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PREFACE.

By Avrrep H. Brooxs.

" For several years after the organization of the Alaskan surveys in

1898 most of the appropriation was devoted to exploration. These
exploratory surveys, although they had no high degree of accuracy,
- served to block out the larger features of the topography and geology,
and the resulting reports and maps proved of great value to the
pioneer prospector and miner. With the advance of the mining in-
dustry came a constantly increasing demand for maps which were
based on a higher degree of refinement both with reference to geo-
logic observation and to mensuration. To meet this demand areal
surveys were begun first on a scale of 4 miles to the inch and later,
where the mining interests warranted it, on a scale of 1 mile to the
inch. The rapid industrial advancement in many parts-of Alaska led
to the expansion of surveys of this character almost to the exclusion
of the purely exploratory work. ‘

The progress made in reconnaissance and detailed surveys has
seemed to warrant again dlvertlng a part of the funds to exploring
some of the little known regions. One of the largest -of the ‘un-
surveyed dreas in the more accessible parts of Alaska is roughly
blocked out by lower Yukon and lower Koyukuk Rivers on the east
and Norton Bay and Seward Peninsula on the west. This field was
selected for survey because it was thought that the metamorphic
rocks of the Seward Peninsula might occur within it, which would
give presumption of the presence of auriferous deposits. The results
of the investigation of this area are presented-in this report.

In addition to exploring the region east of Norton Bay the pa1 ty
also extended the topographic and geologic mapping into the south-
eastern part of the Seward Peninsula, thus extending the surveys of
Peters and Mendenhall, made in 1900. In this part of the field the
results were sufficiently definite to warrant their publication in a map
on a scale of 4 miles to the inch. The remainder of the survey, based
as it was on foot traverses, which afforded little opportunity for areal
mapping, seemed hardly sufficiently accurate to warrant the publica-
tion of maps on a larger scale than 16 miles to the inch.

' K



8 - - PREFACE.

Messrs. Smith and Takin deserve great credit for the large amount
of information gleaned during their very hasty exploration. The re-
sults form a notable contribution to the geology and geography of a
region that was previously almost unknown. Though the economic
results so far as most of the region is concerned are largely negative,
they are, nevertheless, of no inconsiderable value. The geologic maps
will indicate large areas which do not seem worthy of attention on the
part of -the prospector.

Besides covering the Norton Bay and lower Yukon region in an -
exploratory way, the report and its maps furnish the details about the
southeastern part of the Seward Peninsula necessary to complete the
reconnaissance work in that province. The publication of this report
marks the close of the reconnaissance work in the Seward Peninsula
which was begun a decade ago.



A GEOLOGIC RECONNAISSANCE IN SOUTHEASTERN
SEWARD PENINSULA AND THE NORTON
BAY-NUTATO REGION, ALASKA.

By Parue S, Surrm and H. M. Eaxiw.

INTRODUCTION.

West of Koyukuk and Yukon rivers a large area has long remained
geologically unexplored. In a portion of this region an exploration
party from the United States Geological Survey worked during the
season of 1909, and the results of the studies there carried on and ex-

_tended as far as Council, in Seward Peninsula, are set forth in this
report. The party consisted of the. writers, A. G. Winegarden,
packer, and a cook. Supplies for a. month were shipped to Nulato,
the point from which the expedition set out, and the camp equip-
ment and supplies were transported in the field by a pack train of
four horses. Other supplies, sufficient to last the rest of the season,
were sent to Nome and then transported, through the courtesy of the
Wild Goose Company, to the mouth of the Koyuk and there cached
to await the arrival of the party.

After many delays the party arrived in Nulato on the afternoon
of June 24 and immediately began to get the outfit into condition for

- the trail. On the morning of June 26 active field work was begun.
The route, as indicated by the location of the camps on the maps -
(Pls. I and V, in pocket), was westward to Ungalik River, thence

northward to the Koyuk, which was reached on July 16. Here a

halt was made until supplies from the cache could be obtained and the
outfit put into shape for the next trip. On July 19 the party started
northeastward “along the divide between the Inglutalik and the

Koyukuk drainage basins. This survey was carried eastward to the

divide between, Kateel and Inglutalik rivers. Return to the Koyuk
was made along the divide between the drainage basins of the Buck-
land and the East Fork of the Koyuk, and a tie was made on the
previous geological work of Moffit in northeastern Seward Penin-
sula. At the close of the trip the Koyuk was crossed near the mouth

of East Fork, and the party arrived at the Koyuk cache on August 8.

A severe storm and the work of replenishing supplies and making

9



10 RECONNAISSANCE IN SEWARD PENINSULA AND

necessary repairs delayed setting out again until August 12, when
the party got under way and made a meandering traverse of the
areas between Koyuk River and Norton Sound that had not been
visited by Mendenhall in his expedition of 1900. Moving along the
divide between the Koyuk and the Norton Sound.drainage basins,
the party swung around the head of the Tubutulik, thence crossed
the divide into the I'ish River drainage basin, and, following along
the foothills, came to the Omilak mine. From the mine the course
was southeastward to the Kwiniuk and thence along the coast to
Walla Walla. Supplies had been sent to this point from the mouth
of the Koyuk, so that the horses had been able to travel light. - From
Walla Walla meandering traverses were made westward to Cheenik,
which was reached September 17. By this time the top of the ridges
were snow covered, and a start was made the next day for Council by
way of the Kachauik-Fish River divide. Council was reached and
the fieldwork for the season was stopped on September 21.

Locations were kept by continuous foot traverses run by each of
the geologists independently and elevations were frequently noted by
aneroid barometers. The barometric observations, however, were un-
checked and served principally to give relative elevations. The foot
traverses were paced, directions being obtained by means of Brun-
ton compasses. The results of the different traverses were platted
in the office by making adjustments between known -points which had
‘been determined instrumentally either by the Coast and Geodetic
Survey or by Peters on the reconnaissance trip of Mendenhall in 1900.
So closely did the.various traverses check on known points that it i=
believed that, after the adjustments were made and the map prepared,
few, if any, points were more than a mile out of their correct posi-
tlons That this ‘tpparent]y rough method of pacing is capable of

. giving good results is shown by the fact that the difference between
the position of Camp A15, near the Bonanza mine, on the Ungalik,
as determined by the two geologists, after having made a linear trav-
erse of over 130 miles, was less than 5 miles. This result was ob-
tained on the erroneous premise that both were pacing 2,000 paces to
the mile. 'When, however, an individual rating had been obtained by
comparing the ‘scaled and paced distance to the mouth of the Koyuk
" and this correction had.been applied to the location of Camp A15, it

was found that the difference between the two traverses was c0n51der-
ably less than 1 mile.

‘Hearty acknowledgments are due to Mr. A. G. Wlnecrflrden of
Gardiner, Mont., who acted as packer throughout the various trips,
for his unoeasing activity in furthering the aims of the expedition

“and his willingness to perform more than his share of the camp work
in the face of rather discouraging conditions. - Thanks are also ex-
pressed for the friendly assistance of Mr. C. H. Munro, of the Wild
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o

Goose Company, and to Messrs. Thomas Moon and John Lindburg,
prospectors, in distributing supplies at appointed places and thus
facilitating the movements of the party.

The writers desire also to express their appreciation of the work
of the earlier geologists and engineers who have visited portions of the
region or contiguous areas, and from whose published reports and
manuscripts they have borrowed to supplement their own observa-
tions. Among those to whom the writers are niost indebted for scien-
tific information are Messrs. J. L. McPherson, W. C. Mendenhall,
F. C. Schrader, F. H. Moffit, and A. H. Brooks; for the determina-
tien of the fossils collected they.are indebted to. the paleontologists

of-the United States Geological Survey.

GEOGRAPHY.
LOCATION OF AREA.

The area in which new gcographic and geologic information hag
‘been obtained may be inferred from the description of the itinerary
of the expedition of 1909. It has seemed feasible, however, to so
~extend the area actually visited as to include contiguous regions
which throw light upon parts of the region visited in 1909 or in
. which the results of 1909 serve to confirm or explain problems raised
by other investigators. The area treated in this report is therefore
in the main rectangular and may be roughly described as bounded
by parellels 64° and 66° north latitude and by meridians 156°
and 164° west longitude.. Described in terms of places and natural
objects, the southern margin is near the settlement of Unalaklik, on
the east coast of Norton Sound, and the eastern end of the northern
margin is a short distance north of the big bend of Koyukuk and
Kateel rivers and the western end is a short distance north of- the
town of Candle on Kiwalik River in the northeastern corner of
Seward Peninsula. On the east the region is bounded by a north and
south line passing a little east of the junction of the Melozitna and
Yukon rivers; on the west the best known point to which to refer the
margin is the town of Council on Niukluk River. The area can be
best comprehended by reference to the general map of northwestern
Alaska (fig. 1), and to the more detailed maps, Plates I and V.
For several reasons it has been decided to show the eastern part of
this region separately from the western. This has been done mainly
because better information has permitted mapping of the western
portion on a scale of approximately 4 miles to the inch, whereas the
eastern portion is shown on Plate V on a’scale of apprommmtely 16
miles to the inch. A division of this sort separates the great sand-
stone shale area of the east from.the more highly metamorphic areas
of the west. In this report the eastern area, the one represented by
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Plate V, will be referred to as the Nulato-Norton Bay region, and the
western part (Pls. I, VI) will be called southeastern Seward
Peninsula.

HISTORY OF EXPLORATION.

Prospectors and trappers have without doubt wandered over the
region described in this report, but there is little or no record of their
journeys and the facts that they learned have been lost. Other
classes of travelers seldom ventured far from the main avenues of
intercommunication; consequently, until- within the last 10 or 15
years there have been few.published references to any part of the’
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F1cure 1.—Sketch map of northwestern Alaska, showing location of region considered.

region except the coast line, the Yukon and Koyukuk rivers, and the
Kaltag portage. It is not intended at this place to give an account
of all the exploring expeditions that have visited the waters siir-
rounding Seward Peninsula, Norton Sound, and Bering Sea, and the
reader who desires a more complete lnstorlcal sketch is referred to
the papers of Brookse and Dall.t

The oldest settlement in this part of Alaska was at St. 1\’[1011‘181
where, according to Dall,* Michael Tebenkoff, an officer in the Rus-

¢ Brooks, A, I., Geography and geology of Alaska: Prof. Paper U. 8. Geol. Survey
No. 45, 1906.

b Dall, W. H,, Alaska and its resources, Boston, 1870, 627 pp. and map.

¢ Idem, p. 9.
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sian-American Trading Company, established a post in 1833. From
this point trading was carried on with the surrounding country.

‘Soon other posts were established. Thus in 1838,> Malakoff, a creole,

explored the Yukon as far north as the present town of Nulato and
established a small settlement at the mouth of Nulato River. He left
this post undefended during the winter of 1838-39 and it was de-
stroyed by Indians. Soon afterward, in 1840, a trading post and fort
were established on Norton Bay near the mouth of Unalaklik River
and called by the name of the stream. This town, according to the
1900 census, had a populatlon of 241.

In spite of the destruction of the first settlement at the mouth of
Nulato River the Russian-American Tradmg Company, appreciating
the importance of this place as a point giving ready access to the
Koyukuk basin, sent Dérabin in 1841 to rebuild the fort. This was
done,.and in 1842 Lieutenant Zagoskin of the Russian navy visited
the place. His visit is of interest because he made several short
journeys into adjacent areas and published the Tesults of his observa-
tions.? Although his accounts are fragmentary and imperfect, they
show that he visited portions of Yukon River as far upstream as the
mouth of the'Melozitna, explored Koyukuk River as far as the mouth
of the Kateel, and made a side trip up the Kateel to assure himself
that the native reports of an easy route into the Buckland drainage
basin were correct. Unfortunately the maps published with his re-
port are not based so much upon his direct personal observations as
upon reports heard by him, and consequently many of the features
are indicated only in a most general manner.

In 1851 the trading post and fort at Nulato were burned and some
of the inhabitants were massacred by Indians from the Koyukuk.
When the town was rebuilt it was moved a mile or more up the river
to its present location on a low gravel bench between Nulato Slough
and Nulato River.

About 1850 the great activity among many of the different nations,
notably the English, in searching for the Franklin expedition re-
sulted in several ships wintering in the waters of Kotzebue Sound.
From these ships several exploring parties visited neighboring areas
and added geographical data. Of these expeditions few prepared
maps of sufficiently large scale to portray any but the most general
features of the region explored. Among the overland trips were
the exploration of Selawik Lake and vicinity by Surgeon Simpson
of H. M. S. Plover, the trip from Chamisso Island by way of Buck-
land and Koyuk rivers to St. Michael by Lieutenant Pim of the same

e Dall, W. H., Alaska and its resources, 1870, p. 48.
b Zagoskin, L. A., Travels on foot and description of the Russian possessions in America

‘from 1842 to 1844 : Ermans Archiv fiir wissenschaftl. Kunde von Russland, vols. 6 and 7.
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ship, and the exploration of Buckland River by Captain Kellett and
officers of H. M. S. Herald. Accounts of the voyages of the Herald
show that the last-named expedition went up the Buckland for 30
miles (probably measured along the circuitous course of the river) -
in a whaleboat-and then about 30 miles farther in lighter boats. The
Pim ] ourney is also described in the same publication, but the narra-
tive is more a recital of hardships than of geographic or geologlc
data and is not accompanied by a map.?

A later impetus to exploration was given when in 1863 the Western

" Union Telegraph Company undertook to build a telegraph line
through Alaska to connect the settled parts of America and Europe.
In 1865 Kennicott, who was in charge of the scientific work of this
company, crossed ‘the Kaltag portage and surveyed the route to
Nulato. During the same year J. T. Dyer and R. D. Potter, accord-
ing to Dall,® made a very hazardous and successful exploration of
the country between Norton Bay and the mouth of the Koyukuk
River on the Yukon... Unfortunately no map of this trip was pub-
lished, and the data collected, although undoubtedly used by Dalls?
have never been available. In 1865, also, another party under the
leadership of Baron von Bendelében explored the route for the line
from Norton Bay to Port Clarence, but the results like those of the
other parties have never been published.

The death of Kennicott in 1866 caused the leadership of the sci-

entific corps to pass to W. H. Dall. It was the work accomplished
while in charge of the telegraph exploration -and during the year
succeeding the abandonment of the enterprise that enabled Mr. Dall
to write the most authoritative general book on Alaska that had
- appeared up to the time of the discovery of valuable gold deposits.
- All brarches of geography and geology received some attention from
‘this investigaﬁor and many of his observations will be quoted in more
detail in subsequent portions of this report.

A period of ten or fifteen years elapsed durmg which few notes
of value were collected and published concerning the Nulato-Council
region. In 1885 Lieutenant Allen made his famous trip, during
which a portion of the Koyukuk was mapped and also the portage
from Kaltag to Unalaklik. About this time explorations by -the
Revenue-Cutter Service were begun ‘The explorations of this
branch of the government service which directly concerned the
Nulato-Council region were by Purcell in the vicinity of Selawik
Lake and by Zane along the Koyukuk to Nulato..

e Seeman, Berthold, Navigation of H. M S. Herald during the years 1845-1851, vol. 2,
London, 1853, pp. 119-120. .

% Op. cit., pp. 130-148.

¢ Dall, W. H., Alaska and its resomces p. 357,

4 Op. cit., map
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In 1889 Prof. I. C. Russell ¢ ascended the Yukon, and his report
of this trip furnished many facts, both of geologic and geographic
significance.

With the discovery of gold in the Klondike an influx of pros-
pectors and others into Alaska followed, and soon afterwards the
United States Geological Survey was able actively to undertake geo-
graphic and geologic investigations of the district. One of the
earliest of these surveys was conducted by Spurr, mainly in the
basin of the Kuskokwim. The geologic and topographic map pub-
lished with his report covers the area between the Koyukuk and the
Koyuk and from the mouth of the Kateel. southward, and is con-
sequently the first geologic map of the eastern half of the area studied
in 1909. Most of the information concerning the Nulato-Council
region was compiled or gathered from reports of prospectors, and
very little geographic significance, outside of the distribution of the
different geologic groups, was added.

Schrader ¢ in 1899 came down the Koyukuk and the maps published
in the report of his trip, which were made by T. G. Gerdine, afford
a much more detailed representation of the region than had hitherto
been available. No traverses of the country away from the river
were made, so that details regarding the region between the Yukon
and Norton Bay were not acquired. At the close of the field work in
the Koyukuk region  Schrader went to Nome and with Brooks made
the first examination by Survey geologists of Seward Peninsula.

In 1900 two main parties were dispatched to Seward Peninsula.
One in charge of A. H. Brooks investigated the region as far east
as Council; the other in charge of W. J. Peters, with W. C. Menden-
hall as geologist, investigated the southern part of the peninsula
as far east as the Koyuk. The field studies of the Peters party
cover the western part of the area visited by the expedition of 1909
and will be referred to in detail in succeeding pages of this report.
In the main, however, the results may be summarized as follows:
A delineation of the major features of the topography by maps, the
publication of data on various geographic subjects such as climate,
vegetation, and fauna, and the statement both verbal and graphic
of the areal, historical, and economic geology.? The studies of Men-
denhall were carried on mainly from the streams; the three larger
ones, the Fish, the Tubutulik, and the Koyulk, he ascended in canoes.

4 Russell, I. C., Notes on the surface geology of Alaska: Bull. Geol. Soc. America,
vol. 1, pp. 99-162. C

bSpurr, J. E., A reconnaissance in southwestern Alaska in 1898: ''wenticth Ann.
Rept. U. S. Geol. Survey, pt. 7, 1909, pp. 31-264.

¢ Schrader, F. C., Preliminary report on a reconnaissance along Chandlar and Koyukuk
rivers. Alaska, in 1899 : Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, pp.
441-486. . ’

4 Mendenhall, W. C., A reconnaissance in the Norton Bay Region, Alaska, in 1900, a
special publication of the U. S. Geol. Survey, 1901, pp. 183-222.
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During 1901 Schrader made a trip to northern Alaska and visited
portions of the Koyukuk drainage basin.® In the same year Menden-
hall ® explored the Kobuk River, and although this region lies con-
siderably to the north of the Nulato-Council area the information
secured throws considerable light on the problems of the latter. Tn
the reconnaissance by Schrader, a geologic map was published show-
ing the different formations along the Ioyukuk northwestward from
" latitude 66° north, and this map and the notes on the lower part of

the river already referred to on page 15 afford a continuous sec-
tion from the Yukon-northward. :

Of the other survey expeditions that have visited contiguous areas
the party under Collier in 1902 and the Atwood party of 1907 are
the only ones that require specific reference here. The main object
of these expeditions was to study the coal resources of portions of
Alaska. A publication has appeared setting forth the results of the
investigations by Collier,’ but Atwood’s report has not yet been
published, though many of the manuscript notes have been kindly
furnished to the present writers.?

In 1906 a traverse from the mouth of the Koyukuk to the shores of
Norton Sound and thence to Council was made by a party sent out
by the War Department. The object of the survey was to determine
the feasibility of a land route from the navigable waters of the
Tanana to the vicinity of Council City. The maps accompanying the
report of this survey were the first to give accurate information con-
cerning a strip of country 5 to 10 miles wide extending from the
mouth of Koyukuk to the mouth of the Koyuk, and are replete with
facts of geographic interest. J. L. McPherson was in charge of the
field work and prepared the text of the report.c Specimens of the
various formations crossed were collected and submitted to the United
States Geological Survey for study. On this account it-was not neces-
sary to cover the area surveyed by McPherson’s party again when the
Nulato-Council region was visited in 1909. Reference to this report
will be made in more detail in subsequent pages of this paper.

In 1908 A. G. Maddren made an exploratory survey of Innoko -

River and contiguous areas. His report on this trip, with the accom-
panying maps, affords considerable information .concerning the

e Schrader, F. C., Reconnaissance in northern Alaska in 1901 : Prof. Paper U. S. Geol.
Survey No. 20, 1904, 139 pp.

b Mendenhall, W. C., Reconnaissance from Fort Hamhn to Kotzebue Sound, Alaska :.

Prof. Paper U. S. Geol. Survey No. 10, 1901, 68 pp.

¢ Collier, A. J., Coal resources.of the Yukon, Alaska: Bull, U. S. Geol. Survey No. 218,
1903, 71 pp.

a Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula: Bull
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country south of the Yukop. Practically all the features shown on
Plate V south of the Yukon were taken directly from his maps.«

-

 GENERAL TOPOGRAPHY.

Throughout the Nulato-Council region the relief is relatively low.
Few hills over 3,000 feet occur and the larger part of the upland area
is only about 2,000 feet above sea level. Although there are no high
ranges, steep slopes lead from the flat river bottoms to the high-
lands. In the Nulato-Norton Bay region there are numerous parallel
northeast-southwest ridges, the highest of which forms the divide
between the Inglutalik-Ungalik and the Kateel-Gisasa river basins.
The hills to the north of the East Fork of Koyuk River are:low and
rolling, without pronounced direction. Farther west, in Seward Pen-
insula, there are three ranges forming prominent landmarks; these
are the hills between Buckland and Kiwalik Rivers, and the Darby
and the Bendeleben Mountains. The higher points of the first range
rise to elevations.of about 2,500 feet; in the Bendeleben Mountains
the highest point is a little over 3,700 feet, and in the Darby Range
the highest peak is about 3,000 feet. In the two last-named ranges
precipitous slopes more than 2,000 feet hlgh give a very rugged
topography.

Outside of these three higher areas the uplands are rolling, with
elevations from 1,000 to 2,000 feet above sea level, unforested, well -
drained, and covered with angular fragments of frost-riven waste.
Pmna,cles of the underlying rocks form fantastic knobs here and
there.

The drainage of the region studied flows into the Yukon, into Nor-

_ ton Bay, into Norton Sound, or into Kotzebue Sound. ’l‘he streams

belonging to the Yukon drainage and to the eastern part of Norton
Bay show pronounced parallelism with the geological structure, and
long, narrow valleys are the result. The gradients of the main valleys
are low, but those of the small side streams rise rapidly headward.

" In places the streams flow through narrow rock-walléd canyons of

slight depth, but in others flat ﬁood plains and gravel deposits occur.
In the headward portions of the basins complex relations of the

- streams on opposite sides of the divide are noted, and it is by no

means possible at long range to foretell the direction of the drainage.

* In Seward Peninsula, where the geologic structure is more complex,

the effect on the streams is not well marked and irregular courses are
the rule. In this part of the area the longer streams, such as the
Koyuk, the Kiwalik, and the Tubutulik, flow more or less parallel

o Maddren, A. G., The Innoko gold-placer district, Alaska: Bull. U. 8. Geol. Survey
No. 410 1910, pls. I and IT.

71469°—Bull. 449—11——2
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with the mountains, but Fish River and its larger tributaries flow at
right angles to the Bendeleben Range.

Almost all the valleys show signs of having been eroded entirely
by stream action. In the headwaters of the rivers rising in the
Bendeleben and the Darby Ranges, however, there are glacial cirques
“and valleys. Here the present streams form irregular threads on the
broadly open floors of valleys with very steep sides. At the mouths

of the streams flowing into Norton Bay many of the streams, instead -

of showing erosion features, have filled the former valleys, which
have been depressed, with sand and gravel. Examples of this kind

of topography are found at the mouth of the Kwik, the Tubutulik,

and the Kwiniuk Rivers, where numerous lakes and sloughs form an
untraversable network during the summer.

The coast line presents numerous examples of different types of
shore topography. From the Reindeer Hills to the Koyuk a coastal
plain, recently emerged, affords a relatively straight shore with such
slight depths of water off the coast that approach for large vessels
is impossible. Of course, under such conditions, harbors do not exist.
On the western side of Norton Bay the sinking of the land and the
attack of the waves have resulted in a rugged coast with cliffs and
harbors. This part of the coast is formed by the Darby Range,
which rises in abrupt slopes from the sea and forms a long southward
pointing peninsula. West of this range the deep reentrant of Go-
lofnin Sound and Bay, which probably représents the submerged

portion of an old valley similar to that of Fish River, affords a good

harbor. Still farther west rocky headlands with intervening beaches
produce a diversity of forms. On the depressed portions of the coast
* there are sand spits, such as the long point extending east from near
the mouth of the Kwiniuk.

DRAINAGE BASINS INCLUDED.

All the streams flowing through the Nulato-Council region may
be considered as belonging to one of three main basins, namely, the
Yukon, the Norton Sound, and the Kotzebue Sound. Of these the
first two include by far the greater number of streams. Roughly
computed about 50 per cent of the area shown on the maps, Plates I
and V, is drained by the Yukon and its tributaries, 45 per cent by

tributaries to Norton Sound, and 5 per cent by streams.flowing into .

Kotzebue Sound. In the description of these different basins no
attempt will be made to enumerate all the streams belonging to each,
for that sort of information may be better gathered from the maps
(Pls. T and V), but rather to present the particular features not easily
legible on topographic maps of such scales as those adopted for
publication.



NORTON BAY-NULATO REGION, ALASKA. ' 19
YUKON BASIN.

The portion of the Yukon considered in this report extends from
slightly east of the mouth of the Melozitna on the northeast to near
the mouth of Kaiyuh Slough on the southwest. In this distance the
main tributaries are the Koyukuk, the Nulato, the Kaltag, and the
Khotol. Regarding these various streams, with the exception of
the first two, no new data of geographic interest were received during
1909, and as the facts already known about the Kaltag and the
Khotol are indicated on the map accompanying these reports, no
further description of them will be attempted.

Kateel and Gisasa rivers formed the portions of the Koyukuk drain-
age that were visited and mapped, but only the upper 30 to 50 miles
of each stream were seen in any detail. McPherson, who crossed
* the Gisasa near latitude 65° North, describes the valley as follows: e

The Gisasa River is a stream from 70 to 150 feet wide, with gravelly bottom.
Along the river banks on the north side of the valley is a heavy growth of
spruce. Along the south side of the valley timber grows in scattered bunches,
the intervening ground being to a considerable extent marshy and niggerhead
tundra. ‘

From the survey of 1909 it was found that the Gisasa Basin was a

peculiar, narrow one, lying between the Nulato on the southeast and
the Kateel on the northwest. The river from mouth to head near
Camp A9 must be nearly 70 miles in a direct line. In this distance
few or no tributaries much more than 10 miles in length are received.
The basin. is thus probably less than a score of miles wide in its
widest part, and in the headward 50 miles it is generally much less.
* As will be shown in a later portion of this report the direction
and the general physical features of the Gisasa Valley are due to the
geologic structure of the region, which trends. northeast-southwest.
Although in portions of its course the river flows on a flat gravel
plain essentially at the level of the stream, in other parts it has rock -
walls through which the stream has cut narrow canyons. These
canyons are not continuous, but appear at irregular intervals along
‘the valley. None of the canyons are deep, only a few of the rock
walls, if any of them, reaching a height of 50 feet. Above the steeply
incised walls a more open valley is usually found, which indicates
rather recent minor deformation of an anterior topography.

The Kateel Basin was seen in less detail by the writers, but its
general features are essentially similar to those of the Gisasa, except
that its valley is wider and it has longer tributaries. From. the
survey of McPherson it was determined that Arvesta and Caribou
creeks are tributaries of the Kateel. The former, where it was
crossed, near latitude 65° north, is from 50 to 70 feet wide and from
1 to 3 feet deep. The latter is much smaller and runs at an elevation

¢ McPherson, J. L., op. cit, p. 17.
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about 500 feet higher. Prospectors who crossed the region somewhat
north of McPherson’s route state that the volume of the Kateel is
much smaller than that of the Gisasa. v

A general idea of the Kateel Basin was afforded by a view from
Traverse Peak, though the weather was unfavorable for a thoroughly
satisfactory observation of the topography. From this point it was
evident that the northeasterly trend observed in the Gisasa Valley

_ was still dominant. The divide along the western margin of the

basin ran nearly north and south, so there is a considerable area
tributary to this river. Low passes lead from the Kateel into the
Ungalik, or into the Inglutalik, and probably into the Buckland. The
pass from the Kateel to the Buckland was not actually seen, but
enough of the drainage arrangement was evident to show that some
of the western tributaries joining the Iateel below its junction with
Arvesta Creek head in the low hills east of the Buckland, so that an
easy route undoubtedly exists between the two rivers.

The Nulato River Basin is long and narrow, being formed by two
large streams occupying strike valleys that coalesce a few miles from
the Yukon and below this point are transverse to the structure. The
main branch is about 50 miles long in a straight line. Its valley has
a broad gravel-filled floor on which the stream meanders in irregular
pattern. It will be seen from the map of this valley that, although
lying parallel with the Yukon and not more than 20 or at most 25
miles away from that stream, it drains northeastward, whereas the
Yukon in-that part of its course flows southwestward. This results
in a more than right-angled turn near the mouth of the Nulato, and
suggests that the physiographic development of the streams has been:
complex. Smooth slopes rise steeply from the valley floor to the
relatively even uplands. On the southeastern side high hills scored
by narrow gulches preserve the snowfall late in the summer. The

. volume of water carried by the main branch is therefore more con-

stant throughout the season than is the case of those streams depend-
ent upon the rainfall. Passes easily traversable by horses lead from
the Nulato Basin to that of the Gisasa, of the Shaktolik, and prob-
ably also of the Unalaklik.

NORTON SOUND DRAINAGE:

TRIBUTARIES OF NORTON SOUND EAST OF KOYUK RIVER,

East of Koyuk River the main streams belonging to the Norton
Sound drainage from south to north are the Unalaklik, the Shaktolik,
the Ungalik, and the Inglutalik. All of these rivers show pro-
nounced angular bends on a large scale, most of which are to be
accounted for by the geologic structure of the region. This condi-
tion is best illustrated by the three northern streams, whose basins
are almost completely mapped.i It will be seen from the map that
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for the first 5 or 10 miles® in a straight line from the coast the rivers
flow in winding courses at a right angle to the shore. Upstream
from this point the course abruptly changes, and for the next 10 to
30 miles the rivers have a nearly north-south trend. Still farther up-
stream the direction again changes, and the streams flow from the
northeast or even from the east-northeast.

Taken as a whole, the three rivers have narrow, rather contracted
basins in the middle or north-south part of their courses, because few
tributaries enter from the east and west; in the upper part, however,
because the main streams are flowing more or less across the geologic
structure, the side streams are long and the area tributary to the
main streams is therefore more extensive. Rock-walled canyons,
separated from each other by gravel-filled basins, bear witness to
. recent crustal movements throughout the area.

Unalaklik River was not visited by the survey party in 1909, but

portions of it are well known, because the portage from the Yukon to
St. Michael follows the lower part of this stream. A long branch
joining from the north heads against the Shaktolik River, and it is
probable that an easy pass across the hills to Nulato River exists. The
northeast-southwest trend of the drainage and the intricacy of stream
arrangements make it difficult to interpret the topography at long
.range. It is possible, therefore, that the Shaktolik may extend far-
ther around the head of Nulato River than was evident at a distance,
so that there may be more than one divide between Nulato and
Unalaklik rivers.

North of the Unalaklik is a rather small stream, the Iguik, which
drains the triangular area between the Unalaklik and the Shaktolik.
Its drainage basin is at most only a few hundred square miles in area.

" Although previously mapped as a rather unimportant river, the
Shaktohk drains a considerable territory between the Ungalik on the
north and the Unalaklik on the south. Tts course is so irregular that
it can with difficulty be recognized at any considerable distance. The

- Shaktolik was first seen in detail near camp A10. At this place its
course was nearly due north, giving the impression that it flowed
northward into the Ungalik. Near camp A13, however, it joined
with a branch from the south and formed a good-sized stream. From
the small increase in the size of the northern branch between camp
A10 and its junction east of camp A13 it seems certain that only a
few tributaries enter between these two places. : '

Near camp A10 the river is incised in a narrow rock-walled canyon:

about 30 feet deep. Above the canyon walls the topography opens
out into a broad older valley which had reached maturity before the
uplift took place by which the present cycle was started. The floor

o The figures given represent measurements in an alr-line and not along the circuitous
courses of the streams.
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of this older valley is in large measure rock cut with a relatively
small amount of gravel covering. Well-rounded material, however,
is practically universally present and affords indisputable proof of
the presence of stream erosin at this higher level. Near camp A13
the canyon-like character is wanting. Four or 5 miles below camp
A14 incised meanders, with radii of from one-half mile to 1 mile,
occur. Here the walls are, for the most part, gravel, with the bed-
rock not e‘zposed It is beheved that the differences in the amount
of filling and incision noted along this stream are due to the undula-
tory character of the most recent uplift.

No accurate determinations were made of the volume of the Shak-
tolik, but from float measurements near camp A12 it was found that
the discharge was between 150 and 200 second-feet. The tributary
from the north joining east of camp A13 was of about equal vol-
ume, and below camp Al14 the amount of water had increased to
such an extent that the stream could be crossed only with difficulty.
~ In this connection it should be noted that 1909 was an exceptionally
dry season, so that a greater volume is to be expected during a year
of normal precipitation.

Ungalik River shows the same characters as the other streams
tributary to Norton Bay from the east. Its basin shows the three
distinct parts previously referred to, namely, an open east and west
course through the coastal plain province, a narrow north and south
portion parallel to the geological structure of the region, and a
northeast and east-northeast course in the headward portion. In
this upper part the basin shows the same feature previously noted on
the Shaktolik, namely, that the tributaries from the south are longer
than those from the north, so that the basin, if the main stream
be considered as its axis, is decidedly unsymmetrical. This lack of
symmetry seems to be due to three causes, namely, structural con-
trol, climatic conditions, and tilting. Asymmetrical valleys are
common in Alaska, and have previously been described by different
authors. An epitome of the various causes with reference to a spe-
cific region has been pubhshed by Goodrich.e It was pointed -out
by this geologist that the effect of insolation differs according to the
condition of the stream as to load; thus, if the stream is- overloaded
the tendency will be for the waste to push the stream toward the
side receiving the least sun, whereas, if the stream is not carrying all
the material it can the reverse tendency will dominate, and the
stream will migrate toward the side receiving the most sun. Plate
11, A4, shows one of the tributaries of the Shaktolik below camp A12,
which is migrating toward the north because the stream is under-
loaded and the south-facing slope receives more warmth than the

@ Goodrich, H. B., Cause of asymmetry of streams: Eighteenth Ann. Rept. U. 8. Geol.
Survey, pt. 3, 1898, pp. 285-289.
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other. In a consideration of the development of the drainage it
should' be borne in mind that types due to one cause alone are prac-
tically absent and that complexity of origin, rather than simplicity,
is normal. . : ,

- From Ungalik River passes may be found into the Inglutalik to
the north or to the Kateel on the east, or into the Shaktolik on the
south. None of these passes are over 3,000 feet above the sea, and
many could be found at elevations below 2,500 feet. The saddle by
which McPherson crossed from the Kateel to the Ungalik was only
a little over 2,000 feet. :

As regards size, the Ungalik is not so large as the Shaktolik. Two
miles below camp A16 the stream could be crossed in less than 2
feet of water, and farther upstream it was still shallower except for
occasional deep holes.” Lower downstream, however, in the coastal
plain portion of its course, it becomes deeper and sluggish, and in-
stead of a hard grav-

T,
elly bottom it has a soft //////// /////:/?%%%///4////
mud bottom that makes /%%%%%% _
crossing difficult with- (G722 7 0 7
out a boat. Z/ﬁé%%% ?f/
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%
I
Y

77
%

b £ 1 in the t Relatively wgal{ rocks Resistant rocks
ones tound n the (-?I‘- FIGURE 2.—Arrangement of drainage due to geologic
race of gravels along its structure.

course. It is at least 60 miles long and appears to have a greater
volume of water than either the Shaktolik or the Ungalik. Below
camp A18, in the coastal plain province, the river can not be forded;
at camp A18 is the first riffle, and on it good crossing in about 2 feet
of water is afforded. Poling boats have been taken as far as camp
B9, and during seasons of normal precipitation could undoubtedly be
worked still further upstream.

In the upper part of the Inglutalik Basin the drainage is very com- .
plex, and many readjustments have taken place, so that at a distance
of 5 or 6 miles it is impossible to tell whether the river drains toward
the north or the south. Backhand or barbed drainage is common.
1t should be noted, however, that this feature is not always to be ac-
counted for by capturing, but in many instances is due to the geo-
logical structure. Figure 2 indicates in diagrammatic manner how
a normally developed subsequent stream (A) may have a barbed
junction with the main stream without capturing having taken
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place. In this same figure stream B is also a normally developed
subsequent stream, but as the soft bed on which it has developed
forms an acute angle with the course of the main stream the tribu-
tary enters without the barbed junction.

Low passes easily traversed by’ horses lead from the Inglutalik
into the Kateel basin to the northeast; into the Ungalik on the south;
into the Koyuk on the west; and into the Buckland on the north. It
is reported, although it was not confirmed by personal observation,
that part of the Selawik drainage also heads against the Inglutalik.
There are no known facts which would make such a condition
unlikely, but the region in question is so entirely unexplored that
conjectures as to the drainage are hardly warranted. The only
information on this subject is Zagoskin’s trip up the Kateel to near
the big bend, in 65° 30" north latitude. According to this traveler
a low pass leads from near this point northwest to the Buckland. - It
should be realized, however, that Zagoskin did not attempt the pas-
sage; that there may have been a misunderstanding as to the river
on the western side of the divide, and that it is possible his inform-
ants were not correct in their geography. From the present status
of knowledge it seems more likely that a pass northwest of the big
bend of the Kateel would lead into a north-flowing branch of the
Selawik than to a west-flowing branch of the Buckland.

KOYUK RIVER.

Koyuk River enters the northern: reentrant of Norton Bay and
is a river over 80 miles long. For the first 15 miles from the mouth
it has a nearly southerly course, but above this point it flows more or
less directly from the west toward the east. For 60 miles or so its
tortuous meanders make measurements along the river many times
the air-line distance. Mendenhall and Peters in 1900 traversed the
river as far west as the head of canoe navigation a few miles above
Knowles: Creek, and the details of their map have been taken for
the course of this stream. In 1903 ¢ Moflit and Witherspoon, map-
ping the northeastern part of Seward Peninsula, added many facts
- concerning the Koyuk basin north of the main stream and con-
* cerning the river itself beyond the point reached by Mendenhall
and Peters in 1900.

From the observations of the earlier geologlsts and topographers,
supplemented by the field work of 1909, it appears that the Koyuk
basin is unsymmetrical. Of the various tributaries, East Fork un-
doubtedly drains the largest territory. Its basin is about 30 miles
long, heading against portions of Buckland and Inglutalik river
basins. Many low passes lead from the East Fork basin into the

e Moffit, F'. H., The Fairhaven gold placers, Seward Peninsula: Bull. U. 8. Geol. vaey
No. 247, 1905, pls. IT and III
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Buckland. Probably the lowest pass is by way of the branch on
which camp B12 was located. The elevation of this camp was ap-
proximately 300 feet above the junction of East Fork and the
Koyuk, and as there is a strong upstream current, due to the tides,
as far as the mouth of Peace River, it is safe to assume that the
mouth of East Fork is practically at sea level. North of camp B12
there is a broad abandoned valley in which there are several lakes.
Some of these drain northward and some southward. The elevation
of these lakes is not more than 100 feet above the camp, so it is
certain that there is a route across Seward Peninsula from Norton
Sound to Kotzebue Sound, nowhere more than 400 feet above sea

level. :
TRIBUTARIES OF‘NORTON SOUND WEST OF XKOYUK RIVER.

West of Koyuk River the main tributaries of Norton Sound from
east to west are Xwik, Tubutulik, Kwiniuk, and Fish rivers. All

of these streams are mainly within the area occupied by metamorphic
rocks of complex structure and consequently do not show by their
courses the striking structural control noted in the rivers farther
east. Because of the greater amount of information available con-
cerning the region west of the Koyuk, the map of southeastern Sew-
ard Peninsula (Pl. I) shows the distribution and character of these
rivers in greater detail than was possible on the smaller scale map
adopted for the Nulato-Norton Bay region (PL V).
Kwik River is a small stream about 20 miles long flowing in the
_main on a very flat slope in a circuitous course in a gravel-filled basin.
It heads in the divide between Norton Bay and the east-west portion
of the Koyuk. Passes lead across this divide at low elevations. The
lowest pass is by way of the branch on which camp C4 was located.
At this point a broad, open saddle at an elevation of only a little more
than 600 feet affords an easy route from one basin to the other. The
‘most characteristic feature of this basin is the flat lowland through
the lower three-quarters of the area and the short, rather steep gra-
dients of the streams above the point where they enter the flats.
Tubutulik River had previously been traversed by Mendenhall and
Peters, so that few notes concerning the stream arrangements were
collected in 1909. In the main this basin is parallel with the igneous
intrusions of the Darby Range, but above Lost Creek, where the gran-
ites disappear, the course for several miles is more nearly east and west.
Above this point its general direction is north and south. In thig
part of its course is a lowland, locally known as Death Valley, which
is elliptical in outline and about 7 miles long by 5 miles widé.
North of Death Valley the headwater streams rise in the high eastern
extension of the Bendeleben Mountains and flow on steep gradients
into the Death Valley Basin. The lower 5 to 10 miles of the Tubutulik
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basin is formed by swampy lowlands similar to those at the mouth of
the Kwik. In fact, the area between the lower portions of these
streams is practically undivided, and it would be almost impossible
to determine just what portion of the flat was tributary to one stream
and what to the other.

Measured in a straight line from its head to its mouth, the Tubu-
* tulik is about 40 miles long, but its numerous meanders make the dis-
tance along the river much greater. Several low passes lie between
the Tubutulik and the Kwik on the east, the Koyuk on the north, and
the tributaries of the Fish on the west. ~ The ridge between the Tubu-
tulik and the Kwik nowhere exceeds 1,000 feet, so that at the heads of
the tributaries are many places where passages at elevations of 600 to
800 feet may be found. Between the Tubutulik and the Koyuk there
are two low saddles where the elevation does not exceed 1,000 feet.
The most important of these saddles is the one east of Death Valley,
where the trail from Nome to Candle crosses the divide. At this place
the elevation is only a little more than 800 feet above'sea level. The
low saddle is north of the north fork of the Tubutulik and leads into
Timber Creek, a tributary of the Koyuk. This pass i$ broadly open
and has several small lakes scattered on the flat divide. Between Tu-
butulik and Iish rivers there are two or three low passes, but the one
taken advantage of by the telephone lines is perhaps the lowest.
North of this one, however, near camp C8, there is a saddle at an ele-
vation of about 1,000 feet, by which horses can easily cross from the
Tubutulik into the Fish River basin.

Southwest of the Tubutulik the Kwiniuk River drains an area of
approximately 100 square miles. It has an extremely irregular
course, its bends in the main being dominated by the general north-
south geologic structure. Tt has many side streams joining it in back-
hand manner. This is especially true in the portion around camp
C14. About 2 miles south of this point there is a long tributary
coming in from the west which makes a sharp bend and cuts across

the prevailing structure to join the Kwiniuk; 2 miles north of camp .

C14 also there is a stream flowing almost due south until it enters the
northeastward-flowing Kwiniuk. It is believed that some of these
abnormal features may be explained by the obstruction of the drain-
age by deposits formed by valley glaciers from the Darby Range,
which have prevented a former direct course to the sea.

The Kwiniuk basin is about 30 miles long and is on the whole

rather narrow. In places rock walls constrict the river, but in other

places there are gravel-filled basins of small extent in which the river
splits into many separate channels. At the mouth, the river flows on
the broad gravel deposits (which probably represent basin filling)
that merge with the flats at the mouths of Tubutulik and Kwik
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rivers. In this part of its course the basin is characterized by an
intricate network of sloughs and channels impossible to traverse
in summer.

Fish River is the largest stream west of the Koyuk. Between it
and the Kwiniuk many streams heading in the north-south Darby
Range flow in short courses eastward into Norton Sound or westward
into Golofnin Sound. Fish River, like the Koyuk, was ascended by
Mendenhall and Peters in 1900, and the form of the main river has
been taken directly from their map. It is an extremely tortuous
stream in its lower and middle course, but in its headward part and
for a short distance in the so-called Fish River gorge it is an actively
degrading stream. In the lower part the river splits into numerous
distributaries on the delta, and its flow is so sluggish that it is diffi-
cult to distinguish the main channel from blind sloughs. Steam
river boats ascend the river as far as White Mountain, but above this
point as far as Council, on the Niukluk, or as far as Mosquito Creek,
on the main river, horse boats are used.

Above the junction of Niukluk and Fish rivers the valley of the
main stream is constricted and the river flows through a gorge with -
rather steeply sloping walls for a distance of about 10 miles. Up-
stream from the gorge the valley opens out and the floor is a flat
gravel-covered plain 15 miles wide parallel with the direction of the
stream and 30 miles long transverse to this direction. This part of
the basin is an unexplained physiographic feature. The plain fs
dotted with lakes and sloughs slightly sunk below the general level
of the surface. Here and there, irregularly dlstrlbuted, are low
gravel mounds from 10 to 50 feet in height, that seem to mark former
dep051ts so dissected that perhaps not one- hundredth of their original -

* extent is preserved. /

The main tributaries from the west are Niukluk and Pargon rivers.
The former rises in the Bendeleben Mountains and the hills to the
south about 20 miles west of the mapped area. The Pargon, some-
times incorrectly called the Parantulik, rises in the high east-west
range which forms the eastern extension of the Bendeleben Moun-
tains. It flows along the southern margin of the Fish River basin
for nearly 20 miles before entering the main stream. From the east
the main tributaries of Fish River are, from south to north, Etchepuk
and Rathlatulik rivers and Mosquito Creek. All of these rise in the
high Darby Range that forms the eastern border of the Fish River
basin. In their headward portions they all flow in rather youthful
valleys with- fairly steep gradients, but as they cross the flats their
slopes decrease, and they flow in sinuous courses slightly incised
below the level of the plain.
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KOTZEBUE SOUND DRAINAGE.

The only portion of the Buckland or other Kotzebue Sound drain-
age seen was between camps B5 and B13. In this region only the
~ headward part of some of .the streams belonging to the Buckland
~ were observed near at hand, and therefore few additional data as to
the larger features of the basin as a whole were obtained. It seems,
however, that the area of this basin has been in large measure ex-
aggerated. From the mouth of the Buckland to the divide between
that river and the East Fork of the Koyuk in a straight line the: dis-
tance is between 50 and 60 miles, and from the mouth to the divide
near camp B5 is only a little over 60 miles.

Like many of the other basins which have been carved mainly on
bedded sediments of Mesozoic age in this part of Alaska, the basin
of the Buckland tributary streams shows pronounced structural
control. This results in an irregular distribution of narrow valleys
parallel to the geological structure of the region, with transverse
gorges. In this kind of topography the recognition of the true direc-
tion of the drainage from a distance is almost impossible., The west-
ern branch of the Buckland, visible from Bear Creek (north of camp
B13) flows in a broad, flat valley, the average gradient of the stream
from mouth to head probably not exceeding 6 to 8 feet a mile. In
the descriptions of Quackenbush¢ and of the earlier surveys by
Captain Kellett and other officers of H. M. S. Herald and Plover, it
is stated that the Buckland is navigable in light boats for about 60
miles as measured along the river’s course, that is, as far as the forks
of the stream about 20 miles north of the Koyuk-Buckland divide.

The low pass from Buckland to the east fork of Koyuk River
has already been described. A pass from the Buckland into the
Kiwalik basin by way of Bear Creek has been utilized by a road from
the mining camp on Bear Creek to Candle. The divide between the
Buckland ana the Inglutalik is low, and, although -usually covered
with dense brush, it offers no considerable obstruction to crossing
from one drainage basin into the other. -

UPLANDS.

As has already been stated, the relief in the Nulato-Council region
is relatively low. Few hills are more than 3,000 feet high, and the
larger part of the upland is probably not more than 2,000 feet above
‘sea level. There are, therefore, but small differences in elevation be-
tween the uplands and the lowlands and still less between different
portions of the upland. This results in producing a sky line uninter-
rupted by any considerable inequalities.

@ Quackenbush, L. S., Notes on Alaskan mammoth expeditions of 1907-8: Bull. Am. Mus.
Nat. Hist., vol. 26, 1909.
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Smooth, rolling uplands are particularly characteristic of the
East Fork-Inglutalik divide. In this part of the field the features
are slightly dissected, rounded domes, with gentle slopes merging with
the present valley walls by a series of benches. Plate I1, B (p. 22),
shows a typical portion of this upland and is characteristic in a broad
way of the divides between most of the minor drainage basins. On
such uplands traveling is good, as the surface is well drained and the
frost-disintegrated fragments afford good footing. Not only are up-
lands of this type found in the regions where unmetamorphosed sedi-
mentary rocks form the bed rock, but they are also characteristic of
parts of the schist region—as, for instance, at the head of Kwik’
River.

‘Even the higher and more rugged divides here and there show
a somewhat flat-topped character. Thus, on both sides of the Koyuk-
Buckland lowland there are numerous flat-topped hills, some a mile
or so in width, carved on materials very different both in composition
and in apparent resistance to weathering. This feature is also seen
in the hills north of Death Valley on the Tubutulik. On one of these
hills north of camp C7 a profile similar to figure 3 was observed which

o ! ~2Miles

Ficure 3.—Profile of hill north of camp C7, at heid of Tubutulik River.

showed at least five flats from a quarter to half a mile wide. These
have been produced on a complex structure of schists, thin limestones,
and granites.

The two main mountainous regions are (1) the divide between the
Yukon and the Norton Bay drainages, called by McPherson the
~ Brooks divide, and (2) the Darby and Bendeleben mountains. In the

former the general trend is north and south, with the highest points
only little more than 3,000 feet in elevation and the average much
less. Conical peaks rising 500 to 800 feet above their neighbors afford
easily recognizable landmarks, visible for long distances. A few steep,
rocky crags were seen, but all are easily scalable. In the Darby and
the Bendeleben mountains the trend of the former is predominantly
north and south and of the latter east and west, so that together they
form a crescentic highland area. The crest line of this range is
ragged and irregular, being in places close to the north and west side
“of the range and at others close to the south or east side. Here and
there the crest line is so narrow that passage even on foot is hazardous,
and blocks of waste disturbed in passing roll hundreds of feet down
the slope before finding lodgment. This is true particularly of the
Bendeleben Mountains, where glacial action of the alpine type has
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been effective in the past. In certain parts of the D‘lI‘by Range also
this same agency has.produced similar uplands. Plate IIT, 4, shows
a portion of the Darby Range much dissected by glaciation and illus-
trates the narrow pinna.cled character of the upland that results.
Such divides are not due to valley glaciers having covered the upland,
_but are the result of headward erosion on opposite sides of the ridge.
Regarding the origin of the uplands, there has been no clear evi-
dence found to indicate the effective causes. As will be explained in -
detail later, it is known that the deformation which took place after
the deposition of the Cretaceous sediments was so great that any
topography formed prior to this event must have beén so changed as
to have little or no effect on the present topography. The surface
therefore has been formed between the Eocene and the present time.
It is known that none of the mountains indicated by the dips of the
strata formed by the folding are preserved at the present time in this
region. The upland surface has therefore been produced by erosion,
and the present hills owe their height rather to greater resistance to
erosion than to original constructional uplift. Whether this erosion
resulted in a nearly plain surface approximately at sea level, which
has subsequently been uplifted and again dissected, or whether the
erosion took place at considerable elevations above sea level and
leveled without base leveling the tops of the hills, is a question that
must await much fuller investigation. There are the following ob-
jections to the interpretation that the present upland surface repre-
sents a formerly nearly base-leveled surface subsequently uplifted—
the absence of any water formed deposits on the surface of the up-
land; the lack of deep-rock weathering; the number of flats sepa-
rated from each other by sharp scarps similar in all characters to the
uppermost one, which require similar explanations; the absence of
drainage arrangement that would correspond to the hypothetlcal
earlier Surf‘tce the indications that present-day processes are respon-
sible for levghno without base leveling. On the other hand, the
main objection to the idea that the upland does not mark an old
erosion surface nearly at base level is the lack of known processes
capable of producing a nearly plain surface on rocks of different
resistances to erosion. It seems wise therefore to suspend judgment
as to the origin of the uplands, as further information is required
before their genetic classification can be effected.

COASTAL FEATURES.

Soundings made by the Coast and Geodetic Survey ¢ and others
have shown that nowhere in Norton Bay and Sound within the areas
represented on Plates T and V is there a depth of water exceeding

@ See chart 9380 of the Coast and Geodetic Survey, edition of 1908.
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100 feet, and over much of this water area the depth averages about
50 feet. In general the 5-fathom line-lies several miles from the
coast, so that vessels find no harbors and have to discharge cargoes
on lighters. A few exceptions to this rule occur, most notably along
the east side of the Darby Peninsula and at Golofnin Sound.. At the
former locality the coast is rocky and landing places for vessels of
sea-going size are wanting. Plate III, B, shows a typical portion of
the eastern coast with the waves beating directly on the cliffs and
with a beach so slightly developed that it is impossible for a man to
walk around the shore. With such topography it is evident that
shelter for vessels is wanting. - ‘
Golofnin Bay, on the other hand, presents a fairly good harbor for
vessels drawing less than 20 feet, as it is sheltered by high hills from
the strong winds. The channel, however, is crooked and the bay is
constantly filling up with the detritus brought down by Fish River.

Ocean-going vessels from Seattle call at this place irregularly during

the season and discharge cargoes near the mission on lighters. With-

out recourse to dredging, however, this harbor would be of slight value

in the general economic development of the region. It is, moreover,

some distance from the productive gold areas and so 1s not much used,

although during the boom days of the Council region it gave prom-

ise of being important and even now it is the gateway by which most
" of the supplies for Council and vicinity enter the country.

Kotzebue Sound on the northern shores of Seward Peninsula is
also a relatively shallow sea, few if any places having a depth of
100 feet. One of the latest incidents in the geology of the region
was a slight depression of the land, so that the submerged lower
courses of some of the larger streams afford shelter for light-draft
vessels. The shallowness of the basin as a whole and the crooked and
constantly changing channels leading to these harbors make naviga-
tion difficult.

" Tides in. Norton Sound are relatively slight in their range but in-
crease toward the bay heads. No accurate measurements of the tides
have been made in this part of the region, and as the wind has a con-
siderable effect on the change of water surface it is impossible to make
any short-period observations of value. It is probable, however, from
determinations made at Nome, that the tides seldom have a range of
more than 2 feet along the east side of Darby Peninsula. Judged
by the way in which the Koyuk was backed up by the tide near camp
A20 the tidal range near the head of Norton Bay probably exceeds
3 feet. '

As has been already noted, lagoons are found along portions of
Norton Sound. These owe their formation mainly to shore currents
blocking the mouths of streams. Sand reefs, such as occur near Sol-
omon and at many other places in western Seward Peninsula, are
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absent in the area studled Many of the lagoons are filled with drift
timber, a good deal of which has doubtless been brought down by
the Yukon and cast upon the shore by the currents.

The currents are complex and have been determined mainly by
the effect they have exerted on the land forms. Near the mouths of

the Kwiniuk and the Tubutulik -the long spits with their free ends

pointing east give clear evidence that the currents there are flowing
from west toward the east, but, south of camp C17 for 4 or 5 miles
the apparent direction is southwest. At Carson Creek, however, the

general direction seems to be northeast. On the east side of Norton.
Bay, near the mouth of the Inglutalik, the shore forms seem to have

been made by currents flowing toward the north, whereas near Island
Point the dominant current seems to divide, the southern part flow-
ing southward and the northern part northeastward. From the

~south end of the Reindeer Hills the long south- pointing sand spit

seems to show that the darectlon of currents there is in general
southward. . - - :

VEGETATION AND GAME.

As the main object of the expedition of 1909 was to acquire infor-
mation concerning-the geology of the region traversed, little atten-
tion was paid to extraneous matters. A few notes on the general
chiaracter of the vegetation and game may, however, be included.

Of the evergreen trees spruce is the only one of sufficient impor-

tance to be considered. The trees seen probably average 10 to 12 .
inches in diameter. Spruce extends as far west as Council, but beyond

this point is practically wanting. In the eastern part of the area,
near the Yukon, it grows at elevations close to 2,000 feet, but far-
ther west, toward Norton Bay, at lower elevations, so that west of

~ the Brooks divide it is seldom -found above 1,000 feet. West of

the Koyuk it rarely is found above 800 feet, and only in the valleys
along the streams.  In the western part of the Fish River drain-
age basin, spruce does not grow_on any ef the streams north of
Mosquito Creek. Spruce is found along the eastern coast of Darby
Peninsula up to elevations of about 800 feet, but west of the range it
seldom grows at more than 500 feet above the sea. Plate IV shows
the general distribution of timber in the region.

Birch, used by the natives for sled frames and similar gear, is
found in many places in the Yukon basin, but it gradually disappears
farther west until the last birch seen on the Koyuk was near Kenwood
Creek and the last sizable trees in the Darby Peninsula were on the
eastern slopes of Mount Kwiniuk and on the lower slopes of Mount
Kwiktalik or Haystack Mountain. White birch is found in the Yukon
basin, but does riot occur notably to the west of this area. The Seward
Pemnsula birches are the yellow and the black birch. The low pros-

[
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trate birch, which has little or no fuel value, is much more widely
distributed and can be found throughout Seward Peninsula.

Willows are common alorig almost all the Seward Peninsula
streams. The willows are of several different kinds, from prostrate
varieties to trees 8 or 10 feet in height, the latter being the main
source of fuel throughout the western portion of southeastern Seward
Peninsula. Alders are most numerous along the eastern shore of the
Darby peninsula, where they form a dense undergrowth of half re-
cumbent interlocking branches, through which passage can be effected
only by chopping a trail.

No statement of the vegetation would be characteristic without
mention of the abundant berries, which grow mainly above the tree
zone. Blueberries are particularly prolific, the low bushes forming
in places a mat of vegetation. Salmon berries,.much prized by na-
tives and prospectors, grow under essentially the same conditions as

blueberries and ave especially abundant on rolling low uplands, such
as those between the Buckland and East Fork of Koyuk Rwer Cur-
rants are found, but are not abundant.

Several kmds of grasses and forage for horses are found and are
generally suﬁiciently plentiful, so that they do not haye to be specially
sought until late in the season. The pack horses used by the Survey
party were particularly fond of the so-called “ goose grass,” a kind
of equisetum that grows on well-drained areas near the banks of the
streams where trees do not form a thick shade. By the first of Sep-
tember frosts so impair the vitality of the grasses that forage must
be sought with care in the protected valley heads facing south, and
it becomes necessary to place camp with considerable thought as to
the feed supply.

Flowérs are abundant and give brilliancy to the landscape in the
spring and summer. Some fifty varieties were noted, but no collec-
tions were made, and therefore no specific determinations were pos-
sible. The general impression, however, was that flowers were
abundant, but that they were limited to relatively few genera and
families.

Birds and animals are fairly abundant throughout the region,
although they are not so plentiful that game can be relied on for
food. In the higher hills between the Yukon and Norton Sound
numerous caribou signs showed that the mosquitoes had driven these
animals into the highlands during the early part of the summer.
Farther west caribou are almost entirely wanting, although probably
a few may still be found in the unfrequented region north of the
Koyuk. Domesticated reindeer, held either by government or pri-
vate ownership, are herded near the mouth of the Shaktolik and south
of Cheenik. These herds are moved from place to place, and some-
times the animals stray away and become wild.

71469°—Bull. 449—11—3



34 RECONNAISSANCE IN SEWARD PENINSULA AND

Bears are comparatively numerous in the less frequented parts of
the region. Well-trodden bear trails run along the Shaktolik for
many miles, where the animals-fish during the salmon season. Along
the ridge between Kwik and Tubutulik rivers, also, bear signs are
abundant especially while the blueberries .are ripe. In the upper

part of the Kwiniuk basin near camp C14 the sand bars are covered’

with bear trails. From the reports of prospectors and trappers it
is said that most of the bears are rather large and brown, few black
bears being found. The only bear that was seen by the Survey party
was a very light brown.

Caribou and bear are the only two large animals in the region but
there are severdl small animals that are caught either for their fur

or as food. A few rabbits are found in Seward Peninsula, but none

were seen in the Nulato-Norton Bay region. Red foxes were seen,
and cross foxes are reported. Some marten, muskrat, and other
small skins are taken by trappers in the Yukon basin contiguous to
Nulato, but the number of skins is yearly decreasing. Porcupine
were seen in the Inglutalik and Tubutulik river basins. Ground
squirrels common in the less-forested regions of Seward Peninsula
are almost entirely absent throughout the greater part of the area
east of the Koyuk River.

Of the birds, ptarmigan are perhaps the most abundant throughout
the region as a whole, but they are seldom found near the coast and
are yearly becoming fewer and fewer. Early in the season these
birds are found hiding in the brush with. their young, but later in
the summer flocks of fifteen or so may be flushed in many of the
blueberry patches. After the berries begin to- fail and cold weather
approaches, the ptarmigan move from the higher land and congre-
gate on the sand bars of the streams.. A little later they begin to
gather into the large coveys so often seen after the snow has begun
to fall. .

Along the coast where ponds and lagoons occur ducks, geese, and
other water fowl are plentiful. The southward migration of the
geese in 1909 took place the last of August and the first of September,
and during this time thousands of birds passed over Norton Bay.
Cranes were seen, some living on the low swampy country of the

coastal plain province and others apparently making their homes on .

the dry rolling uplands. Robins, crows, and many other birds living
1n more southern regions were also observed but not minutely noted.
Owls, both barred and snowy, are common, and their regurgitations
may be found on almost every knob that gives a lookout over the
surrounding country. A few eagles and hawks were seen. Spruce
or “ fool ” hens were especially noted in the Darby peninsula country
south of the mouth of .the Kwiniuk, but they are also found in many
other parts of the region, -



NOETON BAY-NULATO REGION, ALASKA. 35

Fish are almost always plentiful and can be relied on by travelers
for food. Grayling are the most common of the fish and are found
in all streams of sufficient size. In length they range from a few
inches to about 20 inches. They will take a fly hook at almost all
times during the summer. Trout of several varieties live in the clear
swift waters of the mountain streams and may be caught with a fly
hook. Salmon usually run up the larger streams and are much used
for food by trappers, prospectors, and natives for themselves and
their dogs. Salmon were seen on the Inglutalik as far upstream as
camp B9, on the Koyuk. above East Fork, on the Kwiniuk above
camp Cl4 and on the Niukluk far above Council. The season of
1909, however, was a particularly poor salmon season, and only a
few fish were caught in any of the Norton Bay streams considered in
this report.

Salt water forms of life are abundant in Norton Bay and are used
for food and clothing. The tomcod, a small, bony fish, and the her-
ring are caught by natives and whites. From the fur of the hair
seal much of the clothing of the natives is made, and the skin of the.
oogruk, a thick-skinned seal, furnishes almost all of the homemade
footwear (the mukluk) of the:inhabitants. Walrus is sometimes
caught near the edge of the ice pack in the spring, and its flesh is used
for food. .

CLIMATE.

Continuous records of the various elements of climate have not
been made in any part of the region for sufficient length of time to
afford accurate data for describing the prevailing conditions. The
_nearest observation stations, at Nome and at St. Michael, are both
situated on the coast and give but little information concerning the
interior. At present, therefore, there are few records available for
the Nulato-Council region except scanty observations extending over
only short periods.

TEMPERATURE.

At Nome the highest temperature recorded during 1909 was 70° F.,
but it is probable that in the interior, where the temperature is not so
much affected by the sea, higher records would have been obtained.
The work of the Survey party was carried on in the higher hills dur-
ing the hottest part of the summer, so that the temperatures were
much lower than they would have been near sea level. Ice one-quarter
of an inch thick formed on water in a pail during the night of July
24 at an elevation of about 1,500 feet at camp B5 On August 5 ice
remained on the small pools of water along Peace River at an eleva-
tion considerably less than 1,000 feet until after 10 a. m. The hills
north of Mosquito Creek and the head of the Fish River valley were
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heavily covered by snow on September 1, and on September 16 snow
covered the ground down to 800 or 900 feet on the southern end of the
Darby Range and remained on hills above 1,000 feet for the rest of
the season.

The mean annual temperature at Nome for 1907 was 24° F., and
for 1908 it was 25° F. As it seems fully as warm at Nome as in the
region to the east at the same time, it is probable that the mean an-
nual temperature is not far different for the two localities. The sum-
mer temperatures are higher in Nulato-Council region because of the
absence of sea control, which would also make the winter tempera-
tures lower, so that these two factors would tend to balance each
other. Further data on the temperatures are afforded by a few ob-:
servations made at Nulato and at the Omilak silver mine, and

published by Abbe.2

Egxtreme ranges in temperature (°F.) at Nulato end at Omilak mine, Alaska.

Jan. | Feb. ‘ Mar. | Apr. | May. l Oct. l Nov. | Dec.
Nulato: . : :
Maximum.............ooooiiil 23 29 44 50 7 47 28 31
Minimum. ... ...l —62 —60| -—-33 -2 7 ~13 —36 —54
Omilak mine: .
Maximum...... [ 43 36 43 55 63 36 32 0........
Minimum............... .l —33 ~52 —36 —24 16 -2 —29 -29

The observations at Nulato from which this table was compiled
were carried on for 12 months, from October, 1894, to May, 1895,
and from January to April, 1896; those at Omilak mine were also
carried on for 12 months, from January 2 to May, 1884, from Oc--
tober 18 to December, 1884, and from January to April 16, 1885. In
the report it is noted that in the fall of 1894 the Yukon was closed at
Nulato on October 16, and opened in the spring of 1895 on May 22.
Near Omilak mine, Fish River opened on May 21, and was closed
by ice on September 25, 1884 ; in 1885 this river opened on May 9.

Dall,> who spent a winter at Nulato, has published the following
table of temperatures for the different seasons at that place:

" Range of temperature at Nulato, Alaska, by 'seaSOns.

°F.

Spring 29.3
Summer_ - _____ 60.07?
Fall 36.07

Winter - __ e —14.0

o XYear o e 27.8

PRECIPITATION.

During the summer of 1909 the precipitation in the western part
of Seward Peninsula was abnormally low, and it seems probable that

@ Abbe, Cleveland, jr., Prof.-Paper U. 8. Geol. Survey No. 45, 1906, pp. 133-200.
b Dall, W, H., Alaska and its resources, p. 436.
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the amount of rain received by the Nulato-Norton Bay region was
also less than usual. There were less than a dozen really rainy days
from the latter part of June to the end September, but in this period
there were 38 days on which it showered.

The following table gives the results of prev1ous instrumental
observations at Nulato and at the Omilak silver mine.?

Mean precipitation, including melted snow and mean number of days with days
with 0.01 inch or more precipitation at Nulato and Omilak mine, Alaska.

Jan. | Feb. | Mar. ‘ Apr. | May. \ Oct. | Nov. | Dec.
Nulato:
. Meantotal......coooiiiiiiia, 0.68 0.91 1.46 0.16 0.36 1.36 1.20 1.42
Days.. . ..oiiiiiiii -5 7 12.5 2 4 8 6 8
Omilak m.,us )
Mt COBa e et 0.40 0.32 0.15 0.07 0.02( .0.23 0.45 0.18
Lays oo e . 3 3 3.5 4 2 ... 3 3

The record for Nulato was for 10 months, from October, 1894, to
May, 1895, and from January 3 to March, 1896; the record for
Omilak mine was for 93 months from February to May and from
October 18 to December, 1884, and from January to March, 1885.

From what is known of near-by areas, it may be stated that the

amount of precipitation during the 8 winter months is roughly be- -

tween one-half and one-third of the total for the year. If a factor
of this value be applied to the tables so as to correct the total for
the year on the basis of the entire 12 months, it follows that the
annual precipitation at Nulato is between 15 and 20 inches and from
10 to 12 inches at Omilak mine. This would make -the Fish River
region about equivalent in moisture to the region near Nome and
the region around Nulato much more moist. The region as a whole,
however, would be classed as semiarid and similar to a large part
of the States of Montana, Idaho, Wyoming, and Colorado. As the
larger part of the precipitation comes from June to September, the
impression gained by a summer traveler is of a region of much
greater rainfall than is actually the case.

WIND.

Throughout the region tne northerly winds are the fair weather
winds, whereas those from the south usually bring rain. During
1909 the predominant wind direction was from the north, and' the
weather was accordingly dry for the greater part of the time. Owing
“to the absence of a heavy cover of vegetation over most of the upland
area, the force of the winds is strong and the effects aré marked. On
the bare limestone hills pieces of detritus are moved by the wind, and
the small sand grains are quickly removed from the places Where

a Abbe, Cleveland, jr., op. cit., pp. 162-165.
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they are formed by disintegration. In many places the foliage on the
‘lower lands is covered with the wind transported dust.

Dust whirls caused by convectional currents of air induced by
overheating the lower layers were seen several times along river bars.
One such whirl started on the Shaktolik River with such explosive
violence that it threw up -sun-baked pieces of mud several inches in
diameter and scooped out a shallow depression. Several dust whirls
were noted on the lower part of East Fork and Koyuk rivers and
could be traced for several miles across country.

SETTLEMENTS AND POPULATION.

The only villages in the Nulato-Council region are Nulato, Kaltag,
Cheenik, Bluff, and Council. Road houses are, however, numerous
along the coast and form a complete line from east to west. During
the summer there is but little travel, but during the winter the mail
and travelers furnish patronage to road houses along.the coast at
Carson Creek, Walla Walla, Kuiuktulik, Miniatulik, Moses Point,
Isaacs Point, Ungalik River, and Shaktolik River. Along Fish
River there are road houses between Cheenik and Council, at the
mouth of Fox River, and at the mouth of the Niukluk. On the
Yukon River are numerous road houses from Kaltag eastward.

A few scattered cabins are the only other habitations in the region,
and these are occupied but a -short time each year, mainly by trap-
pers. On the lower part of the Inglutalik, 6 or 8 miles from the
coast and on this same stream near camp B7, are cabins of this sort.

The mining and prospecting centers of settlements are principally
in the vicinity of Bluff and Council on Ophir, Melsing, Mystery,
and Goldbottom creeks. There are several cabins, however, on
Bonanza Creek occupied by placer miners who hold ground on this
stream. At the Omilak silver mine on Omilak Creek, a tributary of
_.Fish River, a mining camp has been established since the early -
eighties and, although now practically abandoned, at different times
has had more than a score of inhabitants. - On Bear Creek, a tribu-
tary of the Buckland from the west, there has been a small settle-
ment of placer miners since 1902. Two cabins near Alameda Creek,
a tributary of Koyuk River from the west, mark a small placer set-
tlement. Ditch camps with one or two men each have been estab-
lished along the Candle ditch line on Kiwalik River, but are vacant
during the winter. '

Native encampments are found principally along the coast and
belong almost entirely to Eskimos. Along the Yukon are Indian’
villages, generally established on the outskirts of the white men’s
villages. The Indians, as a rule, have a more or less permanent
abode, but the Eskimos migrate along the coast and are seldom found
several seasons in the same place. There is an exception, however,
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in the case of those owning reindeer. These people usually summer
. in nearly the same place, but during the fall and winter they are con-
stantly moving their herds from one pasture ground to another. The
largest reindeer settlements are near Shaktolik and Cheenik, where
the Government herds are located. These herds are mainly .tended
by natives. A

No attempt was made to obtain a count of the population, but, from
the best estimates it has been possible to make, it is probable that
there are between 1,000 and 1,500 WhlteS and natives in the Nulato-
Council region.

DESCRIPTIVE GEOLOGY.

In the Nulato-Council region there are two major geologic prov-
inces, namely, the Cretaceous basin and its inclosing rim. In
the mapped area only portions of the western borders of the basin
were studied, and neither the northern nor the southern boundaries
were determined. In the Cretaceous areas only exploratory surveys
were made, and the eastern rim was not visited by the party of 1909.
By reason, therefore, of the relatively slight amount of geologic in- -
formation, this field is shown on the comparatively small scale map,
Plate 'V (1n pocket). of the Nulato-Norton Bay region. Karther
west, however, the previous work of Mendenhall, Moffit, Collier,
Brooks,’ and Richardson, supplemented by the surveys of 1909, has
warranted publication on the larger scale of Plate VI (in pocket),
the geologic map of southeastern Seward Peninsula. It should be
pointed out that neither map presents the details of the geology, for
there are many problems which must await much more searching
investigation than the hasty trip of 1909 would permit. :

The rocks or deposits of the region may be assigned to six main
groups—the undifferentiated metamorphlc rocks mainly of pre-
Silurian age, the Paleozoic rocks, the Cretaceous sedimentary rocks,
the igneous rocks mainly pre-Cretaceous but in part later than
that period, the veins, and the unconsolidated deposits mainly of
Quaternary age. Each group shows individual characters which are
described in the following pages and the areal distribution is indi-
cated on the geologic maps, Plates V and VI. Plate VT is the more
serviceable for showing the distribution of the metamorphic and
igneous rocks, and Plate V for showing the nonmetamorphic consoli-
dated sediments, but both maps are necessary for a complete idea of
~ the areal extent of the different geologic members.

UNDIFFERENTIATED METAMORPHIC ROCKS.

The greater part of southeastern Seward Peninsula and the south-
eastern part of the Nulato-Norton Bay region are formed of a series
of metamorphic rocks, much folded, sheared, and so changed that
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in but few places are their original characters preserved. This com-
-plex consists of a variety of different rocks grouped on the basis of .
structure or lithology as schists, limestones, and quartzites.

AREA EAST OF THE YUKON.

The eastern area of metamorphic rocks has not. been studied in de-
tail, but the following quotation from Maddren ¢ will serve to describe
the general lithology:

Phe oldest gronp of sedimentary irocks consists of the quartzite and mica-quartz
schists, with associated crystalline limestones, garnet schist$, and fine-textured
slaty schists or phyllites that form a large part of the Kaiyuh Mountains and ex-
tend northeastward across the Yukon to the basin of Tozitna River and possibly
southwestward to the Haiditarod. Succeeding this belt of schistose sediments
is an extensive group of ancient diabasic effusive rocks that appear to be
stratigraphically associated with the schistose rocks. These diabasic rocks
have not been deformed nearly so intensely as the schistose group. In places
they show greenstone schist phases, but for the most part they have not been
greatly altered. Their contact relations to the schists are not known in this
‘region. They appear to flank both the northwest and the southeast sides of the
schist belt in the Kaiyuh Mountains, where they extend southwestward to the
Innoko, and they have extensive development toward the northeast north of the
Yukon as far as Gold Mountain and beyond. No statement as to the thickness
of this diabasic group can be made at present. .

SOUTHEASTERN SEWARD PENINSULA.

CHARACTER AND DISTRIBUTION OF METAMORPHIC ROCKS.

The schists form the greater part of the metamorphic complex and
may be described according to the mineral or minerals characteristic
of them. The schists most commonly found are quartzose, graphitic
or carbonaceous, biotitic, feldspathic, and calcareous. Gradations
between different types are frequent and the differentiation is by no
means certain. It appears, however, that the present lithologic dif-
ferences are in considerable measure due to original characters, so
that in a broad way identity of lithology may be taken as indicating
deposits formed at essentially the same time. This is generally true
of the graphitic schists, is sometimes true of the calcareous schists,
and is seldom true of the biotite schists.

Owing to the complexity of structure and the insufficient examina-
tions of parts of the field, it has not been possible to indicate on the
map consistently the areas:occupied by the various types. of schist.
Tt has been found necessary to show areas which, for want of a better
name, have been called “ undifferentiated metamorphic rocks.” These
undoubtedly contain representatives of some of the rocks that have

N

@Maddren, A, G., Innoko gold placer district, Alaska: Bull. U. 8. Geol. Survey No. 410,
1910, p. 48. )
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been differentiated as well as others, but, as stated above, either the
scale of the map or the absence of definite data has precluded accurate
mapping. In a measure the lumping together of diverse units has
obscured geologic relations, and on' the map it frequently happens
that the undifferentiated metamorphic rock symbol terminates some
other symbol in an abnormal manner. As a specific instance of this
kind may be cited the region for 10 miles north and west of Bluff.
Detailed traverses along the western margin of this area showed the
presence of the feldspathic schists of igneous origin, but no other
data are available south of Fox Creek, except in the immediate.
vicinity of Bluff.  Therefore, although it is probable that much of
the region is of the feldspathic schist type, it seems unsafe to map
the distribution in this 100 or more square miles on such slight
evidence. Thus at the risk of obscuring the important fact that the
feldspathic schists along the western margin of the map are continu-
ous with the feldspathic schists of the Bluff and Fox Creek regions
it has seemed best to adopt the more noncommittal course of showing
‘that the rocks have not been adequately differentiated.

As shown in Plate VI there are five main areas of undifferentiated
metamorphic rocks—(1) around Kwik River, (2) between the two
lava flows north of the Koyuk, (3) the Bendeleben Range from the
head of Death Valley westward, (4) the western part of the mapped
area south. of the Niukluk, and (5) along the western flanks of the
Darby Range extending southward across the head of Kachauik
River to the coast of Norton Bay east of Bluff.

KWIK RIVER AREA.

The schist area at the head of Kwik River shows few exposures in
place, and practically nothing was learned regarding the structure
and relationship of the rocks of the region except that they are
quartzose schists. Toward the east or near the limestone area at the
head of Kenwood and Mukluktulik creeks the schists are predomi-
nantly very dark and somewhat graphitic, and the rocks may be the
equivalent of some of the black slates and quartzites found in places
intimately connected with dark limestones. Farther west, however,
the similarity to the carbonaceous schists is not so marked, and it is
possible that one of the other types of schist is represented.

This schist is highly quartzose in all places, contains some chlorite,
practically no gainet or feldspar, and few specimens of it effervesce
with acid. Numerous cubical cavities show that it contained pyrite
in considerable amounts. It finds topographic expression in a series
of massive, slightly dissected hills with gentle slopes covéred with
waste and devoid of outcrops. Owing to the absence of structural de-
terminations no statement can be made of the thickness or relations of
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the member. Looked at in detail, however, the minor structures show
that the rocks have been so deformed that schistosity has been pro-
duced throughout. On the flat-topped, massive hill east 6f camp C4
the float shows in almost all instances clearly marked evidence of
two structures—that is to say, the plication of a previously developed
cleavage and color banding. As this structure was not seen in place,
however, the relation of the two structures in age could not be deter-
mined. The only fact bearing on this pomt is the occurrence of a
shattered anticline west of camp C3, the axis of which strikes north
‘west-southeast and pitches strongly to the northwest

AREA 'NORTH OF THE KOYUK.

The area of undifferentiated metamorphic rocks north of the Koyuk
was not visited by the party of 1909. From the manuscript notes
of Moffit, who studied the region in 1903, it is evident that a number
of different types of schist were found. East of Kiwalik Mountain
black slates and carbonaceous schists are closely associated with the
limestone area. As the granite contact of Kiwalik Mountain is ap-
proached biotite forms an important constituent, although it is of
no stratigraphic significance, as it is undoubtedly due to the intrusion
of the granite. West of Kiwalik Mountain the schists, according to
Mendenhall’s field notes, are mainly calcareous, with some greenish
schists which may correspond to the feldspathic schists to be de-
scribed later. Quartz-chlorite schists are abundant in places, but
" their stratigraphic position, with respect to the others, has not been
determined. :

BENDELEBEN MOUNTAIN AREA,

According to the geologists who studied contiguous areas in 1900,
the metamorphic schists of the Bendeleben Mountains were considered
distinct from the other schists of the region and were therefore given a
name and assigned to a more or less definite stratigraphic position.
In 1908 the senior writer of this report made a cross section of the
range along the western margin of the area, and in 1909 the party had
the opportunity of studying the section north and west of Death
Valley, where rocks previously considered as belonging to the Kig-
luaik group are exposed. These studies have, caused considerable
doubt as to the desirability of retaining the stratigraphy as outlined
Tformerly, and these rocks will therefore be treated as “undifferentiated
metamorphic rocks.”

Mendenhall ¢ mapped the Bendeleben Ranrre as two large areas of
massive intrusives, mostly granite, with a metamorphlc series sep-

e Mendenhall, W. C., A reconnaissance in the Norton Bay region, Alaska, in 1900, a
special publication of the U. 8. Geol. Survey, 1901. '
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arating the-two. In the text the following statement @ of this schist
area is made: '

About the head of Fish River the mountains are chiefly granitic, but along
their flanks and sometimes extending through them in belts of varying breadth
which mark the passes are areas of schistose sediments.

About a mile above the camp of July 20 along the creek is an outerop of
a rusty and very graphitic schist associated with more calcareous phases.
Five miles farther along the right bank of this same branch of Fish River
is an outcrop of .bluff slates with very little calcareous matter, while 2
miles farther northwest in a gap between two branches of Fish River the
series is represented by a white, coarsely crystalline marble. This narrow belt
of the crystalline series between two great intrusive granitic masses expands
to the northwest.

Collier ® states in a report published in 1908, theé field work for
which was completed in 1903 :

The only section across the Bendeleben Range which has been examined by
the writer is along Parantulik (Pargon) River and Ella Creek, between the
heads of which there is a low pass. The structure here appears to be anti-
clinal and the prevailing rocks are dark-colored quartz-biotite schists’ and
gneisses similar to those of the Kigluaik Range. Sills and dikes of coarse-
grained granite or pegmatite are also present. White crystalline limestones
containing scattered grains of graphite occur in beds 20 feet or more in thick-
ness interbedded with the schists along Parantulik River from a point near its
head to the edge of the Fish River lowland.

Smith in 1908 studied a section along the upper Niukluk across the-
range to the northern margin. The examination showed that the
section was composed of quartzose schists, a few much dislocated lime-
stones, a complex and very numerous series of granitic intrusives,
and black carbonaceous slates and schists. All of the rocks were
highly biotitic. North of Birch Creek black slates and calcareous
schists predominated. All the rocks were much sheared and original
structures were not discoverable, but the diversity of trends of the
cleavage noted were such as to lend but slight support to the idea .
that the structure is in general east and west.

The observations of the party in 1909 in the Bendeleben Range
were confined to the extreme eastern part and consisted of a study of
the 2,200-foot hill northwest of camp C7, and of the 3,000-foot hill
north of camp C8. On the first traverse were fourid biotitic schists
with some thin limestone members and greenstone schists, all thor-
oughly cut up by granitic intrusions of later date. On the second
traverse the same kinds of schists were also found, but in addition
there were some carbonaceous schists and greenstones were more
abundant.

« Op. cit.,, pp. 200-201.
b Collier, A. J., and others, The gold placers of parts of Seward Peninsula, Alaska:
Bull. U. 8. Geol. Survey No. 328, 1908, pp. 67-68.
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Southwest from camp C8 to C9, 3 or 4 miles from camp C8, the
schists are not much intruded by granites and belong almost entirely
to the group of feldspathic schists with here and there a few lime-
stones and a little black slate. These schists appear to be fully as
metamorphosed as those to the north and strongly suggest a trend
more nearly north and south than east and west.

On account, however, of the small amount of investigation in the
larger part of the Bendeleben Mountains it seems unsafe to differ-
entiate the schists on the map. They are characterized as a whole

by the presence of biotite, but this is of late origin and is not strati-.

graphically significant. Otherwise all the various kinds of schists
and other metamorphic rocks have been recognized, and the series
therefore can not be regarded as a unit.

AREA SOUTH OF THE NIUKLUK.

‘The undifferentiated metamorphic rocks along the western margin
of the mapped area south of the Niukluk have been studied in
detail where they enter the Solomon and Casadepaga quadrangles.
From this study it was determined that the schists were mainly of
the quartz chlorite type and that they underlay the limestone near the
head of Fox Creek. North of the Niukluk, however, younger schists,
called in the region to the west the Puckmummie schist,® consisting

‘mainly of black slates and thin limestones, probably overlie the lime-

stone. These rocks seem to merge with the black slatesthat form the
southern flanks of Mount Bendeleben and would indicate enormous
deformation not recognizable by surface features. '
West of the belt of greenstone schists the rocks show many different
lithologic types, but black quartzitic schists, quartz chlorite schists,
and calcareous schists predominate in such complex relations that no
separation of them has been made. Undoubtedly some of the
quartzose schists correspond to the older schists to the west, but some
are the sheared equivalents of the heavy limestones and others may
belong to the black slate series, which will be described later. In
the southern part of this western area a large part of the undiffer-
entiated metamorphic series is the equivalent of the greenstone and
feldspathic schist series, but this part has not been closely examined.

AREA WEST OF THE. DARBY RANGE.

The fifth large area of undifferentiated metamorphic rocks is along
the western flank of the Darby Range and extends southward along
the head of Kachaunik Creek to the coast west of Rocky Point.. In
this area schists of a great variety of lithologic types are found in
such intricate interrelations that considerable generalization is re-

@ Smith, P, S., Geology and mineral resources of the Solomon and Casadepaga quad-
rangles : Bull. U. 8. Geol. Survey No. 433, 1910, pp. 62-66.
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quired in mapping them. Plate VII shows a part of this region south
of the Omilak mine on a scale of 2 miles to the inch and indicates
the geology in scme detail. For the present the main interest in this
map centers in the arrangement of the various schist and limestone
bands. Even on this larger scale map, however, it is impossible to
show the actual complexity of the geology. Schists of many differ-
ent lithologic characters are found in the area covered by this map,
but pmcucally all of them are more or less biotitic. Some car-
bonaceous schists and quartzites suggest the presence of younger
members of the schist series, whereas the relations of others show
that they are older than the limestones which are believed to be
higher in the series.

In the undifferentiated schlst area at the head of Kachauik Creek
-the schists are biotitic, chloritic, and sometimes calcareous, and dis-
crimination of the various types is impossible with the poor ex- -
posures. Southward, however, schists lying below the limestone at
White Mountain have been recognued by Mendenhall and Collier on
Fish River. Similar schists extend southward and probably form
most of the hills in the low divide between Norton Sound and the
Golofnin Bay drainage. Unfortunately, however, this area has not
been studied in detail and the differentiation of the rocks must await
further investigation.

) SUMMARY.

The undifferentiated metamorphic rocks are highly sheared and
cleavage is the dominant structure observed. In many parts of the,
field the cleavage is at a low angle. In many outcrops where an
earlier structure is recognizable the two structures do not coincide,
and it is believed that this is the general rule. TFaulting is also com-
mon in the schists, but the amount of dislocation is generally not
determinable on account of the absence of clearly defined horizon
markers.

In the typical schist areas where igneous 1ntrus10nq have not
afforded more resistance to erosion, the topographic forms produced
are smooth and rolling. Characteristic schist topography is dom-
inant in the eastern part of the Kwik River Basin and is typical of
a considerable part of southeastern Seward Peninsula. Here and
there on the summits of the ridges rocky knobs of irregular form rise
10 to 30 feet above the surrounding uplands. In the mountainous
regions the schists form rugged hills with steep slopes. As a whole,
however, the schists are less resistant to erosion than the limestone
or igneous rocks and are therefore found in the lower land and
passes.-

Intrusive activity of several periods has affected the undifferenti-
ated metamorphic rocks. Greenstones, granites, diorites, and other
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. igneous rocks cut these schists and have each had a share in the
metamorphism and obliteration of the original characters and distri-
bution of the schists.

As the undifferentiated schists as mapped include several stratl-
graphic units of different origin, form, and age, no general state-
ment can be made of the relation of these rocks to the others of the
region. It is clear, however, that some of these schists are older than
the limestones and other rocks which will be described later, for they
underlie them.- The question of age and relationship will be dis-
cussed more fully in the section on historical geology. For the
present, however, it seems justifiable to state that,taken as a whole,

the area of undifferentiated metamorphic. rocks is composed of rocks .
older than any of the other areas mdlcated on the map and is chiefly

pre-Silurian.
PALEOZOIC ROCKS.

There are five main areas of rocks which are presumably of Pale-
ozoic age, and, although more detailed investigation will undoubt-
edly show that parts of the undifferentiated metamorphic rocks are
of similar age, the lack of information and the complexity of the
structure forbid closer correlation at this time. Characteristically
-all the known Paleozoic rocks are metamorphosed and lithologically
consist of limestones and schists complexly folded and faulted. As
indicated on the map (Pl. VI); these five areas are as follows: The

ridges east of the Darby range extending from the coast of Norton - .

Sound on the south to beyond the Koyuk on the north ; the hills east
and west of the Fish River gorge from the head of Kachauik Creek
to Ophir Creek, including the limestone hills on Fish River near White

‘Mountain; the region south and east of the Omilak mine; the area ~

exposed on the seacoast from Bluff to Topkok Head extending inland
an undetermined distance; and the hills at the head of the Mukluk-

tulik. In addition to these larger areas there are smaller areas, some

shown on the map and others included in the und1fferent1ated mem-
morphic rocks.

AREA EAST OF THE DARBY RANGE.

Along the eastern flank of the Darby Range a group of rocks,

consisting mainly of limestones with some schistose bands and closely
associated with black slates and quartzites, was noted by Mendenhall
“in 1900, and studied in some detail by the survey party in 1909.

This belt extends from the seacoast with a general northerly trend .

across Kwiniuk River and along the Tubutulik, forms the eastern
divide of Death Valley, and is exposed north of the Koyuk in the
hills east of Kiwalik Mountain. Although it probably extends still
farther north, its obvious continuation ceases at this place. In this
distance the average width of the belt is from 4 to 6 miles. Capital
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“exposures are afforded along the seacoast from the mouth of the
Miniatulik southeast nearly to Carson Creek. Studied in detail, the
exposures show a great thickness of limestones, considerable dolo-
mite, black carbonaceous slates, and schists, all cut by greenstones,
granites, and diorites.

The limestones are in places grayishi blue but in other places
nearly black. Associated with them in such intimate and complex
relations that they can be separated only by refined investigation are
dolomites usually of a light-gray, slightly pinkish color. Light-
colored dolomites have been recognized in the sea cliff exposures, in
the hills between the Kwiniuk and the Miniatulik east of camp C15,
and in the hills near camp C5, and east of Death Valley. No meas-
urement of the thickness has been made, but it seems certain that not
less than 1,000 feet are required to account for the field distribution.

Although highly metamorphosed, poorly preserved fossils were
found in the light-colored dolomite 24 miles east of camp C15 on
Kwiniuk River. According to Kindle, who examined the collection—

Lot 9AS130, locality 9AS180, Kwiniuk divide, is representéd by a single
specimen. This is the now well-known though undescribed thick-shelled lamelli-
branch which has generally been compared with Megalomus cenadensis. This
fossil indicates a late Silurian age for the bed from which it comes. It is
interesting to note that it occurs here as at White Mountain (and at the
Ramparts of the Yukon) in a highly magnesian limestone. The indexical
value of this fossil rests upon our knowledge of its faunal associations in
southeast Alaska, where it occurs in association with various late Silurian
fossils.

At this place the areal relations are indeterminate. There is some
very dark-colored limestone which seems to be either a thin band
between two dolomitic bands or else unconformably overlies the
dolomite. Northward, however, near camp C5, at the head of Lost
Creek, the dolomite lies to the east; that is, apparently on top of

- the dark limestone. This may be due to intense folding or faulting,

or it may be normal depositional sequence.

- The limestones associated with the Silurian dolomite range in
color from light bluish gray, nearly white, to dark gray, almost
black. They are exposed at a number of places in the mapped belt,
but the most significant outcrops are those found in the divide be-
tween the Kwiniuk and the Tubutulik and along the coast from
camp C16 to camp C19. In all places the limestone is folded and con-
torted with many faults and with calcite and some quartz veins. It
has been intruded by greenstones, granites, and diorites. Plate VIII,
4 and B, show exposures of these limestones in the neighborhood of
the intrusions and afford a fairly good idea of the general charac-
ters. Plate VIIL, 4, especially shows ‘the well-marked bedding
of the limestone, emphasized by the alternation of bands of light and
dark colored limestone. Plate VIII, B, shows a more schistose phase,
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with the bedding marked by the color banding particularly evident’
in the right-hand portion. .

At many places along the sea cliffs poorly preserved fossils were
found, and, although none of them was sufficiently perfect or distinct
to permit specific determination, there seems to be no question that
they represent a higher horizon than that of the dolomite already
described. According to Kindle, who examined the collections, a
Devonian or Carboniferous horizon is represented, and in his opinion
the higher rather than the lower portion is more probable. Ulrich,
who examined the fossils hastily, also agreed with the probable
Devonian or Carboniferous determination, but appeared to think the
lower rather than the higher position was the more probable. There
does not seem, however, to have been any marked difference between
the amount of metamorphism or deformation undergone by the
Silurian and the Devonian-Carboniferous rocks.

In the limestone hills south of the Kwiniuk River conditions simi-
lar to those noted on the coast were observed, and it is evident that
the same group of rocks is represented. The higher hills are usually
formed of limestone, but the saddles are here and there formed of
feldspathic schists presumably of later origin. Owing to the scale
of the map it has not been practicable to indicate these later schists
except in a most general way, but it should be stated that these schists
and greenstones are principally of igneous origin; they are not in-
cluded in this group of sedimentary rocks, but will be described later
under the igneous rocks.

In the region between the coast and Kwiniuk River there are, how-
ever, slates and schists of sedimentary origin which -at the present
time are not to be separated from the Paleozoic limestones already
described. The precise relation has not been satisfactorily deter-
mined and fossils have not been found in them. There is small reason,
however, to doubt that they are closely related to the Devonian-Car- .
boniferous group. :

These schists and quartzitic slates are perhaps most extensively
- exposed in the upper part of Mount Kwiniuk, but their structure
and other characters are most clearly seen in the coast section. Usu-
ally these rocks are of a black color due to the presence of finely
divided carbonaceous matter which, in some places at least, is graphite.
The rocks are very quartzose and are low in other minerals. Cleav-
age is commonly developed; but schistosity is not so pronounced as .
in the older schists. Apparently schistosity is more common in the less
quartzose parts of the rock. In the normal quartzose phases the rock
has fractured and has had jointing developed, which causes the rock
to disintegrate into a talus of small rectangular blocks. No measure-
ments of the thickness of the slate-schist member were obtained, but
it must be at least several hundred feet.
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From the foregoing description, it is evident that a large mass
of Paleozoic sediments which have undergone more or less fully the
same general history lies east of the Darby Range. These rocks, which
are complexly folded, faulted, and metamorphosed, consist mainly
of dark-colored limestones with subordinate thicknesses of dolo-
mite, black slates, and schists. They are cut by intrusives of green-
stone, granite, and diorite and in age include members ranging from
Silurian to Devonian or Carboniferous, with neither the overlying
nor the underlying rocks exposed in close relationship. They have
a thickness of at least 2,500 feet and, if considerable reduplication
has not occurred, their thickness possibly exceeds this amount many
times. They form bold prominent hills with scanty vegetation, cov-
ered with an angular frost-riven talus of float, and are widely devel-
oped throughout Seward Peninsula.

FISH RIVER AREA WEST' OF KACHAUIK CREEK TO OPHIR CREEK.

In the hills east and west of the Fish River gorge from the head
of Kachauik Creek to Ophir Creek, including the limestone hills on
Fish River near White Mountain, is an area of Paleozoic rocks to
be correlated with the rocks of the Kwiniuk region. The most
definite data regarding the geology of this field are afforded by the
exposures near White Mountain. Fossiliferous beds were found here
by Mendenhall in 1900 and have been further studied by Collier,
Hess, Kindle, and Smith, but were not visited by the party in 1909.
In the description of the exposures on the lower Fish River it will
_not be possible except at great sacrifice of brevity to credit the par-
ticular. contributions of each of the different geologists, but it may
be remarked that the present writers are acting more in the role of
compilers than contributors. A

Three miles southeast of White Mountain micaceous, highly met-
amorphic schists dipping north underlie, probably unconformably,
the rocks farther up the river. There is a considerable area of river
flood plain in which exposures are lacking, and then come white
dolomite hills from which the settlement of White Mountain is
named. The dolomite is lithologically identical with the dolomite
of the Kwiniuk region, and furthermore contains the same thick-
shelled lamellibranch (Megalomus canadensis) together with cer-
tain other Silurian forms; the correlation seems therefore well
founded. Less schistosity has been developed in the dolomite than
in the rocks to the southeast, and for that reason there is believed
to be an unconformity between the two.

Farther upstream and—if the apparent structure of the rocks is
the true structure—overlying the dolomite is a series of schists.
Considerable doubt is felt as to the relation of these schists, and it

71469°—Bull. 449—-11—4 ’
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has been deemed expedient in this report to place them mﬁong the
undifferentiated schists rather than to express their possﬂole correla-
tion with the Paleozoic black slate of the Kwiniuk region, though the

- latter is by no means impossible. Still farther upstream near the

point where Fish River makes an east-west bend south of Steam-

‘boat Slough fossil ‘corals have been found in a nearly black lime-

stone. This limestone is lithologically identical with the black lime-
stone of the Kwiniuk ’ocality, and the fossils have been determined
to be analogous. As a whole the rocks on lower Fish River are less
metamorphosed than in the Kwiniuk region. Near the black De-.
vonian or Carboniferous limestone -are black graphitic slates the
relation of which is not determinable, but they seem to be litho-
logically similar to the slates on Mount Kwiniuk in the more eastern
locality.

*Along the divide between the Fish River Jowland and Golofnin
Sound from camp C23 west to the head of Mystery Creek limestones
with black slates form the country rock. None of the beds, how-
ever, were recognized as dolomitic. As a whole the rocks from
camp C23 to Fish River are more schistose than their equivalents at
White and at Black mountains, but the dominant north-south trend
seems to be strong reason for connecting the rocks at the two places.
Apparently, the dip of these beds east of Fish River is to the west
at rather high angles, but original bedding is seldom recognizable,
and the occurrence of diverse dip at places where the two structures
have been determined points strongly to the conclusion that the
great thickness represented by the surface exposures is due to re-

‘duplication through folding.

West of Fish River gorge the schistose character of the lime-
stones is less pronounced, the rock becomes more massive and, al-
though shattered and deformed, shows not much cleavage and but few
secondary minerals. Immedntely beneath the limestone at the head
of Mystery Creek lies a considerable thickness of black quartzitic and
graphitic slates. These-have not been adequately differentiated in
the field, and it is probable that part of the undifferentiated schists
on Melsing Creek may belong to the same schist series as those in the
Kwiniuk region, for black graphitic slates closely associated with
limestones are known to occur at many places in the basin of this
stream.

Whether the Paleozoic rocks extend northward across the Fish
River flats and are represented by the limestone-slate group at the
head of Fish River and Boston Creek has not been definitely proved.
It is assumed, however, in the absence of conflicting evidence, that
the two areas are the same, and it is on this basis that they have been
represented by the same pattern on the geologic map (Pl VI).
According to Mendenhall’s field notes the eastern part of this area
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WESTERN FLANKS OF DARBY RANGE.

A, Limestone and schist at Omilak mine; B, General view from south.
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consists mainly of white crystalline limestone associated with gra-
phitic and rusty schists. So far as his records show, the 'predomi-
nant dip is to the west and the strike northwest.
- In 1909 F. F. Henshaw traversed the lower slopes of the hills
north of the Fish River lowland from Pargon River as far east

as Boston Creek and the geology for that part of the range is repre-

sented according to his. observations and is only approximate.
Whether this belt of limestones may not continue still farther north
across the range is not known because of the absence of any field
investigation. Although such -an interpretation is probable, it has
been deemed expedient to truncate abnormally the Paleozoic pattern:
by representing the northern part of the range as formed of undiffer-
entiated rocks.

In the vicinity of the mountains the Paleozoic rocks are cut by
granite dikes and are locally as well as dynamically metamorphosed.
South of the Fish River lowland the Paleozoic rocks are also cut by
granites and in addition are intruded by greenstones. The latter

undoubtedly would be found in the northern area also if more of the -

region had been examined. It should be noted that where mica-like
minerals occur in the Paleozoic rocks near the granitic intrusives the
mineral is usually biotite, whereas in the parts remote from the in-
fluence of the granite the mineral is chlorite, and biotite is absent.

OMILAK MINE AREA ON WEST SLOPES OF DARBY RANGE.

East of the area of Paleozoic rocks just described there are lime-
stones which resemble in many features those of the Kwiniuk region,
and although the correlation is by no means conclusive, it is the closest
that can be made with the data now available. No fossils have been
found in these rocks and their structure is so complex that any relation
between the various units may be postulated. The correlation be-
tween the limestones east and south of the Omilak mine has been
based almost entirely on lithologic evidence. The geologic map of
the Omilak region (Pl. VIIL, p. 45) shows the distribution of the
rocks in greater detail than the general geologic map (PL VI).
Even this scale, however, fails to express the complex character of

structure and areal distribution of the rocks. Plate IX, B, shows a '

view northward from a point on the divide between the two bmnches
of the Rathlatulik about 3 miles east of camp C 11. The white areas
in the view are limestones and the darker parts are schist. Some of
the schists are undoubtedly derived from rocks of igneous origin, but
others were unquestionably deposited as sediments. Most of the
limestones are ordinary calcareous rocksy but some are dolomitic. In
the ‘view above referred to at several places in the eastern or right-
hand belt of white rocks light-colored dolomites have been found. This



52 RECONNAISSANCE IN SEWARD PENINSULA AND

fact points strongly to the conclusion that these beds represent the
dolomitic portion of the Paleozoic rocks of the Kwiniuk region.

With these limestones black graphitic. quartzites have been found
here and there similar to those on Mount Kwiniuk. This type of
rock is not so abundant as at.the other places. Its apparently small
extent is believed to be due in part to the greater amount of defor-
mation and contact metamorphism whereby it has been transformed
into a blotlte schist or into a nearly white quartzite.

BLUFF-TOPKOK HEAD AREA.

The westernmost mapped area of rocks correlated with the Paleo-
zoic rocks of the Kwiniuk region occur near Bluff and appear at
several points along the western border of the area. Unfortunately,
this part of the field has not been thoroughly surveyed, and consider-
able areas which, if more fully known, might belong to this series
have been placed in the undifferentiated metamorphic rocks.

The Bluff region was not visited in 1909 and the account here given
is taken from a summary report by Brooks ¢ in 1906.

Richardson, who through his acquaintance with adjacent areas had a broader
knowledge of the Bluff region than the writér, divided the bedrock terranes
into three groups— (1) a massive gray crystalline limestone, (2) a mica schist
with some interbedded graphitic limestone, and (3) a formation of massive
limestones and mica schist. The writer’s observations hardly bear out the cor-
rectness of this succession of beds, for it appears to him that there is only one
massive white limestone which is succeeded by a mica schist and graphitfc lime-
stone formation. Some facts are presented below which would indicate that the
mica schists are, in part at least, altered intrusives and hence do not mark any
definite stratigraphic position. _ )
) The larger structures of the Bluff region appear to be simple, but there are

“many minor complications. The heavy limestone has been uplifted into a low
dome, whose longer axis stretches approximately N. 70° B. About 3 miles north-
east of Bluff this structure carries a limestone underneath the younger mica
schists. .

It is evident from this description that lithologically the same rocks
are represented here as in the Kwiniuk region, namely, limestones,
some of which are dark-colored, suggesting the Devonian-Carbonif-

. erous limestone and black graphitic slates. The fact that these rocks

are cut by intrusives of greenstone is also indicative of a similarity
. between the two regions. Although Brooks correlated these rocks
with the Port Clarence limestone, the fact that Devonian-Carbonif-
erous rocks, as well as Silurian and possibly older ones, may be rep-
resented makes it undesirable to continue that correlation, and these
rocks are therefore mapped as Paleozoic.

a Collier and others, The gold placers of parts of Seward Peninsula, Alaska: Bull. U. 8.
Geol. Survey No, 328, 1908—The Bluff region, pp. 285-286.
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AREA AT THE HEAD OF THE MUKLUKXKTULIK.

The fifth and last large area represented on.the southeastern Sew-

ard Peninsula map-as belongmg to the Paleozoic rocks is the eastern

area in the Mukluktulik divide. This belt trends north and south.
On the south it forms Bald Head or Isaacs Point where it is cut of
by the sea. To the north a prominent hill locally called Haystack
Mountain, on the north side of the Koyuk Valley, marks the farthest
extent in that direction; beyond that point more recent igneous rocks
have cut or covered the formation. -

At the eastern margin of the area is a belt of white quartzite a mile
or so in width. This is cut off by basic lavas that form the hills
east of Alameda Creek. It is believed that the quartzite is equivalent
to the black quartzitic and graphitic slates 6f Mount Kwiniuk, so
metamorphosed locally by the igneous rocks that the carbon has been
* destroyed. West of the quartzite ridge there is a considerable thick-
ness of calcareous schist with some white limestone bands, but on the
divide at the head of Coal Creek a white, completely recrystallized
limestone forms knobs trending a little east of north. Sink holes 500
to 600 feet above the sea are common, and some of them show ledges
of limestone. This limestone has a strong fetid odor when freshly
broken, and shows no original bedding or signs of organic remains.
Farther west, about 7 miles from camp B17 at the mouth of the
Koyuk, alternations of black graphitic quartzitic slates or schists and
limestone beds form an intricate complex about 23 miles wide trend-
ing northeast. The dips, so far as observed, were all to the east, but
the arrangement of the different lithologic units is such as to suggest
extensive faulting or overturned and crumpled folds.

Northwest of this belt of alternations of black slates and hmestones

for 4 miles is a series of dark limestones and calcareous schists dip-

ping southeast and striking northeast-southwest. Exposures.in this
field are rare and unsatisfactory. The western part of this area is
formed of a belt 2 miles wide of black carbonaceous slates and schists.
No outcrops in place were-observed, but the unmixed character of
the float points to the conclusion that this is the country rock. It is
in all essentials lithologically identical with the slates in the belt
farther east already described, and slight hesitation is felt in ascrib-
ing it to the same series. More detailed work would undoubtedly

permit further differentiation of these two distinet lithologic phases. -

For the present it may.be stated that whereas if, on the one hand,
the dip is considered to be dominantly to the east the section shows
a black slate and quartzite at the base, succeeded by a thick limestone
and limestone-schist member, succeeded by an alternating series of
limestones and black slates, succeeded by another thick series of lime-
stones with some schistose phases, and this in turn followed by a mas-
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sive quartzitic horizon. On the other hand, there are strong reasons
for believing that reduplication through faulting and folding may
occur, hence there may be only one limestone and one black slate
member. No dolomite was observed in this section.

Mendenhall, who saw the section of these rocks near Bald Head,
says:¢ ‘ .

Along the west side of Bald Head gray and white marbles occur infolded
with thin-bedded limestones and schists, and blocks of these rocks cover the
beach. The point of the promontory is a mass of heavy black graphitic beds,
and the eastern face exhibits a slaty and schistose phase, the rocks being
generally dark. Dip and strikes are variable and the relations are obscure, but
evidently complex. : ’

SUMMARY.

7’

From the foregoing description it is evident that there is a group
of limestones, dolomites, and quartzose graphitic schists which, from
the few fossils found, is known to include Silurian and Devonian-
Carboniferous horizons. These rocks are on the whole less metamor-
phosed than certain quartz-chlorite schists on which they are sup-
posed to rest. In general, the trend of the formation is north-south,
with complex folding and faulting. No signs of a conglomerate were -
noted in any part of the section, and it is presumed that the Paleozoic
rocks were laid down at some distance from -the shore line. This
‘conclusion is further suggested by the wide distribution of litholog-
ically identical rocks over the southeastern part of Seward Peninsula
where the metamorphic rocks outcrop. Further investigation might
lead to a more precise differentiation of the various lithologic units,
but such subdivision would probably not add greatly to the under-
standing of the economic problems connected with this group of
rocks. :
' . CRETACEQUS SEDIMENTARY ROCKS.

In the eastern part of the Nulato-Council region a large area, ex-
“tending from Norton Bay and Koyuk River on the west to beyond
the Yukon on the east, is occupied by a series of sedimentary rocks,
including conglomerates, grits, sandstones, shales, and thin lignite
beds. These deposits extend north and south beyond the field in-
vestigated. The only other rocks within this area are a few dikes
near Bonanza Creek, the intrusive massif of Christmas Mountain,
and relatively small areas of Tertiary effusives on the Koyuk and
near the mouth of the Koyukuk. .

Beds similar to certain of those found in the main sedimentary
“area are exposed at the mouth of Koyuk River and on its north
bank at a point about 4 miles west of the mouth of East Fork, also

e Mendenhall, W. C., A reconnaissance in the Norton Bay region, Alaska, in 1900,
a special publication of the U. 8. Geol. Survey, 1901, p. 202,
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in the long ridge which. forms the Kwik-Tubutulik divide. These
outlying areas of sedlmentary rocks comprise only. a few square
miles.

The unmetamorphosed, consolidated sedimentary rocks of the
region apparently comprise a single conformable series of great
thickness. Two distinct types of deposits are recognized and will
be described in their order of occurrence as follows: First, a basal
conglomerate called in this report the Ungalik conglomerate; second,
an overlying group of sandstones and shales called the Shaktohk
group. The Shaktolik group is separated into two divisions, the
lower distinguished by a preponderance of sandstones over shale, and
the upper in which shales are in excess.

UNGALIK CONGLOMERATE.

The lowest member of the Cretaceous sedimentary series, a basal
conglomerate of marine origin, is called the Ungalik conglomerate,
after the river of that name, along whose lower course it was first
noted. This formation occurs along East Fork of the Koyuk River
and on the Kwik-Tubutulik divide. (See P1. V, in pocket.)

The Ungalik conglomerate is exposed in steep-faced cliffs along
Ungalik River and forms most of the prominent range of hills be-
tween the river and the coastal plain from Bonanza Creek north to
a point about a mile below camp A:17. Here the strike changes and
the conglomerate appears in the hills east of the river. Its eastern
limit was not determined, but its characteristic pinnacled topogmphy
does not extend far beyond this point.

In this locality the conglomerate ranges in texture within moderate
limits, the coarsest phases carrying bowlders up to 3 feet in diameter.
Assortment and bedding are poor. The most characteristic ma-
terials are a variety of porphyritic rocks and abundant angular feld-
spar crystals in the sandy matrix. A strong red coloration on
weathering indicates an abundance of iron. The bedding: is so in-
definite and obscure that no conclusive evidence as to the attitude
or thickness of the formation could be obtained. However, a thick-
ness of at least several hundred feet is certain.

That deformation has been intense is indicated by the abundant
slickensides developed both in the conglomerate and at its contact
with other members. On the Ungalik east of camp A16 it is faulted
against black slates which represent a much higher horizon in the
series. At this point the slates are approximately vertical. In the
bluff on the Ungalik south of camp A16 are several dikes intruded
in the conglomerate. They are much faulted and indicate the
amount of deformation which has occured throughout the vicinity.
The conglomerate area is characterized by a rather rugged topog-

¢ .

-
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raphy. Where. there is considerable relief the hilltops and sharp
ridges are often marked by bare, rugged pinnacles.

The conglomerate is the basal formation of the sedlmentary series.
It is made up of rounded débris derived from the older formations,
on which it rests unconformably. It chronicles a period of more or
less gradual advancement of shore conditions. :

On East Fork the conglomerate occupies a belt about 8 miles wide,
trending north and south. It is similar to that in the Ungalik
Valley in texture and in the lack of assortment and bedding. The
materials include a variety- of igneous rock types in the outcrops
near camp B1l. Farther west, near camp B12, it consists of a
variety of granitic rocks of local derivation. No conclusive evidence
as to the attltude or thickness of the conglomerate in the East Fork
region was available, but the relief ‘developed in the formation indi-
cates a thickness of at least several hundred feet. o

Along the Kwik-Tubutulik divide the Ungalik conglomerate belt
has a w1dth of from 3 to 5 miles. The main ridge forming this
divide and its northward extension into the Koyuk dminage basin is
composed almost entirely of limestone. The bowlders are smaller
as a rule than those in the Ungalik and the East Fork localities.
There is also greater variation in texture, the deposits including
grits and limy sandstone.layers. Some of the latter furnished fossil
plants of Cretaceous age. Fossil corals taken from a limestone
bowlder in the conglomerate on the Kwik-Tubutulik divide about
5 miles south of the camp C4 were of Paleozoic age. '

Along the col at the head of Lost Creek the conglomerate is rela-
tlvely free of limestone and schist material, being made up mainly
of igneous rocks and quartz. Vertical dips were observed at a
‘number of places and probably represent the general attitude of the-
beds in most of this area. The high dips and the fact that the con-
glomerate area is surrounded by Paleozoic rocks show that the
younger beds have been folded or faulted downward from their.
former relative position, and indicate the extensive removal of Cre-
taceous sediments from areas which they formerly occupit¢d. As in
the other occurrences, the conglomerate marks a period of littoral ero-
sion and deposition, and being derived from the rocks upon which
it rests, its relation to them is that of unconformity.

Mendenhall notes® the occurrence of unaltered sedinients at two
points along Tubutlulik River. He says:

Eleven or twelve miles above the mouth of the Tubutulik some bluish and
shaly sandstones and fine quartz conglomerates, entirely unaltered, but dipping -
50° or 60° NE., outcrops along the river-bank. Two or three miles above this

exposure is another of soft, brown sandstone and fine conglmerate with blue clay
shales. )

@ Mendenhall, W. C., Reconnaissance in the Norton .Bay region, Alaska, in 1900, a
special publication of the U. S.. Geol. Survey, 1901, p. 205,
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Being immediately adjacent to the conglomerate area and having
suffered similar deformation, these sediments probably belong with
the conglomerate in the same general series.

About 70 miles east of Nulato, below the mouth of Melozitna River,
a series of conglomerates, grits, and shales is exposed along the
Yukon. According to Spurr® these beds overlie Paleozoic rocks and
are made up of materials derived from them. Farther down the
Yukon the conglomeratic beds are less important and the series con-
sists mainly of grits, sandstones, and shales.

The determination of fossils collected by Atwood in 1907 from a
number of horizons of this series refers them all to the Upper
Cretaceous. The Melozitna locality may be regarded as having been
at one time the eastern margin of the area of Mesozoic deposition, as
the conglomerate areas near Norton Bay indicate the one time ‘Western
margin.

An exact correlation of the conglomerates of Melozitna River and
of the Norton Bay localities is not advocated, though by no means
impossible. The similarity of deposits means that the same condi-
tions which prevailed at one time at one of the localities prevailed at
some time during the same general period at the others, littoral con-
dition necessar 11y existing throughout the life of the Mesozoic Basin.

SHAKTOLIK GROUP,

The Shaktolik group, so called after the river of that name, which
affords a good section of the beds, includes a thick series of sand-
stones, shales, and grits. This name is used to designate all the beds
between the Ungalik conglomerate and the top of the sedimentary
series. Beds of this group are widely distributed in the sedimentary
. area and occupy most of its space.

For convenience of description a separation into two divisions is
made, the lower characterized by abundance of sandstones, the upper

by the predominance of shales. Each will be treated separately in -
~ the order of stratigraphic position and localities.

LOWER DIVISION OF THE SHAKTOLIK GROUP.

Shaktolik River and westward.—Along Shaktolik River and west-
ward the Shaktolik group is made up of alternating beds of sand-
stone and shale, the latter aggregating only a small part of the total
thickness. (See Pl. X, 4.) The sandstones are usually fine grained,
dense, and compact, and in some places resemble fine-grained igneous
rocks so closely in apearance and in constituent minerals that their

@ Spurr, J. B, Geology of the Yukon gold district, Alaska : Bighteenth Ann. Rept. U. 8.
Geol. Survey, pt. 3, 1898, p. 189,
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true character was determinable only with the aid of the microscope.
Near camp A10 some of the beds exhibit a peculiar concretionary
structure, large spherical masses breaking down in concentric shells
under the blows of a light hammer. (See Pl. X, B.) Another
unusual structure shows in the form of weathered surfaces seen at a
number of places in the sandstone area, especially near camps Al2
and B6. The surfaces mentioned were marked by linear striations
and flutings and by lobate forms suggesting surface flow. (See
PlL. XI, A.) Whether these structures are original or have been
developed by postdepositional movements between beds is not known.
Ordinary ripple marks are absent in the same localities.

Microscopically, the sandstones show a very even texture. The
sand -grains are seldom well rounded and are especially sharp in the
finer-grained beds. In composition they include feldspars, quartz,
calcite, pyroxenes, amphiboles, micas, and fragments of dense igneous
rocks. Most of the material of the sandstones could be derived from
the rock types that are found in the Ungalik conglomerate. Some of
the lower sandstone beds resemble the matrix of the conglomerate
closely, pointing to continued sedimentation from the same source.
Other beds approach limestone in composition, the sand grains being
mainly calcite derived from older limestones. Calcite deposited from
solution is the principal cement. Locally, secondary minerals of a
serpentinous character, due to the post-depositional alteration of
femic minerals, forms the cement, giving the rock a speckled or
mottled appearance. Such alteration, however, is not general, the
sandstones being remarkable for'the unaltered condition of the
minerals they contain. The rocks are not highly colored as a rule,
shades of gray being most common in fresh specimens. Many of
the finer deposits are colored black by carbonaceous matter which
they contain. Others have reddish and reddish-brown tones, due to
iron oxides. Iron staining is common on weathered surfaces.

The beds have been extensively deformed, close folding along
northeasterly and southwesterly axes having occurred. The dips
are very high over most of the area, varying within a few degrees
on either side of 90° along the Shaktolik. The stronger-beds often
find topographic expression in promment ridges, but much of the
topography has smooth rounded forms in which both lithology and
structure are’ obscured. ) ‘ ,

Where good exposures were observed much faulting was noted. In
other places, where the structure was obscure in detail, the relation
of beds indicated extensive displacement. It is safe to assume that
faulting on both a large and a small scale has been an important
part of the deformation of the group. Schistosity has been developed
locally in places near the structural axes, especially in the fine-
grained carbonaceous nlembels : -
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The actual thickness of the Shaktolik group at any point is not
known. A partial section exposed on the headwaters of the Inglu-
talik River gives an apparent thickness of tens of thousands of feet.
Due allowance for the repetition of beds by faulting being made,
-the group is still of very great thickness.

The lower or sandy division of the Shaktolik. group overlies the
Ungalik conglomerate in apparent ¢onformity, and probably grades
upward without a break into the upper division of the group, which
consists mainly of black shales, and though recognized as distinct in
type, could not be differentiated from the lower beds in mapping
without more detailed survey.

Near Nulato—A group of sandstones, shales, and grits with minor
lignitic beds outcrops along Yukon River near Nuhto These beds
have been known as the Nulato sandstone since first visited by Dall
in 1866. They are only a part of a great series of similar deposits
which are included in the Shaktolik group. The work in this region
has not been sufficiently detailed to determine whether it will be pos-
sible to retain the name Nulato for one of the formations of this
group. . ‘

The early writers, Dall and Spurr,® considered these beds of Ter-
tiary age, but subsequent visits of Collier- (1902), Hollick (1903),
and Atwood (1907) and the study of their collection by Stanton
and Knowlton have shown them to be of Upper Cretaceous age. The
investigation of 1909 indicates that not only are these beds of Creta-
ceous age, but that a thickness of several thousands of feet of beds of
undoubtedly Cretaceous age overlies them.

In the Nulato section sandstones predominate over the shales, grits,
and lignite beds that make up the rest of the group. Notes furnished
by Atwood ? show that different types of beds alternate in close suc-
cession. Fossil plants, lignite deposits, cross-bedding, and ripple
marks indicate shallow water conditions during part of the period
of deposition, but alternating with these are beds bearing marine
shells and worm borings. ° Some of the sandstones are of the even-
grained, dense type common in the Shaktolik.region and also noted
near camp A2. On the whole, the sedimentary rocks near Nulato
show a greater variation in type and indicate more changeable con-
ditions of deposition than the rocks of the localities farther west.

The structure near Nulato is rather simple, the beds dipping in
general to the northwest at angles up to 40° or 50°. Locally the
beds are much faulted and crushed along the axes of minor folds.
No definite measurement of the section was attempted, but it must be
many thOusand feet in thickness. The relations of these beds to the

aDall, W. H., Bull. U. 8. Geol. Survey No. 84, 1892, pp. 247—-248 Spurr, J. R,
Highteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1898, p. 196. ~
b Unpublished information ; report in preparation,
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underlying formations are not evident at this locality. They occupy
the area west of the Yukon to the locality of camp A5, where they are
overlain, probably conformably, by the black shales which form the
upper division of the Shaktolik group.

. Bishop Rock.—Bishop Rock is a low, rocky knob on the Yukon
about 10 miles above the mouth of the Xoyukuk. It is composed of .
compact limy and shaly sandstones. Fossils collected here by Atwood
in 1907 were determined as Upper Cretaceous.

Near Melozitna River.—Overlying the basal conglomerate corre-
lated with the Ungalik conglomerate near the mouth of the Melozitna
River and downstream for 30 miles or more a series of sandstones,
grits, and shales outcrops along the Yukon. In lithology, fossils, and
relation to the basal conglomerates these beds are similar to the Shak-
tolik group farther west and are regarded as belonging to that group.

UPPER DIVISION OF SHAKTOLIK GROUP.

The upper division of the Shaktolik group occupies the central
part of the sedimentary area along the Nulato-Gisasa divide and west-
ward to the head of Shaktolik River. It consists predominantly
of black shales, but contains subordinate beds of calcareous sandstone.
- Some of the latter 5 miles west and 2 miles south of camp A5 furnish

invertebrate fossils of Upper Cretaceous age.

This group of beds probably represents a vertical gradation into -
finer sediments upward in the series, though lateral gradation is not
impossible. The shales are very carbonaceous, indurated, and on
weathering in places break down into pencil-like fragments. Schis-
tosity has been developed locally near structural axes in some of the
more carbonaceous members. The more resistant members stand out
in strong ridges; the slopes .are steep, covered with fine talus, and
almost barren of vegetation. Structurally the shales agree with the
underlying standstones, with -which they are conformable. Black
shales accompany the sandstones throughout the Shaktolik group, but
the part of the group in which they predominate strongly enough to
be distinguished as a separate d1v1s1on prob‘mbly does not include more
than a few thousand feet. :

IGNEOUS ROCKS.

From the foregoing description of the sedimentary rocks it is seen -
that the Cretaceous deposits give a good horizon to which to refer
different geological activities. The pebbles in the conglomerate at
the base of the Cretaceous show what rocks were in existence when
the beds were deposited, and all igneous rocks cutting the Cretaceous
must be later than the beds they cut. For this reason the igneous
rocks of the region have been divided into pre-Cretaceous and post-
Cretaceous. Each of these main subdivisions contains rocks of differ-
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ent mineralogic composition and field relations and was formed under
different conditions; both show intrusive and effusive rocks and
afford much material for detailed petrographic studies, which, how-
ever, have not been attempted in the preparation of this report..

The larger ‘areas of pre-Cretaceous igneous rocks are the flanks of
the Kaiyuh Hills, the Buckland-Kiwalik divide, the Bendeleben and
Darby ranges, the region around Bluff, and numerous small areas -
in the metamorphic complex. The larger areas of post-Cretaceous
igneous rocks in the Yukon Valley are at the mouth of the Koyukuk
and south of Kaltag; in Seward Peninsula they are in the Koyuk
River Basin,especially in the central portion,extending to the head of
Kiwalik River; at the very head of the Koyuk, extending to Noxa-
paga River; and at the lower part of East Fork, extending into the
Buckland River basin. '

PRE-CRETACEOUS IGNEOUS ROCKS.

In the long time represented by the pre-Cretaceous history of the
region there are two distinctly marked periods of much geological
significance. - One of these preceded the dynamic metamorphism of
the region and the other followed it. Rocks formed in the earlier
period show structures due to this deformation, whereas those formed
afterwards have not been much metamorphosed. A division of the
pre-Cretaceous igneous rocks into two groups, metamorphic and non-
metamorphic, may be made, and this grouping will be followed in
this report.

. METAMORPHIC IGNEOUS ROCKS,

Rocks of igneous origin earlier than the period of metamorphism
have been recognized in many parts of the region. The four larger
- areas mapped are in the Kaiyuh Hills, east of the Darby Range, in
the belt extending northward from Bluff in the western part of the
area, and north of Omilak Creek. .All of these areas have features
more or less in common, but it is by no means certain that all of them
have been formed at the same time or are mineralogically identical.
Furthermore, there is but little doubt that other metamorphic igne-
ous rocks might be recognized if investigations had been carried on.
in greater detail, and doubtless some of the area mapped as undiffer-
‘entiated metamorphic rocks is formed of igneous rocks.

Reference has already been made on page 40 to the belts of meta-
morphic igneous rocks occurring on both flanks of the Iaiyuh Hills.
These were described by Maddren as consisting of diabasic rocks of
probably effusive character. They are less metamorphosed than the
older sedimentary rocks which form the Kaiyuh Hills on which these
ancient lavas probably lie unconformably. :
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In'Seward Peninsula the metamorphic igneous rocks are ‘usually
greenish in color, and differ much in degree of foliation; in the cen-
tral part of the peninsula they are high in soda and low in quartz.
Usually, where schistose, the rocks have had secondary albite de-
veloped and become greenish feldspathic schists. Although the feld-
spathic character may be produced in other ways, as, for instance, by
the contact effect of igneous rocks, it is believed that in a large way
the presence in this field of highly feldspathic schists is strongly
suggestive of the igneous origin of the rocks in question, and this is -
assumed to be true if contradictory evidence was not observed.
~ The clearest evidence concerning the greenstones and associated
feldspathic schists is afforded by the cliff exposures along the east
coast of the Darby Peninsula. Along this part of the coast are
numerous dikes and sills of basic composition cutting the Paleozoic
rocks. A particularly clear example of a greenstone intrusion of this
sort is shown in Plate VIII, 4 (p.46). Atthis place, which is between

o 10 20 Feet

Ficure 4.—Relation of greenstope; limestone, and slates, east coast Darby Peninsula.
a, Soil and waste; b, limestone ; ¢, greenstone; d, black slates; e, talus.

the Kuiuktulik and Walla Walla, light and dark banded Paleozoic
limestones have an unusually low dip. These have been intersected

by nearly vertical cleavage, and parallel to this cleavage the green-
stones have been intruded. The large white masses shown in the

picture are calcite veins of later formation, probably contemporaneous

with the succeeding period of mountain building.

The structural relations of the greenstones are in places complex
and show that these rocks have been subjected to considerable dis- -
turbance. Figure 4 illustrates an exposure of slates, limestones, and
greenstones on the eastern coast of the Darby Peninsula about mid-
way between the mouth of the Miniatulik and the Kuiuktulik. The
greenstone intruded slates and limestones and has subsequently been

~folded into a number of appressed folds. Thrust faulting then took
place along the plane indicated so that the south-dipping limestone
was superposed on the greenstone and the slates giving a section as
- indicated in the figure. The axis of folding at this place is about
N. 70° E. and the folds pitch toward the west.
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In many places the deformation and accompanying metamorphism
of the greenstones has gone so far that the original characters of the
" rocks are obliterated and it is not certain what origin is to be as-
signed. Brooks, in a study of the Bluff region, found schistose rocks
which seemed to show by their areal relations igneous rather than
sedimentary characters. Concerning these schists he says: e

Mica schists occur as irregular masses within the limestone belts and
although they do not differ lithologically in any very essential way from the
schists believed to be of sedimentary origin, their mode of occurrence strongly
suggests that they are altered intrusions. The most striking example of this
is seen in the cliff exposures just east of the mouth of Daniels Creek (fig. 5).
Here an irregular mass of mica schist is inclosed in limestone walls. Lines of
faulting have obscured the original relations of the two rocks, but the outline
of the schist mass is very suggestive of an intrusion. Further evidence of the
intrusive character of some of these schists is found in the fact that at-various
localities the limestone walls near the contact with the schists are more or
less metamorphosed. These facts, together with the irregular distribution of
the schists, indicate an igneous origin, though it must be confessed that the
evidence is by no means conclusive.

At several places the actual gradation from an unquestionably
igneous rock into a green feldspathic schist has been observed.
Here and there in the hills south of camp C15 are examples of this
sort, and although it is not intended to assert.that all the feldspathic
schists are of this origin, it is certain that many if not most of them
are formed in this way. '

An éxposure of metamorphosed igneous rock is afforded near the
Omilak mine. Figure 6 shows the general geology in the neighbor-
hood of the mine, with the intrusive cutting across the western limb
of the limestone. Plate IX, 4 (p. 50), supplements this map by
showing the general appearance of the same hill from the south. In
this view the dark area in the center of the view is the igneous rock,
and an apophysis is represented by the dark band which cuts across
the right-hand limestone area. Trom a study of this rock under the

e Collier and others, The gold placers of parts of Seward Peninsula, Alaska: Bull.
U. 8. Geol. Survey No. 328, 1908—The Bluff Region, pp. 285-286.
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microscope it has been determined that it consists of olivine, a light-
~ colored amphibole . probably tremolite, very abundant light-green
garnet and muscovite, with some accessory ilmentite and apatite and
secondary serpentine. This is an unusual phase of the greenstone
series and has not been recognized elsewhere.

NONMETAMORPHIC IGNEOUS ROCKS.

There are three large areas of pre-Cretaceous nonmetamorphic
igneous rocks to which attention should be called. These are the
Darby Range, the Kiwalik-Buckland divide, and the Bendeleben
Mountains. In addition, several smaller areas, such as Kiwalik
Mountain, are found in the region, but as they show the same features
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Ficurs 6.—Sketch map of the vicinity of the Omilak mine.

as the igneous rocks in the larger areas they will not be described
separately.

Mendenhall, who studied pOl‘thIlb of the Darby Range in some
detail, says:¢

Cape Darby and a broad belt of country extending 55 miles northward from
it with a maximum width of about 12 miles is occupied by a great intrusive
body of granite and granitized rock which exhibits considerable variation in
texture and mineralogical composition, but is regarded as belonging to one
geological body.

- A few miles below Cheenik, along the eastern shore of Golofnin Bay, the rock
is diorite porphyry with large tabular phenocrysts of andesine or andesine-
oligoclase, some colorless pyroxene, and abundant hornblende in part at least
secondary. Quartz is present but often in very inconsiderable amounts, and

4 Mendenhall, W..C., op. cit.,, p. 204.
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titanite is an inconspicuous accessory. .This phase or a slightly more acid one
is rather largely represented in this portion of the mass extending at least
5 to 6 miles east from its western border.

Near the eastern edge of the northern part of the area in the Tubutulik
Valley the rock appears as a coarsely crystalline aggregate of pale brownish
orthoclase and smoky quartz with a little biotite. A gneissoid phase of the
same rock occurs along the western side of its western limit.

Distinet contact phenomena in the schists and slates while sometimes present
are not so abundant as one would expect. The inference is that the intrusion
was slow and deep-seated and affected the intruded rock generally, rather than
locally, This inference finds support in the coarse texture and porphyritic
character of the diorite even at its borders.

In 1909 it was the intention of ‘the party to avoid revisiting the
areas already studied by Mendenhall, so that in but few instances
does the work overlap. From this later study it was found that the
areal distribution as already given by Mendenhall required but slight
modification, but that the number of different kinds of rock was more

complex than his report indicated. There are at least two distinct

types of granite, one with marked porphyritic development and the
other of even grain.

The largest area of the porphyrltlc granite is in the Kwiniuk basin
extending from a little east of camp C14 to at leust 4 miles north of
camp C15. In addition, the same rock was found on the seacoast at
the mouth of Carson Creek and is probably the same as the granite

~with brownish feldspar described in the northern end of the belt.
This rock is characterized by a coarse-grained mass of quartz, ortho-
clase, and a little biotite, the various grains averaging about 0.2
inch in diameter, with large orthoclase crystals averaging about 1}
inches in length scattered abundantly through the rock. A few in-
clusions of diorite were found in the porphyritic granite, one of
which showed calcite-filled cavities, probably amygdaloidal in origin.
Typically the porphyritic granite weathers into fantastic knobs and
pinnacles similar to those shown in Plate XI, B (p. 58). This
feature is also shown more extensively developed in Plate III,. A4
(p- 30), the pinnacles shown being probably of granite of this type.

The even-grained grfmite may be of the same age as the porphy-
ritic granite. If this is the case the two may have consolidated under
different conditions. It does not seem evident from the field rela-
tions, however, that the porphyritic rock cooled under essentially
different conditions except that the porphyritic granite forms larger
masses than the finer-grained type. Mineralogically the even-tex-
tured granite consists of quartz, both orthoclase and plagioclase feld-
spar and biotite. Dark-colored silicates, although present, form but
a relatively small amount of the rock. It occurs usually in rather
narrow dikes, and no large area of this type is known in the Darby
Rangs. Dikes of this granite have already been noted in previous

71469°—Bull. 449—11—5
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pages as cutting the Paleozoic rocks at ‘many places. Plate VIII, B
(p. 46), shows a nearly vertical granite dike, the light-colored rock
(on which the hammer rests) cutting across the structure of the meta-
morphic limestone and sending apophyses into it.

Diorite also occupies large areas in the Darby Range. In compo-
sition it ranges from a normal amphibole plagioclase rock to one con-
taining quartz and orthoclase in-addition to the usual constituents.
The plagioclase is apparently andesine-oligoclase; that is, about mid-
way in the soda-lime series. Accessory apatite, titanite, muscovite,
and metallic minerals in small amounts were noted in several ex-
amples of this rock studied microscopically.

From the fact that inclusions of diorite are found in the porphy-
ritic granite, it is assumed that the latter is younger than some of the -
diorite. Plate XII, 4, however, shows that there is more than one
diorite represented in the region. In this view the large light-
colored area on which the hammer rests is porphyritic granite with
numerous inclusions of diorite. Unfortunately in this picture the
further fact that the porphyritic granite itself is an inclusion in
the dark igneous rock which forms the lower left-hand portion
vof the view is not shown, although this fact is clearly proved by the
exposure in the field. It should further be noted that in this later
diorite intrusion are inclusions of the older diorite. Although the
similar color makes the two dlorltes difficult to distinguish in this
view, several of the older diorite inclusions may be reco«mued at
the extreme left below the porphyritic granite-diorite contact. '

In addition to the granites and diorites there are several other
types of rocks, the distribution and relations of which are not suffi-
ciently clear to allow their differentiation. One of these rocks is a
quartz porphyry with double terminated quartz crystals and plaolo-
clase as phenocrysts in a ground mass of quartz and orthoclase in a
micropegmatitic intergrowth. Accessory green hornblende, apatite,
and magnetite with secondary kaolin, muscovite and-chlorite were
also present: This type of rock was found particularly in the hills
south of camp C13 in the divide between the Kwiniuk and the
Etchepuk. o

Another unusual type of rock forms a large area in the Kwiniuk
divide south of camp C13, extending westward an undetermined
distance and southward to beyond camp C14. It i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>