned, is erroneous. On crossing the moun-
~tains one beholds what at first seems a puzzling complex of ridges and
peaks, occupying a tract of country in general from 100 to 125 miles
wide and exceedingly rugged throughout. A multitude of peaks and
ridges in the central portion of the range and throughout a belt of
country from 50 to 70 miles broad rise to a general elevation of about
7,500 feet, while many peaks near the flanks of the range have approxi-

mately the same height. Here and there among the mountains there
~ are peaks or groups of peaks which have still greater heights, but

these isolated elevations will be considered later. An observer stand-
ing on the summit of any one of the several hundred peaks referred
to, sees at once that he is surrounded by a deeply dissected table-land.
- The more extensively one travels through the Cascade Mountains the
more he is impressed with the plateau-like character of -their general-
ized form. Instead of being a sharp-crested uplift, they consist in
reality of a broad, deeply stream-cut plateau. The sharp divide which
parts the eastward- from the westward-flowing rivers—the Cascade
~ divide, as I find it convenient to designate it—owes its present char-
acteristics to the backward or head-water extension of the opposite-
flowing streams. In the northern portion of Washington especially
this divide is less elevated than many of the peaks and ridges situated
several miles nearer the borders of the dissected plateau of which they
form a part.

The great block of the earth’s crust, 100 to perhaps 150 miles broad,
and with a much greater but as yet unknown length, with an elevation
of from 7,500 to 8,000 feet, from which the Cascade Mountains, as we
. now know them, have been sculpturéd, was a nearly flat-topped,
elongated dome. Further studies to the north and south of the region
under discussion may modify this conclusion, but so far as the reader’s
understanding of the present reportis ¢oncerned, he can not do better
than to hold in mind as the generalized form that the Cascade Moun-
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tains would present had there been no erosion, the picture of a great, .
much elongated, nearly flat-topped dome, all the central part having
the characteristic features of a. plateau. The dissection of such a
dome, composed of rocks of various degrees of resistance and folded
and faulted so as to have a complex structure, by streams furnishes an
explanation of by far the greater part of the vast array of diversified
topographic forms that attract one’s attention while traveling through
the Cascade Mountains.

The picture of 'a high plateau or ﬂat -topped dome, that I have asked
the reader to frame in his mind as the generalized form of the Cascade
region, needs, however, to be modified in certain particulars. In por-

- tions of the uplifted region there are secondary elevations, which are
of the nature of secondary domes or protuberances on its surface and
flanks. One of these secondary elevations, greatly modified by erosion,
forms an offshoot or spur of the Cascades on the east, between the
Yakima and Wenache rivers, and is known as the Wenache Mountains.
The highest summit in this group of peaks is Mount Stuart, which
rises 9,470 feet above the sea. The mountainous region to the west
and northwest of the Wenache Mountains is geologically unexplored.

The instance just cited of a secondary elevation on the eastern slope of
the great Cascade uplift is the only one of its kind that is now defi-
nitely known, but the elevated region of granltlo rocks and schists
about Lake Chelan seems, from such evidence as is in hand, to be of
the same general nature. Other irregularities in the main Cascade
dome are thought to occur also on the western slope of the mountains,
as about Monte Cristo and in the region drained by the Skagit, but suf-
ficient evidence to clearly demonstrate the geological structure about
these granitic areas is not in hand. ‘

In addition to the leading topographic features in the Cascade region
due to differential upheavals, there are prominent volcanic mountains.
If we include the entire Cascade region in the State of Washington,
-there are five of these ancient volcanoes now known; these are, in
their order from south to north, Mount Adams, Mount St. Helens,
Mount Rainier, Glacier Peak, and Mount Baker. Only one of these,
however, Glacier Peak, is situated in the portion of the Cascade Moun-
tains which forms the basis of thisreport. Some of the volcanic moun-
tains just named are of more recent origin than the elevation of the
Cascade Plateau, and either stand upon it or, as in the cases of Mount
St. Helens and Mount Baker, are adjacent to its immediate borders.
They came into existence before it was deeply dissected by streams.

Glacier Peak, a view of which from the south'is presented in PL X,
A, is an andesitic cone now much defaced by weathering, which stands
in the central portion of the Cascade Mountains and forms a part of
the Cascade divide, between the westward-flowing tributaries of the
Sauk and the eastward-flowing streams which join the Wenache. = Its
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‘elevation is 10,436 feet, and it overtops the general level of the adjacent
portions of the Cascade Plateau by about 3,000 feet. A more detailed
account of this prominent glacier-crowned summit, so exceptional in
neally all of its features to the multitude of lesser peaks about it, will
be given later.

The outline sketch of the main features in the topography of the
region under consideration presented in the last few pages includes as
its leading elements the much e]ongated flat-topped Cascade dome, or
plateau Wlth gently slopmg sides merging indefinitely with the lower
regions both on the east and on the west. The regularity of this great
dome in general form is modified by secondary elevations, consisting
principally of granite, and by at least one ancient volcano. The
topographic elevations produced by these three methods of mountain
building have been sculptured so as to produce an infinite variety of
details, and give to the Cascade Mountains some of the most rugged
and beautlful scenery our continent affords.

The task of the geologist in deciphering the history of the region
under consideration embraces a study of the nature and origin of the
rocks composing it and the manner in which they have been upraised,
and in this connection much attention needs to be given to secondary
movements which have produced numerous folds and faults. The
presence of at least one voleanic mountain, and of many dikes, brings
forward various questions relating to the connection between orogenic
disturbances and extrusions and injections of molten magmas. The
manner in which the elevations produced in various ways have been
modified by erosion, and the evidences of climatic changes - furnished
by the fossils contamed in the rocks and the records made by streams
and "glaciers, also claim attention. Many of these questions can be
studied to advantage from both a geological and a geographic point of
view. So much of this combined history as I have been able to inter-
pret with such a degree of confidence as seems to warrant its publi-
cation is presented in the following pages.

GEOLOGICAL FORMATIONS.

The rocks composing the Cascade Mountains furnish examples of
all of the larger divisions of lithology, namely, those commonly classed
as metamorphic, igneous, and sedimentary. The metamorphic ter-
ranes include rocks which were originally sedimentary, and others which
are of igneous origin but in most cases are now so changed and recrys-
tallized as to destroy or greatly modify the characteristics pertaining
to their previous condition. The main representatives of this im-
portant and widely distributed group are several varieties of schist,
characterized by the predominance of mica and hornblende, and also
possibly some of the granite-like rocks. :

The igneous 1ocks are repr esented by both plutome and volcanic
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varieties. ~ Of the former there are two divisions: first, those that
were forced upward from deep within the earth’s crust, so as to form
boss-like intrusions of large size, which raised into domes the rocks
beneath which they were injected; and second, the cooled and hardened
magmas that were injected into fissures and formed dikes. ~ Of these
dikes there are two ‘main groups, namely, acid ‘and basic. The vol-
canic rocks of Tertiary or later date, so far as my observations indi-
cate—with the exception of certain superficial deposits of basaltic
lapilli of small éxtent and sheets of basalt (Columbia lava) which occupy
tthe southern border of our field—were extrudéd from a single vent at
Glacier Peak and formed lava streams and various fragmental deposits.
" The sedimentary beds include great thicknesses of sandstone, shale,
and conglomerate, with minor quantities of limestone. These rocks
occupy large areas, are practically unaltered, and in places are abun-
~dantly charged with fossil leaves, or, as in the case of some of the lime-
stones, contain marine shells.
What is probably the most striking feature of the northern Cascades
-i8 the absence of basaltic lavas, except in the extreme southern portion
of the region urder consideration. The Columbia lava, as is well
known, is widely spread over southeastern Washington, and, as is
thought at present, occurs also throughout the Cascade Mountains from
the Northern Pacific Railway southward through southern Washington
and Oregon; but this vast series of lava flow barely enters the region
shown on the accompanying map, where it forms the surface sheet of
Lookout and Table mountains and certain neighboring ridges. These
lavas, however, do not extend westward or northward so as to form
any part of the main Cascade uplift to the north of the Northern
Pacific Railway. ‘
' METAMORPHIC ROCKS.

Metamorphic rocks, as stated above, are such portions of the
material of the earth as have undergone marked lithologic changes
from what is usually termed their original condition. This is a.loose
statement, however, as the rocks composing the earth are constantly
undergoing changes, and in many instances have passed, perhaps
repeatedly, from one great lithologic division to another. The same
material, as is well known, may at one stage in its history be molten
and extruded at the earth’s surface as a volcanic rock, and later be
‘worn into pebbles, sand, etc., and spread out by water currents and
waves as sedimentary strata; and still later, when deeply buried
beneath subsequently deposited layers and depressed far below the
surface, be subjected to heat, heated solutions, and movements pro-
ducing crushing or shearing, so that its structure and mineral com-
position ‘become greatly altered, in which condition it is known as a
metamorphic rock. Following such.a series of changes might come
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a second fusion, followed by another extrusion at the surface as lava.
In discussing the history of the transformations of a given magma,
each of the three stages just referred to might, for convenience, be
termed a geologic cycle. A metamorphic rock in the present cycle
might have been an igneous or a sedimentary rock during the cycle
preceding. . This is the idea that was intended to be conveyed by the
statement made above, that metamorphic rocks originally belonged in
either the igneous or the sedimentary series.

The changes or conditions which produce metamorphism and those
resulting in actual fusion and recrystallization on cooling, merge one
with the other, and to a great extent form parts of a single series.
One important distinction between these two processes, however, is
that mechanical change, more especially motion under great pressure,
which in itself, unaided by a high degree of heat, may bring about
decided mineralogic changes and the production of a schistose structure,
does not of necessity entér as an essential condition in the history of
igneous rocks. The gradations between metamorphic and igneous
rocks make it difficult fo apply even the broader principles of lithologic
classification in a stisctly logical manner during field studies. For
this reason, in this preliminary discussion of the geology of the Cascade

" Mountains, it is deemed best to place all the granites in the broad
division of the igneous rocks. With the granites also are included
certain diorites and allied rocks which at present it is not practicable
to describe and map separately. As may be inferred from these
statements, the following classification is intended to be tentative, and -
subject to revision when further study is possible.

SCHISTS.

Rocks with a schistose structure, in which mica, chlorite, hornblende,
etc., occur in thin, nearly parallel but frequently greatly contorted
laminee, occupy large areas in the northern Cascades and are believed -
to be among the oldest, and in part at least the most ancient, rocks as
yet recognized in that region. The geological age of these schists is
unknown, and they probably belong to several distinet periods of the |
earth’s history. Lithologically these terranes are similar to Archean
schists of the castern portion of North America. But metamorphic
rocks on the Pacific coast with as great a similarity to those commonly
occurring in the Archean are known to be of Mesozoic age. The
schists of the northern Cascades are presumably Paleozoic or post-
Paleozoic, but much more information is needed before this hypothesis
can be positively affirmed or denied. Typical schists occur in a great
escarpment on the south side of Yakima Valley, 2 miles southwest of
Clealum, to the west of Clealum Point. This exposure is at first of
small vertical extent, and is overlain by sandstone and basalt, but
may be traced westward for at least 10 or 12 miles with an increasing
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thickness exposed. The full extent of this outcrop westward is as
yet unknown, but from various indications is thought to extend far into
the Cascade Mountains, along the general course of the Northern Pacific
Railway.

Schistose rocks similar to those just mentloned come to the surface
about the base of the Wenache Mountairs, at various localities at the
head of the Teanaway River and on Nigger Creek, and thence north-
ward to beyond Leavenworth on the Great Northern Railway. - In the
outcrops about the Wenache Mountains the schists are much disturbed,
and associated with them aresmall lens-shaped masses of white or dove-
colored limestone.

The next exposure of schist met with in traveling northward occurs
in a bold escarpment on the north side of Wenache Valley, known as
the Entiat Range, which touches the Columbia a few miles north of
the town of Wenache and extends for about 50 miles to the northwest,
where it merges with the elevated region along the main divide of the
Cascades. This lateral spur of the Cascades has an approximately level
sky line, as seen from the southwest, and presents a bold and remark-
ably even escarpment toward the lower sandstone region bordering
Wenache River. The Entiat Range is similar in its general features
to the great escarpment on the south side of Yakima Valley.

During the reconnaissance of -1898 the Entiat Range was exam-
ined at a locality on Mad River about 10 miles northeast of Lake
Wenache, and later in the season I ascended the valley of the Entiat
from its mouth to a locality 12 miles up its course, and then crossed the
range, there about 6 miles broad, traveling southwest on a trail lead-
ing to Leavenworth. During each of these examinations I found the
range to be composed of mica- and hornblende-schist. On the Entiat-
Leavenworth trail large dikes of basalt, trending about northwest .
and southeast, were observed breaking through the schist. On Mad
River, at the locality mentioned above, both basic (basalt) and acid
dikes cut the schist, the former having an approximately northwest-
southeast trend, while the latter bear nearly north and south. In
this region quartz veins in the schist carry gold. While the entire
length of the Entiat Range was not traversed, its topography, as
seen from a distance, shows that it is composed of essentially the same
kind of rock throughout. What is probably a portion of this same
area of schist occurs in the bold mountains between Chiwahwah Creek
and White Creek, to the north of Lake Wenache. Schists occur at
Dirty Run Peak, near the west end of Lake Wenache, and alsoon the
excessively rugged mountain crest which extends from it some 10
miles to the northwest. In this instance the rock is a hornblende-
schist, and appears to have resulted from a shearing of diorite. This
area of schist forms the northeast border of the valley of White Creek
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to the junction of its two main forks, where it meets rugged moun-
tains of nearly white granitic rock. The south wall of the valley
through which flows the West Fork of White Creek is also .composed
of schist, while the north wall is of white granite. . The. schist con-
tinues along the south side of the West Fork of White Creek to the
main divide, in the vicinity of Glacier Peak. The valley of Indian
Creek is almost entirely surrounded by similar rocks. On crossing
Indian Pass and descending the deep canyon-like valley of the Sauk,
. one finds schist to be the prevailing country rock all the way to the
mouth of the Whitechuck Creek.

The occurrence of schistose rocks as ]ust descnbed from the Co-
lumbia, near the town of Wenache, Westward aCross the central axis of
the Cascades and down. the Sauk to the mouth of ‘Whitechuck Creek,
‘a distance of about 70 miles in a direct line, the topography of the
country for several miles to the north and south of the route tra-
versed, and the character of the débris brought down by the trib-
utaries of the main streams, all serve to show that metamorphic rocks,
mainly mica- and hornblende-schists, have a great development in this
portion of the Cascades. A marked feature of the schist throughout
this region is. the presence in it of numerous small garnets, which give
much of the rock a knotty appearance, and also the occurrence of a
great number of small fissure veins of quartz.

Schistose rocks similar in all of their general features to those briefly
described above occur on Cascade Pass and on the southwest side of
Cascade Creek from its source to near its mouth. . :

Another large area of schist was traversed in the Valley of the
Skagit, from the mouth of Skaadle Creek,which joins the main stream
from the west, northward to beyond the mouth of Beaver Creek. On
the east side of Skagit Valley this schistose area begins on the north
side of Thunder Creek and extends northward to beyond -the mouth of -
Ruby- Creek. The nature of the topography of -the steep-sided valley
of the Skagit above the mouth of Ruby Creek indicates that these
schistose rocks extend northward to beyond the United States—Cana-
dian boundary. This conclusion is sustained by the reports of the
Canadian Geological Survey,'! which state that the adjacent region in.
Canada is composed of *‘metamorphosed Paleozoic rocks (Cascade
crystallines).” These schists extend up the valley of Ruby Creek for
about 5 miles, and are succeeded to the eastward by black slates.

There is also an extensive area of schistose rocks on the Methow,
below the wouth of the Twisp, and extending to the Columbia:- The
extent of this area to the east and west is unknown, but much of the
rugged country between the portion .of the Methow just mentioned

1George M. Dawson, Preliminary report on the physical and geological features of the southern
portion of the interior of British Columbia : Geol. Nat. Hist. Surv. Canada, Report of Progress for
1877-78, pp. 63 B-64 B. The distribution of the crystalline rocks referred to is shown on the geolog
ical map accompanying this report.
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and Lake (/helan, ]udgma from the cha,ractel of its 1ellef and the débris
in'the stream channels leading from it, is composed of similar schistose
rocks.  Schists are. known to occur on the borders of Lake Chelan,

and may be expected to occupy an extensive area in that region, but
up. to the, present time this portion of our field has not been studied.

From this description of the distribution of schistose rocks and the
similar data presented on the sketch map, PL IX; it may be seen
~ that schists—varying greatly in appearance, but ‘havmg mica, chlorite,

and hornblende as their characteristic constituents—form a large por-
tion of the northern Cascades.

With the metamorphic rocks should be included also certain slateq or
argillites, but as these are closely associated with similar rocks which
show only moderate alteration and carry fossil leaves, it is thought best
to include them all, in this provisional classification, in the division
devoted to the sedimentary beds. .Large areas of serpentine were
also seen, and are described later, together with the peridotite from
which they have been derived.

IGNEOUS ROCKS.

GRANITE.,

In this group there are included certain rocks which are probably
of metamorphic origin, but our studies have not been carried far
enough to admit of a more detailed classification.

As already stated, the central part of the Wenache Mountains is
composed of granite, which formsall of the higher peaks of the group,
including Mount Stuart, and hence may be conveniently designated
the Mount Stuart granite. The extent of this area westward i as yet
unknown. Its southern border is sharply defined, and in-general fol-
lows the course of Ingall Creek from near its source to within about
4 miles of its junction with the Peshastin; the boundary then turns
abruptly northward, and, crossing the mountains at an elevation of
from 2,000 to 3,000 feet above the Peshastin, descends to the Wenache
at Leavenworth; north of that town it continues northward for 7 or 8
miles and then bends abruptly westward. The diameter of the area
occupied by the Mount Stuart granite is 15 or 16 miles from north to
south in the widest part, and its known east-west extent is about
18 miles. As previously stated, however, it may have a broad exten-

“sion to’the northwest. The rock in question is a light-colored and
remarkably homogeneous biotite-granite, carrying hornblende, which
in some cases is nearly or quite equal in quantity to the mica. In
places nearly black segregations, usually spheroidal, occur, which are
much finer grained than the inclosing rock, but are composed of the
same minerals, with ‘a far higher percentage of biotite and horn- -

- blende. These nodular masses sometimes have the appearance of
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included fragments, but, as just stated, are in reality of the nature
of segregations.

The group of rugged peaks composed of Mount Stuart granite
are precipitous on all sides, but especially so on their southern border.
This southern slope rises from. Ingall Creek like a mountain wall to
a height of from 5,000 to 6,000 feet, and in no place can the summit be
reached without true mountameel ing.

Mount Stuart and almost the entire mountain mass which it sur-
mounts is generally bare of vegetation and but slightly encumbered
with débris. The light color of the naked granite gives the precipices
and crags a seemingly white color when seen from a distance, and
produces a striking contrast with the dark and more varied shades of
the encircling mountains of gneiss, serpentine, greenstone, ec. The
summit of the granite mass, except where it has been smoothed by
glaciers, is rugged and serraté, the many joints traversing the rock
having influenced the manner in which it has yielded to the weather
and produced numerous tapering pinnacles and spires.

The junction of the Mount Stuart gramte with the rocks surround-
ing it plesents three different aspects. It is intrusive into the older
schists, as is shown by the fact, observed by Messrs. Smith and
Curtis about the head of Ingall Creek, that it sends out offshoots or
dikes into the neighboring terrane. No local metamorphism or alter-
ation of the rocks in contact with the granite has, however, been
observed. The junction of the granite with the older rocks has else-
where become a plane of fracture or faulting, along which differential
movement of the rocks on opposite sides of the breaks has taken place
since the granite magma cooled and crystallized. This faulting was
observed by the author about the head of Ingall and Icicle creeks
and near Leavenworth. Again, the granite underlies Tertiary sand-
stones, to which it yielded clastic material of which a basal conglom-
erate is formed.

The granite would make a good building stone, and is free from iron
pyrites or other minerals which might be expected to decompose
readily and cause stains. It is not traversed by mineral veins and
holds out no inducements to the prospector. In a few places, as near
Leavenworth, it is cut by narrow basic dikes, similar and probably
_ belonging to a series of basaltic dikes which traverses a neighboring
area of Tertiary sandstone. The granitic core of the Wenache Moun-
" tains now stands in bold relief on account of the removal to a great
extent of the softer rocks-with which it was formerly surrounded,
and is one of the most striking and picturesque groups of sharp peaks
to be found in the entire Cascade region. A notable fact in connec-
tion with the erosion of the mountain mass is the manner in which it
is trenched by the canyon of Icicle Creek, a tributary of Wenache
River. This creek has its source to the west of Mount Stuart and
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flows eastward directly through the granite area, in a canyon that is
from 2,000 to 3,500 feet deep. This behavior of Icicle Creek indi-
cates that its course was established before the Wenache Mountains
had their present prominence. In this same connection I may note
that the Wenache River leaves a region of comparatively low relief
composed of soft sandstone and makes an excursion into the granitic
area 5 or 6 miles in length, flowing in this portion of its course through
a canyon fully 3,000 feet deep, and then returns to the sandstone once
more. These interesting facts have a bearing on the origin of the
present topography and will be discussed later.

The next area of granite met with by the writer along the route of
exploration followed in 1898 has its southern border about 12 miles
northwest of Lake Wenache, where the two forks of White Creek
unite. The drainage basin of the North Fork of White Creek, with
the exception of an area of a few square miles surrounding two
moraine-dammed lakes situated some 2 miles to the eastward of the
junction of the forks of White Creek, is entirely in granite. This
same nearly white rock in places approaches a diorite in appearance,
and forms the rugged region between the two forks just mentioned,
. and reaches westward to the Cascade divide. Its full extent westward

is unknown, but it is thought to extend several miles northward of
the head of the North Fork of White Creek and possibly to connect
with a similar granite which is exposed near Cascade Pass. Similar
granite occurs also on Indian Creek and on the main divide in the
vicinity of Glacier Peak. Between Indian Pass and Glacier  Peak
there are irregular dikes of granite which branch off from the south
‘side of the main body and traverse the adjacent schist.
Exposures of granite were noted along Sauk River where schist is
“the prevailing country rock, but, the time available did not permit of
an examination of its extent or its relations to the associated terranes.
Light-colored granite, similar to that exposed on White Creek, was met
with on Cascade Creek, and on each side of the Skagit from near
Marblemount upstream to the mouth of Thunder Creek, a distance of
about 20 miles. The breadth of this area east and west is unknown,
but is at least several miles, as the débris brought down by the streams
tributary to the Skagit in the portion of its course referred to is mainly
granitic. Small bosses of granite rising into much distorted quartzite
occur on the Cascade divide at the head of the Similkameen. Like all
of the other exposures of granite seen in the Cascades, these outcrops
are light colored and appear to be intrusive.

A small area of granite has been reported by Bailey Willis as occur-
ring south of Monte Cristo, some 7 or 8 miles to the southwest of the
route followed by me in descending the Sauk. A large granitic area
is also known to exist about Lake Chelan, but at present it is imprac-

~ ticable to state its extent. A portion of this area, however, was
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traversed by me near the east end of Lake Chelan, and is indicated on
the map, Pl. IX.

Our present. knowledge of the. geology of the northern Cascades,
although incomplete, is suﬂiclent to show that granite enters largely -
into their composition. This rock, in all of the exposures that were
examined, is light colored, but presents several varieties, each separate
area seemingly having minor characteristics of -its own. The Mount
Stuart granite and that occurring about Glacier Peak are plainly intru-
sive, and the most plausible hypothesis is that several other areas have
a similar origin. However, the rock on the.north side of Cascade
Creek, which forms a. bold peak 3 or 4 miles east of -Marblemount,
although here classed as granite, contains what appear to be rounded .
pebbles of qua1tz1te and is plobably of sedlmentary origin.

GREENSTONE.

Lalge areas of dark basm eruptives, similar to the diabase of the
Newark system of the Atlantic coast, occur in several places in the
region under consideration and constitute a considerable portion of the
surface outcrops. These rocks are - massive, frequently brecciated, and
may be in part old lava streams, but provisionally it is convenient to -
consider them as being intrusive. The question as to their true nature,
whether plutonic or volcanic, is left for more detailed study. They
are hard and extremely resistant to the attacks of erosive agencies, and
hence, for the most part, stand in bold relief and form promment«
mountains and serrate peaks and ridges.

Rugged peaks of greenstone occur about the southern border of the
Wenache Mountains, in intimate association with serpentine; some
of these masses are 2 miles or more in diameter, while others are iso-
Jated peaks and crests but a few rods in circumference. - The structure
is here highly complex, and it is evident that the-.greenstones have
been gleatly broken and displaced, and also invaded by dikes of peri-
dotite, since changed to serpentine, and by other intrusions. A
‘ detalled study of this area has been made by George Otis Smith, and
the conclusions reached will, I understand, be discussed in a separate
publication. The greenstone areas just referred to are of small extent
in comparison with other areas of similar rock farther north, and are
indicated only in part on the accompanymg map, for the reason that
the scale adopted is too small.

To the west of the Cascade divide, greenstone occurs on both sides of
the valley of the Sauk for about 20 miles above its mouth; and extends -
up the Skagit from the town of Sauk to beyond Marblemount. This
region is rugged, having been deeply dissected by streams, and is
heavily forested. The full extent of the area oeccupied by greenstone
is unknown, but it evidently measures.100 square miles or more.
Greenstone, nearly identical, so far as can be judged from field obser-
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vations, with the rocks of the areas just referred to, occurs on the -
Methow in the vicinity of Ventura, and for a distance of at least 5
wiles on each side of the Twisp, one of the tributaries of the Methow
from the west. The exceedingly bold cliff bordering Methow Valley
_.on the east for a distance of some 8 miles south of Ventura, and known
in part as Goat Wall, is composed of hard, massive greenstone, and is
the finest exposure of this rock now known in the northern Cascades.

This same greenstone area extends several miles up Goat Creek, a
tributary of the Methow from the north, but in this region there are
many hdsic dikes seemingly of later date than the greenstone but
resembling it in appearance, which, in a reconnaissance, makes the
determination of the actual nature of the country rock somewhat
" uncertain. The greenstone forming Goat Wall is hot known to be
connected with the similar area of wide extent on the Twisp, but evi-
dently has a wide distribution northward. Similar rocks occur near
Wintlirop, and, judging from the topography, the reports of miners,

ete., occupy a broad area in the mountains on the edst side of Methow
Valley. - The age of the greenstone has not been accurately deter-
mined, but it is known that those on the south sidé of the Wenache
Mountams are pre-Tertiary. The lithologically similar rock on the
Methow bears such relations to certain sandstones,; charged with fos-
sil leaves, as to indicate that it is older than the Cletaceous A more
precise determination of age is at present not practicable.

SERPENTINE.

Several areas of serpentine occur in the portion of the Cascade
Mountains under consideration. “The largest of these now known is
situated in the Wenache Mountains and, in a general way, encircles
the central core of Mount Stuart granite. With the serpentine are
schist, slate, greenstone etc., as previously stated. Together, these
metamorphic and igneous 1ocks form a belt of varying width, which
in places is fully 4 miles broad, and has an exceedingly complex
geological structure. As is so frequently the case, the serpentines and
associated rocks, not only in the Wenache Mountains but in ‘each of
the similar areas noted below, contain mineral deposits, notably gold
and copper, which promise to be of much economic importance. As
will be briefly described later, in connection with other notes on
economic geology, several minesand many hundreds of mineral claims
are located in this serpentine-bearing belt.

The serpentine in the Wenache Mountains has its greatest surface
exposure to the southwest of Mount Stuart, on the head waters of the
South Fork of Icicle Creek and of Fortune Creek, near the sources of -
‘the Middle and North forks of Teanaway River, along the south side
of Ingall Creek, and throughout the area drained by Nigger Creek.
Serpentine, with its accompanying igneous rocks, occurs also along
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thé Peshastin in the neighborhood of Blewett, and extends about the
eastern border of the Mount Stuart granite. To the north of the
granite it has been traced, but not continuously, as far as -Leaven-
worth. Whether the circle is completed on the west so as to inclose
the granite has not been determined.

Throughout the belt of rugged country partially and perhaps
wholly encircling the Mount Stuart granite, the serpentine forms very
irregular and frequently isolated areas which separate and many times
completely surround masses of schist and old eruptive rocks. In
many localities these associated rocks, and especially the old eruptives,
stand as bold mountains, while at other times the serpentine forms
the greater part of prominent elevations. The serpentine predomi-
nates over the associated rocks in the rugged region to the southwest
of Mount Stuart, where Ingall, Icicle, and Fortune creeks have their
sources. The breadth of the outcrop is there about 3 miles, with but
few isolated masses of other rock. Owing to the deep dissection of
the formation by the streams mentioned, and the general absence of
soil and vegetation, it is unusually well exposed and not only gives
character to the landscape on account of its influence on the topo-
graphic form but also imparts its characteristic color to the scenery.

The serpentine in the Wenache Mountains presents two well-marked
phases, the differences between them being due, in the main, to dynam-
ical changes, which in many portions of the area have led to the
crushing of the rock and extensive movements among the fragments
produced. One variety of the serpentine is mostly dark green in color,
but shows many variations, from nearly black through various shades
of green, brown, and yellow to darkred. This variety is always greatly
crushed and the sides of the fragments are rounded, smoothed, and
frequently highly polished; that is, they have been ground against
one another under great pressure, owing to the extensive movements
that have occurred, and their surfaces slickensided. The second vari-
ety of serpentine is massive, not shattered, and usually dull green or
yellowish green. The passage from one to the other of these varie-
ties, although frequently abrupt, is in many instances gradual. The
most conspicuous difference between the two varieties is that one
has been crushed and otherwise altered by the movements that have
occurred, while the other variety has not been affected in this manner.
The massive variety is in large part peridotite and reveals the char-
acter of the rock from which the serpentine was formed. The fact
that the crushed and slickensided serpentine differs in so marked a
way from the massive ‘‘mother rock” suggests that the metamor-
phism it has experienced is largely due to the shearing and crushing.

The serpentine and associated schists and eruptive rocks in the outer-
border of the Wenache Mountains are older than the Mount Stuart
granite, which was forced upward through them, and caused, in part at
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least, the strongly pronounced disturbances that characterize them.
Fragments of serpentine and intimately associated rocks, as well as of
the Mount Stuart granite, occur in the Swauk system, described later,
thus showing that the Wenache Mountains were upraised before the
deposition of the encircling sedimentary formation. Insome instances,
however, where the Swauk system comes in contact with the serpen-
tine, there is a fault, and detached masses of sandstone occur several
rods from the boundary, and completely inclosed in crushed and slick-
ensided serpentine. The crushed serpentine also surrounds masses of
greenstone, etc., varying in size from a few yards in diameter to
much larger dimensions. In some of these instances the crushed ser-
pentine is known to pass under the masses of rock referred to so as
completely to inclose them. Larger masses of greenstone, etc., some
of them making mountain peaks, are separated one from another by
areas and dike-like bodies -of crushed serpentine. At the contact the
massive rocks are smoothed and striated. Again, in the Swauk sys-
tem there are a vast number of basaltic dikes which:have a remarka-
bly uniform trend of N. 15° E. These will be described later. This
system of dikes traverses the serpentine and the inclosed masses of
old eruptive rocks, but where. the dikes in the sandstone or in the
older eruptive meet the serpentine they are usually broken off and
the sheared surface of the basalt is smoothed and striated. The dikes
in the crushed serpentine are frequently displaced from their normal
position, and in some instances are turned so as to be approximately
parallel with the border of the serpentine belt. The fragments of
basaltic dikes in the serpentine lack the uniformity in trend that char-
acterizes them where they cut the Swauk formation and some of the
included masses of greenstone, etc., and have evidently been much®
disturbed. In the high ridge between the North Fork of the Teana-
way and Stafford Creek the disturbances that have affected the basaltic
~ dikes are well displayed, as is'also the abrupt broken junction of the

sandstone with the serpentine. Examination was made of several
basaltic dikes which thus cut the sandstone and have their normal

trend about N. 15° E. and can be followed into the serpentine area,

where they turn fully 60° from their usual course and trend nearly

east and west, parallel with the line of faulting which determines the

junction of the Swauk formation with the serpentine and associated

rocks at the Jocality referred to. »

These observations, and many others of similar significance, show
that intense movements have occurred since the deposition of the
Swatk, and that during these disturbances the serpentine was to a
‘great extent crushed and caused to flow. The evidence is such as to
suggest that the Wenache Mountains have experienced at least two
peiods of upheaval, during each of which marked disturbances occurred
in the serpentine belts. :
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"SEDIMENTARY ROCKS. -

One of the most interesting results of the explorations thus far made
in the Cascade Mountains “in Washington is the great extent and
remarkable thickness of unmetamorphosed or but slightly altered sed-
imentary beds. Large portions of these strata, as shown by the fossils
they contain, are of Cretaceous and Tertiary age, while other portions
are of older date, perhaps of Juratrias, or possibly in part of Carbon-
iferous, age. For the present we will consider these terranes as form-
ing four divisions, under the titles—slate, pre-Cretaceous, Cretaceous,
and Tertiary. ’ '

SLATE.

What are thought to be in part the oldest stratified rocks,which are

but moderately metamorphosed, met with up to the present time in
" the northern Cascades are certain fine-grained black slates. These
slates occur in at least four distinct areas, but the absence of fossils in
all except one of them and lack of other evidence make it impossible
at present to state whether or not they are all of the same geological
age. Black slates similar to these described helow were found by
Messrs. Willis and Smith near Snoqualmie Pass in 1895. These con-
tained fossil leaves indicating Tertiary age. This find furnishes a
suggestion as to the possible age of the similar slates farther north,
but can not be accepted as definite evidence, except so far as the out-
crops near Snoqualmie Pass are concerned.

Detached outcrops of black slate of limited extent occur in intimate
association with serpentine, greenstone, gneiss, etc., on the south side
of the Wenache Mountains, in the region drained by Nigger Creek
and the head waters of the North and Middle forks of the Teanaway.
The general trend of the slaty cleavage in .these small areas is about
east and west, or parallel with the southern border of the Mount Stuart
granite. : :

Similar black slates, but with numerous quartz veins, usually a small
fraction of an inch in thickness and running parallel with the cleavage,
occur on each side of Sauk River for a distance of about 10 miles below
the mouth of Whitechuck Creek. On the south side of the Sauk this
terrane extends upstream for a distance of at least 2 miles above where -
Whitechuck enters the Sauk Valley from the northeast. The breadth
of this area is unknown, but is certainly several miles. Rocks of the
same description outcrop on the west bank of the Sauk for a distance of
about 4 miles, beginning some 3 miles north of Darrington post-office.
It is more than likely that these two areas are united. The valley bot-
tom in the immediate vicinity of Darrington is occupied by alluvium,
which conceals. the underlying terrane. In each of the areas just
referred to the strike of the predominant cleavage is about east-west.

Another area of black slate, probably of greater extent than either



RUSSELL.] ‘ VENTURA FORMATION. 113

of those just mentioned, occurs on Ruby Creek and several of -its
branches, including Slate Creek. This area begins on the west, in the
valley of Ruby Creek, approximately 5 miles above its mouth,
and extends eastward to beyond the mouth of Slate Creek; its full
extent eastward, as well as north and south from Ruby Creek, remains
to be determined. Its known breadth from east to west is 14 miles.
The major cleavage in this area is about north and south, or parallel
with the strike of  the heavily bedded stratified sandstones, shales, and
limestones bordering the slate area on the east. These same slates
extend far up Slate Creek, and form the excessively rugged Slate
Creek Range, which is probably the most pictur esque mountain ridge

in the northern Casuades

PRE-CRETACEQUS.

VENTURA FORMATION.

In the mountains bordering Methow Valley, near the abandoned
mining camp known as Ventura, there are thick-bedded sandstone,
shales, and coarse conglomerates which have a characteristic reddish- .
brown color and are both lithologically and structurally distinct from
the Cretaceous terranes bordering them ‘on the east and west. This
formation is here termed provisionally the Ventura formation.

The characteristic red sandstones and conglomerates of this system
occur on each side of the valley of the Methow, from Robinson Creek
eastward. On the north side of the valley they reach to the great
bluff of greenstone known as Goat Wall, about 1 mile east of Ventura,
but in the bold mountains forming the south side of the valley they
have a much greater development and extend to within about 5 miles
of Winthrop. The outcrops on the south side of the Methow have an
extent, measured along the valley side, of about 15 miles. Throughout
this distanee the strata are highly inclined, and in places vertical. The
rocks of this formation are well exposed at Ventura, but the outcrops
are there obscured by landslides, and although not highly inclined,
have diverse dips. On the north side of Lost Creek the dip is west at
angles of from 25° to 80°, the strike being about north and south. At
the mouth of Early Winter Creek, a tributary of the Methow from the
west, and for several miles up that stream, the red Ventura rocks are
conspicuously displayed. The strike is there north and south and the
dip 45° to 50° E.  Other dips and strikes show a diverse structure, due
principally to folding along generally north-south axes, but the strata
have also been faulted, sometimes in a’conspicuous manner.

The exposures of the Ventura formation are abundant, and its history,
as recorded both in the character of the rocks and in their structure,
is easily read, but the multitude of details, the roughness of the country,
and the very limited time available for study render it inexpedient to
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attempt to give an extended description of the formation at this time.
The most that I can do at present is to point out the fact that an
extremely interesting formation here awaits detailed examination.

No fossils have thus far been found in the Ventura formation, but
its characteristic color, *‘Triassic red,” and its association with the
Similkameen formation on the west and with the Winthrop sandstone
on the east, both of which aré of Cretaceous age, suggest the hypoth-
esis that it belongs to the Triassic. The formation has a wide extent
both to the north and to the south of the Methow, as may be seen from
commanding summits on account of its strong color. While it seems
probable that the disturbances that have affected the Ventura, and given
the strata their prevailingly steep dips, are the same in general that
caused the close folding of the Similkameen formation, the structure
is in marked variance with that of the adjacent Winthrop sandstone,
thus showing the presence of a time interval between the two.

CRETACEOUS,

SIMILKAMEEN" FORMATION.

To the east of the black slate so extensively exposed on Ruby Creek
there is an area, at least 15 miles broad from east to west and extend- -
ing far to the north and south of Crater Pass, which is composed
mainly of sandstones, shales, and limestones, with quartzite and minor
quantities of conglomerates and breccias nearthe bottom. These rocks

_have a thickness of at least 4,000 or 5,000 feet, and appear to constitute
a well-defined formation, which I propose to term, provisionally, the
Similkameen formation, since it i exposed throughout a large portion
of the eclevated region drained by the head waters of the river of that .
name. :

The strata in this formation, so far as they have been seen, are fre-
quently highly inclined and in many places stand nearly or quite ver-
tical. The general interpretation of the structure is that it consists of
a series of closely compressed folds having a north-south trend. In
several instances, as on Gold Ridge, to the north of Crater Pass, the
rocks dip eastward in such a manner as to indicate that the folds
have been overturned to the west. In Gold Ridge, which is considered
the eastern member of an overturned fold, the strata dip eastward at
an angle of 8°, but when followed southward the dip increases and
soon becomes vertical. The basal portion of the Similkameen forma-
tion consists of hard, nearly white quartzite, changing locally to con-
glomerate and brececia, as at the EureKa mine. The quartzite is some
"800 or 1,000 feet thick and is succeeded by slates, sandstones, shales,
and limestones. Beneath the quartzite, and in places extending upward
into it in such a manner as to suggest that it has been intruded, are
bosses of white granite. The granite and quartzite form a portion of
the Cascade divide between the head waters of the Similkameen and
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Ruby Creek This divide is lower than the ridges to the east and west,
and on every side ‘there is evidence of deep dissection by stream ero-
gion. The general absence of vegetation and the abundant outerops,
especially on Gold Ridge, make this an excellent locality for detailed
studies of.the lithology and structure of the system.

A thick bed of bluish sandstone at the base of Gold Ridge, penetrated
by the tunnels of the St. Paul and Minneapolis mines, contains fossil
- ferns and nearly upright tree trunks. One sample of fern collected has
been determined by F. H. Knowlton as approaching closely Aspidium
arsteds, from the Cretaceous rock of Greenland. A siliceous lime-
stone in the same ridge, but several hundred feet higher in the series
and extending southward to the border of Crater Pass, is abundantly
charged with bivalve shells,! which, as determined by T. W. Stanton,?
are of a species of Actwonella. The evidence furnished by the fossils
just mentioned indicates a Cretaceous age.

This same formation extends far to the north, and, ]udgmg by dis-
tant views of the country obtained from commandmg stations on the
main divide, reaches ‘to the north of the United States-Canadian
boundary. Similar terranes are reported by George M. Dawson® to
occur in the adjacent portions of Canada, and are termed ¢ Paleozoic and
Triassic of interior plateau (Cache Creek group, Nicola series, ete.).”
The Cache Creek group, referred to in the legend just quoted, is
stated.in the report which the map accompanies (page 63 B) to be in
part of Carboniferous age, while the Nicola series (page 81 B) is placed
provisionally in the Triassic.

A more definite determination of the age of the rocks in questmn
will have to be deferred until additional information concerning it is
‘in.hand.

The Similkameen formation occurs on each side of Crater Pass, and
. on its south border the beds stand vertical, forming a bold crest, which
trends nearly east and west, at right angles to the strike of the strata.
The same system extends eastward along Rattlesnake Creek to its
junction with the Methow and eastward along the Methow to the
mouth - of Robinson Creek, where a nearly north-south fault occurs.
On the west side of this break are black shales and gray sandstones
of the Similkameen formation, and on the east are dark-red sandstones
ana conglomerates of the Ventura formation.

In many places the Similkameen formation is cut by dikes which

1Samples of these fossils were collected for me by Mr. Alac McClean, who also presented the fossil
fern referred to above.

2In reference to these fossils Mr. Stanton says: ““ The most abundant species is a rather large form
of Acteeonelle, which is probably undescribed—at least it differs from all the described American
species. The genus is stated by Zittel to be thoroughly characteristic of Middle and Upper Cretaceous
beds in Europe, and the oldest species known {0 me occur in the Lower Cretaceous, Comanche series
of Texas. The Similkameen species may therefore be confidently referred to the Cretaceous system.
The only other fossils observed on these fragments are some impressions of a Cerithium and an obscure
bivalve shell which I am unable to identify.”

3Geological map accompanying the annual report of the Geological Survey of Canada for 1877-78,

.
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have a general north-south trend parallel with the longer axis of
the folds into which the stratified beds bave been crumpled. These
dikes form two series, one composed of dark basic rocks correspond-
ing closely to the basaltic dikes which cut the Mount Stuart granite
and the Tertiary sandstones and shales to the south of the Wenache
Mountains, and the other, by far the most abundant in the region about
the head waters of the Similkameen and Methow, consisting of light-
colored granite-porphyry. The basic dikes are represented by a well-
defined example at the west base of Gold Ridge, which is exposed at
the entrance of the St. Paul and Minneapolis mines. This diabase
dike is from 3 to 4 feet thick, nearly or quite vertical, trends north
and south, and cuts sandstones which dip eastward at an angle of
8°. The acid dikes are numerous, especially along Rattlesnake Creek,
and many of them are of large size. One occurs in the bold crest
to the south of Crater Pass, mentioned above, and forms its top-
most pinnacle. It stands vertical, is parallel with the inclosing strata,
and is, locally at least, an intruded sheet from 50 to .60 feet thick.
Anothel similar, hght—coloxed porphyritic dike occurs about one mile
to the east of Crater Pass. This' example, visible at a distance of
several miles, is practically vertical, and, although somewhat irregular,
has a width of from 45 to 60 feet and strikes N. 15° E. The inelosing
strata dip eastward at an angle of about 30°. Other similar and nearly
* parallel dikes occur at 1ntelvais along Rattlesnake Creek, but are
largest and most numerous near its moeuth. Several of these dikes
are from 40 to 60 feet wide. At what is known as Deadhorse Point, a
bold promontory on the north side of the mouth of Rattlesnake Creek,
there are several dikes, all probably branches of a single great intru- -
sion of granite-porphyry. These dikes cut sandstone and associated
rocks, which have a general strike of N. 10° W., but are much dis-
turbed between the usually vertical dike sheets. Other dikes occur
still farther east and may be seen cutting the sandstones and shales on
each side of the valley of the Methow. The facts just stated will
serve to show how greatly the Similkameen system has been broken

and injected with molten magmas. In fact, the acid dikes, and per-
~ haps interbedded sheets of igneous rock, compose no inconsiderable
portion of the area occupied by the formation in question, and occur
abundantly along the route followed from the head waters of Ruby
Creek to near Ventura on the Methow. Their most constant charac-
- teristics ave their nearly north-south trends, approximately vertical
position, light color, and porphyritic structure.

At the head of the East Fork of Slate Creek and on the extreme
head waters of the Similkameen the rocks are brokén by numerous
nearly east-west fissures, at right angles to the longer axes of the
folds, which have been filled with quartz containing free gold. These
fissure veins are now being explored and numerous mining locations
have been made on them. The Eureka, Mammoth, St. Paul, and
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Minneapolis mines, and numerous other prospects, are on veins of this
nature, and in several instances hold out promises of rich returns when
developed. . Although my reconnaissance did not furnish an opportu-
nity to study the numerous veins referred to, there seems no doubt
that the Slate Creek mining district has a promising future.

- Among the numerous interesting features of the Similkameen forma-
tion, none impress themselves on the attention of the geologist more
foreibly than the fact that the rocks were intensely folded previous
to the period of erosion which planed off the summits of the folds. It

“is in this region that the plateau character of the Cascade uplift, and
the fact that it is an upraised peneplain, find the cledrest proof. Since

the old peneplain was upraised it has been deeply dissected by streams

and also modified in a marked way by glaciation.

WINTHROP SANDSTONE,

On the northern horder of the valley of the Methow, about 5 miles
northwest of Winthrop, there is a fine exposure of nearly white, mas-.
sive arkose sandstone and light-gray, sandy shales which strike N.
20° E., and dip eastward about 80°. The relation of these beds to the
red rocks of the Ventura system is shown on the south side of the
Methow, opposite the locality just referred to, where the latter are
well exposed with a strike N. 10° W. and a dip of about 80° eastward.
The full extent of the Winthrop sandstone is unknown, but the por-
tion seen has a thickness of some 2,000 feet, and extends far both to
the north and to the south of the Methow Valley. Several of the more
shaly layers are abundantly charged with fossil leaves, a small collec-
tion of which was submitted to Dr. F. H. Knowlton for examination.
A preliminary report on these fossils is presented below, in which it is
stated that they indicate a Cretaceous age.

PRELIMINARY REPORT ON A COLLECTION OF FOSSIL PLANTS FROM THE VICINITY OF WIN-
THROP, METHOW VALLEY, NORTHERN CASCADE MOUNTAINS, WASHINGTON, MADE BY
PROF. I. C. RUSSELL, SEPTEMBER 4, 1898.

By F. H. K~xowwrrox.

The material consists of about thirty pieces of matrix of a light-gray sandstone,
" upon which the plantsare preserved with great fidelity. The flora consists of a mix-
ture of ferns, conifers, palms, and dicotyledons, the latter not always satisfactory, as
few of them are entirely preserved. The portions present are well enough preserved,
but, as stated, they are somewhat fragmentary. The material embraces about-three
species of ferns, one conifer, one rather doubtful palm, and five or six species of
dicotyledons. They may be distributed in part as follows:

Gleichenia sp. cf. G. Zippei Heer., G. Rinkiana Heer.

Gleichenia sp. cf. G. Giesekiana Heer.

Cyathea sp. cf. C. angusta Heer.

Glyptostrobus? sp.

Palm—genus uncertain.

Rhus sp. cf. R. bella Heer.

Ficus? sp.
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This flora is in all probability altogethér new, as I have not been able to correlate
any of the species with previously described forms. They are not to be compared
with any North American flora with which I am familiar, but find their closest affin-
ities with the upper Cretaceous of Greenland. All of the forms I have mentioned
in the above list as having more or less close relationship with the plants under con-
sideration are found in the upper Cretaceous of Greenland.

When the additional material is at hand I hope to be able to make 2 more deﬁmbe
statement of the age of these plants, but at present I do not feel justified in making
more than the following general statements:

(1) Not a single species in this collection has thus far been found in either the
Ellensburg, the Swauk, or the Roslyn formations.

(2) Not a single species is to be found among those reported by Dawson in his
paper on the ‘Fossil plants from the Similkameen Valley and other places in the
southern interior of British Columbia.”” (Trans. Roy. Soc. Canada, Vol. VIII, pp.
75-91.

(3) )The plants appear to ﬁnd their closest affinities with the upper Cretaceous of
Sreenland. ,

At the locality mentioned above, the Winthrop sandstone is cut by
a dike of white diorite-porphyry from 25 to 30 feet thick, which
trends nearly north and south and stands about vertical.

On the west and to the north of the Methow, the Wmthlop sand-
stone comes in contact with greenstones, and south of the river joins
the red sandstones of the Ventura formation, both formations, as just
stated, standing nearly vertical but with strikes that diverge at an
angle of 30°. On the east the boundary of the Winthrop sandstone
is indefinite, so far as known, but seems to pass into a series of hasic
eruptives associated with shale and conglomerate, the age and relatlons'
of which are unknown.

The Winthrop sandstone agrees lithologically with portions of the
Swauk and Roslyn sandstones described below, but, as shown by its
fossils, is not of the same age.

_TERTIARY.

Within the area represented on the sketch map, Pl. IX, and on the
east side of the Cascades, there are three areas, not 1nolud1ng the black
slate at Snoqualmle Pass, which are occupied by Tertiary rocks.
These are, in their order from north to south, the Swauk sandstone,
the Roslyn sandstone,’ and the Ellensburg sandstone.

SWAUK SANDSTONE.

The rocks included in this formation present two quite distinct
phases, which led me during field work to divide them into two sys-
tems,.one termed the Camas sandstone and the other the Wenache
sandstone; subsequently, however, these terranes were studied, in
part with considerable detail, by Messrs. Willis and Smith and were

1In Bulleton No. 108, U. 8. Geological Survey, page éo the author proposed the term ¢ Kittitas
system” for the formations here named the Roslyn and Swauk snndstones It has been thought best
to abandon the provisional name first used.
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found by them to be the deposits of a single Tertiary lake or estuary;
therefore the name Swauk sandstone was given to the entire forma-
tion, after the Swauk mining district, where it occurs.”

About Camas Land, to the east of the Wenache Mountains, and in
the valley of the Wenache, in the vicinity of Mission, Leavenworth,
etc., the Swauk formation consists largely of thick-bedded, nearly white
but still impure sandstone, with minor quantities of sandy shale.
These rocks correspond closely with the characteristic white sandstone
of the Roslyn formation. To the south of the Wenache Mountains, in
the region drained by the North and Middle forks of the Teanaway -
and by Swauk Creek, the Swauk formation consists largely of thin-
"bedded, yellowish, arkose sandstone and yellowish, sandy shale, with a
thick-bedded, coarse conglomerate of granite and serpentine at the
base. .
The Swauk formation occupies about 250 square miles in Wenache
Valley, where it is bordered on the northeast by schists of the Entiat
Range, and on the southwest by the granite and schists of the
Wenache Mountains. - In this portion of the area the rocks have been
folded, the longer axes of the folds running northwest and southeast, -
or parallel with the bordering mountain ridges. In general, along
the base of the Entiat Range the sandstone dips westward, or away
from the range, at high angles, and in its basal portion consists largely
of conglomerate. The evidence shows that the Entiat Range Has,
in great part at least, been upraised apparently in a monoclinal flex-
ure, and has carried up the sandstone so as to give a steep dip to the
layers in the now eroded fold. The junction of the sandstone with the
schist, serpentine, and granite forming the mountaing bordering it on
the southwest is abrupt; the sandstone dips away from the crystalline
rocks at high angles. Between the two inward-dipping borders of the
Swauk, more especially in the region to the northeast of Leavenworth,
the beds are arched upward into what seems to be a single great anti-
cline, the upper portion of which has been eroded away.

Throughout nearly the entire area occupied by the Swauk sandstone,
in thedrainage area of Wenache River, the rocks are highly inclined, and
have in part been greatly folded, but in an irregular manner. To the
southeast of Camas Land, where the sandstone passes under the basalt
capping Table Mountain, the folds have their longer axes in a general
northwest-southeast direction and involve the basalt as well as the
sandstone. The structure here indicated can not be represented on the
accompanying map, -owing to its small scale, but in part has been
mapped by Willis and Smith, in connection with other details of the
Mount Stuart quadrangle, which will be published as a folio of the
Geologic Atlas.

As stated above, the Swauk sandstone passes under the sheet of basalt
forming the surface of Table Mountain, and is thought to have a wide
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extension beneath that layer, but thus far evidence to sustain this hy-
pothesis has not been obtained. The folds that have affected the two
terranes, namely, the sandstone and the overlying basalt, have per-
mitted erosion to cut away the superior member so as to form valleys
in the plateau, of which the one occupied by Naneum Creek is an
example, and to expose the shales and sandstones beneath, but these
exposures are not sufficiently extended to enable one to trace the sand-
stone southward to where other similar beds are exposed. The western
border of Table Mountain is a bold and in several places a vertical
escarpment, from 400 to 500 feet high, surmounting a steep slope,
whichdescends about 2,000 feet, vertically, totheadjacent valleys. The
slope below the escarpment is encumbered with landslides and talus in
such a manner as to conceal, to a great extent, the outcrops of the
rock which occur below the basalt. :
The Swauk formation extends southward of Camas Land and occu-
pies nearly the whole of the drainage hasin of Swauk Creek. This
system also occupies a belt of country from 4 to 10 miles broad, from
north to south, and encircles the southern border of the Wenache
Mountains. The rocks consist of a thick, coarse conglomerate at the
base, succeeded by thin-bedded, gray sandstones and sandy shales. The
general thickness of the formation is, by estimate, 6,000 to 8,000 feet.
The basal conglomerate referred to, in places fully 200 feet thick, is
composed of imperfectly rounded and frequently angular pebbles of
granite, schist, old eruptive rocks (mostly greenstone), and serpentine.
The terranes represented by these pebbles outcrop in the Wenache
Mountains, and hence that uplift must have been in existence at the
time the Swauk sandstone was deposited. Although this conclusion
seems well sustained by the evidence just mentioned, there are certain
features in the structure of the system.which do not clearly harmonize
with it. For example, the Swauk sandstone dips away from the
Wenache Mountains at certain localities, and has clearly been upraised, -
together with the schists, greenstones," serpentine, and granite com-
posing that elevation. The basal conglomerate of the Swauk is not
only tilted but in places highly inclined, and the pebbles of which it
is composed, as is shown in a number of exposures, have been crushed
and faulted. Someof the bowlder-like masses of serpentine in the con-
glomerate are smoothed and slickensided; owing to movements in their
matrix. These facts lead to the provisional conclusion that there have
been at least two periods during which the Wenache Mountains have
. experienced an upward movement. This discussion, however, belongs
more properly to the detailed report on the Mount Stuart quadrangle,
and will therefore be postponed. The rocksof this formation restuncon-
formably on the schists, greenstones, serpentine, etc., forming the
foothills of the Wenache Mountains, and are conformably overlain by
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volcanic tuffs and lava flows, designated in this paper the earlier
sheet of the Columbia lava.

The most marked feature of the region occupied by the Swauk sand-
stone to the south of the Wenache Mountains is the manner in which
it is traversed by dikes. These are all or almost all of dark, basic
rocks, corresponding lithologically with the basalt known as Columbia
lava, and occupy, in part at least, the fissures through which that
extensive series of lava sheets came to the surface. The Columbia’
lava -has been eroded from the area now occupied by the outcrops of
the Swauk where the dikes occur, so as to furnish much information in
reference to the manner in which the material forming the vast series
of lava sheets was forced out. The dikes referred to occur in hundreds
~and probably in thousands. Practically they are countless. In one
section near the head of Stafford Creek, about 5 miles southeast of
Mount Stuart, fifty dikes, ranging in thickness from 15 to 60 feet, were
observed in an area 3,500 feet broad, measured at right angles to their
trend. Several other areas that were examined show fully as great a
proportion of basaltic to sedimentary rocks.. Individual dikes can fre-
quently be traced with ease for a mile or two. On account of their
numbers and the roughness of the country, it is not practicable, with- -
out extreme care, to follow an individual dike across ridges and valleys
for a greater distance than that just stated, but there is every reason to
" believe that some of the larger ones are at least several miles in length.

The characteristics in reference to the dikes recorded above may
be seen throughout the extent of the Swauk formation from the west
base of Table Mountain westward across the Mount Stuart quadrangle.
They have not been studied to the west of the area mentioned, but
are known to occur there.

The dikes range in breadth from a few inches to 160 feet or more,
large numbers of them being from 15 to 60 feet across. - They trend
With remdrkable uniformity N. 15° E., and seldom vary from this
direction, except locally, more than a very few degrees. Their hade
is nearly vertical, but in the majority of instances has a westward
inclination of '5° to 15° from a vertical plane. The dikes are fre-
quently columnar, especially in their central portions, the columns
being at right angles to their walls. In some instances the adjacent
sandstones and shales are altered for a distance of 10 or 15 feet from -
the basaltic rocks, but more commonly no change in the country rock
is noticeable. One marked feature in this connection is the slight
degree to which the rocks hordering the dikes have been disturbed.
In several instances where four or ﬁve dikes occur in close proximity
the strata between them have the same strikes and dips, and are cut
squarely off where they come in contact with the nearly vertical sheets
of intruded material.



122 CASCADE MOUNTAINS IN NORTHERN WASHINGTON.

In connection with what has just been said in reference to the dikes
of the Swauk sandstone, it is of interest to note that, with one excep-
tion, there is an absence of intrusive sheets. The instance referred to
occurs at Camas Land, in the northeast corner of the Mount Stuart
quadrangle, which owes its peculiar topography to an intruded sheet
of gabbro. This sheet of resistant rock has maintained its position
while the adjacent regions on all sides, except the southwest, have
been lowered by weathering and deeply dissected by stream erosion.
Camas Land is an elevated basin or shallow saucer-shaped depression,
about 1 mile in diameter, floored with fine swampy soil, and in part
by a remnant of the sandstone which was formerly widely spread
above the sheet of gabbro. The intruded sheet referred to is from
50 to 70 or 80 feet thick and is upturned about its margin. ‘

The system of basaltic dikes just described traverses the slates,
schists, greenstones, serpentine, etc., which occur stratigraphically
below the Swauk and come to the surface in the secondary peaks of
the Wenache Mountains. In the serpentine, especially, the dikes are
much disturbed, and their normal strike, as already stated, is changed
in some instances to an approximately east-west direction. The dikes,
in greatly diminished numbers and usually of small thickness, also
traverse the Mount Stuart granite.

The Swauk sandstone to the south of the Wenache Mountains has
not been crumpled into folds, as in the case of the portion of the same *
formation to the northeast, but upraised in at least two regions so as
to have more or less quaquaversal dips. One of these regions has its
_ center in the Wenache Mountains, and thé rocks dip southward from
the 1eg10n about Mount Stuart as far as they have been traced. In _
- my opinion, field observations favor the view that the Wenache
Mountains experienced an upward movement after the deposition of
the Swauk sandstone. Erosion bas since removed a large portion of -
the stratified beds, and rivers have carved deep valleys in the part
that remains.

The dip of the Swauk sandstone in the region adjacent to the south-
ern border of the Wenache Mountains is southward at angles varying,
in.general, from 30° to 40°, but the prevailing dip decreases somewhat
when followed southward, and becomes on an average 15° to 20° where
the sandstone passes under the earlier sheet of Columbia lava. Al-
though the fact that there is a general southward dip, and that the
strike of the outcrops curve about the Wenache Mountains as a center,
impresses one while on the ground, yet the multitude of dikes, some
of them’ accompanled by local disturbances of the adjacent strata,
renders a determination of the more detailed features of the structure
uncertain.

A second uplift, but of much smaller swe, which involves the Sw(tuk



RUSSELL.] ROSLYN SANDSTONE. 123

sandstone, occurs in the area drained by Swauk Creek, adjacent to the
west base of Table Mountain, but affects also a large portion of the
rocks of which that mountain is composed. This elevation, if uneroded,
would have an east-west diameter of some 6 or 8 miles, and a north-
south diameter of 10 or 12 miles; its height above the present level
of Swauk Creek at Liberty, for example, can not be accurately stated,
but would be in the neighborhood of 5,000 feet. ~All the upper portion
of this elevation has been eroded away, leaving the harder beds in the
truncated base in relief, so that the central part of the uplifted region
is now topographically a basin. In this basin, which is diversified by
lldges and valleys, lies the Swauk Creek mining district. This district
is traversed by many basaltic dikes, on the 31des of which there are
frequently fissure veins, filled with quartz and calcite and carrying
gold. ‘

The disturbances that have affected the Swauk sandstone and other
systems which overlie it will be described more fully later, in connec-
tion with a discussion of the general structure of the Cascade region.
At many localities the Swauk formation was found to be abundantly
charged with fossil leaves, which, as determined by F. H. Knowlton,
are of Eocene age.

The Swauk sandstone is succeeded above, at least in part, by proba-
bly conformable beds of lapilli and lava sheets, which will be described
later, in connection with other sheets of- Columbia lava. Resting on
this sheet of igneous rocks there occurs an important Tertiary formation
termed the Roslyn sandstone.

ROSLYN SANDSTONE.

The coal mined at Roslyn, with its associated shales, occurs beneath
thick-bedded, light-colored sandstone, and is underlain by rocks of the
same general character. For this entire system of sedimentary beds, -
passing below into the tuff accompanying the lowest sheet of Columbia
lava and overlain by a second sheet of lava, the name Roslyn sandstone
is here proposed. .

The boundaries of the Roslyn sandstone within the Mount Stuart
quadrangle are shown on the accompanying map, but, for several

‘reasons, are less definite than could be desired. 'In the first place, -
I have nowhere found its junction with the tuffs associated with the
lowest sheet of Columbia lava to be abrupt and well marked.! One
terrane passes into the other by insensible gradations, and it is
pr obable that no two observers would draw the boundar y in precisely
the same place; yet it is believed that the line on the map repre-
senting the lower limit of the Roslyn sandstone is not far from the

1M Willis. from observations made since this was written, states that the base of the Roslyn on the .
TReanaway is precisely determined by a conglomerate containing pebbles of basalt.
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average position that would be assigned it by several observers. Again,
the upper limit of the Roslyn, especially in Yakima Valley, is indefi-
nite, owing to the fact that the junction with the next higher forma-
tion is obscured by gravel deposits and landslides.. It is known from
coal mines and deep borings, however, that the sandstone passes under
the valley gravels near Clealum and extends as far south as Yakima
River. Near Teanaway Station, on the Northern Pacific Railway. the
sandstone forms a conspicuous outcrop on the north side of the flood
plain of the river. _

At the west base of Lookout Mountain the Roslyn sandstone passes
beneath white volcanic tuffs occurring just beneath the lava sheet (the
next later sheet of the Columbia lava) which forms the summit of that
sloping table-land. The junction of the Roslyn with the rocks next
above is here again greatly obscured by landslides. To. the north of

"Lookout Mountain the Roslyn sandstone underlies the valley which
extends eastward past McCallum and up the course of First Creek.
~ Immediately east of McCallum the area occupied by these rocks rap-
idly contracts to less than a mile in width, but their position is quite
definitely defined by the topography. On the north side of the valley
of First Creek there rise steep hills composed of volcanic tuff and
lava belonging to the earlier sheet of the Columbia system, and on its
south side are cliffs formed of the broken edge of the second sheet of
Columbia lava or the one forming the surface of Lookout and Table
mountains at their western margins. These so-called mountains, it is
to be noted, are in reality plateaus sloping gently southward and east-
ward. Between the two prominent elevations formed by the first and
second sheets of Columbia lava lies the deep wooded valley through
which First Creek flows westward to join Swauk Creek.
On ascending First Creek to what is known as Green Canyon one finds
" a wind gap in the ridge of lava joining Lookout Mountain with Table
Mountain. This gap leads southward, and is plainly a stream-cut chan-
nel from which the creek that excavated it has been diverted. A
stream of considerable volume once flowed through this gap, coming
from the central part of the Swauk Creek dome, but was diverted by
First Creek, which extended its head waters along the outcrop of Ros-
lyn sandstone and captured its waters above the entrance to Green
Canyon. This capture was somewhat recent, and at the locality where
it occurred a large body of Roslyn sandstone is exposed in just the
position where one studying the origin of the topographic features of
"the region would be led to expect it. At this locality light-colored
sandstone, having all the characteristics of the similar rocks near Ros-
lyn, is exposed over an area of about 1 square mile. At the north
'~ end of Gr een Canyon there is an abandoned shaft in which coal is said
to have been reached. '
EKastward from Green Canyon the outcrops of Roslyn sandstone are -
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concealed beneath landslides, but the topography indicates the course
it must follow. Near Reeser Point, the west escarpment of Table
" Mountain turns abruptly northward, and the outecrop of the Roslyn
‘system must make a similar bend, and should be looked for beneath the
talus slopes that stream down from the pahsade of basalt forming the
western margin of the plateau.

This prediction is abundantly confirmed by the occurrence of a good
outcrop of fine, black, thinly laminated shale, already referred to, at
. the west base of the highest portion of the escarpment of Table Moun-
tain. A thickness of 35 feet of shale with thin layers of impure coal
is there exposed. As nearly as one can judge, the entire thickness is
not far from 100 or 150 feet. Beneath the shale there is a layer of
columnar basalt 80 feet thick, which rests on evenly bedded tuff from
100 to 150 feet thick. The basalt just mentioned belongs to the
Columbia system, and is intermediate between what 1 have termed the
earlier and later sheets. At present no other exposures of this sheet
are known, and it is believed to be local. It is important to note that
here the Roslyn sandstone decreases in thickness to probably less than
200 feet, and consists of thinly Jaminated, fine-grained, highly carbon-
aceous shale. Evidently the mud forming these beds was deposited in
the central part of the basin, far enough from its shores to escape
being mingled with sands washed in by tributary streams. The signi-
ficance of the marked contrast that these rocks present, both in com-
position and in thickness, with the western portion of the same system
in the vicinity of Roslyn will be considered later.

It is of interest to note here that along Naneum Creek, which
heads near the western verge of the Table Mountain Plateau and flows
eastward in a deep canyon, thin, black shales, with coal, are reported
to occur and to have been examined for coal. Naneum Creek has
evidently cut through the later sheet of Columbia lava and into the
rocks beneath it. These and other observations indicate that the
Roslyn system extends northward along the base of the escarpment of
Table Mountain, but it has not been traced continuously in the field.
The topographic conditions indicate its presence, although the out-
crops are deeply covered by talus slopes and landslides.

The Roslyn system consists of massive, light-yellowish, and in places
nearly white, arkose sandstone, composed of quartz and feldspar, and
black shales with coal seams. The sandstone predominates and makes
up by far the larger portion of the formation. The shales belong in
the central portion of the system and are underlain by massive sand-
stone and covered by equally massive rocks of the same character.
Conglomerates are notably absent, although thin bands of well-worn
pebbles of light-colored igneous rock occur at times. These pebbles
are different from any rocks yet discovered in place within the neigh-
boring mountains.



126  CASCADE MOUNTAINS IN NORTHERN WASHINGTON.

The character of the rocks in the central portion of the Roslyn
system is shown by the following section, obtained from the records
of the'main shaft at the Roslyn coal mines, -in the town of Roslyn,
and kindly supplied by the superintendent of the mines:

Section exposed in main shaft at Roslyn coal mines
[Strike N. 60° W.; dip 8. 12°-14°.]

Ft. in

Surface material; loose talus slopes. ... ... .. ... . ........o.. 50 6
Sandstone and shale. ... .. .. ... ... ... .. 18 0
L ) 2 8
Sandstone and shale. . ... ... ... 16 0
Sandstone and shale - ... ... 31 0
Shale. e 5 0
Coal and black shale ... ... ... aao.. 3 8
Shale and sandstone. .. ... 40 O
Sale . - - oo . 24 0
Sandstone - ... ieaaas 56 0
Shale. . e 4 0
Sandstone ........_...... ... e e eeeeeeieaao.. 22 0
Shale and sandstone. . ... .. 74 0
Sandstone ... e 16 0
Black shale ................ el e 30
.Darkshale. ... ... ..o.oii.. e e eeaaaaan 30 0
Coal No. 1, “Big Dirty seam ™ _. ... . liiiiii.i... 19 0
Sandstone ... ..o i 60 0
Coal No. 2, with some sandstone ........... N 3 2
Y ¢ ) 9 0
Sandstone and shale......... ... .. .. ... A 9 0
Coal No. 3, mixed with shale ... ... ... . . ... 2 2
Shale.................... e . e 34 0
Shale, sandy .._...... el e e 30
Coal No. 4, with black shale, sandy ... ... ..._.... R, 4 2
Shale with sandstone - ... ... ..o ..... U 42 0
Shale. e 9 0
Shale. .. ... .. ..... T 5 0
Coal No. 5, Roslyn seam . . ... o il 5 4
Total .. e 600 8

The shale mentioned in this section is mostly fine gtained and dark
colored, but at times becomes sandy, although still of ‘a dark color on
account. of the organic matter present.

The outcrops of the Roslyn system, so far as the area embraced in
the Mount Stuart quadrangle is concerned,-curve about the southern
slope of the Wenache Mountains. In the Yakima Valley the outcrops
of the strata run northwestward and southeastward and dip to the
southwest. More accurately the general strike, as, for example, in the
bold ridge north of Roslyn, Clealum, and Teanaway, is N. 60° W., and
the dip southwest from 12° to 18°. When the terrane is traced east-
ward the strike becomes east and west, and the dip increases. At
a good exposure on First Creek near Green Canyon the dip is S. 32°.
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Northward from this locality, and at the head of Williams Creek—that
is, at the base of the west escarpment of Table Mountain—the strike is
nearly north and south and the dip east at angles of 4° or 5°.

In a section running northeast and southwest through Roslyn we
find a breadth of 12 miles of Roslyn sandstone and shale, in which the
dip varies from 5° to 20°. Throughout this section, as determined
by Willis, there are numerous small faults and landslides which make
measurements uncertain, but as nearly as can be ascertained the sys-
tem is not less than 3, 500 feet thick.

Extensive collectlons of fossil plants made at the Roslyn coal mine,
and at other mines near Clealum, have been studied by F. H. Knowl-
ton and show the rocks to be of Eocene age.

ELLENSBURG SANDSTONE.!

Along the immediate banks of. the Yakima between Dudley and
Ellensburg there are good exposures, in some instances embracing
about 200 feet. These contain much volcanic dust and two beds of
sandstone from 6 to 8 feet in thickness. In this section also there are
loose, incoherent conglomerates, containing well-worn ‘pebbles 5 to 8
inches in diameter. ‘With these beds, composed of the water-laid

- débris derived from older terranes, there are sheets of volcanic lapilli .
and white volcanic dust.

This series of beds rests on a sheet of lava, and, as shown by a weil
drilled 2 miles northeast of Ellensburg, on the farm of Charles A.
Sanders (sec. 30, T. 18 N., R. 19 E.), is about 700 feet thick. The
entire thickness of the sedimentary material flooring Kittitas Valley,
in which Ellensburg is situated, is at least 800 or possibly 1,000 feet.
At the south end of the valley, and about 1 mile from where the Yakima
River leaves it and enters a narrow gorge in basalt, there is a small
quarry, where light-colored, friable sandstone, composed largely of
volcanic dust, has been taken out and used for building purposes in
Ellensburg. Associated with the sandstone are thin layers of well-
rounded pebbles, imperfectly cemented, and thick layers of fine, white
clay. Some of 'the layers of sandstone and clay bear the impressions
of leaves in a good state of preservation. . A small collection of these
fossils, obtained by me in 1892, has been studied by F. H. Knowlton,
who found them to consist of tén species, mostly of willows, poplar,
elm, platanus, and magnolia. This shows that the lakes in which the
rocks containing these fossils were deposited were surrounded by a
luxuriant flora, of a character indicating a much milder climate than
central Washington now enjoys. The age of the beds, as shown by
the fossil plants, is upper Miocene.?

1The relation of the Ellensburg sandstone to the John Day beds (Oregon) and the Auriferous grav-
els of California is discussed in Bulletin No. 108 of the United States Geological Survey.
2F. H. Knowlton, Bull. U. S. Geol. Survey No. 108, pp. 103-104. .
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As has been stated, the outlet of Kittitas Valley is through a narrow
canyon, cut in basalt. This basalt sweeps about the southern bhorder
of the valley in a precipitous line of escarpments and bold bluffs, but
whether these indicate a fault or the weathered border of a sheet of
basalt which occurs geologically above the stratified beds about Ellens-
burg has not been determined. '

SUMMARY.

The sedimentary rocks of the northern Cascades may be divided into
two great classes, namely, those of pre-Tertiary and those of Tertiary
age. The former again fall in two classes, in respect to the changes
they have suffered, some of them being metamorphosed and others
practically unchanged. The metamorphosed rocks are now schists,
gneisses, granites, etc., and their age is unknown. The unmetamor-
phosed pre-Tertiary sediments, represented by conglomerates, sand-
stones, shales, limestones, ete., embraced principally in the Simil-
kameen, Ventura, and Winthrop formations, exposed over extensive
areas near the Canadian boundary, are believed to be in part Carbon-
iferous, but mainly of Mesozoic age. This conclusion, however, is
based on a small number of fossils, and is tentative.
~ The Tertiary, probably including some and perhaps all of the black

slate of Snoqualmie Pass, Sauk River, Slate Creek, etc., and the Swauk,
Roslyn, and Ellensburg sandstones, are of fresh-water origin; at least,
no evidences of marine life have been found in them, and they are con-
sidered as the sediments of large Tertiary lakes. Fossil leaves are
abundant at many localities in these deposits, and on this evidence a
judgment of their geological position has been based. The relative age
of the Swauk, Roslyn, and Ellensburg sandstones is known from their
stratigraphic arrangement. The Swauk is the oldest of the three, and
is separated from the Roslyn by the earlier sheet of Columbia lava and
its associated tuffs; and the Roslyn is separated from the Ellensburg,
which occurs stratigraphically above it, by the several later sheets of
Columbia lava and their associated tuffs. ’

As the Columbia lava, to be described later, in the region under
consideration is interbedded with Tertiary sediments, its age is evi-
dently middle Tertiary, The great disturbances affected the region
embraced in the northern Cascades after the Tertiary sediments and
associated Columbia lavas were spread out, and hence the range, as
we now know it, may be considered as having been elevated in late
Tertiary or post-Tertiary time. The best provisional determination
of the date of the upheaval of the great block of the earth’s crust from
which the present peaks and ridges of the Cascades have been carved
seems to be that it occurred during the Pliocene.
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VOLCANIC ROCKS,

The volcanic rocks in the portion of the Cascade Mountains under
consideration, but not including the greenstones and other old erup-
tives, of which but little definite information is at present available,
belong in two well-defined groups, namely, the Columbia lava and the
andesite composing Glacier Peak. The numerous. basaltic dikes that
occur in various localities; and which, in many instances, probably
- lead to surface flows now eroded away, have already been considered
in connection with other features of the rocks they traversed.

COLUMBIA LAVA.

The vast region occupied by sheets of basalt termed the Columbia
lava lies principally to the southeast of the portion of the State of
Washington embraced in this report, and has been described in part
by various writers,’ but never systematically studied. Its area is esti-
mated at between 200,000 and 250,000 square miles, and its thickness,
‘as exposed in the canyon of Snake River, is in excess of 4,000 feet.
This great series of lava sheets barely enters the southeastern portion
of the field under consideration, but is of special interest, as its border
is there well exposed, as is also a large area of sandstone traversed by
numerous dikes, from which the lava has been eroded. The Columbia
lava, in common with the Swauk and Roslyn sandstones, has been
upraised, and the removal of the upper portions of these elevations has
left exposed the edges of four distinct sheets of lava. The lowest
of these sheets formerly extended to near the base of Mount
Stuart, and covered a region many miles square to the southwest of
that peak, as is shown by the vast number of truncated dikes exposed
in the Swauk sandstone. The second, third, and fourth sheets of lava,
portions of which now form the surface of the Table Mountain Pla-
teau, also had a broad expansion over the region between the west
face of Table Mountain and Mount Stuart, but the full extent of coun-
try from which these sheets have been eroded has not been satisfac-
torily determined. The lowest sheet of Columbia lava in the region
to the south of Mount Stuart, and embraced in the Mount Stuart quad-
rangle, 1s separated from the second sheet by the Roslyn sandstone,

1 The following is a partial list of the publications in which the Columbia lava is described:

George Gibbs, Report on the geology of the central portion of Washington Territory: ‘Pacific
Railroad Reports,”’ Vol. 1, 1834, pp. 473-486.

F. Baron Richthofen, The natural system of volcanic rocks: Memoirs California Academy of
Sciences, Vol. I, Part 11, 1868.

Joseph Le Conte: Am. Jour. 8ci., Vol. VII, 3d series, 1874, p. 168.

T. W. Symons, Report of an examination of the Upper Columbia River: Senate Executive Docu~
ment No. 186, Forty-seventh Congress, first session, 1882. .

1. C. Russell, A geological reconnaissance in central Washington: Bull. U. S. Geol. Survey Ne. 108,
1893. A reconnaissance in southeastern Washington: Water-Supply and Irrigation Paper U. S. Geol.
Survey No. 4, 1897. Volcanoes of North America, The Macmillan Co., New York, 1897.
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which, as previously stated, has a thickness of from about 200 to 8,500
feet or more. The higher sheets of lava in the Columbia series are,
in places, separated one from another by layers of volcanic lapilli and
voleanic dust, as well as by lacustral clays, but in the area under con-
sideration these partings do not claim special attention.

The lowest sheet of Columbia lava consists of lava flows, of which
there are several, and associated volcanic tuffs. In intimate associa-
tion with these, in the region embraced between the North and Middle
forks of Teanaway River, there are peaks composed of nearly white
rhyolite. The relation of the rhyolite to the Columbia basalt is not
well known, but it seems to be a dike exposed by erosion and much
shattered and altered in color by weathering. ‘

The massive layers of basalt in the lowest general sheet of Columbia
lava consist of fine-grained rock with a glossy-black color, which breaks
with a conchoidal fracture and is crossed in all directions by a network
of thin seams, which are almost imperceptible to the unassisted eye,
except on weathered surfaces. Wherethe rock has been long exposed
it frequently exhibits a well-characterized perlitic structure in the
spaces bounded by the small seams and joints. Although commonly
compact and massive, it sometimes becomes scoriaceous, and contains
cavities of all sizes up to 4 or 5 inches or more in diameter, which are
usually filled with compact, yellowish, chert-like material or lined with
quartz and zeolite crystals. These characteristics seem, at least locally,
to distinguish the first sheet of lava from others higher in the series.
The rocks just described are frequently jointed, but the. columns thus
formed are seldom conspicuous or noticeable for their regularity. At
a few localities, especially along the Middle Fork of the Teanaway, the
sides of the joints which divide the basalt present glossy-black or
* brownish-black surfaces, divided by a series of rectilinear lines, so as
to give them an appearance resembling the leather made from alligator
skin. The lines which cover the surfaces of the major joint planes
are due to secondary joints, which die out-ata depth of about one-fourth
of an inch. One side of each secondary joint is usually raised slightly
above the other, so as to produce a little step or offset on the surface
of the plane produced by the master joint. At first glance the glossy
surfaces of the columns appear to be due to slickensiding, but the
little offsets referred to preclude this explanation. In reality their
brilliancy is due to a thin film of glass-like material, possibly the
mineral hisingerite, which has been deposited on them.

The volcanic tuffs, associated so abundantly with the massive lava
flows of the earlier sheet of Columbia lava, are usually fine grained, and
of a dark-purpie color when unweathered, but presenta great variety of
reds, yellows, browns, etc., on exposed surfaces.

Both the lava flows and the sheets of tuff described above are of
variable thickness, and no satisfactory measure of their vertical ‘extent
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has been made. In places, as on the Middle Fork of the Teanaway,
the tuffs are certainly 3,000 or 4,000 feet thick, and in the same region
the massive, glossy-black basalt is fully as thick, but thins away
rapidly when followed eastward, and is wanting on the North Fork of
the Teanaway, where tuffs alone represent the series. The sharply
upturned border of the earlier sheet of Columbia lava is cut across by
Swauk Creek between Liberty and McCallum,

The outerops of the division of the Columbia under consideration
cross the area embraced in the Mount Stuart quadrangle, in its central
portion, from west to east, but not in a linear belt. To the west of the
center of the quadrangle the lava sheet forms an irregular arc of a °
circle, while in the eastern portion of the quadrangle it sweeps about
‘the western and southern bhorder of the Swauk Basin. In the first-
mentioned instance the dip -is at an angle, in general, of about 15°,
and in the second instance<is much more highly inclined, especially in
the southwestern and outhern portions of the curve, where the incli-
nation is usually 30° to 40°. On the east of the Swauk district the
lava flows under consideration thin out, and the tuffs become indefi-
nitely defined, but pass beneath the.second sheet of Columbia lava,
which forms the surface of Table Mountain. The westward extension
of these rocks in the region embraced in the Snoqualmie quadlangle
has not bheen traced.

The earlier sheet of the Columbia lava rests comformably on the
Swauk sandstone, and is overlain conformably, so far as can be judged,
by the Roslyn sandstone. Each of these junctions is obscure, however,
and where the tuffs come in contact with either of the inclosing ter-
ranes the passage from one to the other is indefinite, the tuffs being
in part interbedded with the sandstone and vice versa. - In part the
lava flows and tuflf sheets seem to have been formed in the same Ter-
tiary lake basing in which the Swauk and Roslyn sandstones were
deposited.

The second or Table Mountain sheet of Columbia lava is much
more uniform in thickness than the earlier sheet, and more widely
spread. It consists. of dark-gray or black, massive basalt, which
breaks with a granular fracture, and is for the most part flee from
scoria and steam holes. This rock, as determined by George Otis
Smith, has a crystalline texture, plainly visible without the aid of a
microscope, and when examined in thin sections is easily recogniza-
ble as being hasalt and distinct in its microcrystalline structure from
other associated sheets in the Columbia series. It is porphyritic, with
a glassy hase, and carries feldspar as its most important constituent,
while the augite present exceeds the olivine. In distinction from the
first sheet, described above, the rock is without the fine, glassy tex-
ture and glossy-black color, previously mentioned, and also lacks the
perlitic structure, geodes, etc., found so commonly in the lower sheet.
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There are large .quantities of voleanic tuffs associated with the sec-
ond sheet, especially beneath the principal lava flows, which are usu-
ally light colored and of much more acid character than the lava.
On the western slopes of both Table and Lookout mountains these tuff

beds have a thickness of at least several hundred feet, but are nearly

everywhere concealed by landslides and talus slopes.
The geographic distribution of the outcrops of the several sheets

of Columbia lava within the area embraced.in the accompanying map -

is, in general, much the same as in the case of the lower sheet of the
same series; that is, the outcrops in a general way circle about the
‘Wenache Mountains and Swauk Basin, but being farther removed from
the center of elevation the dip of the exposed edges-of the layer is less
than in the case of the first sheet. The lava forming the surfaces of
Table and Lookout mountains is inclined away from the center of the
Swauk dome at angles in general of 4° or~5°, and presents a nearly
vertical inward-facing escarpment. West of Lookout Mountain and
forming the south side of Yakima Valley there is a continuation of this
general line of escarpments, the summit portion of which is formed by

~

the same lava sheet, which there. dips southward at an angle of from -

3° to 5°. This escarpment runs nearly east and west and is in gen-
eral about 2,000 feet high, the precipitous upper portion, approximately

400 feet high, being formed of the broken edge of the. second sheet

of Columbia lava. This sheet, as just stated, is inclined gently south
ward, the dip decreasing in that direction, and constitutes the surface
of a table-land, termed, for convenience, the Clealum Ridge, which
corresponds with Table Mountam in its essential featul es, but is much
narrower and more deeply dissected.

The Clealum Ridge is topographlcally one of the most pr onounced of
the secondary features in the relief of the ares embraced in the Mount
Stuart quadrangle, and has a great extension westward, its entire length
being in the neighborhood of 40 miles. From where the Yakima River
breaks through this escarpment, just south of Lookout Mountain, west-
ward to the vicinity of Clealum Point, it is a continuation of the similar
escarpment forming the western b01del of Table and Lookout moun-
tains, and is theref01e a cliff of recession, but its western extension
exhibits other features, due, it is believed, to faulting.

The second sheet o'f Columbia lava is of so wide extent that it
has been affected not only by local uplifts, as just stated, but by the
elevation of the far greater Cascade Range. This becomes appar-
ent in views of the Clealum Ridge obtained from peaks to the north
of it. In clear weather an observer standing on Redtop or other
prominent, points along the onterop of the first sheet of Columbia
lava may see to the south of his station not only the bold northward-
facing escarpment of Clealum Ridge, but the country to both the east
and the west, and can trace the second sheet of Columbia lava from
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the desert region adjacent to Columbia River, where the elevation is
only a few hundred feet above the sea, to the crest of the Cascades,
where the same sheet of lava has an elevation of about 6,000 feet.
This ascent is made in a distance of 50 or 60 miles. The same sheet
of lava can be seen to cross the highest portion of the Cascades in
the region referred to, and to extend at least several miles westward.
Evidently the Cascade Plateau has been upraised since the second
sheet of Columbia lava was spread out. Its present position, while
influenced in a broad way by the great Cascade uplift, has been given
sharper local dlps by the smaller elevations referred to on the eastern
flank of the main uplift.

The border of the second sheet of Columbia lava exposed in | the
escarpment forming the western margin of Table Mountain has been
traced northward to where it crosses the Columbia a few miles down-
" stream from Wenache, and from there along the eastern border of the
valley of the Columbia to beyond the mouth of Okanogan River,
This portion of the sheet and its wide extension in the Great Plains
of the Columbia have been briefly described in a previous report.*

On Table Mountain in the vicinity of Reeser Point and about a half
mile eastward from the westward-facing cliffs formed by the second
sheet of Columbia lava, there is a line of precipices, in general about
200 feet high, which is die to the outcrop of a third lava sheet. This
sheet is approximately from 300 to 850 feet thick and composed of cel-
lular basalt, gray in color, and readily distinguishable, at least locally,
from the older flows in the same general series. The abundant steam
cavities in the third lava sheet are not lined or filled with quartz or .
other minerals of secondary origin, and in this respect differ from
the amygdaloids found so frequently in the lowest sheet and its asso-
ciated tuffs.

The third lava sheet at its outerop has a more gentle dip than the
sheet below it. The two sheets are essentially comformable, however,
and the lower inclination of the upper sheet is due to its greater dis-
tance from the center of the uplift. Owing to the absence of thick
beds of tuff or other soft rocks beneath this scoriaceous lava, its out-
crop does not stand up so prominently as the escarpment formed .by
lava number two. The presence of volcanic tuff between these two
sheets is suspected mainly from the topography of the region between
their palisade edges, but has not been seen.

To the eastward of the outcrop of the third sheet of lava in the
vicinity of Reeser Point there is another line of low cliffs, due appar-
ently to the outcrop of the edges of a fourth lava sheet, with a gen-
"~ tle eastward dip. The character and extent of this fourth sheet
remain to be determined.

The third and fourth sheets of lava, just considered, do not occur

1Bull. U. 8. Geol. Survey No. 108, 1893.
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on Lookout Mountain, and have not been detected to the south of
Yakima Valley. As is known from previous studies in central and
southeastern Washington, the several sheets of lava exposed in the

. region just described are succeeded by other similar flows, many of
them of wide extent and probably as important as the great Table
Mountain sheet just considered. The number of separate overflows in
the entire Columbia system is not known, but is certainly a score or
more. These may be recognized by their scoriaceous surfaces, and also
by the fact that they are sometimes separated by beds of sedimentary
origin which in several instances contain fossil stumps and tree trunks.
As previously stated, the best exposures of the Columbia lava occur
in Snake River Canyon, where the original horizontal position of the
sheets is maintained and a vertical thickness of 4,000 feet may be seen
in a single great escarpment.’

ROCKS OF GLACIER PEAK.

Glacier Peak, as previously stated, rises from the summit portion of
the Cascade Mountains, between the head waters of Wenache River,
‘which flows eastward, and Sauk River, which flows westward. The
peaks have an elevation of 10,436 feet and rise about 2,500 or 3,000 feet
above the general level of the Cascade Plateau. This prominent peak
is the remnant, considerably. modified by erosion, of a volcanic moun-
tain which was formed on the Cascade Plateau previous to its being
deeply dissected by the stream erosion. The volcano referred to was
in action after the period of extensive base-leveling which produced
the broad peneplain afterwards upraised; but there is but little direct
evidence whether the volcano came into existence previous to the
upheaval of the old peneplain or subsequent to that event. As the old
voleano still retains the form of the original cinder cone, although rising
well above the snow line, and therefore exposed to the full rigors of an
alpine climate, it seems evident that it has not been in existence during
all of the time that has witnessed the deep dissection of the plateau on
which it' stands. Judging from the amount of erosion that the peak has
suffered, as compared with similar work on the plateau, it seemg as if
the peak is relatively young, and must have been formed since the
plateau on which it stands acquired about its present position.

Glacier Peak is a cinder cone, composed in large part of lapilli, from
which a stream of lava 3 or 4 miles in length flowed southward. The
effusion of lava was rather small, however, unless streams not yet seen
exist on the north side of the peak. The rock is andesite, usually of
- a dark-purple color, with prominent cLystals of feldspar, and takes .on
various forms, from a compact, glassy, porphyritic structure, as exhib-

1Some account of the Columbia lava in southeastern Washington has been published by me ih
Water-Supply and Irrigation Paper U. 8. Geol. Survey No. 4, 1897.
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ited in the lava flow, to scoriaceous and even neally white pumice in
the cinder cone.

About Glacier Peak, especially on the divide between the head
waters of the Sauk and White Creek, there are many dikes, some of
them 50 to 60 feet wide, which in a general way radiate from the
volcano and are composed of similar rock. . Widely scattered over the
Cascade Mountains from Lake Wenache westward there are fragments
of light-yellow pumice, sometimes in sufficient abundance to form a

“large portion of the soil. These accumulations occur especially on the
summits of ridges, and seem to have a connection with the old volcano,
the cold and ice-sheathed remnant of which forms Glacier Peak.

The prominent mountain just described is the only recognizable rem-
nant of a volcano known at the present time in that portion of the
Cascade Mountains under consideration. It is believed to belong to
the same category as Mount Baker, Mount Rainier, etc., which consti-
tute a group of now extinct andesitic cones. While some evidence
of residual volcanic heat still lingers about the summit of Mount Rain-
ier,' steam fissures or heated rocks were not observed on Glacier Peak,
which is almost completely snow covered above an elevation of about
6,000 feet, and gives origin to several glaciers.

On Ind1an Pass there is an accumulation of dark-brown and reddish
lapilli, which has a thickness of upward of 80 feet, and which consists
of basaltic material and contains numerous basaltic bombs. This is
the only accumulation of this nature met with during the explorations
here described, and its source is unknown. Although only about 5
miles from Glacier Peak, it was evidently not thrown out by that vol-
cano, as it differs widely in character from the rocks composing that
mountain. The basaltic lapilli referred to occur onthe Cascade divide,
on the north side of Indian Pass, in just the topographic situation
where it would be longest spared by erosion. On account of its posi-
tion and, so far as known, the absence of other similar deposits, it
may be assumed to be of very considerable age. '

SUMMARY.

The igneous rocks of the northern Cascades include great masses of
intruded granite which is in all cases light colored, and frequently
nearly white, each separate area of which usually shows minor varia-
tions peculiar to itself. Associated with the granite and closely
related to it are light-colored diorites and similar rocks which on
weathering produce topographic forms similar to those characteristic
of the true granitic areas. The granites and allied rocks are usually
jointed in a conspicuous manner. The influences of these joints on

1An account of the present condition of Mount Rainier, by myself, may be found in the Eight-
eenth Ann. Rept. U. S. Geol. Survey, Part II, 1898.
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the rugged spires and cathedral-like forms resulting from weathering
are among the most characteristic details in the magnificent scenery
of the Cascade Mountains.. The granites and related rocks are in
general of the nature of massive boss-like intrusions on a grand scale,
which have raised into domes the stratified and other terranes beneath
which they were injected. The dome, in distinction from anticlinal
folds, 1 consider one of the important elements in the structure of the
region under discussion. Diverging from the granitic cores of these
domes there are in some instances true granite dikes.

Plutonic rocks are also represented by a great number-of dikes,
which form two classes, namely, acid and basic. In each of these two
classes, but especially in the first, there are several well-marked types.
The acid dikes are all or nearly all composed of light-colored por-
pbyritic rocks, and include andesites, rhyolites, diorites, etc. The
basic dikes are mostly of basaltic rocks and oceur in greatest numbers
in the Swauk (Eocene Tertiary) sandstone, but also cut the Mount
Stuart granite in a few instances. At least one basaltic dike occurs
in the Cretaceous rocks of the Similkameen formation.

A common feature of all the dikes, whether acid or basic, is the
fact that in general they have a nearly north-south trend. Perhaps,
more accurately, their general direction is in the neighborhood of
N. 15° E., but there are many departures from so strict a gener-
alization. This general trend, it will be observed, is in the direction
© of the longer axis of the Cascade Plateau, and corresponds also with
the trend of the longer axis of the folds into which the rocks have
been pressed, more especially in the great area of sedimentary beds
adjacent to the Canadian boundary, but nearly at right angles to the
folds in the Swauk sandstone to the east of the Wenache Mountains.
The prevalence of a nearly north-south trend to the dikes is rendered
conspicuous by the absence of wide departures to the rule. No east-
west dikes have been observed except in the much-disturbed region
at the south base of the Wenache Mountains, where marked deforma-
tions have occurred in late Tertiary time, which have displaced the
dikes previously formed; and in the immediate vicinity of Glacier
Peak, where dikes of andesite radiate from the base of that old volcano.

Many of the dikes about the south base of the Wenache Mountains,
which originally consisted of a peridotite, have been changed to ser-
pentine. This change seems to be due largely to the crushing, and
movement among the crushed fragments, of the original rock. Similar
conditions on a smaller scale occur near Darrington, and again on Ruby
Creek about 5 miles from its mouth.

The overflows of . voleanic rock, as in the case of the dikes, fall in
two great groups, namely, acid and basic. The former are represented
by the andesite about Glacier Peak, and the latter by the old erup-
tives, mostly greenstone, which outcrop over large areas about the
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south base of the Wenache Mountains, on Sauk and Skagit rivers,
and on the Methow, and by the Columbia lava. No craters have
been discovered in connection with any.of these overflows, except those
of andesite about Glacier Peak; the others, especially the Colum-
bia lava, are believed to represent great fissure eruptions. The Co-
lumbia lava, however, is accompanied by vast quantities of lapilli,
which show that volcanic explosions on a grand scale occurred, par-
ticularly during the earlier stage of the extrusion of the basalt. A
marked feature in this connection is the acid character of the lapilli,
in comparison with the basic composition of the associated lava.

GEOLOGICAL STRUCTURE.

From the general statements made in the preceding section in refer-
ence to the presence of extensive areas of granite, schist, etc., and the
strikes and dips of the stratified terranes of the northern Cascades, it
will be seen that the structure of the range is highly complex and is
by no means a single great north-south anticline or a simple mono-
clinal block sculptured by erosion. The region as a whole, however,
has been raised since the origin of its more pronounced structural
features. The rocks may be conveniently divided into two major
groups (using the term group in its general sense): First, the granite
and other eruptives, together with sedimentary beds now extensively
metamorphosed, large areas of both of these baving been changed to
schists and allied rocks; second, a younger group, consisting of sedi-
mentary beds and lava sheets, which, although frequently greatly-
disturbed from their originally horizontal position, are not known to
have suffered metamorphism. In a general way the dividing line
between the areas occupied by these two groups in the central portion
of the Cascades, so far as the region represented on the sketch map,
Pl. IX, is concerned, passes northwest and southeast through a locality
some 5 or 6 miles to the southward of Ventura. The younger group
of formations, it will be observed, however, has an extensive develop-
ment in the southeastern portion of the area under consideration.

The structure throughout the region occupied by the older group of
terranes referred to resembles that of the Sierra Nevada, and demands
detailed study before its history can be even outlined with confidence.
It seems safe to assume, however, on account of the intrusive nature
of the granitic masses, that they must be held accountable for a large
part of the disturbances that have occurred, and that they once raised
the rocks beneath which they were injected into dome-like forms.
Erosion has greatly altered the topographic features due to elevation,
and deeply trenched the portions of the terranes now standing above
sea level. ‘

The sedimentary beds to the eastward of this area are believed (in
part, for the reason that no marine fossils have been found in them)
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to have been laid down in lakes and to have been at first essentially
horizontal. These beds have since been greatly disturbed, folded, and
faulted, and are usually steeply inclined and in places nearly or quite
veitical. Evidently complex movements have occurred since these
Tertiary sediments were deposited. In addition to well-defined folds
and the disturbances produced by faults and dikes, there is evidence -
that the layers of sediment, togethex with the 1ntelbedded sheets of
basalt, have been defmmed in a broader way, so as to produce what
Ifind it convenient to term domes. It will also be found, I think, that
corresponding downward movements, especially in the 1'egion »of the
Colambia lava, have occurred, so as to form broad basins.

In the extreme northern portion of the Cascade Mountainsin Wash--
ington, where the younger group of terranes referred to above is
extensively developed, the general structure is very like that of the
Appalachian Mountains, and consists of compressed or closed folds,
with nearly north-south major axes. Many of the folds have been
truncated by erosion, and in the portions remaining the strata fre-
quently stand vertical. In some instances the anticlines seem to have
been overturned toward the west, so that the strata, entirely across
the bases of their truncated remnants, dip eastward.

In addition to the north-south folds just referred to, whlch have
their longer axes parallel with the general trend of the Cascade Moun-
tains, there are a number of folds and faults which diverge at a high
‘angle to the direction of the main structure lines. The nature of this
diagonal structure is indicated by the folds and faults in the Swauk
sandbtone and along its borders. In the vicinity of Leavenworth, Mis-
sion, and Camas Land there are strongly pronounced anticlines Which
trend about southeast. This is also the trend of the Entiat Range.
On the south side of Yakima Valley the great escarpment, termed in
this paper the Clealum Ridge, the western extension of which, judging
largely from the topography, is thought to be determined by a fault,

- branches off from the main Cascade uplift nearly at right angles.

Again, to the east of the portion of the Yakima Valley just referred
to, as described in aprevious report,' there are several mountain ridges,
such as the two bordering Moxee Valley on the north and south—
known, respectively, as Selah Ridge and Yakima Ridge—and Satas
Ridge, which forms the northern border of the tilted plateau termed
Horse Heaven. Each of these ridges is due mainly to the tilting of a
block of the earth’s crust, capped with basalt, along lines of fracture.
This series of faults, and perhaps in part of monoclinal folds, trends
nearly east and west, and some of them cross the Columbia, as, for
instance, the break on the north border of Saddle Mountain. Thus,

11, C. Russell, A geological reconnaissance in central Washington. Bull. U. 8. Geol. Survey No. 108,
1893, map forming P1. II and pp. 28-31.
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throughout the central portion of the Cascade region in Washington,
especially on its eastern side, there are strongly pronounced structural
lines indicated principally by faults which branch off at high angles
from .the main north-south axis of the mountains. The general
trend of these lateral fractures is, in fact, nearly at right angles to the
longer axis of the Cascades and of the principal folds of which that
range is composed. It will, perhaps, be of interest in the future,
when the structure of the Cascade Mountains is more critically studied,
to note that the fissure veins in the Slate Creek district, traversing the
Similkameen formation, also trend nearly east and west, or at right
angles to the folds in the rocks where they occur.

Whether there are lateral folds or faults in the west side of the
Cascades, corresponding to those just cited, has, so far as I am aware,
not been determined, but their presence should be looked for during
future explorations. '

The age of the secondary disturbances just described is indicated by
- the fact that they involve Tertiary sediments and the associated
Columbia lava, and hence occurred in late Tertiary or post-Tertiary
time, and contemporaneously, as nearly as can be judged, with the
latest great upward movement in the Cascade Mountain mass. Insome
instances the secondary folds and faults referred to originated after
the initiation of the present system of drainage. The Columbia
crosses Saddle Mountain by means of a sharply cut water gap, and the
Yakima flows through narrow gaps of the same character at several
localities. Evidently the right of way, so to speak, of the Columbia,
and of its several larger branches from tte west, was determined
before the rocks over which these streams flow were broken and the’
blocks thus formed variously tilted. More than this, the tilting of
the blocks or the growth of the faults bordering them must have
gone on so slowly that the ldrger streams were able to maintain their
previously established courses and were not turned aside. This isa
significant fact in reference to the date of the elevation of the old
peneplain which gave the Cascade Plateau its generally uniform
surface level.

At one time during the field studles which form the basis of this
paper the hypothesis was entertained that the granitic masses of the
Wenache type were elevated at a later date than the base-leveling of
the Cascade Plateau. One series of facts which seemed to sustain this
conclusion was the generally radiate arrangement of the stream-cut
valleys on the south side of the Wenache Mountains. Subsequently
it was found, however, that Icicle Creek, formed by the union of numer-
ous head-water streams to the west of the central granitic core of the
mountains, flows eastward directly across the granite and has exca-
vated a canyon some 3,000 feet.deep. The Mount Stuart granite evi-
dently did not form a topographic elevation at the time the general
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course of Icicle Creek was established. Again, the Wenache River,
as already explained, leaves a region of soft sandstone, now of com-
paratively low relief, and makes a detour some 6 miles in length
through a steep-walled canyon in Mount Stuart granite and then
returns to the sandstone at Leavenworth. When the course of the
river was established it seemed evident that the sandstone and granite
must have had the same general surface level. Othersimilar relations
‘of stream courses to granitic intrusions are known in the region about
Lake Chelan, and again on the west side of the Cascades. These facts
show that the madin structural features of the Cascade Plateau came
into existence previous to the period of erosion that truncated the
domes and before the secondary fold and fault-scarps of the region
originated, and the hypothesis of a more recent origin of the granitic
mountains has to be abandoned.

As described in an early portion of this paper, many peaks and
ridges in the central portion of the Cascade Mountains rise to a gen-
erally uniform height of about 7,500 feet. If the present valleys could
be filled to the level of the crests of the intervening ridges, the now
excessively rugged mountain range would be transformed into a broad
plateau. The structure of the rocks composing this plateau would
" find little, if any, expression in the surface topography. Many of the
stratified beds would expose their edges and reveal the fact that they
are the truncated bases of folds, and in many instances would stand
vertical. In other words, if we acceptthe ‘“peneplain idea,” as elab-
orated by Davis and others, the surface of the plateau would be a
plain such as is produced by base-level erosion. Briefly stated, the
Cascade Mountains as weé now know them seem to have been carved
from an upraised peneplain. This plain we term the Cascade pene-
plain, and the plateau- may be conveniently designated the Cascade
Plateau. ' ' ' ~

Rising above the general level of the Cascade Plateau there are two
classes of peaks. First, volcanic mountains, of which Glacier Peak
is the only known representative in the region considered in this paper;
and, second, granitic mountains, such as the Wenache Mountains and
the lofty peaks about Lake Chelan. The volcanic mountains stand
on the Cascade Plateau and were formed after the period of base-level-
ing referred to above, and need not claim further attention at this
time. Some of the granite peaks have an elevation of over 9,000 feet,
and hence rise some 2,000 feet above the general level of the Cascade
Plateau. These are the mountains which, in my opinion, could not
have been in existence as topographic elevations at the time the main
drainage lincs wore established.

. Possibly the granitic mountains referred to are of the nature of
monadnocks, or remnants left standing on the Cascade peneplain. If
this is true, the river courses which cross them may be explained as
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an inheritance from an earlier time of erosion Wthh preceded the
general base-leveling.

It may also be suggested in this same connection that the Cascade
peneplain was developed above the present general summit elevation of
the large majority of peaks and ridges now remaining, and has been
lowered by erosion, leaving the more resistant rocks in the boldest
relief. Under this supposition the Cascade Plateau would now have
a general surface level of about 10,000 feet, having been raised
-from near sea level. In favor of this hypothesis it is to be noted that
the peaks and ridges of the Cascade Mountains are nearly all shalp
No recognizable flat-topped remnants of the ougmal plateau remain
in the more elevated portion of the region under review. As soon as
a region has been so deeply dissected by streams that the ridges are
- sharp crested, any further erosion will tend to a general lowering of
their summits, and for a time they will continue to maintain this knife- .
edge characteristic. For this reason the Cascade Plateau, since being
sculptured into a plexus of sharp-crested ridges, may have suffered
a general diminution in height, owing to the wasting away of the ridges
in soft rock, while the hard rocks, presumably in this case the gran-
ites, retained more nearly their original elevation. It may be said in
this connection that field observations do indicate that the graniticrocks -
of the Cascades are in general more resistant than the associated
schists, serpentines, slates, etc. Again, the general level of the Cas-
cade Plateau as it exists at present corresponds, approximately, with
the timber line as determined by existing climatic conditions. As
weathering is more active above timber line than below it, we have,
perhaps, additional reason to assume that fhe Cascade peneplain,
raised, as we have assumed, to a position about 10,000 feet above the
sea, has in general been lowered to the horizon of the timber line,
leaving the more resistant granitic rocks in relief. There are thus
several arguments which it may be claimed tend to show that the
surface of the Cascade Plateau was formerly higher than it is now and
that it has been lowered by erosion, but to me the evidence seems far
from conclusive.

Another tentative explanation of the greater prominence of the
granitic mountains over their neighbors of schist, etc., calls for local
upheavals since the Cascade peneplain was raised into a plateau
and subsequent to the initiation of the present master drainage lines.
That is, if we assume that the granitic cores of the mountains have
been pushed upward since the plateau was raised to its present
general elevation of about 7,500 feet, all of the observed facts bearing
on the question under discussion fall in line and find ‘a mutual explana-
tion. The cores of granite of the Wenache type may reasonably be
supposed to be somewhat conical masses, with broad, but probably
indefinitely defined, bases. While lateral pressure would probably
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tend to depress such masses, a pressure vertically upward would cause
them to rise above the surrounding terranes. Although at present
convincing evidence can not be advanced that the secondary elevation
in the Cascade region continued after the Cascade peneplain had
been formed, yet I am strongly inclined to favor this hypothesis
to account for the general prominence of the granitic peaks above the
otherwise approximately uniform level of the multitude of peaks and
ridges in the dissected Cascade Plateau. In thisconnection I may note
that earthquake shocks are common in northwestern Washington,
especially in the Wenache Valley, and probably indicate that orographic
movements are still in progress in the faulted and folded region
adjacent to.the Wenache Mountains on the northeast. Possibly these
disturbances, observed in part during the present year (1 898), indicate
that the upwald movement of the Wenache Mountains is still in
progress.

Briefly stated, my conceptmn of the o11g1n of the l.ﬂugel topo-
graphic features of the northern Cascades is that the region, having
a complex structure, was reduced by erosion to-a condition of low
'relief, and at a later date than the folding of the Tertiary sediment
and the outspreading of the Columbia lava was broadly upraised
- about 7,500 feet in the axial region. The courses of the larger
streams were then established and the plateau was deeply dissected.
During this later cycle there have heen movements in the rocks
which, as a part of their results, have raised certain of the granitic
areas above the general level of the plateau.

The immense development of igneous rocks, and especmlly basalt,
in Oregon and southern Washington has been accepted as ev1dence
that the Cascades should be considered as distinct from the Sierra
Nevada, but when the northern portion of the Cascades is more
thoroughly studied it will probably be found that the differences
between the two are much less than is now generally supposed. Not
‘only are the main structural features of these two great ranges
strikingly similar, with the exception that the Cascades are not
bounded by a faulted belt on the east, as is the case with the Sierra
Nevada, but the formations of which they are composed are much
the same. In each range there is a highly complex older group of
terrancs, consisting of slates, gneisses, schists, lenses of limestone,
eruptive rocks largely greenstone, serpentine, granite intrusives,
etc., which is separated by a great unconformity from a younger group
of formations consisting principally of Cretaceous and Tertiary sedi-
ments. -The main differences seem to be a greater development of
intrusive granite at the south, in the older group, and far more
widely spread plutonic intrusions and volcanic overflows in the
younger group, at the north.

The s1m1la11ty between the geology. of the n01the1n Cascades and
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the Gold Belt of California is such that the generalized section of the
rocks of the Sierra Nevada, presented by Turner and Lindgren in
folios 37 and 39-of the United States Geological Survey, might, with "
changes in the formation names, be made to represent the conditions
that exist in the northern Cascades with a remarkable degtee of accu-
racy. While it would be premature to make a close comparison
between the geology of-the Cascades and that of the Sierra Nevada,
such information as is in hand certainly suggests that the two ranges
as they are now considered have much in common, and perhaps really
form a single range, a large portion of which, extending from Lassen
Peak, in northern Ca11f011113, to the Northern Pacific Rallwav, in Wash-
ington, consists of Tertiary lavas. In southern Washington, at
least, these lavas were spread out in approximately horizontal sheets,
and were subsequently elevated, folded, and faulted, in common with
the associated Tertiary beds, during the uprising of the Cascade
Mountains.

CASCADE PENEPLAIN.

A peneplain, as defined by modern geography, is a nearly plane sur-
- face produced by stream erosion. The rivers draining a region-—no
matter what its elevation above the sea, and without reference to
the structure of the rocks, whether horizontal, inclined, or folded,
ete.—first,cut down their channels nearly to sea level and then broaden
them by lateral wear, or corrasion. As this lateral eorrasion pro-
gresses the uplands between the master streams are more and more
reduced in breadth as well as in height, and finally disappear. The
plains produced by the lateral corrasion of several streams thus
become united, and broad areas are planed down nearly to sea level.
The later stages in'this process are long delayed, and, in fact, so far
as known, the plain produced never reaches the ultimate stage of a
perfect plain at sea level. An approximation to such a condition
. seems frequently to have been reached, however, and the plain in this
penultimate stage, with a moderately uniform surface and a gentle
seaward slope, is termed a peneplain.

Should the rocks beneath a peneplain consist of horizontal sheets it
might be difficult to show that great thickness of strata had been
carved away in order to produce the approximately lével surface.
When, however, the rocks previous to the long period of erosion nec-
essary to pr oduce such results were folded and faulted or upheaved
into great domes, we find the basement portions of such structural
forms in the 1ocks that remain, and from the inclined positions of the
strata can reconstruct the original shapes of the truncated folds etc., -
and thus show how much rock has been removed.

In traversing the Cascade Mountains we find the rocks in many
places steeply inclined, and in numerous instances standing vertical.
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When stratified beds, such as sandstone, shale, limestone, etc., occur,
we can. readily see from the portions remaining that the folds have
been carved away, as with a horizontal saw, to a generally uniform
level. The manner in which such results are brought about has been
indicated above in describing the manner in which peneplains are pro-
duced. As no other way is known in which similar ends could be
brought about, we are justified in concluding that the Cascade region
was at one time reduced by stream erosion to a plain, or an approxi-
mately plain, condition nearly at sea level.! Of what the topography of
the land was previous to the production of a peneplain we have but
little definite knowledge. Judging from the remnants of the folds and
domes we now find, it was a mountainous region, bordered ou the east,
throughout a portion of its history, by broad lakes, in which much of
the débris removed was deposited. During the later portion of the
time of base-leveling the widely spread sheets of Columbia lava were
poured out. The date of the period of planation is shown approxi-
mately by the fact that folded beds of Eocene age were truncated. The
broad peneplain must, therefore, have reached its greatest degree
of perfection in late Tertiary time, probably extending into -the

Pleistocene.
CASCADE PLATEAU.

After the time of long-continued erosion referred to above, when
the Cascade region in northern Washington was reduced to a peneplain,
there came a time of elevation, when the peneplain, or a very large
portion of it, was. bodily raised some 7,500 feet at least, and thus
became a plateau. In a broad view of the region this Cascade Plateau
may be considered as of the nature of a broad, flat-topped anticline,
or, as Dana would probably have called it, a geanticline. The rocks
‘composing this uplifted region had previously been folded, but we are
justified in assuming, on what may be said to be general principles,
that renewed movements occurred along these old structural lines.
The main change was a general rise of a region of some 10,000 or
15,000 square miles. The total area affected was much greater than
this, as the Cascade Plateau extends both north and south of the field
under discussion.

One of the most remarkable features in the 1ehet of the Cascade

1Tt may, perhaps, be claimed that the waves and currents of the ocean might produce such a plain
as is described above by eating into the Jand; but this question has been discussed by physiographers,
and it has been shown that the power which the sea has of eating into the land is limited by condi-
tions inherent in the process itself. While broad sea shelves or ocean terranes may be formed by the
attack of the waters on the land, the power of the waves diminishes in probably more than a simple
ratio ag the shelf becomes broader and broader. With a gradual subsidence of the land a plain of
marine denudation might result, but the submerged portions of such a plain would be covered by
marine deposits, which would preserve a record of the process and influence the character of the
subsequent changes brought about by stream erosion, should the plain be elevated above the sea.
Without pressing this discussion, I may say that in the Cascade region no evidences of a plain of
marine denudation have been discovered. The facts in hand point clearly to the conclusion that
the plateaulike surface of the Cascade Mountains is an old peneplain.
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Plateau is the seemingly nearly level.character of its original surface.
The uprising was effected without pronounced tilting. Perhaps when
our knowledge is more extended it will be found that this conclusion
is too hasty, but at present, from a study of the distribution of the
rivers, as well as of the heights of the peaks left by erosion, it does
not seem that the plateau had a decided, if any, inclination toward
either the east or the west. This is the most marked difference between
.the Cascade Plateau in northern Washington and the Sierra Nevada.
The Sierra Nevada as we now find it is the result of the erosion of a
tilted plateau, borderéd on the east, from Owens Lake to Mono Lake
at least, by a great belt of branching fractures and faults. No such
belt of fractures and displacements parallel with either border of the
Cascade Plateau is known. The evidence is that the rise from each
side of the plateau to its nearly flat summit portion is gradual. This
is shown especially in the region immediately south of the Northern
Pacific Railway, where, as previously stated, the Columbia lava
ascends from the valley of the Columbia to the highest portion of the
range with a generally uniform eastward dip of about 4°.

DISSECTION OF THE CASCADE PLATEAU.

Since the Cascade Plateau was upraised the streams flowing from
it have deeply intrenched themselves and developed a multitude of
branches, each of which has eroded a steep-sided, canyon-like valley in
the upraised rocks. This process of dissecting the plateau has gone
on until the once approximately even surface has become a complex
of sharp-edged ridges and tapering, spire-like peaks. The master
streams flowing east or west from the central portion of the plateau
have deepened their channels nearly to base-level. More accurately,
the streams flowing westward, such as the Skagit, lowered their chan-
nels near their mouths practically to sea level, and, owing to a subse-
quent depression of the land, have upgraded their channels; while the
eastward-flowing rivers, such as the Yakima, Wenache, Methow, etc.,
have cut down their beds in their lower courses nearly to the level of
the Columbia, the master steam with which they unite. This lowering
of the. stream channels has been extended upstream from where the
rivers discharge, maintaining, however, sufficient fall to insure a strong
current far into the central portion of the plateau. As remarked on -
an early page of this report, one of the most striking features in the
present drainage of the Cascades is the low grade of all the larger
streams far toward their ultimate sources. In several instances a low
grade—that is, a slope of perhaps 10 feet to a mile—is found from the -
‘mouths of the rivers to within 4 or 5 miles, and in some cases a consid-
erably less distance, of the main divide. Throughout these low-grade
tracts the streams are mostly free from cascades, and flow over gravel

20 @eor, pT 2——10
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deposits which deeply fill the true rock-cut valleys. Since the period
of deepest cutting the valleys have been filled with gravel to a depth
in some instances of 600 feet or more, and then in part or wholly
reexcavated. Records of the depth of this filling are to be seen in the
gravel terranes on the sides of the valley, as will be more fully described
later. The streams in the majority of instances have not completed
the task of reexcavating the valleys, the depth of waterworn gravel
beneath their channels in some localities, as shown by mining shafts
on the border of Ruby Creek, for example, being 70 feet. In other
cases, as in the valleys of the Methow, Chelan, Wenache, Yakima, etc.,
the depth of the substream gravels is, by estimate, at least 200 or 300
feet, and may be much greater. The few rapids that occur are due to
the fact that the streams have failed in some instances to follow their
previous courses in reexcavating their valleys, but have cut across
salient angles in the borders of their rock-cut vallevs, or else have heen
partially dammed by glacial moraines.
These rivers flowing through deep, low-grade, but narrow valleys
© are examples of what geographers term consequent streams. Their
courses were determined, in the main at least, by the surface slopes of
the upraised Cascade peneplain. Their branches usually have steep
gradients, and many of them are torrents from source to mouth. The
larger branches, however, have deepened their channels at the same
rate as the master streams, and extended their low- -grade trunks far
into the interstream uplands. The completeness of the drainage
system of the Cascades, the depth to which the streams have sunk
their channels, the absence of remnants of the original plateau surface
in the higher portion of the range, are all features of mature stream
development. , The Cascade Plateau has, in fact, been about as deeply
dissected as it is possible for streams to carry on that work. It is for
this reason that the region now sculptured into a rugged mountain
range is so difficult to traverse. It is one of the best illustrations of a
deeply dissected mountain mass that the United States affords, and
possesses some of the most magnificent scenery to be found in North
America exclusive of Alaska.

Future changes will be in the direction of broadening the valleys,
thus narrowing and lowering the interstream ridges, and finally leading
to the reduction of the land approximately to sea level; that is, at the
close of the present geographic cycle the Cascade region will be again
worn down to a peneplain.

- While the general features in'the drainage of the Cascades are such
as just described, there are certain exceptions to the impression that
- these statoments may convey,  The streams about the southern side of
the Wenache Mountains, and some of the features in the associated
topography, indicate that this mountain mass, in part, at least, had a
drainage system of its own, mdependent of the influence of the greater



RUSSELL.] DISSECTION OF THE CASCADE PLATEAU. 147

Cascade uplift. This is shown especially at the head waters of the
North Fork of Teanaway River and along. the south side of Ingall
Creek Canyon. The first-mentioned streams flow southward in deep,
narrow valleys which cross the outcrops of the stratified rocks encir-
. cling the Wenache Mountains nearly at right angles; but below where
the three forks of the Teanaway unite, the trunk streams run east-
ward in a monoclinal valley eroded along the strike of soft shales and
sandstones. Ingall Creek flows east, in part along the contact of the
Mount Stuart granite with the terranes to the south, in a canyon- hke .
valley some 8,000 feet deep.

The several branches of the North Fork of the Teanaway, start
on the ridge now forming the south side of Ingall Creek Canyon,
but at the head of each considerable creek there is a notch or wind
gap in the crest line of the ridge. The hypothesis which presents
itself in explanation of this and associated typographic conditions is
that the branches of the Teanaway had their positions established on
the Wenache uplift subsequent to its reelevation after the deposition
. of the Swauk sandstone, and before it was deeply dissected, and
flowed southward from the higher central mass of Mount Stewart
granite. These were consequent streams and flowed across the strike
~ of the stratified bed encircling the granite. As these streams deep-
ened their channels they maintained their position, but developed
many lateral branches, which, choosing the softer rocks, caused the
harder beds to be left in relief. The main streams cross these out-
crops of hard rock in narrow water gaps. In addition a branch of
Peshastin River, which passes the east base of the Wenache Mountains
and is a northward ﬂowmg, consequent stream of the Swauk dome, pre-
viously described, developed a branch which joined the main stream
from the west, and as it grew by headway corrasion, robbed and
diverted the head waters of several of the branches of the North Fork
of the Teanaway. The reversed or ‘‘obsequent” portions of these
streams are now known, in their order from east to west, as Cascade,
Hardscrabble, Fourth, and Turnpike creeks. These are all branches
of Ingall Creek, and now join it from the south, and are indicated as
fully as the scale will permit on the accompanying map, PL. IX, but
still better on the topographic map of the Mount Stuart quadrangle.
Ingall Creek Canyon is bordered on the north for about 10 miles from
its source by a steeply sloping wall of granite from 4,000 to 5,000 feet
high. Evidently, as the creek deepened its channel it migrated south-
ward, and gave an exceedingly precipitous character to its southern
wall, which, however, is scored transversely by the deep, high-grade
channels of the several tributaries named above. Similar evidences
of rivalry and of river piracy, as it has been termed, may be had at
the head of the several branches of the main trunk of the North Fork
of the Teanaway, and at the head waters of Fortune Creek, which flows
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westward and joins Clealum River, and again between the branches of
the Middle Fork of the Teanaway and Clealum River.

The smaller Swauk dome, like the Wenache elevation, gave origin
to consequent. streams, which were variously modified as erosion
progressed; the summit of the dome was removed and the rocks |
beneath were eaten away so as to form a basin. The surface waters
now escape from the Swauk Basin by means of two streams—the Pes-
hastin, which flows northward, and Swauk Creek, a tributary of the
Yakima. Of these, the Swauk is the more instructive, as the southern
side of the dome on which it started is more regular than the opposite
side, drained by the Peshastin, where folds in the rocks approached and
perhaps merged with the original structural dome.
~ Swauk Creek began as a southward-flowing consequent stream, which

beld its position as it lowered its channel, and the summit of the uplift
on which it originated was eroded away. The dome was composed in
part of the earlier sheet of Columbia lava, and as it was truncated and
its central portion of soft sandstone and shale slowly removed, the hard
lava was left as a bold ridge, surrounding the central basin on the west,
south, and southeast. Swauk Creek flowed directly across this ridge
and has cut a notch or water gap through it, which is now about 1,000
feet deep.

There are suggestions that Swauk Creek ougmdlly had its source on
the great Wenache uplift and flowed across the Swauk dome, but at
. a later stage was beheaded. Swauk Creek now drains a basin com-
posed entirely of sandstone, shale, basaltic dikes and sheets, and vol-
canic lapilli. There are no outcrops of acid igneous rocks or of ser-
pentine, gneiss, granite, etc., within the rimof the'present hydrographic
basin; yet in-the coarse gravel and bowlders along the sides and form-
ing the bed of the present stream there are waterworn stones, some
of them between 1 and 2 feet in diameter, that have been derived from
the crystalline areas about- Mount Stuart. At one locality an esti-
mate bhased on an examination of the cleanly washed bowlders at a
hydraulic placer mine gave from 10 to 12 per cent of large stones that
are foreign to the Swauk Creek Basin, but agree lithologically with
the crystalline terranes in the central portion of the Wenache Moun-
tains. These are considered as repr esenting ancient stream transpor-
tation, as no such bowlders occur in the sedimentary beds within the
present reach of Swauk Creek, and there is no ev1dence of glaciers
ever having entered that basin.

There was at least one other consequent stream which originated on
the Swauk dome and flowed southward, the course of which is now
marked in part by abandoned water gaps. - This stream flowed about
southeast and crossed the edge not only of the earlier but of the later
sheet of Columbia lava. I may say, also, that both Swauk Creek and
the nameless stream just referred to probably began on the second or
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perhaps some still higher sheet of Columbia lava, but we have no
measure of theoriginal extension of these basaltic layers to the west of
the westward-facing escarpments of Table and Lookout mountains.
Swauk Creek now crosses the second sheet of lava in a canyon to the east
" of Lookout Mountain, there ﬁndmg a break radial to the Swauk dome,
which assisted its W01k

To return to the nameless stream referred to above, we find one of
its abandoned gaps,-although faintly defined, in the semicircular ridge
" formed by the first sheet of Columbia lava, and another in the upturned
edge of the second sheet. This second gap is known as Green Canyon.
To understand this somewhat detailed description the reader should
consult the topographic map of the Mount Stuart guadrangle, pub-
lished by the Geological Survey.

The stream which flowed southeast down the Swauk dome and carved
Green Canyon was beheaded to the north of the bold outcrop of the .
first sheet of Columbia lava by a branch of Swauk Creek, and was
. again robbed, as previously stated, by First Creek, a branch of the
Swauk from the east, developed in the soft Roslyn sandstone which
intervenes between the first and second sheets of Columbia lava. This
last event is of recent date and is one of the mostinstructive examples
of stream capture and stream diversion yet found in the Cascade region.
For a long time after Swauk Creek had captured the head waters of the
stream flowing through Green Canyon, its beheaded portion continued
to flow and received from the east, in the sandstone valley between the
first and second lava sheets, a tributary of larger volume than itself.

At a later date First Creek extended its head waters so as to tap the
stream and draw off all of its waters above Green Canyon, leaving that
gorge as a wind gap, from which the beheaded and much weakened
lower portion of the stream continues to flow southward. First Creek
was ‘enabled to make this capture by reason of its high grade, and
also because it flows over soft sandstone and shale, while the stream
flowing through Green Canyon had a sheet of hard basalt to corrade,
some 400 feet thick. At the entrance to Green Canyon on the north
there is at present a large exposure of nearly white sandstone, through
which First Creek has cut a narrow, steep-sided trench which bears
the signs of youth. So little change has been made at this locality
that the upper portion of First Creek has been turned from its course
and conducted into Green Canyon in order that its waters may be
utilized for irrigation near Ellensburg. This recent change is why a
stream is represented on the topographic map of the Mount Stuart
quadrangle as flowing southward through this gorge.

Many other details might be instanced to illustrate the intimate con-
nection between the larger features in the structure of the region
under consideration and 1ts present topography and drainage, but a
report of a reconnaissance does not seem to be the proper place for
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such discussions. I will venture to indicate one other instance, how-
ever, closely associated with those just cited. - Yakima River leaves
that portion of its valley in which the town of Clealum is situated
through a narrow gateway or water gap cut through the upturned
edges of the.second sheet of Columbia lava. This water gap admits
of the escape of all the surplus waters from the south side of the
Wenache Mountains, and of other streams which join the Yakima
farther west and drain the Cascade Mountains proper. The conditions
are thus somewhat complex, but the relation of the gap occupied by the -
Yakima, just south of Lookout Mountain, to the Wenache Mountains
is about the same as the relation of the gap cut by Swauk Creek,
between Liberty and McCallum, to the Swauk dome. Each one isa
gap cut by a consequent stream in the outcropping edge of a hard
layer in the truncated rim of a deeply eroded uplift. In closing this
discussion it is only just to state that the interpretations of stream
development and of the origin of certain topographic forms, presented
in the last few pages, are but an application of physiographic princi-
ples first clearly enunciated by W. M. Davis.

One of the most interesting features in the geography of the Cascade
Mountains is the independence of the stream courses of the smaller
features in the structure of the upraised region which is being slowly
removed. The larger streams flow across granite, schist, sandstone,
shale, etc., with butlittle change in passing from one terrane to angther.
The courses of the streams are in a marked way independent of the
geological structure. They have shaped the topography and have not
' been controlled by,it.. This fact is illustrated on many sharp-crested
divides where hard and soft strata stand nearly vertical and cross the
ridges at right angles to their longer axes. Nearly all of the larger
streams and hundreds of smaller ones have their sources in glaciul
- cirques or amphitheaters at the head of deep, narrow valleys. “This
serves to introduce to the reader another important agency which has
assisted the streams in dissecting and sculpturing the Cascade Plateau
and in transforming it into a wonderful complex of tapering mountain
peaks and sharp-crested ridges separated one from another by deep,
narrow valleys. By far the larger part of this herculean task has been
performed by running water, but glaciers of large size have modified
the contours of the valleys so formed, and have impressed upon them
the characteristics of their work. '

EVIDENCES OF PREVIOUS INTENSE GLACIATION.

In the more clevated portions of the Cascade Mountains, near the
main divide, there are hundreds of amphitheaters nearly surrounded
by precipitous walls, frequently several hundred feet high, which owe
their characteristic shapes mainly to the influence of the névés of

v
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glaciers. These bowl-shaped recesses, with one side of the rim absent—
the break leading by steep and usually transversely terraced slopes to -
the draining canyons—are clearly the heads of old stream-cut channels
which have been enlarged and given their present forms by glaciers.

Glacial ice, in distinction from streams of water, may be said to be
artisans who fashion their work into broad, curved surfaces. These
surfaces are either broadly concave or convex; the former are basins
or troughlike valleys with rounded bottoms, as seen in cross section;
while the latter are hills and bosses with flowing outlines. In these
two series of forms the surfaces are remarkable for the bold, even
sweep of their curves and the smooth finish of the work. The perfec-
tion of the burnish, howevel is marred by multitudes of fine incised
lines, and less frequently by elevated ridges which taper to a point in
the d11 ection in which the ice flowed. The streams, on the other hand,
while working toward strong effects, as is shown by the breadth of
mature river-cut valleys and by the massive mountain forms left by
the deep dissection of an elevated region, and still more markedly by
the broad expanse of a base-level plain, reach these results through a
multitude of ever-changing, sharply cut trenches of infinite variety of
detail. The creek-, brook-, and rill-cut channels bifurcate and expand
one from another like the branches and twigs of a well-grown tree.
On account of the strongly marked differences, both in the general
forms and in the minute details, between these two methods of earth
sculpture, the results produced by them in a landscape may be as
readily distinguished as is the work of the potter who shapes a vase
and of the artist who decorates it. ;

I shall not attempt to present in full the evidence furnished by the
glacial records of the Cascades, but give simply an outline of the
history so far as it has been dec1phered !

One fact of primary importance in studying the orlamal records

" referred to is that the Cascade Plateau was almost as deeply dissected
by stream erosion before the birth of the glaciers as it is at present.
In fact, the valleys were probably deeper then than they are now, for
the reason, as already stated, that the larger ones more particularly
are at present filled to a very considerable depth with gravel. While
the Cascade Mountains bad during the presence of the old glaciers
essentially the same broad topographic features that characterize them
at present, the general elevation of the region was probably about 1,000
feet higher than it is now. This is indicated by the gravel deposits in
the valleys, but more especially by the depth of the basin of Lalke Chelan.
This long, narrow lake occupies a pre-Glacial stream valley, the bot-
tom of which, not including the clays and gravels which presumably

1 The various ways in which glaciers and streams modify the earth’s surface have been discussed
by me in the following books: Glaciers of North America, Ginn & Co., Boston, 1897; Rivers of North
America, Putnam’s Sons, New York, 1898,
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partially fill the rock channel, is 300 feet below sea level. The lake,
as shown by soundings made by Henry Gannett in 1897, is 1,400
feet deep, while its surface is but 408 feet above the Columbia at
the mouth of Chelan River, the lake surface being 1,078 féet, and the
Columbia at the mouth of the Chelan River 670 feét, above the sea.
This greater elevation was maintained during a long period previous
to the coming of the glaciers, but we have no positive evidence
that it continued during the Glacial epoch although 1 ‘am mchned to
the opinion that such was the case. '

There is abundant evidence that broad névé fields and true glaciers
once occupied all of the central portion of the Cascades, and that great
trunk glaciers flowed both eastward and westward flom this central

" region. These outward-flowing ice streams descended previously

excavated valleys, and although of large size, were true alpine glaciers.!

This statement applies more accurately, perhaps, to the eastward- than

to the westward-flowing glaciers, as the latter during their greatest
expansion becamé to a considerable extent, and possibly throughout
the entire length of the northern Cascades, a confluent ice sheet, which
descended into the Puget Sound region and became a typical pledmont
glacier. )

These glaciers, more éspecially those flowing eastward, were well-
defined ice streams, which modified the cross profiles of the valleys
they occupied and deposited large lateral and terminal moraines. On
retreating they left abundant deposits, which in some instances dammed
the valleys and gave origin to lakes. The streams flowing from the
ice and from adjacent snow fields were heavily charged with débris,
and the valleys downstream from the extremities of the glaciers at
the time of their maximum extension, as well as many neighboring
valleys not occupied by glaciers, and, in part, the valley left as the
ice withdrew, became deeply filled with gravel. There is thus an
intimate and for the most part a genetic relationship between the old

. glaciers and the valley gravels found so generally throughout the

State of Washington and adjacent areas.

While the statement made above, to the effect that the glacmls of
the Cascades were consequent to the slopes of the main uplift, is in
general true, it is perhaps too sweeping, as there were local centers of
ice dispersion in the same region. The Wenache uplift, which, as we
have seen, gave origin to consequent streams, was also an independent
center from which glaciers flowed in several directions. It will, per-
haps, be found by future explorers that the névé on the Wenache
Mountains was but an eastward extension of the far larger snow fields
of the main Cascade Range, but, essentially, it was an independent
center of glacial dispersion. The region about Mount Baker and

1The characteristics of alpine, piedmont, and continental glaciers are described in the book on
Glaciers of North America, referred to in the preceding footnote.
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Mount Shuksan, to .the west of the main Cascade uplift and near the
Canadian boundary, will, I predict, be found to be another practically
independent névé region which gave origin to a radial system of alpine
glaciers similar to that now existing on Mount Rainier. = As explora-
"tion progresses other divisions in the broader features of the ancient
glaciers of northwestern Washington will no doubt be discovered.

As my acquaintance with the eastern slope of the Cascade Moun-
tains is much more extended than with the western, I shall confine
this discussion principally to the records of the eastward-flowing gla-
ciers. Beginning at the south, in the region shown on the sketch map,
Pl. IX, there is abundant evidence to show that a glacier formerly
flowed eastward from the central portion of the Cascade Mountains
down the Yakima Valley. - Other glaciers radiated from the Wenache
Mountains; a large trunk glacier followed the course of the Wenache,
another occupied the valley of Lake Chelan, and similar conditions
existed in the Methow, Similkameen, and Okanogan valleys. The
distribution of these glaciers and some of their leading geoglaphlc
features are shown on the sketch map, Pl. XVIIIL.~

ANCIENT GLACIERS AT THE HEAD OF YAKIMA VALLEY.

My examination of the region on the-east of Snoqualmie Pass,
drained by the head waters of the Yakima, was made hurriedly dur-
ing stormy weather, and I have but little to report in connection with
the records of ancient glaciers which occur there except the bare fact
that a large alpine glacier occupied that region and extended at least
a few miles below the outlet of Kachess Lake, which is retained by
- a series of moraine ridges. Another glacier occupied the basin now

holding Keechelus Lake, and apparently left a terminal moraine simi-
lar to that just referred to. .-Views of the valley of Clealum River,
a branch of the Yakima from the north and near its source, as well as
the accounts of .prospectors, etc., indicate that a large glacier once
existed in Clealum Valley, which extended below the site of Clealum
Lake. This lake is evidently retained either by a morainal dam or
by the deep filling of gravel which occupies the valley below it. It
does not appear that the three glaciers just referred to—which may
be designated, in their order from south to north, the Keechelus,
Kachess, and Clealum glaciers, after the names of the lakes in the
basins they left—were united. From a study of the maps of the
region it seems that Clealum Glacier was the longest of the three,
but did not reach Yakima Valley. Ttslength was between 20 and 25
miles. Kachess Glacier was, about 15 miles, and the Keechelus not
“over 10 or 12 miles, in length The comparatively small size of these
ice streams is significant, in connection with the gleat length of the
similar glaciers farther north. :
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ANCIENT GLACIERS ABOUT THE WENACHE MOUNTAINS.

As will be recorded later, four small glaciers still exist on the Wena-
che Mountains; these may be considered as remnants of great alpine
glaciers which flowed away from the same elevated region during the
Glacial epoch. .All of the summit portion of the Wenache Mountains
above an elevation of about 7,000 feet, with the exception of the numer-
ous rugged pinnacles which rose into and possibly projected above
the former blanket of ice and snow, furnishes abundant evidence of
ice abrasion. This elevated gathering ground for snow was 9 or 10
miles in diameter from east to west and from 3 to 5 miles broad. Its
boundaries, however, are indefinite, and the former névé which cov-
ered it was probably confluent with the snow fields on the surrounding
mountains, which have elevations of 7,000 feet or more. The valleys,
basins, and amphitheaters in the summit portion of the range are
intensely glaciated and mostly free of débris. The bare white granite
is fresh or but slightly weathered, and in many places preserves the
glacial polish and striations given to it by flowing ice. There are sev-
eral depressions in the granite, which formerly contained glaciers, and
in the eastern portion of the range a magnificent amphitheater has
been hollowed out, which discharges its waters northward into lcicle
Creek. In the more elevated portions of this amphitheater there is
still a small glacier, below which, and at the bottom of a steep, bare
slope of polished granite, there,are two rock-basin lakes, known as
the Twin Lakes. To the north of these, and beyond a great cathedral-
like mass of clustering granite spires rising within the amphitheater,
or rather prolonged from the central and highest portion of its encir-
cling rim, so as to divide the vast depression into two cirques—for the -
present amphitheater has been formed by the partial removal of the
dividing wall between these two alcoves—there is a third and smaller
rock-basin lake. The walls of granite about these lakes are bare of
vegetation and almost entirely without débris, but about the lower
margin of the basin holding the Twin Lakes a few trees are growing.
This Twin Lakes amphitheater was the source of a large glacier at a-
former period, which flowed northward down a high-grade canyon
and joined a much larger glacier that came from the west, down the
canyon of Icicle Creek. The Twin Lakes Glacier, as it may be termed,
was from 5 to 6 miles long and, in its well-defined stream-like por-
tion, about 3,000 feet wide, but in the névé region it expanded to fully a
mile. It was the most easterly tributary to the glacier which descended
Icicle Canyon.

~On the south side of the precipitous granitic core of the Wenache
Mountains there were three or four well-defined ice streams, which
occupied exceedingly steep gorges; but in general the granitic escarp-
ment bordering Ingall Creek on the north is so precipitous and
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so slightly trenched by gorges that the heavy snows of the Glacial
period, like those of modern winters, must have fallen in large part-
as avalanches. : ' '

To the north of the lofty mountain mass intervening between the
Twin Lakes and Mount Stuart the descent to Icicle Creek is less steep
than the opposite slope leading down to Ingall Creek, and is more
diversified by gulches and intervening buttresses. In several of the
gulches there are evidences of glaciation. Some of these small gla-
ciers descended to the great river of ice in leicle Canyon, but others
seem to have terminated on steep slopes, and probably broke away so
as to form avalanches. On the west side of Mount Stuart the cliffs
are high and precipitous, and during the Glacial epoch must have
contributed their snow directly to the névés in the valley below,
from which flowed the great Icicle Glacier, first northward and then
eastward about the Mount Stuart group of peaks, and the equally
characteristic Ingall Glacier, which flowed eastward and then north-
ward about the same mountain mass of granite.

INGALL GLACIER.

~ From its source at the present head of Ingall Creek, and at the
west base of Mount Stuart, the Ingall Glacier lowed almost due east for
about 12 miles. Throughout this extent it was gently concave to the
north; that is, for the greater part of this distance it skirted the base
of the granite forming the central mass of the Wenache Mountains.
On entering the valley of the Peshastin, 8 miles north of the site of
Blewett, it curved sharply northward and followed a northerly course
for about 4 miles to where it terminated in the Peshastin Valley, but
did not leave a conspicuous moraine to record its maximum extension.
Near the head of the broad |J-shuped canyon once occupied by Ingall
Glacier there is a fine rock-basin lake, a photograph of which is
‘reproduced on Pl. XIV. ,

Ingall Glacier was supplied in large part by avalanches which
descended the exceedingly precipitous southern slope of Mount
Stuart, but 4 or 5 miles east of the highest pinnacle on that moun-
tain. The border of the central core of granite is less precipitous,
and the rounded and striated condition of the rocks, as well as the
existence of broad-bottomed troughs descending from aloft, shows
that well-defined glaciers formerly flowed from the summit portion
of the range, adjacent to the névé fields of Twin Lakes Glacier. A
view of some of these high-grade glaciated troughs is shown on
PL. XV. On the south side of Ingall Creek Valley there are four
deep ampitheater-like depressions, now occupied by Turnpike, Fourth,
Hardscrabble, and Cascade creeks, respectively. There was formerly
a glacier in each of these depressions, which flowed northward and
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became tributary to Ingall Glacier. The heads of these secondary
glaciers ' were at an elevation of between 5,500 and 6,000 feet. The
largest of them, the one in Hardscrabble Canyon, was about 2 miles
long, with a depth of ice of 1,000 to 1,100 feet near its junction with
the main glacier. The others were 