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PREFACE.
By Avrrep H. Brooxs.

The investigation of the mineral resources of Seward Peninsula
from 1899 to 1906 was mostly of a reconnaissance character, the
work having been done in accordance with the policy of learning as
much as possible of the distribution of the larger rock groups and
determining the general laws of the occurrence -of the gold before*
attempting detailed surveys. Moreover, as the cost of detailed sur-
veys is at least ten times as great as that of reconnaissance work, it
was considered best to devote the inadequate funds available to
reconnaissances, because these yielded results about larger areas
and therefore benefited the greater number of prospectors. With
the close of the field season of 1904, however, reconnaissance sur-
veys had been carried over the entire peninsula; much had been
learned regarding the distribution and occurrence of the placer gold
throughout the mining districts; and the tin deposits had been a
subject of special investigation. The reports on these surveys,
though of a general character, have been of value to the mining
interests. .

It was early realized that in a field which is geologically so complex
and which presents so great a variety of economic problems, definite
results could be obtained only by the most detailed studies; and
preparations for detailed work were therefore made in 1904 and
1905 by the topographic survey of certain areas on a scale of a mile
to the inch, with 25-foot contours. Detailed geologic work was
begun in 1905 and continued to the close of 1908, the results of these
topographic surveys being used as base maps. Naturally, these
studies were begun in the areas of greatest proved economic impor-
tance, and in the first two years a belt about 30 miles wide extend-
ing inland from Nome to the Kigluaik Mountains was covered.
Unfortunately, it was found that this field was geologically so com-
plex as to make it impossible to solve many important problems
until more work had been done in adjacent areas, and the publica-
tion of the report on its geology was deferred until larger districts
could be surveyed. For this reason the present report on the Solo-

9



10 SOLOMON AND CASADEPAGA QUADRANGLES, ALASKA.

mon and Casadepaga quadrangles is published before that on the
earlier work in the Nome and Grand Central quadrangles. Facts
developed in this later investigation will necessitate some revision
before the work in the Nome region can be presented in proper form.

As it is important to establish the geologic relations of the area
here treated to the entire region, considerable space is devoted to a
discussion of this subject. It is believed that this account of the
general geology of Seward Peninsula may also serve a useful pur-
pose by presenting concisely results of the work of the last decade,
now scattered through a number of different publications. The
field is of special importance because Seward Peninsula forms a
link between North America and the easternmost part of As1a, from
which it is less than 60 miles distant.

The most important result of Mr. Smith’s geologic studies, as here
presented, is the proof of great complexity of structure in the meta-
morphic rocks. Recumbent overturned folds and extensive thrust
faulting, such as he describes, may have been suspected by the earlier
workers in this-field, but no proof of such complexity was obtained.
Mr. Smith’s work removes this province from the tectonic field of
simple local close folding and regional metamorphism, to which it
" had been assigned, to one of Alpine complexity of structure. This
fact throws a doubt on the stratigraphic sequence as established by
the earlier reconnaissance surveys, and final judgment on-the suc-
cession of terranes must await further investigations.

"The results here presented confirm the suggestion previously made
that the contacts between heavy limestones and schists are in many
places loci of mineralization—a conclusion which may have far-reach-
ing economic importance. Of perhaps greater importance for the
special area under discussion is the proof that a certain formation,
made up of quartzite and quartz slate, is very generally mineralized.
It is'in this formation that the quartz vein of ‘the sole -productive
-gold‘lode mine (1908) of Seward Peninsula occurs.



GEOLOGY AND MINERAL RESOURCES OF THE -SOLOMON
AND CASADEPAGA QUADRANGLES, SEWARD PENIN-
SULA, ALASKA.

By PumLip S. SmrTh.

INTRODUCTION.

Reconmazssances 1 Seward Peninsula.—With the close of 1903 the
first period in the geologic study of Seward Peninsula came to an
end. This period has been devoted to the reconnaissance of the
region, which up to that time was but vaguely known. In the fall
of 1899 Brooks and Schrader® spent a few weeks in the region around
Nome and laid ‘the foundations of the subsequent work. In 1900
Brooks, Collier, Richardson, and Mendenhall,® working in different
areas, covered practlcally the whole southern part of Seward
~ Peninsula.

In 1901 the reconnaissance studies were continued by Collier,¢ who
devoted the field season to the northwestern part of the peninsula.
During 1902 no further work was undertaken in Seward Peninsula, .
but in 1903 Moffit¢ visited the ‘northeastern part and thus com-
“ pleted the preliminary study of the 20,000 square miles of the
peninsula.

Each of these geologic partles was associated with a topographic
party, so'that each season’s work resulted in the publication of maps
for the areas covered, on the scale of 4 miles to the inch and with a
contour interval of 200 feet. The 1900 map of the southern part of
the region was made by E. C. Barnard, W. J. Peters, J. G. Hefty, and
D. L. Reaburn; the 1901 map was prepared by T. G. Gerdine and
D. C. Witherspoon,:and the topographic work of the 1903 expedition
was done by Mr. Witherspoon. Although containing slight errors,

e Schrader, F. C., and Brooks, A. H., Preliminary report on the Cape Nome gold region, Alaska, a
special publication of the U. 8. Geol. Survey, 1900.

b Brooks, A. H., Richardson, G. B., Collier, A. J., and Mendenhall, W. C.,-Reconnaissances in Cape
Nome and Norton Bay regions, Alaska, a special publication of the U. S. Geol. Survey, 1901. The
Solomon-Casadepaga portion of this work was done chiefly by G. B. Richardson.

¢ Collier, A. J., Reconnaissance of the northwestern portion of Seward Peninsula, Alaska: Prof. Paper
U. S. Geol. Survey No. 2, 1902.

d Moffit, F. H., Fairhaven gold placers, Seward Penmsula, Alaska: Bull. U, S. Geol. Survey No. 247,
1905.

11



12 SOLOMON AND CASADEPAGA QUADRANGLES, ALASKA.

these maps are the standard maps of the region, and so far as is war-
ranted by the scale show its principal features.

In 1903 a special investigation of the placers of the southern and
northwestern parts of Seward Peninsula was undertaken by Collier
and Hess, and the results were published® after considerable delay,
with the addition of notes on other parts of the region by Brooks and
others. This publication is the most authoritative one on Seward
Peninsula geology and mineral resources.

Detailed surveys.—With the close of this initial stage of geologic
and topographic mapping there arose a demand for more detailed
information about the wonderfully rich placer camps which were
yielding each year millions of dollars in ‘gold. To meet this need,
detailed topographic mapping of the Nome and Grand Central quad-
rangles on the scale of a mile to the inch and with a contour interval
of 25 feet was done in 1904 and was followed in 1905 and 1906 by
detailed geologic studies.? In 1905 the Solomon and Casadepaga
quadrangles were surveyed on the same scale by T. G. Gerdine and
W. B. Corse, and it is the geology of the area delineated by these
maps with which the present report deals.

The geologlc field work was done in the summer of 1907, when
practically the entire area was covered. The scientific corps of the
party consisted of the authors; F. J. Katz, and G. I. Finlay. The
active work commenced on June 20 and continued uninterruptedly
until October 1. Unfortunately one of the members of the party
was slightly injured during the season and withdrew a month or so
before the close of the field work. On account of this decrease in
the party a small portion of the work was unfinished and it was
_necessary to visit the region again during the field season of 1908 to
complete the geologic mapping. The party was able to move freely
with wagons along the larger streams, so that none of the rigors of
the early explorers were encountered and no more hardship was
experienced than in field work in the States.

Location of the quadrangles.—The Solomon and Casadepaga quad-
rangles cover a land area of about 470 square miles, extending from
latitude 64° 30’ to 65° north, and from longitude 164° to 164° 30’
west. - Figure 1 shows the location of the two quadrangles w1th refer-
ence to the rest of Seward Peninsula.

Names.—The name of the Solomon quadrangle is derived from
the river which nearly bisects its area. This river, it is said,© was
originally named by Pierce Thomas, who staked the discovery claim

a Collier, A. J., Hess, F. L., Smith, P. S., and Brooks, A. H., The gold placers of parts of Seward Penin-
sula, Alaska: Bull. U. S. Geol. Survey No. 328, 1908.

b Moffit, F. H., Hess, F. L., and Smith, P 8., The geology and mineral resources of the Nome and Grand
Central quadrangles Bull. U S. Geol. Survey. In preparation.

¢ Collier, A.J., Hess, F. L., Smith, P. S., and Brooks, A. H., Bull. U. 8. Geol. Survey No. 328, 1908, p. 223.
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on it in June, 1899. Brooks and Schrader ¢ state that it bore its
present name in September, 1899, and was the seat of small mining
operations. In the 1900 report Brooks gives-the native name as
Ongutuk, although he uses the name Solomon in his text.

The mouth of Solomon River affords as good a location for a town
as any other place in the immediate region, for boats can discharge
their freight from lighters on the beach and the broad gravel-floored
valley of Solomon River gives a good pathway into the interior.
In consequence, a town bearing the name of Solomon has sprung up
there. In 1902 this place was made a post-office and at present
has a semiweekly mail service to and from Nome. Stores have been

S
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FIGURE 1.—Outline map of Seward Peninsula, showing location of Solomon and Casadepaga quadrangles.

opened, at which supplies of all kinds can be purchased. The town
has been more or less deserted lately, and probably not more than
fifty people were living there during 1908.

The only other town in the area is Dickson, which was named for
T. Warren Dickson, of New York. It is directly opposite Solomon,
on the east bank of the river. Dickson is the coastal terminus of the
Council City and Solomon River Railroad, and all of its industries
and inhabitants are connected with the railroad. Its entire popula-
tion does not exceed 50 persons. This settlement was established
in 1903.

a Brooks, A. H., and Schrader, ¥. C., Preliminary report on the Cape Nome gold region, Alaska, a special
publication of the U. 8. Geol. Survey, 1900,
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The Casadepaga quadrangle owes its name to the river which flows
from its extreme southwest corner diagonally across it to the north-
east corner, where it joins Niukluk River. On the map accompany-
ing the 1899 report of Brooks this river is vaguely . indicated and
named the Koshotok; but on the map in the report for 1900 it is
called the Koksuktapaga. This was eventually softened into Casa-
depaga by the United States Geographic Board. The word . is
undoubtedly of Eskimo origin, but its true meaning has not been
determined. It is suggested, however, that the last part of it means
“mouth of the river”” and the first part ‘‘loon,” so a free translation

' ' would be ‘‘the river with a'loon at its mouth.”

Acknowledgments.—To those who have contributed to the work,
- either directly or indirectly, acknowledgments are due. To the
miners who have facilitated the studies of the mineral wealth of the
area the writer desires to express his thanks. To his geologic prede-
cessors, who, in the face of great difficulties, have left such enduring .
records of their persistent endeavor and penetrating insight, the
keenest appreciation and respect is paid. Although some of their
conclusions may be questioned, it is always with admiration that
one scrutinizes their work and notes how closely they have outlined
‘the broad general features of the district.

In the field work and in the compilation of the data in the office
the observations of F. J. Katz have been of great assistance. He
made all the microscopic studies of the different rocks and supplied
the description of many of the productive placers from his field notes.
His contributions to the geologic maps can not be specifically defined
but consisted of daily traverses and observations in all parts of the
region.

GEOGRAPHY AND GEOLOGY OF SEWARD PENINSULA.

In order to gain a correct idea of the problems involved in the
study of the small area which forms the subject of this bulletin it
is important to see this region in its relation to the whole of Seward
Peninsula. Tt is therefore desirable to point out the large features
of the whole provmce before taking up the details of the special area.
In the following review it is not intended to revert to the various
chronologic stages by which the present interpretations have been
reached, but rather to set forth the present beliefs concerning the
geology and geography. 4

GEOGRAPHY OF SEWARD PENINSULA.

The main outlines of Seward Peninsula are well shown on the map
previously referred to (fig. 1), so that further reference to these
characters is unnecessary. But the relief of the surface is not shown,
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and it is ploposed to devote some space to a description of the-various
geographic provinces which are noted.

There are three distinct provinces: The first a lowland sku‘tmg
much of the coast; the second an elevated region with a relief up
to about 2,000 feet; and the third a belt of mountains with maximum
elevation of 4,200 feet. Although presenting these three different

- types of land forms Seward Peninsula as a whole may be referred

to the Central Plate‘tu Province of Alaska, which lies between the
Alaskan -or Pacific mountain system on the south and. the Endicott
or Rocky Mountain system ¢ on the north.

COASTAL PLAIN PROVINCE.

The lowland province, which forms a girdle around almost the
whole of Seward Peninsula, shows by the character of the material
of which it is composed that it was made by the deposition of river
and marine gravels on the floor of the sea and was subsequently
uplifted, forming & coastal plain. The coastal-plain province shows
but slight relief, nowhere rising-more than 300 feet above the sea.
Its continuity is here and there interrupted, as at Topkok Head,

. Cape Nome, and Cape Prince of Wales, where the second province

forms the shore line. It is of recent origin, for as yet but little dis-
section has been effected by the various streams which extend across
it. The surface is covered with a rank growth of grass, but trees
or even bushes are entirely wanting on the interstream areas, while
stunted willows and alders form only a narrow fringe along the
watercourses. Its width varies much, but nowhere is it. more
than 20 to 25 miles. i

The coastal plain in different places shows different stages of
growth and of destruction, and it has been affected by different
amounts of uplift, depression, and erosion. On the whole the
northern coast seems to have been quite recently depressed, as is
shown by the drowned lower courses of Serpentine, Goodhope,
Kiwalik, and Buckland rivers. - Evidence of this recent depressmn
is, however, wanting on the south shore, and the suggestion is made
t;hat an opposite direction of movement is indicated. The differ-
ence, however, in the strength of the eroding agents is such that no
positive statement can be made. The southern coast shows in its
more smoothly swinging coast line and absence of offshore reefs a
later stage than the northern coast; but in the northern area the
force of the waves is much less, owing to the smaller size of the
water surface, so that erosion ought to be less. It is, therefore,
impossible to determine without closer study ‘than has yet been
practicable, whether the less eroded form of the north coast is due

aBrooks, A. H., Geography and geology of Alaska: Prof. Paper U. 8. Geol. Survey No. 45, 1906,
Pl VII,



16 SOLOMON AND CASADEPAGA QUADRANGLES, ALASKA.

to the more recent disturbance of that district or to the lesser efficiency
of the eroding agencies.

In a few cases the land form preserves a trace of past conditions so
that one may reconstruct in part the former sea level. Such a fea-
ture is presented near Nome by the low sea-cut cliff at the base of
which occurs the “second beach.” Again, the terraces or beaches
which occur along some of the streams, as for instance Hastings Creek,
allow of no other interpretation than arrested or revived stream
- cutting. In the main, however, the past history of the coastal
plain is better read from the materials of which the plain is composed
than from the surface form, for it is known that many of the earlier
episodes’ have been effaced by subsequent depression and the depo-

sition of new material. :
" The fact that the coastal plain forms a fringe around almost the
whole peninsula has had an important bearing on the commercial
development of the region, for it is charactenstlc of coastal plains
the world over that they afford no harbors for ocean-going vessels
save under very special conditions. With the exception of Port
Clarence Harbor, there is no place where large vessels may lie in
safety and discharge their cargoes. In consequence, the cost and
danger of marine communication is great and every year records new
losses of property and life.

PLATEAU PROVINCE.

By far the larger part of Seward Peninsula falls into the second
physiographic division, the plateau province. It is characterized
by more or less elevated country, much dissected by streams, so that
only a small portion of the upland is preserved. "Collier has divided

the plateau province into two portions, one lying north and the
other south of the mountain axis of the peninsula. The southern
portion he described ¢ as follows:

To the south of the mountains is, as already stated, a highland mass whose summits
range from 800 to 3,000 feet in elevation. The slopes of this upland are in many
places broken by well-marked benches which up to an altitude of 800 feet are plainly
due to stream erosion. * * * This highland area is essentially one of lrregular
topography with no well-defined system of ridges. The water courses flow in broad
deeply cut valleys whose slopes ascend gradually to the divides. The summits are
rounded, but are broken by numerous rocky knobs, many of which are carved into
fantastic shapes. These castellated peaks are very characteristic features of the

- topography and their preservation plainly indicates the absence of regional glacia-
tion * * * | The general trend of the larger valleys is north and south, and
these block out broad ridges whose margins are scalloped by the minor tributaries.

a Collier, A. J., et al., Gold placers of parts of Seward Penmsula Bull, U, 8, Geol, Survey No. 328, 1908
p. 46.
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A. SOWIK LIMESTONE ON SHOVEL CREEK, NORTH OF KASSON CREEK.

'B. BROAD VALLEY OF SHOVEL CREEK, NEAR WEST CREEK.
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The northern plateau province is described by Colliere as follows: -

"This upland, like the similar one to the south, is characterized by flat-topped ridges
and hills rising to altitudes ranging from 600 to 2,500 feet. Here, too, the monotony
of the summit level is broken by numerous minor peaks of irregular form.

Collier has identified three different stages in the development of
this upland portion, and has named them the Nuluk Plateau, the

- Kougarok Plateau, and the York Plateau.t

In the plateau province there are numerous large lowland areas
whose mode of formation is in doubt. A typical basin of this sort
is found on the central part of Fish River, where there is an elliptical
lowland 30 miles long and 12 miles wide, surrounded by hills rising
from 1,000 to 2,000 feet above its level. The stream has cut a nar-
row outlet with a floor not more than a few hundred yards in width
leading from this basin. There are perhaps half a dozen similar
basins distributed through different parts of the peninsula. These
have been called ‘“basin lowlands” by Brooks and attributed to local
deformation.

Throughout the province the general features are the same,
although the details vary widely; and while three erosive intervals
have been deciphered in the western part of the peninsula, other
workers in other portions have not been able to trace such a number
with so much assurance. It is, however, ‘a point which will be
treated in more detail in the later chapters on the special area with
which this report is most directly concerned.

MOUNTAIN PROVINCE. -

In the description of the plateau province it has already been
stated that several of the so-called mountains of Seward Peninsula
are simply portions of a plateau surface that have acquired some
isolation and relative relief by the processes of erosion. Thus the
York Mountains would appear to mark by their sumimits the former
elevation of the Nuluk Plateau and to have been carved from it by
streams. Such remnants of a plateau can not rightly be considered
mountains. If, therefore, this class of mountains be excluded, there
appear to be only three distinct mountain ranges in Seward Peninsula,
and possibly this number should be decreased to two. The two
ranges which appear worthy of the name are the Kigluaik-Bendeleben
Range and the Darby Rarge; the third comprises the highlands
which form the divide between Kiwalik and Buckland rivers. The
elevation of the last named, however, nowhere exceeds 2,600 feet,
and it probably averages considerably less than 2,000 feet.

aLoac, cit.
b Collier, A. J., Reconnaissance of the northwestern portion of Seward Peninsula, Alaska: Prof. Paper

U. 8. Geol. Survey No. 2, pp. 35-37.
46609%—_13}_1.11, 433—10—2
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The Kigluaik-Bendeleben Range, although bearing two names and
although trenched across by the Kruzgamepa, is presumably one con-
tinuous range from a genetic standpoint. This range has an average
height of 3,000 to 3,500 feet, the highest points being somewhat over
4,000 feet. The forms are very rugged. On the northern side of the
Kigluaik Mountains the steep face overlooking the Kruzgamepa Flats
suggests by its abruptness a fault scarp. If it be such, the history
of these mountains has been more complex than has generally been
believed. . The continuation of this fault, however, appears to be
wanting along the flanks of the Bendeleben Mountains. The range
seems to be characterized by a-single main ridge; that is, the slopes
culminate in a continuous divide containing all the highest points,
with no other equally elevated ridges running more or less parallel
with it. This ridge line is fairly straight and exhibits but few irregu-
larities. Near the heads of the larger streams the divide has been
pushed over into the territory of the smaller streams on its opposite
side, as, for instance, at the heads of the Grand Central River, Cobble-
stone River, and Canyon Creek. The amount of ground gained in
this way by the streams is slight, so that no captures of any large
amount of drainage area have been effected. 1In general the range is
unsymmetrical, with the culminating points nearer the northern
abrupt side than the southern more gentle slope. This is particularly
noticeable in the Kigluaik Mountains, and is not as well marked in the
Bendeleben Mountains. In the latter, the position of the line joining
the highest points is nearly symmetrically placed; however, the
information available concerning the geography of the Bendeleben
Mountains is much less complete than that concerning the Kigluaik
Mountains.

In the Kigluaik Mountains in the recent past glaciers occupied the
existing stream valleys. So numerous were these valleys that they
were separated only by narrow ridges. In consequence, the wasting
of the walls by glacial erosion and by the general processes of weather-
ing has produced a series of knife-edged divides which preserve prac-
tically no trace of the preexisting topography, and has rendered the
reconstruction of the earlier stages in the topographic development
of these hills practically impossible. :

The knifelike character of the ridges is perhaps the most striking
feature of the mountains from the traveler’s standpoint. Often
there is not even a flat area wide enough to walk on, and sometimes
progress can be made only by walking astride the crest line as one
would the ridge of a steeply sloping house roof.

In the greater portion of the Kigluaik-Bendeleben Range no trees.
are found. The temperature, the steepness of the slope, the absence:
of soil, and the strong winds prevent extensive growth of vegetation.
In the Valleys, espec1ally those with flat floors, some bushes and plants
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are found. In the western range the bushes consist exclusively of
willows and alders which never exceed 10 feet in height. Farther
east, however, in the valleys of the Bendeleben Range, some stunted
spruce add variety to the view by their spire tops. The spruce,
however, are generally small, being seldom more than 20 feet high.

The second distinct range is the Darby Mountains. This is one of
the least known parts of Seward Peninsula. Brooks in 1900 was
inclined to consider it as the continuation of the Kigluaik-Bendeleben
Range, but the data on which this determination was made were
acknowledged to be insufficient. Moflit has, moreover, in a later
report based on & study of the Fairhaven district,® thrown some doubt
on this interpretation. In this report it is stated that the period of
east and west folding marked by the Kigluaik-Bendeleben Range
preceded a later period of folding in which the prevailing direction of
folds was north and south. The general direction of the Darby
Mountain structure runs north and south, and from this fact it was
argued that the Darby Mountains belonged to later date than the
Kigluaik Mountains, which mark the earlier deformation. It is a
question how far this argument will hold, for it has not been definitely
shown that both foldings are present in the supposedly older range
and that only one is shown in the range which is assumed to be
younger. :

From the present meager information concerning the Darby
Mountains it is believed that they present no remarkable topo-
graphic features. They seldom rise to over 3,000 feet, and their
~average height is considerably less. Occurring as they do much
farther east than the Kigluaik-Bendeleben Range, their valleys have
more timber but their ridges are bare and rocky. ~Glaciation of the
valley type has sharpened the mountain features and produced
rugged forms even in this relatively low range.

GEOLOGY OF SEWARD PENINSULA.

KIGLUAIK GROTUP.

The oldest rocks of Seward Peninsula are gneisses which were
formerly included in the so-called Kigluaik ‘‘series.” Moffit,> who
has most recently studied this group in detail, has worked out the
following succession: :

The Kigluaik group as seen in the region of Mount Osborn comprises three principal
members—a basal gneiss, an overlying heavily bedded limestone, and an upper member

consisting of a great thickness of schists and a few thin limestone beds. The lowest
member is found at the ‘base of Mount Osborn, and consists of a biotite gneiss cut by

o Moffit, F. H., Fairhaven gold placers of Seward Peninsula: Bull. U. S. Geol. Survey No. 247, 1905, pp.
36-37. :

b See Moflit, F. 1., Hess, F. L., and Smith, P. 8., Geology of the Nome and Grand Central quadrangles
(in preparation) for further details.
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many intrusive masses. These rocks are mingled together in a most intimate way.
The light-colored granitic portions especially are drawn out and folded and show a
well-developed flow structure. The gneiss is a-dark, coarse-grained rock with a large
amount of biotite and forms more than half the vertical section of Mount Osborn.

The coarsely crystalline limestone overlying the gneiss has a thickness of 800 to 1,000
feet and is well seen on the east side of Mount Osborn, where its full thickness is
exposed. In the central mountain mass it lies in a horizontal position, but on the
south and east and possibly on the west and north it dips under the schists.

The limestone gives some of the most striking topographic features of the region.
It forms the uppermost precipitous slopes of Mount Osborn, on whose top, however, a
small schist mass still remains; and it caps the lower summits to the north where its
white cliffs stand out prominently. Exposures are always much weathered, the
crumbling débris falling in small talus slopes at the base of the ledge. While this
limestone-has been subjected to alteration in various ways and is entirely recrystallized,
it does not show the secondary minerals found in some of the thinner limestone beds
of the (overlying) series. )

Directly over the limestone of Mount Osborn is a great thickness of brown weather-
ing biotite schist which has a southerly dip and forms the whole northern slope of
the east-west ridge south of that mountain. A thickness.of not less than 2,500 feet is
there exposed. . i

The schist is usually fine grained and with rather a smooth cleavage. Biotite is
the conspicuous mineral. Large red garnets are not infrequent. Locally graphite is
developed in numerous small flakes. The brown color by which the outcrops may
be distinguished at considerable distances is due to a small amount of iron oxide
" resulting from the weathering of iron-bearing minerals in the schist. Thin dikes and
sills of coarse pegmatitic granite are frequent, and larger masses of fine-grained granite
have been intruded. . .

Above the brown weathering schist comes more biotitic schist which is usually
highly siliceous and may possibly represent altered sandstones or quartzites. Still
higher, forming the upper part of the series, are beds of staurolite, biotite schist, and
black siliceous graphitic beds. Staurolite schist was found in the upper part of the
Kigluaik group wherever the series was observed. The black. graphitic beds are
irregular in their areal distribution and exceedingly variable in thickness, being far
more prominent east of Buffalo Creek than west of it. The black graphitic schist is
a hard, siliceous rock with platy cleavage, and is entirely distinct from the. graphite-
bearing schist overlying the heavy limestone. In the former the carbonaceous matter
is present as fine dust throughout the rock, while in the latter graphite occurs as well-
defined scales or flakes. )

These black beds were considered by the earlier workers to be entirely distinct
from the Kigluaik group and were given the name Kuzitrin “‘series.”” It is difficult
to determine exactly the relation between the two, but in the Grand Central region
there can be no doubt that in some places the thinner beds are entirely conformable
with the biotite schist with which they are interbedded.

From evidence obtained along Kuzitrin River northeast of the Kigluaik Mountains,
where the black beds are best developed, Brooks¢ considered their probable relation
with both the underlying biotite schists and the overlying Nome group to be one of
unconformity, but states that the evidence is not conclusive.

Thin limestones appear in places in the schists of the Kigluaik group, but are not
so numerous as they are in the Nome group. The limestone beds are invariably
much altered. They have become ~oarse, crumbling marbles, and in places contain
secondary minerals such as spinel, malacolite, and a little brown mica. These min-

e Reconnaissance in the Cape Nome and Norton Bay regions, Alaska, in 1900, a special publication of the
United States Geol. Survey, 1901, p. 29.
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erals were found in limestones which have been highly folded, and were associated
with granitic intrusives. Limestone beds in the upper part of the Kigluaik group are
less altered than in the lower part, and the secondary mmerals mentioned above were
not seen.

From the foregoing statements the 1ollowmo' column of the Kig-
‘luaik growp may be deduced: :

Black graphitic schists.
Staurolitic schist.
Highly siliceous, very biotitic schists.
Brown-weathering biotite schists.
Limestone (800 to 1,000 feet).Heavy crystalline limestone.

. Gneisses with many intrusives very in-
Gmeiss (200 feet). ... tricately folded and ‘“kneaded.”

Schists (2,500 feet) . .. .....

Kigluaik group

There seems to be without any doubt an unconformity between
the gneiss and the limestone, and there may be an unconformity
between the upper two subdivisions of the schists. Although it has
been stated that the two are conformable in the eastern part of the
area studied by Moffit, the fact that the black schists are not found
so abundantly developed in the western part of the same area sug-
gests the possibility of an erosion interval either before or after the
deposition of the black graphitic schist, or possibly two erosion inter-
vals. This is a point, however, which can only be determined by
further detailed studies.

Although nowhere else in the peninsula has the work been carried
on in such detail as in the Mount Osborn—-Grand Central area,
it seems possible to delimit the region occupied by the Kigluaik
group. The geologic map (PL II) shows that the Kigluaik group
forms a belt about 15 miles wide stretching from near the coast
between Tisuk Creek and Feather River in a nearly due east direction.
About 50 miles east the range which forms the topographic expression
of this group is breached by the Kruzgamepa, and the gravels of this
stream cover the country to such a depth that no exposures of the
bed rock are afforded. Beyond this water gap the Kigluaik group
continues to form the country rock for a distance of over 60 miles—
as far as the head of Tubutulik River.

Beyond this point the continuation is not obvious, for the surveys
have been very hasty. It has been suggested, however, that the
Kigluaik group bends southward and forms the country rock of the
Darby Peninsula. Mendenhall® has definitely stated that:

Northwest of the Darby mass [of granitoid rocks], but separated from it by a broad
belt of schistose rocks and alluvium, is another big granitic area lying south of the
upper Koyuk Valley. Only the borders of this mass were touched at one or two

points, but here it does not exhibit the dioritic phase which marked the Darby mass,
but appears as a simple biotite granite.

@ Reconnaissance of the Cape Nome and Norton Bay regions, Alaska, in 1900, a special publication of the
United States Geological Survey, 1901, p. 204.
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It would seem safe, therefore, to consider that the eastern end
of the Kigluaik group does not connect with the rocks at Cape
Darby, and on the map the two areas are disconnected.

The topographic expression of the Kigluaik group is almost always
mountainous. The highest points in the peninsula, Mount Bende-
leben and Mount Osborn, are formed of this group of rocks. These
mountains, although in few places rising to more than 4,000 feet,
have been the seat of past glaciation and have very rugged forms,
practically their entire surface being made up of ledges. In conse-
quence vegetation is even more scanty than in the other parts of the
region. Owing to their remoteness and seclusion, wild animals are
more abundant in the hills than on the lower ground to the north or
south. : '

NOME_GROUP.

GENERAL DESCRIPTION.

According to both Moffit and Collief, the next overlying rocks are
the Nome group. The description of this group by the former ¢ is
as follows: ‘

The Nome group consists mainly of schists, but limestones are present in most of
the area, and are important in several parts of it. Calcareous schist or impure schistose
limestone is locally well represented, and it is frequently of such a character as to
leave one in doubt whether it should be mapped as limestone or as schist.

The different kinds of schist may be broadly classified as chloritic schist, feld-
spathic schist, and siliceous graphitic schist, but all these present numerous variations.

Chloritic schist is the most common of all.. In fact, chlorite is rarely absent in any
schists except the siliceous graphitic varieties, although the amount is sometimes
very small and may not be sufficient to give any marked greenish tinge to the rock.
In such less chloritic phases of the schist the quartz becomes a more prominent mate-
rial, and with the mica gives a gray color to the fresh specimen. Contrasted with
such types are those in which chlorite is the most prominent mineral to be seen and
the rock takes on the marked green color characteristic of it. Such schist in places
grades into the least feldspathic of the feldspar-bearing schist, which carries the
albite crystals in amounts readily seen without the microscope. ‘

The feldspathic schist is so called from the presence of small albite crystals com- .
monly not over an eighth of an inch in greatest dimension, though at times reaching
one-fourth or three-eighths of aninch. The feldspar gives a peculiar speckled appear-
ance to the rock and is best seen on a surface cutting across the cleavage. On cleavage
surfaces the small white crystals may be entirely hidden by scales of mica or chlorite.
Chlorite is present in all cases and usually more or less quartz may be recognized.
The schist is green or greenish gray in color, due to the chlorite constituent, but in
certain instances the color may also be due in part to a considerable amount of epidote
and hornblende.

The siliceous graphitic schist is characterized by the two minerals used in describing
it. The schist is black or dark gray in color. Quartz is the chief constituent, and the
fresh surface is often covered with a fine black dust, like soot, which soils the hands
when touched or rubbed. The rock is hard, weathering into angular platy fragments

a See Moffit, F. H., Geology of the Nome and Grand Central quadrangles, Alaska, Bull. U. 8. Geol.
Survey (in preparation) for further details.
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which ring under the feet like cinders when one crosses the shattered outcrops. As
far as external appearances is concerned it is exactly like much of the siliceous gra-
phitic schist of the Kigluaik group, but none.of it shows any biotite on the weath-
ered surface.

Ne definite constant relation was made out between the black schist and the other
schists or the limestones. It occurs irregularly in many parts of the region.

The black schists of the Nome group are usually thin, rarely reaching a thickness as
great as 50 feet.

Limestone beds are interstratified with schist in all parts of the Nome sedimentary
beds. They are generally light gray or bluish gray in color. Occasionally they are
dark gray, owing to the presence of carbonaceous matter. The limestone is always
metamorphosed in some degree; often it is entirely recrystallized.

A careful examination of beds which at first glance appear to be little altered may
show them to have been intensely folded and to have had their overturned portions
compressed until the limbs of the folds lay parallel with the bedding. Many small
limestone beds not of sufficient importance or too poorly exposed to be separately
mapped occur throughout the Nome group. These vary in thickness from a few inches

or feet to possibly 50 feet or more.

BASAL SCHISTS.

These schists and thin limestones form the base of the Nome group
and occupy by far the largest portion of the peninsula. Nowhere,
however, do they contain fossils; so the only determination of their
age is based on their relation to the next overlying horizon, which in
places carries Ordovician fossils. The dominant structure in the
lower part of the Nome group is cleavage, so that precise determina-
tion of the attitude of the rocks in different places is often impossible.
The topographic forms produced are not striking, except in those
places where the schists form the summit of a ridge. Under such
circumstances the pinnacled character is remarkable. This part of
the group forms the bed rock of most of the important placers, and
its delineation has been of considerable importance in the study of
the loci of placer formation.

‘PORT CLARENCE LIMESTONE,

The Port Clarence limestone, which is the next higher member, has
nowhere been subjected to the minute study which has been given the
rocks already described. It is typically developed in the Port Clar-
ence region and is there fossiliferous. Although different writers
have extended its areal distribution to places far removed from the
type locality, it seems desirable to quote the description of Knopf,®
who has recently published a report of geologic observations in the
original Port Clarence country.

The Port Clarence limestone was so named by Collier on account of its typical

exposure north of Port Clarence, where it occupies an area of 1,400 square miles. Here
it comprises a thick volume of thin-bedded limestones of dense texture, generally

aXKnopf, A., Geology of the Seward Peninsula tin deposits: Bull. U. S. Geol. Survey No. 358, 1908, pp.
12-13.
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unaffected by metamorphism. Four types of rock can be discriminated, an ash-gray
variety, a dark lead-gray variety, magnesian and tremolitic phases, and an argillaceous
banded variety. The first two are the commonest types and occur together in inter-
stratified beds. The dark lead-gray limestone forms massive beds up to 6 feet thick,
while the ash-gray variety, which is fine grained like lithographic stone, is thin bedded
and commonly breaks into large, thin slabs whose surfaces are covered with fucoid
fragments. Some beds of fine-grained dolomite occur in the Port Clarence formation.
Occasionally strata occur intetbedded with the normal Port Clarence limestone which
shows numerous small prismsof tremolite in random orientation. This is the highest
degree of metamorphism displayed by the formation, except for the purely local
manifestations surrounding granitic intrusives.

The basal portion and lower horizons of the Port Clarence formatlon consist of an
impure banded limestone, the banding being produced by lamingz of argillaceous
material. This phase is commonly in a highly contorted condition.

In the Lost River region the Port Clarence has a thickness of 2,000 feet.

As exposed along the western flank of the York Mountains, the basal argillaceous
schistose limestones of the Port Clarence formation merge imperceptibly into members
of the slates, the transitional zone being several hundred feet thick. The transition
zone has been a zone of weakness and exhibitsmore or less severe dynamic deformation.
As already indicated, the lower horizons of the Port Clarence are acutely crumpled,
locally passing into a brecciated condition. Viewed in the large, however, this phase
maintains the appearance of undisturbed and simple structure, characteristic of the
Port Clarence as a whole.

Farther east, in the vicinity of Bay Creek, the Port Clarence limestone gives place
to the graphitic, chloritic, and calcareous schists characteristic of the Nome fegion.
The exact relations are, however, obscure.

The age of the Port Clarence formation, according to Collier, is either Ordovician or
Silurian. The writer found a few poorly preserved fossils from the head of Cassiterite
Creek, which, as identified by Kindle, appear to belong to the two genera Raphistoma
and Liospira, indicating an Ordovician age.

In 1908 the typical Port Clarence region was revisited by E. M.
Kindle and collections of fossils made. The result of his work has
been to extend the age of the Port Clarence beds so as to include the

passage beds between the Cambrian and Ordovician through the
Silurian. A description of the Port Clarence limestone, prepared by
Kindle for publication elsewhere, gives a list of the fossils upon which
this age determination of the horizon is based. ‘
Moffit, in the Nome and Grand Central region, has noted a lime-
stone Whlch appears to have the same stratigraphic position as the
Port Clarence limestone, although it is unfossiliferous. He says:?

Mount Distin is a mass of interbedded limestone and chloritic schist cut by green-
stone dikes, the limestone being much the most important member. It is a synclinal
mountain with the strata dipping in on all sides. The base of the mountain, as is best
shown on its southern slope, is made up of alternating beds of limestone and schist
capped by not less than 800 feet of heavily bedded limestone in which are occasional
brown-weathering impure (limestone) beds. The limestone forming the north front
‘of the hill south of Salmon Lake shows a thickness there of not less than 800 feet, but

aBull. U. 8. Geol. Survey No. 328, 1908, p. 79.
b See Geology of the Nome and Grand Central quadrangles, Alaska (in preparation), for further details. -
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toward the southwest interbedded schists appear and faultmg is so frequent that the
structure and thickness are uncertain.

The areal distribution of the Port Clarence and the rocks which
have been provisionally correlated with this member are shown on-the
general geologic map of Seward Peninsula (P1. II). From this map
it will be noted that the limestone forms the greater part of the Port
Clarence region, and that there dre numerous scattered areas in the
Fairhaven precinct south of Kotzebue Sound. South of the Kigluaik
Mountains it forms a nearly continuous belt stretching from near
Cape Rodney to near the mouth of Casadepaga River. Another large
area is represented as occurring in the hills north of Council and
extending to White Mountain. The White Mountain region is
important, as fossils have been found there. Concerning this place,
Collier @ says that certain collections which were examined by Doctor

Schuchert were reported on as follows:

The limestone of this locality is much metamorphosed, shattered, and squeezed,
so that one hesitates to state what genus the white calcite sections in the rock repre-
sent. However, they appear to be a large bivalve, and as the strata not far away
‘from this locality seem to be certainly of Silurian age, the suggestion is arrived at
that Megalomus may be represented. This suggestion would not have offered itself
if we did not know of a similar occurrence on Drake Island, Glacier Bay, Alaska.
At this locality, the natural sections indicate that they belong to a thick-shelled
bivalve like Megalomus, and as there are associated with them unmistakable Silurian
fossils the fact is established that a horizon of about the age of the Silurian Guelph
is present on the Drake Island.

Near this place another fossiliferous locality has been found of
which Doctor Schuchert reports:

Lot 3AH 103 (Black Mountain near Fish River, 6. miles above White Mountain)
has a Diphyphyllum quite unlike the other Seward Peninsula species.

A short distance away Cladopore are found, and it is probable the
Diphyphyllum from Black Mountain belongs also to the Silurian.

It is a significant fact that the limestone at White Mountain is
so dolomitic that it will not effervesce, while the limestone at Black
Mountain and also in the original Port Clarence area contains little
or no dolomite. The Silurian throughout Alaska is usually dolomitic,
whereas few of the other known limestones have this character.

UPPER SCHISTS.

According to Collier and Moffit, there is a series of schists, included
by the former in the “‘Kugruk group” which appear to overlie the
Port Clarence limestone in the area east of Kougarok River. Further-
more, Moffit has stated that in certain parts of the Nome region the
heavy limestone is overlain by schists. In the latest report on
these schists they are supposed to form the top of the Nome group.

aBull. U. 8. Geol. Survey No. 328, 1908, pp. 77.
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There is, however, some doubt expressed even by those who have
advanced this idea as to their true position, and it was felt that in
the absence of more detailed observations they could not be suffi-
ciently differentiated to be separately mapped. Plate II therefore
includes under ‘‘Undifferentiated schists’ all the rocks which have
been classed as the Nome group with the exception of the Port Clar-
ence limestone (included in ‘‘Heavy limestone’’) and the areas which
have been provisionally referred to that horizon. As the Port Clar-
ence in the type locality is certainly Silurian or Ordovician, it follows
that the lower part of the Nome must be of Siluro-Ordovician age
or earlier, while the schists above referred to may be younger.

GREENSTONES.

Throughout the Nome group there are numerous greenstone
intrusive rocks which seem to be practically limited to that group.
Some of the areas, especially in the southern part of the peninsula,
are so large that they have been mapped as separate from the rest
of the group, and undoubtedly many other areas would be delimited
if all the sheared intrusives of basic character which occur in the
Nome group were included. While noted in all portions of the
Nome group neither these greenstones nor the schists derived from
similar igneous rocks are abundant in the northeastern part of
Seward Peninsula. -

DEVONIAN OR CARBONIFEROUS LIMESTONE.

In the westernmost part of the peninsula, separated from the
rocks just described by a fault of indeterminate throw, there is a
heavy crystalline limestone from which Carboniferous or Upper
Devonian fossils have been obtained. On the basis, therefore, of
the paleontologic collections, it has been possible to assign them to
a higher position stratigraphically than any of the rocks so far de-
scribed. The descriptions of the limestone state that in the contact
region with the granite which forms Cape Prince of Wales the lime-
stone is very crystalline, and that there is no lithologic difference
between it and the Port Clarence limestone or even between it and
the limestone of Mount Osborn. For this reason it is strongly sus-
pected that in many places where, because of metamorphism, fossil
evidence is lacking, certain of the heavy limestones which have been
placed in the Port Clarence would rather have been referred to the
same age as the limestone near Palazruk, described by Collier @ as
‘““a belt of crystalline limestone and interbedded dark mica schists
or phyllites * * * exposed along Bering Sea coast for about 5
miles between the native village of Palazruk and the granite outcrop

a Bull. U. S. Geol. Survey No. 328, 1908, pp. 81.
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of Cape Mountain. Near Palazruk they are intensely crushed and
probably faulted.” In his remarks Collier gives several notes from
different paleontologists, giving the names of the species found by
them in the collections brought home from this locality. He then
sums up the position of this limestone as follows: ‘‘From this evi-
dence the correlation of the limestone exposed near Palazruk with
the Mississippian limestone of Cape Lisburne seems well established.”’

PRE-TERTIARY EFFUSIVE SERIES.

In the extreme eastern part of the peninsula, forming the divide
between the Kiwalik and Buckland drainages, there is a series of
andesites and allied rocks which according to Moflit are younger
than the schists of the Fairhaven district. Although their relation
to the limestone near Palazruk is not determined, it seems probable
that they are younger and so would be post-M1s31831pp1an These
andesites are described as follows:®

They are of a dark-gray or greenish color, and on an exposed surface have a-spotted
appearance due to the alteration of the feldspar phenocrysts. Both hornblende and
pyroxene varieties were seen, the latter showing considerable olivine in addition to
pyroxene, and showing the secondary mineral iddingsite. Alterations of pyroxene
to hornblende were also ohserved. The feldspar is a basic variety, labradorite or
sometimes anorthite, giving as alteration products chlorite and epldote Andesite
breccias were found at various localities.

This type of rock is unknown in other parts of Seward Peninsula.

GRANITIC INTRUSIVE ROCKS.

Later than the andesites of the Buckland-Kiwalik divide are gran-
ites and allied granular rocks. In the limestone near Palazruk there
are also granitic intrusives. In the Kigluaik and Bendeleben moun-
tains, as well as in other places, there are recent granites. While it
is impossible to state conclusively that all these granites are of the
same age, there is probably sufficient ground for grouping them all
together on such a generalized map as that accompanying this gen--
eral description of the geology of Seward Peninsula (Pl. II). In
topographic expression these granites usually form sharp prominent
peaks surrounded by much frost-riven talus at their base. In the
Fairhaven country, however, there are apparent high-level terraces
which have been carved on the granites, and the usual pinnacled
appearance is wanting.

LATE MESOZOIC OR EARLY TERTIARY ROCKS.

The next higher formation affords some fossil evidence as to its
age. It seems to be Tertiary or Mesozoic, but its exact position has
not been determined. The rocks which form it are in general less

aMoffit, F. H., Fairhaven gold placers, Seward Peninsula: Bull. U. S. Geol. Survey No. 247,1905, p. 31,
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metamorphosed than those of the other series and are frequently
of economic importance because of the coal beds which they contain.
These more recent beds occur in widely separated areas and probably
represent, either local basins or infolded remnants which have been
preserved by their slight elevation above base level. The most
northern of these areas on the Kugruk River was described by Moffit
in 1903 as follows: :

Sandy and shaly sediments interbedded with thin limestones were noticed at
geveral localities in the valley of Kugruk River, especially in the vicinity of Chicago .
Creek, where they are associated with deposits of lignitic coal. These beds are folded
and much jointed, but have not been altered to the same degree as have the neigh-
boring schists. They have the same north-south strike and high dips common in the
highly metamorphic -rocks, and when weathered their altered surfaces present an
appearance very similar to that which would have resulted had they been burned.
Such outcrops were noticed on Kugruk River near the mouth of Chicago Creek, and
for several miles to the south. Also on Chicago Creek one-half mile above the Xugruk.
Other smaller coal deposits are found on French Creek in the upper valley of the_
Kugruk.

In the eastern part of the .peninsula Mendenhall® found evidence
of the same general series, which he described as follows:

Eleven or 12 miles above the mouth of the Tubutulik some bluish and shaly sand-
stone and fine quartz conglomerate entirely unaltered but dipping NE. 50° or 60°,
outcrop along the river bank. Two or 3 miles above this exposure is another of soft
brown sandstone and fine conglomerate with blue clay shales. The beds are very
soft and do not resist weathering and erosive agencies, so that the exposures are poor,
but sufficient to determine the presence of a small area of sediments more recent
than the schistose rocks and deposited apparently in a basin in them.

On Koyuk River about 26 miles above its mouth a similar series is exposed, but it
is here much better shown. Shales, coarse loose sandstones, fine quartz conglom-
erates, and impure limestones alternate in thin strata that strike N. 15 W. and dip
8. 70° W.

The third area of late Mesozoic or Tertiary sediments has been
described by Collier ¢ as follows:

In the Nome precinct a small area of unaltered sediments, including some coal beds,
occurs on Coal Creek, a. western tributary of the Sinuk about 14 miles from the coast.
The most prominent outcrops consist of a conglomerate containing pebbles of schist
and vein quartz and some large, well-rounded bowlders of greenstone that has been
slightly sheared. In addition to the conglomerates, the coal-bearing formation con-
tains finer sediments made up largely of schist pebbles that are very much decomposed.
These beds have been slightly crushed and sheared subsequent to their deposition,
making it difficult to distinguish the clastic material from the schists which are in
place. - The formation also. contains a number of seams of finer material in the con-
dition of fire clay. The beds strike nearly northwest and dip to the southwest at an
angle of about 30°. These sediments were probably deposited in a fresh-water basin
that was of small extent. Subsequent to their deposition they have been folded

a Op. cit., p. 25.

b Brooks, A. H., Mendenhall, W. C., and others, Reconnaissance-in the Cape Nome and Norton Bay
reglons, Alaska, a special publication of the U. S. Geol. Survey, 1901, p. 205.

¢Bull. U. 8. Geol. Survey No. 328, 1908, pp. 83-84.
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with the older rocks and eroded to base level with them, so that the original extent
of the basins can not be determined. '

LATER BASIC EFFUSIVE ROCKS.

In addition to the rocks already enumerated there are several
igneous rocks represented on the map which are difficult to treat
systematically. . These rocks seem to have been formed at different
times, but all are probably later than the coal-bearing sediments
just described. The facts concerning these rocks have been recently
summarized by Collier, who says:® -

Typically they are dark-gray or nearly black lavas, usually very cellular or even
spongy in appearance, but in some places compact and without amygdaloidal cavi-
ties. They are diabases and basalts, both rich in olivine. In the basalts especially
olivine phenocrysts are abundant and are noticeable even in the hand specimen.
Rocks of this type find their greatest development in the Fairhaven precinct, where
Moffit reports that there has been a succession of outbreaks of lava occurring through
a considerable period of time. In the region about the head of Kuzitrin River the
most recent outpourings of liquid rock occurred at no very distant date, for the ropy
surface and irregular margin are still preserved. Caverns or tunnels produced by the
cooling of the surface and the continued flow of the still liquid rock beneath are numer-
ous. * * * (On Noxapaga River the writer found these lavas overlying Pleistocene
or late Pliocene gravels that were indurated near the contact and contain pebbles
of basalt derived from an older flow. Along Koyuk and Tubutulik rivers Mendenhall
reports the occurrence of several masses of basalt of similar character. On the upper
Koyuk the lava has a relation to the unconsolidated gravels similar to that seen by
the writer on the Noxapaga. * * * Dasalts occur in small flows and volcanic
necks ata number of localities north of Port Clarence and Grantley Harbor. * * *
There are no criteria for age determination of the basalts north of Grantley Harbor
except the amount of erosion which they have suffered. They antedate the forma-
tion of the Kougarok Plateau, which is certainly older than most of the Pleistocene
sediments. :

Although it has not been possible to differentiate all these various
diabase and basalt flows and dikeson the small-scale map of the penin-
sula, it is believed that the grouping together brings out the essential
fact that soon after the deposition of the late Mesozoic-Tertiary coal-
bearing sediments a period of volcanic activity ensued which
extended with some interruptions down to nearly historic times.

UNCONSOLIDATED DEPOSITS.

Preceding, concomitantly with and later than the volcanic effu-
sions, gravels were deposited on the sea floor and on the land surface.
The accumulation of the gravels took place under varied conditions,
owing to the diverse physical features of the region from which they
were derived and of the surface on which they were laid down.
Some of the gravels were deposited on the sea floor and by waves and
currents were modeled into characters appropriate to that agency.

@ Op. cit., pp. 101-102.
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In other places the land waste was traggported by streams and
deposited under fluviatile conditions. In still other places valley
glaciers transported fragments, eroded their. beds, and, melting, left
débris in forms producible only by ice action. Sometimes the same
deposit has been worked upon by two or more agents, and in this
way complex relations have been developed. With this great varia-
tion of loose unconsolidated material it has been thought advisable
not to attempt differentiation but to group them all under the head
of ‘‘unconsolidated deposits.”

In age these deposits vary greatly. Certain of the tundra gravels
have been provisionally assigned to a Pliocene age, while some of the
gravels are in process of formation at the present time. Concerning
the Pliocene gravels, the following excerpt from a letter by W. H.
Dall relating to the fossils on which this age determination was based
is of interest not only on account of its identification of the particular
horizon of the fossils but also on account of the suggestion it con-
tains as to past climatic conditions: ‘‘The shells from Nome are most
interesting. They are probably Pliocene and show conclusively a
milder climate than now prevails there—say something like that of
the Aleutians or north Japan.”

So far as has been definitely proved, these Tertiary gravels are the
oldest unconsolidated deposits in Seward Peninsula, but it is a ques-
tion whether some of the high-level channels which have been
uncovered may not antedate them.

CONCLUSIONS IN REGARD TO THE SOLOMON-CASADEPAGA
QUADRANGLES.

From the preceding abstracts the beliefs wnich have been pub-
lished ‘concerning the small area of the Solomon-Casadepaga quad-
rangles by the earlier workers may be summarized as follows
(see P1. II):

The area belongs to tw. _eographic provinces, namely, the coastal
plain and the plateau. The geologic formations described as occur-
ring within its borders are at the base the Nome group, which is said
to cover about three-quarters of the entire area and to show both a
basal schist member and an upper limestone member—the Port
Clarence. This limestone was mapped as a belt running along most
of the western border of the quadrangles and swinging eastward
across Casadepaga River to the head of No Man Creek. A few small
scattered patches of limestone at the heads of Big Hurrah and East
Fork creeks were also correlated with the Port Clarence. No other
consolidated deposits were described as occurring within the Solomon
and Casadepaga quadrangles, the next highest deposits mapped being
alluvium, probably ranging in age from Tertiary to Recent. The
alluvium was said to cover about a quarter of the total area of the
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quadrangles and to be - re extensive in the coastal-plain province
to the south than in the plateau province to the north, although
occurring as a broad belt along the lowland which marks the northern
margin of the Casadepaga quadrangle.

TOPOGRAPHY OF SOLOMON AND CASADEPAGA
QUADRANGLES.

RELIEF.

From the general position of the quadrangles with reference to the
whole of Seward Peninsula it is evident that within the Solomon-
Casadepaga area the forms belong to the coastal-plain and plateau
provinces. In the following paragraphs many of the descriptions
‘will be more easily understood by reading the text and detailed topo-
graphic-maps, Plates IIT and IV, together. These maps show all the
larger features that will be described, but, since it is not always pos-
sible for one unfamiliar with topographic maps to correctly interpret
them, a verbal description may be permitted in addition.

The amount of relief relative to sea level or local base level is rather
slight, the highest point being only a little more than 2,000 feet above
the sea. Twenty per cent of the area represented on the two sheets
is less than 300 feet above the sea; 35 per cent is between 300 and 600
feet; 33 per cent is between 600 and 1,000 feet, and only 12 per cent,
or an area of less than 60 square miles, is more than 1,000 feet above
the sea. As more than two-thirds of the area lies between 300 and
1,000 feet, it may be described as one of rather low relief. When
viewed from a distance it presents no great diversity in elevation,
except between the coastal-plain and the plateau provinces. These
two divisions seldom merge one into the other, there being generally
a more or less abrupt transition. Thus, though the boundary may
not be delineated topographically by a line, the junction may be
placed within an error of an eighth of a i 'l)e

From a consideration of the way in which the two provinces were
formed it is evident that the coastal-plain province is the younger.
It 'will be convenient to describe its forms first, but such description
must be prefaced by a statement of its origin as a whole, as in that
way the separate features may be best understood.

COASTAL PLAIN PROVINCE.

The coastal-plain province is believed to have been formed by depo--
sition of material in water and to have been subsequently raised
with reference to sea level until after many oscillations it attained
its present position. Its relief is so slight that to one standing on its
surface it appears flat, and there are few. points which mterrupt the
evenness of its surface. RS
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FORM.

The upland or surface of the plain is but little dissected by strears,
It is nearly smooth and rises gently from the sea toward the north at
a rate never exceeding 100 feet to the mile. As the surface is so little
dissected the upland surface corresponds more or less closely with
the original surface of the sediments that were deposited on the sea
floor when the region was submerged. It does not precisely corre-
spond, however, for deposits of land waste and slide have in places
mantled the original constructional forms and thus masked the true
form that the surface originally had. Then, too, vegetation grow-
ing and dying on the upland for long periods has bullt up deposits
of peat which obscure some of the earlier forms.

On the upland there are few forms which can be lnterpreted as
remnants of the earlier history of the region. Few of the ancient
stream valleys can be recognized except from the character of the
‘gravels which are found in different parts of the plain. Cliffs, such

as that which marks the ‘“‘second beach” at Nome, are wanting,
except inland, near the foot of the hills which belong in the plateau
province. The absence of cliffs of this sort strongly suggests that
this region has undergone a different history from that made out for
the Nome region, and for this reason the attention of prospectors
should ‘be turned to the examination of these points. Not only does
the region lack many of the surface forms that might result from the
destructional action of the sea as it retreated when uplift took place,
* . but practically all constructional forms, such -as beaches and deltas,
are also unrecognizable.

SOILS.

The soil over most of the province is thin and is not well adapted
for any but the more hardy forms of vegetation. The upper 12 or
18 inches. is general bluish muck, abundantly filled with vegetable
fibers. The subsoil is generally frozen from the surface downward
to as great depths as have been reached by mining (100 or more feet).
As a result of this nearly perpetual frozen condition, decomposition
goes on but slowly, and the various chemical constituents necessary
for abundant plant life are not available. Winds blowing over th¢
nearly unbroken surface of the coastal plain have great strength
and probably deter plant life on the upland As it is, the vegetable
covering is mainly a mat of hardy plants in few places more than 6 or
8 inches in height. Over the undissected upland no trees at all are
found. Dwarf willows 3 or 4 inches high flourish with rank grasses.
During the short summer season myriads of flowers, belonging to a
relatively small number of genera, give color and br1ll1ancy te the
tundra.
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DRAINAGE.
VALLEYS.

The valleys of the coastal-plain province are as a rule separated from
.each other by rather large interstream areas. Their dominant trend
is north and south, or parallel to the slope of the plain. The valleys
are more or less stralght and have few side gulches. All of the
streams that originate in the coastal plain are small and are little
more than wet-weather streams. The valleys of the streams, how-
ever, that head well within the plateau province and flow thence
across the plain (for instance, Solomon River and Spruce Creek)
are often of good size, and their streams have therefore accom-
plished more work than the creeks that do not extend into the
plateau. From the mere question of size, then, the valleys may be
divided into those which extend well into the plateau and those
which do not extend much beyond the limits of the plain. The latter
class are generally shallow and have hardly been sunk below the
level of the upland.

The larger valleys, such as that of Solomon River, are more deeply
intrenched" and therefore present a different character. The Solo-
mon Valley shows evidence that a larger volume of water formerly
passed through it, and that its present stream is only a shrunken
remnant which wanders in rather irregular manner across its broad
flood plain. The greater volume of water and the consequent flatter
slope on.which it is possible to flow has allowed the river in places
to cut the floor of its valley below the bottom of the deposits which
form the coastal plain. For this reason, in the lower part of the
valley of Solomon River, as for instance, at Manila Creek, ledges of
hard rock form bluffs along the valley sides. These bluffs are rather
striking forms, for where the rivers are flowing over the unconsoli-
dated coastal-plain sediments the walls cave rapidly and the slopes
are rather gentle and smooth.

" The position of valleys wholly within the plain is that 1mposed
by the original depositional surface of the tundra. The surface of
the plain formed by the laying down of sediments under water was
not a perfectly smooth surface, but showed slight depressions here
%nd there which allowed streams to form in them when the region
was lifted above the water and subjected to the present day climatic
conditions. On the other hand, the longer streams which head
within the plateau province must have antedated the shorter coastal-
plain streams and have had their mouths at the coast line when the
sea stood at the inner (northern) margin of the coastal plain. Later,
when uplift occurred and the shore line receded toward its present
position, these streams were forced to extend their courses across the

46609°—Bull. 433—10——3



34 SOLOMON AND CASADEPAGA QUADRANGLES, ALASKA.

coastal plain that was thus in process of formation. In this exten-
sion all of the irregularities of the surface, such as depressions, influ-
enced the course of the streams. Owing, however, to the slight
amount of these inequalities in proportion to the dominant south-
ward slope of the plain, the extended streams acquired a more or
less straight course, dependent on surface slope and entirely inde-
pendent of lithology. Lithology exerted no control, because in the
unconsolidated condition of the gravels all parts of the plain were
equally advantageous for the production of valleys, and slope was
the determining factor.

As the valleys of the streams completely within the coastal plain
have been carved almost entirely by the streams which now occupy
them, there is seldom any appreciable discordance between the size of
streams and size of valleys. This indicates that there has been no
decided climatic change since the coastal plain emerged, andthat
there have been few captures of drainage. The larger streams, how-
ever, are older and have been effective for a longer time, and there-
fore present somewhat different features. As has already been
pointed out, Solomon River does not satisfactorily fill its valley floor,
and therefore some change which affected the amount of water it
carried in the past must be postulated. The evidence is not clear as
to the nature of this change, but it is tentatively suggested that it

was climatic.
: STREAM ROBBERY.

Though captures are not pronounced within the coastal-plain prov-
ince, the course of Uncle Sam Creek is best explained by assuming
that a diversion of this sort has taken place. Uncle Sam' Creek
heads on the north side of Uncle Sam Mountain and flows, in general,
westerly. Its upper valley seems to be a direct continuation of
Quartz Creek, a tributary of Solomon River, but lower down it makes
an abrupt turn and flows south into Pine Creek, which enters the
lagoon about 4 miles east of Solomon. At the present time, as there
is need of water for mining purposes near the mouth of Quartz Creek,
a ditch has been built to divert water from Uncle Sam Creek to
Quartz Creek, so that the old condition is artificially reproduced.
The reason of the diversion is not clear, for the cause of the greater
efficiency. of Uncle Sam. Creek is not evident. It is believed that
greater erosive power was furnished by warping, which gave the
advantage to the coastal-plain stream. Since this warping took
place, erosion has been proceeding headward in both streams. In
this renewed activity, Quartz Creek has an advantage over Uncle
Sam Creek, because its average gradient from the point where the
diversion has taken place to the mouth of Quartz Creek is nearly 100
feet per mile, while from the point of diversion to the lagoon the fall
is only & little more than 50 feet to the mile. With thegreater slope,
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the erosive ability is greater, and it might be expected that in the
geologic future, if the present processes are allowed to continue undis-
turbed, Quartz Creek will be able to recapture from Uncle Sam Creek
the headwaters drainage which formerly belonged to it. Figure 2,
showing the profile
of the two streams,
may make this point
. more evident. Fur-

ther evidence of this '
. . FIGURE 2.—Profiles of Uncle Sam and Quartz creeks. «, Profile of
earlier course i S Uncle Sam Creek; b, profile of Quartz Creek on the same plane; c,

afforded by river hypothetical earlier course of Quartz Creek.
gravels and flood-plain deposits at.an elevation of nearly 50 feet
above the mouth of the present stream.

STRUCTURAL FEATURES.

In the valleys of the coastal plain there are few evidences of con-
structional or destructional forms of an earlier cycle. Terraces and
benches are practically wanting. Some constructional forms, such as
alluvial fans of recent origin, have been built by the streams as they
passed from the steeper slopes of the plateau to the gentler ones of
the coastal plain. This has, in a measure, obliterated the junction
of the two provinces, so that the line between them can seldom be
drawn with precision. Other constructional forms, such as deltas,
are almost wanting. This is in part to be explained by the slight
amount of erosion that has been effected by the streams and the con-
sequently small amount of waste that has been brought down by
them, and, in part, to the recency of the uplift which produced the
coastal plain. Even those streams which enter the quiet waters of
the protected lagoons have built no deltas.

THE COAST.

The coastal-plaln province, as may be seen from the topographic
map, Plate III, is terminated to the south by the waters of Norton
Sound. It is probable, however, that the same general surface slope
is prolonged -under water, and that if further uplift should take place
a new strip of land in all essential respects similar to the present-day
surface, except where the sea floor has been modified by wave and
current action, would result. Such modification is well shown by
the reefs and lagoons which extend almost the entire length of the
coast of the Solomon quadrangle. The building of the reefs is due to
the on and along shore action of the waves and currents, sand being
derived from the sea floor. In the early stages such reefs are often
a mile or more off the coast. As the destructive attacks of the sea
finally exceed the repairs that can be made from the floor of the sea,
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the reefs retreat inland until they become attached to the coast.
Such a condition is shown at Taylor Lagoon. As the onshore building
" by the waves exceeds the scouring action of the rivers as they flow
seaward, the rivers may become so blocked that instead of flowing -
directly into the sea they are forced to parallel the beach for consid-
erable distances before discharging. Spruce, Lillian, and the smaller
creeks between the two are good examples of the obstruction of rivers
by the constructive activities of the sea. These streams are forced
to flow nearly 8 miles parallel to the coast, although at the point where
they are deflected they are less than 200 yards from Norton Sound.

The seaward side of the reefs is smooth, owing to the currents which
flow parallel to the coast, but the inland side is frequently irregular
because the erosive activities along this face are weak. Whilemany
of the smaller streams have been obstructed by the currents, the
larger ones have not suffered so much deflection. It is evident that
a force strong enough to overcome a small stream might not be able
to affect a larger one. Solomon River, because of its size, has been
able to enter the sea directly and shows no lateral deflection. In
times of strong onshore winds, however, or of high tides, even this
river is so checked and ponded back that its water is brackish for
2 or 3 miles upstream.

POPULATION.

Few people live in the coastal-plain province, but even this small
number constitutes the larger part of the population of the two quad-
rangles. Of the few there are three main classes, namely, towns-
people, miners, and natives. The townspeople are employed in vari-
ous enterprises that have sprung up as a result of the roadstead, and
more particularly as a result of the easy path into the interior. The
low gradient into the more remote districts has, as already noted,
been taken advantage of by a railroad, which employs many of the
inhabitants. The miners are a more or less floating population at
present, owing to the fact that no profitable gold-bearing gravels have
_been discovered and that the work is mainly prospecting. They
number only a score or so and live widely separated from each other
during the summer, returning to one of the towns in the winter. The
third and last class are the natives, numbering only a few families
within the coastal-plain area. They live mostly along the seashore,
where-fishing and sea hunting can be carried on easily. Some also
congregate near the towns, remote enough to live in their own
fashion, but near enough to take advantage of the rejects of their
white neighbors. None of these classes can in any sense be regarded
as agriculturists, although a few of the people raise in frames some of
the more hardy and quickly-growing vegetables. Game is almost
lacking, although ducks are numerous among the reeds and on the
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quiet waters of the ponds and lagoons. Fish are plentiful, not only
in the waters along the coast but in many of the streams of the coastal
plain.

PLATEAU PROVINCE.

Forming nearly three-quarters of the area under consideration is
the plateau province. Asisindicated by its name it is a region of con-
siderable elevation above the sea and above the neighboring coastal-
plain province. :
FORM.

The plateau has been so thoroughly dissected that it by no means
everywhere presents a flat table-topped sky line, with the valleys
forming narrow notches below that surface. Looked at in a broad
way, however, it is seen that the uplands are more or less uniform in
elevation. Furthermore, when the structure is studied in detail, 1t
is seen that the surface in no wise corresponds to the attitude of the
rocks, which are usually beveled by the upland. From the fact that
no known process, except that of long-continued subaerial erosion, is
capable of producing a widespread uniform level on rocks of different
resistances, it has been more or less tacitly assumed that to such a
process is due this upland surface. ‘

When, however, the observer tries to construct wide erosional plains,
differing from each other by only a few hundred feet, the errors intro-
duced are too great, owing to the obscurity of the forms, to warrant
the attempt. That there are such levels can not be doubted, for the
region must have undergone a long period of geologic activity in the
past, but their positions can not be ascertained at present. Little or
no flat upland is preserved, and, as has already been stated, only about
12 per cent of the entire area is above 1,000 feet in altitude, so that
the amount of surface at any elevation between 1,000 feet and 2,000
feet (the highest point in the quadrangles) must be very small.

As the upland seems to consist of rocks of nearly the same resistance
to weathering, and as there are few of the characteristic features of
an old surface of subaerial erosion, it seems unsafe at present to
. attempt to account for its present topographic form. That this must
be due to long-continued subaerial denudation can be of but slight
doubt, but whether the denudation gave rise to a peneplain or to sub-
equal accordance of summit level is uncertain. If, then, the origin
is in doubt, it is not appropriate to attempt to correlate the upland
surface over the entire area, as having been formed at one time or by
one process.

There seems to be no ground for assuming any particular direction
of slope for the upland. The highest points occur in the divides be-
tween the larger streams, but if they are considered as a whole, it can
not be shown that there is a constant direction of slope, although it
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would appear that the divide along the eastern margin of the areasis
relatively higher than on the western. The upland on the western
margin is narrower and appears to be formed by the meeting of two
erosional plainson opposite sides of the divide—that is, with no original
upland surface remaining. On the eastern margin, however, there
seems to be more upland preserved between the slopes on opposite
sides of the divide, so that possibly some of a more ancient surface is
preserved. If such is the case it is ‘'manifestly unsafe to correlate the
old surface preserved to the east with the surface which may be the
result of recent degradation to the west. It is, therefore, believed
not to be feasible to make any statement as to the slope of the upland.

Although a statement of the direction and amount of the slope of
the upland is out of the questlon it is evident that the surface is in
no sense due to constructional forms, such as folds or original planes °
of deposition. Many of the various rocks that compose the crust are
standing at high angles, and yet are terminated abruptly by the
surface. The lithology of the different members, however, exerts a
considerable control over the surface features. Thus, the limestones,
which, in more humid regions, are the weak or valley-making rocks,
are here the resistant members and often hold up the ridges. The
greenstones also are resistant, so that they form the upland over large
areas. This is the more striking when it is remembered that rela-
tively small amounts of such igneous rocks are present.

Constructional forms of an earlier cycle are wanting on the upland,
and in practically no instances are deposits of fluviatile or marine origin
observable. In one case only were well-rounded pebbles found near
the upland surface, and these occurred in such a position that their
mode of origin was not determinable. From the character of the
frost-riven fragments that cover the major part of the upland, and
the absence of waterworn deposits, it is unsafe to venture a suggestion
as to the original history of the upland. Destructional forms, such as
benches, monadnocks, etc., are also wanting. It is true that here and
there rocky knobs rise to heights of several hundred feet above the
average level of the upland, but their form and distribution is not
such as would be characteristic of monadnocks.

SOILS AND VEGETATION.

On the uplands the soils are rather thin and consist mainly of angu-
lar broken fragments of undecomposed bed rock of local origin. No,
trees or bushes grow on the upland and the only vegetation consists of
grasses, hardy flowery plants, and mosses and lichens. The local
origin of the soils has had a decided effect upon the character of the
vegetation. This is perhaps most strikingly shown in those cases
where limestone forms the surface rock. In such places vegetation is
practically absent and a careful search must be made to find even a
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blade of grass. Where the limestones are cut by other kinds of rocks,
the latter may often be traced by the band of vegetation which follows
them and does not occur on the limestone itself. This condition seems
to hold true only with the more massive, thicker limestones and is not
the case with the thin limestones interbedded with and merging into
the schists. ’

' DRAINAGE.

STREAMS.

The valleys of the plateau province present many different features
both as regards form and arrangement. - The original surface on which
the drainage of the region was '
effected is too completely obliter-
ated to allow a satisfactory state-
ment as to the early stages of the
stream development that determined
the major valley lines. The map,
figure 3, shows that the drainage of
the plateau dischargeseither into the
Niukluk (and thence into Golofnin
. Bay) or into Norton Sound directly.
Of these two divisions the Golofnin
Bay drainage carries off consider-
ably more than half the precipita-
tion from the two quadrangles. The
‘streams belonging to this system
drain the entire northern part of the
area and also a small amount along
almost the entire eastern margin of
the quadrangles. Niukluk River
with its branches is the largest
member of this group of streams.
Its tributaries within the quad-
rangles commencing with the most
northwestern, are: American Creek,
several small unnamed tributaries ‘
between this creek and the Casa- %) . _ -
depaga, Casadepaga River, Alice, [le—erme==
E]khorn, Camp, Richter, and Bear Fieure 3.—Diagram showing drainage basins of
creeks. Only abou t4orb miles Of Solomon and Casadepaga quadrangles.
the Niukluk itself is within the limits of the quadrangles. Of the tribu-
taries named the Casadepaga and its many side streams drain by far
the greater area.

The Niukluk is a tributary of Fish River, and the latter stream has .
one large tributary, Fox River, which heads within the quadrangle,
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although the area it drains is only a square mile or two in extent.
The position of this stream is, however, of considerable importance,
for at its head there is a low pass which allows easy communication
between the coast and the productlve part of the Niukluk River gold
fields, near Council City.

The most southern rivers that empty in Golofnin Bay are the
streams which form Klokerblok River. The more important of these
streams that head within the area under consideration are Skookum
River, Boil, O’Brien, and Kentucky creeks. Their entire drainage

area, however, does not exceed 15 square miles.
~ Solomon River is the most important stream of this region that
enters Norton Sound. Together with its many long branches, it
drains the larger part of the Solomon quadrangle and also receives
some water from the area to the north. Practically its entire drain-
age basin is shown on the detailed maps, Plates III and IV. From
the relation of this stream to Casadepaga River to the north it
would appear that the former had gained some territory from the lat-
ter. This conclusion is based mainly upon the way in which the
divide of the two streams bows toward the Casadepaga. This
point will receive some further attention later.

Besides Solomon River there are several other streams belonging
to the Norton Sound drainage. Some of them, such as Pine, Lode-
stone, and Lillian creeks, have been already discussed in the descrip-
tion of the coastal-plain province, and further mention of them may
be omitted.

Two other streams east of Solomon River, namely, Spruce Creek
and Topkok River, each drain small areas of the quadrangles. The
former lies wholly within the mapped area, but the latter has only its

headward portion, Rock Creek, west of the margin. Neither of the
basins of these streams, however, drains an area of more than 8 or 10
square miles. West of Solomon. River a small amount of the
surface is drained by streams belonging to the Bonanza River system;;
the largest within the quadrangles is Jackson Creek. Its mapped
basin has an area of only 3 or 4 square miles, and is therefore insig-

nificant.
VALLEYS.

- In most of the valleys, especially in the larger ones, such as those

of the Casadepaga and Solomon rivers; the slopes of the valley walls,
in the lower part, show distinct benches which mark old erosion and
construction levels. This interpretation is borne out not only by
the form, but also by the character of the material of which they
are composed. Higher up on the sides of the valleys, and also in the
headward portion, benches are rather uncommon. This absence is
perhaps to be accounted for by the destructive effects of the down-
hill creep of material under the influence of gravity. As a rule the |
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shape of the valleys is not broadly flaring. An understanding of
the general character may perhaps be best gained from the various
illustrations that accompany this report. The usual cross section
of a valley from the divide toward the river is shown diagrammatically
in figure 4. At first the slope is gentle, but it steepens notably a short
distance below the divide. Then it flattens until a few score feet
above the stream, when it becomes still more gentle. Usually this is
followed by asteep descent of 10 to 20 feet, and this cliff is succeeded
by the nearly flat valley floor.

In ground plan none of the valleys show any marked sinuosities
on a large scale. Bends, indeed, do occur, but they are seldom
arranged with any regularity. Though this is true of the streams in
general, it does not hold for that part of Casadepaga River between
Curtis and Canyon creeks, where numerous swings occur with rhyth-
mic order intrenched below the bench, which stands 20 to 30 feet
above the water. The arrangement of the streams with reference
to each other may be best gathered from the sketch map, figure 3. It
will be seen that, as a rule, the streams of two opposing drainages do
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FIGURE 4.—Cross section of a plateau-province stream, Castle Creek.

not interlock to any marked extent, and that as a result the divides
between the two are not very irregular. This would suggest that
active headward erosion by the different streams is not now in
progress. Such a condition may be due either to the fact that the
drainage has had sufficient time to adjust itself to existing conditions
or to a lessening of erosive ability caused either by a change in relation
to local base-level or by a decrease in precipitation and accompany-
ing run-off. The first suggestion is not believed to be correct, for in
many places streams are found with essentially similar volume and
yet with very different gradients. Although definite proof has not
been adduced, it is strongly suggested that there have been climatic
changes which may account for some of the features, and that others
are probably due to rather recent movements of the crust.

The gradient of the valley floor often shows changes from steep to
gentle slopes. This throws some light on the recent history of the
region. It is common to find the lower half mile or so, especially of
the side streams, showing a steeper slope than the middle portion.
The flatter gradient of the middle part is succeeded, farther upstream,
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