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PREFACE. · 

The original basis of this report was an exploratory journey made in 1902 from the Pacific 
seaboard through the Alaska Range along the northwest base of Mount :Mclpnley to Tanana 
and Yukon rivers. During the long time in which the office work was in c~urse of completion 
the conditions in the province here called the l\tlount MciGnley region changed greatly. l\tluch 
of the province that in· 1902 had hardly been visited by :white men has now been traversed 
by the indefatigable prospector and investigated and mapped by the Geological Survey. 

Important industrial advances have been made in this region since 1902. The valuable 
l\tlatanuska coal field has been prospected and surveyed, half a dozen g;ld-placer districts have 
been discovered and. developed, and a score of settlements, large ~nd small, have sprung up. 
Trails have been built, river steamboat service has been established, and a railway planned to 
traverse the province has been partly constructed. Both the mountaineer and the ·big""'game 
hunter have been attracted to this field, some homesteads have been taken up, and the region 
now (1909) produces more than half of the annual gold output of Alaska .. 

It is therefore evident that .,a report which recorded only the results of the exploration of 
1902 would not n1eet the present demands, and for this reason the original plan has been changed. 
Instead of presenting only an account of the geology and resources along the route of travel, 
the report has been made to cover the entire provinc·e. 

The purpose of this volume is to furnish the prospector with a concise summary of the 
present knowledge of the mineral wealth of the region and to give the geologist an epitome of 
the stratigraphy, structure, and geologic history. As the Mount McKinley province is one of 
the best game fields in Alaska, the interests of the hunter are more fully considered than is 
usual in a publication of this character. In view of the fact that the region contains a large 
arnount of arable land, some of which will undoubtedly be taken up by the homesteader, 

· the available information in regard to climate, vegetation, agricultural lands, and means of 
communication is also summarized. 

9 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 70 PLATE I . 

MOUNT McKINLEY FROM THE NORTHWEST. 

Cam p of August 4. See page 19. 



THE MOUNT McKINLEY REGION, ALASKA. 

By ALFRED I-I. BROOKS. 

INTRODUCTION. 

When in 1898 the Geological Survey began its task of exploring~ surveying, and studying 
the mineral resources of Alaska, the first work was of necessity merely exploratory, ·for until 
the larger features of drainage and relief had been outlined it was. impossible to plan areal 
topographic and geologic surveys. The- demand of the prospector was for maps and informa
tion to guide him in hazardous journeys. The first two seasons were therefore devoted largely 
to exploration, but in 1900, though much of the Territory was still almost unknown, tlie rapid 
development of mining interests required that most of the money available be applied to areal 
surveys of regions having special economic promise. 

Since that time there have been but few opportunities fo~ important exploration. Never
theless, during the five field seasons from 1898 to 1902 much of Alaska was covered by a net
work of reconnaissance surveys. outlining the larger physiographic features-a skeleton to be 
gradually filled in by areal mapping. Of the country as yet unexplored, there was one region 
which held great interest for the geographer and geologist. 

The great crescentic sweep of Alaska's southern coast line is broken at its most northerly 
point· by Cook Inlet, an embayment which penetrates the_ mainland for nearly 200 miles~ The 
drainage basin tributary to this embayment is cut off from the Yukon and Kuskokwim waters 
on the north and west by a chain of rugged mountains called the Alaska Range. At the heart 
of this chain stands :Mount McKinley, the highest peak of North America, and its sister peak, 
:Mount Foraker. Previous to 1902 this region constituted a great block of unknown territory. 
The country to the east, west, and south of it had already been explored, 1but as it gave no 
indication of placer gold, its isolation, far from the coast on the one hand and from navigable 
waters of the Yukon on the other, deferred its explorati_on. 

Plans for the survey of the Mount McKinley region had been considered as early as 1899, 
but it was then deemed impracticable to_ complete the reconnaissance within the limits of a 
single field season, and the funds available were not sufficient to pay for a whole year's work. 
Gradually, however, experience taught means and methods of exploration which made it pos
sible to cover larger· areas. Moreover, with the substitution of pack horses for canoes cross
country journeys became feasible. 

At last, in 1902, the plans ·took definite shape. The task of carrying them out fell to the 
writer. The following ~xtract from his field orders indicates the scope of the project:· 

* * * You are hereby assigned to take charge of a party which is to make a geologic and topographic recon
naissance on the western side of the Alaska Range. The proposed route of survey is to extend from Tyonek, Cook 
Inlet, through the Skwentna Pass, and then.along the foothills of the western slope of the Alaska Range to the Cantwell 1 

River. From the Cantwell River it will extend by such routes as seem feasible to the Tanana. After reaching the 
Tanana you will choose such route to the Yukon ,as time and circumstances will permit. Should your party meet 
with any accid'ent or delays, it_is possible that you may have to abandon your outfit either on Kuskokwim or·Tanana 
waters and proceed to the mouths of these rivers by boat or raft. In case you reach the Tanana in sufficient time 
it will be advisable to cross it and extend the work to Circle City, on the Yukon, making investigations of the Chena 
River gold fields. It will be the purpose of your expedition to obtain all possible information regarding the geography, 
topography, geology, and mineral resources along the route of travel. 

1 Now called the Nenana. 
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D. 'L. Reaburn, topographer, was detailed tq accompany the expedition, and L. M. Prindle 
was engaged to cooperate in geologic investigations. To th~se, his colleagues in the scientific 
work, the writer feels under the deepest personal obligations, for the success of the expedition 
is due in large measure to their untiring fidelity to its best interests. The other members of 
the party were Odell Rea burn, recorder; Fred Printz and ~· W. Von Canon, packers; and 
George Revine, cook. All four of these men were faithful to their tasks, ever ready to further 
the plans by any means in their power. " 

During the winter following the season of field work Messrs. Reaburn· and Prindle revised 
their notes and practically completed· their share of this report, but the writer's administrative 
duties have allowed only occasional opportunity for research or writing. :Moreover, since its 
inception this report has been further interrupted by work incident to seven more field seasons 
in Alaska. · 

The more· important. results of the investigation have, however, been made public thro~gh 
various channels. The coal of Nenana River has been described 1 and something has been 
said as to the probable occurrence of placer gold in the Mount Mcl{inley region. 2 A brief 
narrative of the expedition was inserted in the annual report of the Geological Survey,3 together 
with a. su·mmary of the geology and geography of the district. A more popular account of 
the incidents of the journey has also been published. 4 The purely scientific results, with Mr. 
Reaburn's map, have been used by the writer in a recently published summary of the ·geography 
and geology of Alaska. 5 Thus, in spite of the delay ·in publishing this detailed account, the 
cause of exploration has not suffered through the suppression of any essential facts. 

OUTLINE OF FIELD PLANS.· 

It was proposed to make a way fron1 the west shore of Cook Inlet to the Alaska Range 
and find a pass through those mountains, or traverse them by one of the gaps already known, 
then to proceed northeast along the western base of the mountains, mapping as much of their 
geology and topography as circumstances would permit, until Nenana River or one of its tribu
taries was reached, and then to turn northward to the Tanana. After crossing this river the. 
most expedient course to the' Yukon was to be chosen. Incidentally, it was hoped that the 
route thus outlined would touch the base of Mount McKinley, but no attempt to ascend the 
mountain was contemplated. The party was to consist of seven men, with the horses necessary 
to transport supplies. Three and a half months was allotted for the project should the season 
permit. 

It was possible to map out the journey in some detail because, unexplored though this district 
was, adjacent surveys had given hints of its character and larger topographic features. As 
the event proved, the plans were entirely feasible and were executed without serious obstacle. 

EQUIPMENT. 

The following notes on outfitting may be considered an epitome of all experience acquired 
during Alaskan surveys. They are pu-blished here in the belief that they may be <;>f use for 
the guidance of otheJs. 

As the contemplated journey was longer than any similar one yet made in Alaska with pack 
horses, the question of equipment was of great moment. On one hand the party must be sup
plied for every·emergency; on the other its mobility n1ust not be impaired by excess of baggage. 
Fortunately the accumulated experience of son1e twenty expeditions serit to Alaska by the Geo
logical Survey made it possib}e to determine the essentials to a nicety. The most ·important 
step was the selection of horses, for on their endurance would rest, in large measure, the success 

1 C~llier, A. J., The coal resources of the Yukon: Bull. U. S. Geol. Survey No. 218, 1903, pp. 44>-46. 
2 Brooks, A. H., Bull. U.S. Geol. Survey No. 225, 1904, p. 48. 
a Walcott, C. D., Twenty-fourth Ann. Rept. U. S. Geol. Survey, 1903, pp. 94-102. 
4 Brooks, A. H., An exploration to Mount McKinley, America's highest mountain: Jour. Geography, vol. 2, 1903, pp. 441-469 (map). 

Reprinted in Smithsonian Rept., 1903, PR: 407-425. See also Brooks, A. H., The Alaskan Range, a new field for the mountaineer: Bull. Am.. 
Geog. Soc., vol. 37, 1905, pp. 468-479 (map). 

5 Prof. Paper U. S. Geol. Survey No. 45, 1906. 
' . 
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of the expedition. Fortunately Messrs. Reaburn and Printz, to whom this .~uty was ~ssigned, 
were expert in such matters. With a view to procuring hardy range stock accustomed to seek 
their own feed, it was decided to purchase the horses in eastern Washington. 

As the writer was detained in the city of Washington, the task of outfitting fell almost 
entirely to Mr. Rea burn. In pursuance of his instructions he proceeded to North Yakima, 
Wash., about the middle of April, and there, with the aid of Mr. Printz, carefully selected 
some twenty horses. The preference was given to short, heavily built animals weighing from 
· 800 to 1,200 pounds. Experience proved that the buckskins, bays, and sorrels had more 
endurance than the black or, especially, the white animals. The white horses suffered most 
fron1 mosquitoes and were the first to give out. 

As all the horses were to be used for packing supplies, eighteen were provided with sawbuck 
pack saddles equipped with strong breeching and breast straps. The question as to the desira
bility of aparejos was decided in the negative. Although the aparejo undoubtedly protects the 
horse's back better than the sawbuck,_ yet its great weight and the fact that it necessitates the 
chopping of a wider trail are serious disadvantages in swampy country. It also requires 
n1ore attention from the packer than the sawbuck. Besides the eighteen sawbucks, one com
bination and· one riding saddle were carried. These proved very useful ~vhen the horses devel
oped sore backs, because an interchange of saddles shifted the pressure. Each animal was 
provided with a good halter, a heavy double blanket, sweat pads, two alforjas, a 10-oui:lce 
pack ·cover, and a cinch rope. As far as possible bags were used for packing the provisions, 
but three horses carried light wooden boxes as side packs, with heavy pads underneath to 
protect their sides. As· a par-tial protection against insects, each aniinal was provided with a 
light duck blanket with two surcingles which, though they lasted but a few weeks, proved of 
great service during the n1onth of June, when horseflies were plentiful. The horse equipment 
also included a shoeing outfit, two extra shoes for each horse, zinc ointment, extra leather 
straps, sole leather, rivets, etc. Subsequent experience showed that it would have been well 
to carry condition powders, as well as iodoform and hydrogen superoxide to treat sores and cuts . 
. . ; After con1pleting these purchases at North Yakima, Rea burn went to Seattle to procure 

prpvisions and. the outfit. :Much time and thought had been given to the ration list. ·on 
such an expedition food is a vital consideration. If the allowance is insufficient, the journey 
has to be curtailed or the risk of starvation incurred. On the other hand, too great a quantity 
han1pers transportation and causes the expedition to fail. Variety is also imperative, for, 
although the simplest diet of flour, bacon, and beans may not prove harnlful on a short 
journey, it has been found that such monotony of food can not be long continued without 
affecting the health. Alaskan exploration, under the best conditions, is a severe strain on 
the endurance of the average man, and variety .of food tends to strengthen his powers of 
resistance. The ration chosen, as shown below, though providing ample quantity and consid
erable variety, did not exceed 31 pounds per ·man per day. Practically nothing but dried 
foods was taken. The staples-flour, bacon, beans, sugar, rice, and evaporated fr_uits and 
vegetables-were supplemented by farinaceous foods, cheese, desiccated eggs, and condensed 
soups, together with tea, coffee, chQcolate, condensed cream, and a small quantity of delicacies. 
Though the region to be visited was believed to abound in game, this was not taken into consid
eration. Aside from the fact that it is never safe to rely on game, a party which has a definite 
journey to make within a limited tin1e can not afford to stop for hunting. ~ 

. Ration per man per day. 

Pound. Pound. 
Flour ............................................. l. 00 Sugar ............ : .......... ~-- ... , ............... 0. 35 
Bacon and pork ................................ ·.... . 75 Coffee............................................ . 07 
Butter.~ ........................................... 14 Tea ...................................... :: ....... 03 
Oatmeal........................................... .18 Salt.............................................. . 08 
Rice ............. : .............................. ·.. .10 Miscellaneous .......................... ______ ._.... .12 
Beans............................................. .17 
Dried fruit........................................ . 25· 3. 24 
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By leaving oub riwst of the dried fruit and some of the miscellaneous supplies and substi
, tuting tea for coffee at the ratio of two to five this ration can be reduced to 3 pounds or less. 
When means of transportation are limited to the most primitive form of back packing, bacon 
or pork can be substituted for butter and flour, or rice for oatmeal, in which case the ration 
need not exceed 2.9 pounds. · 

The relative proportions of the different articles in the preceding table have been carefully 
estimated on data furnished by the Alaskan parties of the Survey and compared with informa
tion gleaned elsewher.e.1 It is not possible, however, unless the daily ration is actually weighed; 
to insure that the provisions will come out even. For example, if much game is procured, the 
consumption of sah and bacon for cooking may result in a deficiency in those articles. 

The .complete list of provi~ions is as follows: 
Wheat flour. 
Graham flour. 
Rolled oats. 
Corn meal. 
Macaroni .. 
Germ ea. 
Rice. 
Hard-tack. 
Cheese. 
Condensed milk. 
Bacon. 
Salt pork. 
Ham. 
Dried beef. 
Butter and lard. 
Evaporated eggs. 
Beans, navy and bayo. 
Sugar. 
Chocolate. 
Cocoa. 
Canned jelly. 
Tea. 
Coffee. 
Evaporated peaches. 
Evaporated pears. 
Evaporated apricots. 
Evaporated nectarines. 
Evaporated plums. 

Evaporated currants. 
Seeded raisins. 
Pea-meal condensed soup (Erbsenwurst). 
Bean condensed soup. 
Potato condensed soup. 
Corn condensed soup. 
Tomato condensed soup. 
Evaporated potatoes. 
Evaporated onions. 
Evaporated soup vegetables. 
Evaporated Brussels sprouts. 
Baking powder. 
Yeast cakes. ·" 
Soda. 
Salt. 
Pepper. 
Mustard. 
Nutmeg. 
Ginger. 
Cinnamon. 
Curry powder. 
Vinegar .. 
Lime juice. 
Pickles. 
Matches. 
Soap. 
Candles. 

The evaporated eggs, commercially known as crystallized eggs, have high nutritive value, 
but have usually proved unpalatable unless cooked with something else. TJ?.e so-called Erbsen
wurst, or pea-meal soup, is a combination of pea meal and beef extract, partly cooked and 
easy to prepare. In the experience. of the writer it is the most valuable of the concentrated 
foods. With these foods can be grouped hard-tack, chocolate, smoked beef, and cheese, all 
of which are invaluable in forced marches when no cooking can be done. The large quantity of 
dried fruit taken was probably a sufficient safeguard against scurvy, but as an additional pre
caution lime juice put up in small capsules was freely used. These are also good for. improving 
the taste of swamp water. ' 

Most of the provision;s were packed in paraffin bags holding- 50 pounds ·each, placed inside 
of heavy canvas bags and tied up in such a way that no water could enter if the pack should 
be submerged. The wisdom of this precaution was proved many times. During the three 
and one-half months of the journey, though it happened over and over again that horses rolled 
into the water, only once was anything ruined, and the only loss of provisions was about 10 
pounds of corn meal which became wet and moldy. Many an expedition has run short of 
food because the supplies were insufficiently protected against moisture. 

1 Snow, C. H., The equipment of camps and expeditions: Trans. Am. Inst. Min. Eng., vol. 29,1899, pp. 157-186. 
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In each detail of the equipment it was advisable to obtain the utmost degree of ljghtness 
commensurate with durability. The cooking utensils were chiefly of tin and iron, which, 
though much heaVier than aluminum, were found to wear longer. They were of such 
shapes that they could be packed compactly and were stored in two of the wooden side hampers. 
In view of the fact that much of the journey would be above timber line, where only small 
willow could be procured for fuel, a small sheet-iron stove was carried. This prove'd very 
serviceable, though it made an awkward pack on a horse. Especial care was taken to keep the 
matches in waterproof boxes and to distribute them in several packs. 

The partywas provided with three wall tents, 7 by7 feet, made of cotton drilling and weighing 
but 10 pounds each. They were mosquito proof, the floor being sewed to the walls and the 
entrance arranged to close with a draw string. Ample ventilation was insured by large openings 
covered with double thicknesses of bobbinet. Besides the sleeping tents, there was one 8 by 10 
foot cooking tent, also of cotton drilling, which demonstrated its utility toward the end of 
the season, when the stormy weather began. . 

Each man was provided with a sleeping bag weighing about 12 pounds, composed of two 
woolen bags and one duck cover. Personal equipment was cut down as far as possible, but 
each man carried at least one extra pair·of stot;tt walking shoes. Experience on previous expedi
tions had taught the writer that good footgear is the first requisite to rapid progress where 
men must move on foot. It was found that a rather light-weight 10-inch walking ·shoe is· 
preferable to the high boot. The shoe-repairing outfit, including extra hobnails or screws, 
leather, wax, thread, and grease, was a very important part of the equipment. Each. man 
was also provided with a bobbinet headdress to protect him from mosquitoes, and gauntlet 
gloves. For outer clothing duck or khaki is preferable, but underwear should be entirely of 
wool. 

The weapons of the party were two .30-30 carbines and one .22 caliber rifle. For the 
carbines 250 rounds of ammunition was provided; for the rifle about 500 rounds. The small 
rifle, devoted to killing ptarmigan and grouse, was almost as effective as a shotgun in sup
plying the camp larder, and both the rifle and the ammunition were much lighter. 

The heaviest and most awkward pack for the horses was a folding canoe and oars. This 
was considered essential because nothing was known of the ~haracter of the rivers to be encoun
tered. As a matter of fact, it was never used. On the coastal side of. the divide a large. boat 

· which had been brought from Tyonek was used, and at the Tanana the party. was fortunate in 
finding a fairly good rowboat belonging to natives. At the latter point the folding boat was 
abandoned, and thereafter the. rivers were crossed by the aid of hastily constructed rafts. 

On a previous expedition the writer found that a practical boat could be made by stretching 
a large piece of waterproof canvas over a framework of dried spruce poles fastened together 
by crosspieces inserted in auger holes. The canvas alone does not weigh over 25 pounds; 
with the framework the total weight is 50 or 60 pounds. 

There was an ample supply .of axes, for these are liable to ·he broken or lost. Several of 
3~-pound weight were carried, and three light hand axes. In the opinion of the writer ·the 
machete used in tropical countries would have been found useful in cutting trails through the 
dense growths of alder and willow which were frequently encountered .. The rest of the tool 
equipment was very simple-a combination tool, a hatchet, some copper· wire, a 1~-inch 
auger for ·constructing rafts, files, a whetstone for sharpening axes, a rivet set and punch, 
some sailmaker's needles, a sailmaker;s palm, and a small saw. · 

The instruments for topographic work included an 18 by 24 inch plane table, a tripod 
fitted with Johnson movement, a telescopic alidade with micrometer attachment, a Saegmueller 
theodolite with 4-inch vertical and horizontal circles- reading to 30 seconds,'.with two verniers 
to each circle, a stenometer, together with barometers and thermometers; including a maxi
mum and minimum thermometer. Each geologist was provided with a Brunton pocket 
theodolite, an aneroid barometer, a hammer, a Zeiss field glass; and a. compact .4· by 5 film 
camera with aluminum tripod. The films were packed separately in tin tubes made· -w~ter-

668970-11-2 
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proof by the use of insulated tap. In addition, notebooks, drawing paper, and other stationery 
were carried, together with a small, carefully selected medical outfit; inclu_ding bandages, etc. 

The 10.5 days' provisions aggregated about 2,300 po1J.D.ds; the rest of the outfit between 
600 and 700 pounds. The total was a little less than 3,000 pounds, the pack thus averaging 
about 150 pounds to each horse. This would not have overloaded the horses had the· trail 

.been good; but, as it happened, the early part of the trip lay through swampy country, and 
it was fortunate that ·nearly OJ?.e-third of the load could be sent by boat for the· first 100 miles. 

NARRATIVE OF EXPEDITION. 

The entire .. party of seven men, with twenty horses, assembled in Seattle on :May 13, 1902, 
and two days later embarked on the steamer Santa Ana for Cook Inlet. Alter a coasting journey 
of nearly 2,000 miles, the vessel steamed up Cook Inlet on May 27, and the same night, with 
the aid of a lighter, the party was safely landed at Tyonek, on the west shore.1 Here several 
days were spent in repacking provisions and outfit, breaking the horses, and attempting to 
gather information froin Indians, prospectors, and traders. In this last particular no great 
degree of success was attained, for many of the people of the coast know little of the inland 
region beyond the first 20 miles. Although the Indians and traders agreed that with good 
luck we might be able to get through the range with our outfit, no one believed it possible that 
we could extend our work to the Tanana, much less to the Yukon. It was the general expecta
tion that the party would return to Cook Inlet in the fall. This might have discouraged us 
had we not known that few of the longer explorations of the Geological Survey in Alaska 

·had been regarded as practicable by traders who were most familiar with the localities. Alaska 
natives, as a rule, know only theirown hunting grounds, and as they have no experience with 
pack horses, their opinion as to choice of routes is of no great value . 

. Alter weighing all the evidence ~nd making a few preliminary reconnoitering trips,- we 
chose a route which would cross Beluga River near its mouth and Skwentna River near the 
lower canyon. George Eberhardt and Joe Anderson, of Tyonek, were engaged to take a boat;.. 
load of supplies up the Susitna and its west fork, the Skwentna, to meet us at the point of 
crossing. The object of this was both to lighten the burden of the horses while they were 
traversing the flat, swampy coastal belt and to provide a means of crossing several of the large 
and turbulent rivers of the coastal slope. For their efficient performance of this task Eberhardt _ 
and Anderson deserve the highest praise. . · 

Our fears that we might be delayed by a scarcity of forage fo~··the horses proved groundless, 
for the snow was gone and the grass well advanced by June 1. On the 2d, all preparations 
being completed, we were able to get under way. About 1,000 pounds of the equipment was 
sent in the boat. The remainder, together with 200 pounds of grain for the stock, was dis
tributed among the twenty horses. 

The route lay along the western shore of Cook Inlet, over a gravel beach at the foot of a 
series of gravel bluffs which rise 50 to 100 feet above the water (Pl. IV, B, p. 44). This strip, 
limited by the inlet on one side and by the precipitous escarpment on the other, gave excellent 
opportunity to break in the pack horses, many of which were inclined to be fractious after 
their long confinement in the vessel. The second day fou:r;:td the party approaching the broad 
mud flats formed by the delta of Beluga River. To avoid this swamp it became necessary to 
climb to the level of the first terrace and chop a trail through the dense growth of spruce and 
bircp_. We reached the Beluga on June 4 and crossed on the following day with the aid of 
the boat brought by Eberhardt and Anderson. At flood tide, when the current slackened, 
the horses swam over without difficulty; . 
. It now occurred to us that a comprehensive view of the country ahead could be obtained 

by. climbing Mount Susitna: LeaVing Mr. Prindle to study the local geology and the two 
packers to chop a trail inland, the rest of us made our way by boat to Alexander, a small 
native settlement at the head of the Susitria Delta. From this point we followed an Indian 

1 Landings are now made at Beluga, about 15 miles above Tyonek. 
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trail, winding in and out among swamps and lakes, through spruce forests, and across several. 
streams on old beaver dams, to Mount Susitna, a granitic boss about 4,000 feet high 1ying 
10 miles west of the river. The sides of the.mountain rise gently to a height of 1,000 feet 
and then steepen gradually, so that the final stretch of the ascent must ·be inade over a talus 
slope of maximum gradient. Heavy timber-birch, cottonwood, and spruce measuring up to 
2 feet in clian1eter-extenclecl to about 1,000 feet, and then gave place to clerise growths· of 
alder and willow, with scattered white birch. Beyond 1,500 feet the willow and alder were 
succeeded, except in the ravines, l:)y grassy slopes', and the great abundance of fine reel-top 
grass was very striking. Near the summit the remnants of the previous winter's snow con
trasted strongly with the wild flowers and other vegetation. 

A rather toilsome climb brought us at last to our vantage point. Looking northward, 
whither our route lay, the eye swept the broad lowland of the lower Susitna, its dense forests 
of dark spruce diversified by the light~r greens of the open meadows, while here and there a 
gleam of reflected light marked the position of a lake or waterway. On the northeast the lowlaricl 
stretched to the horizon, broken only by a few highland masses; on the northwest it culminated 
in the great Alaska Range. Above this snowy crest line rose the twin peaks Mount McKinley 
and Mount Foraker, as~erting their stupendous .height even at that di.stance, more than 110 

.miles. To the west the range clwincllecl into foothills 40 or 50 miles from the coast. We took 
cognizance of the many swamps. and lakes with some premonition of the difficulties before us.
Far to the northwest a break of considerable width in the Alaska Range appeared to mark the 
gap which was the immediate objective point of the expedition. 

Mr. Reaburn made a latitude and azimuth and plane-table station on the summit·, and was 
able to take the azimuth of Mount McKinley, almost due north, ·which helped to control in 
longitude much of the season's surveys, for the high peak was repeatedly sighted, almost 
throughout the summer .. 

Returning, we reached the base camp on Beluga River on June 7. The trail choppers 
had found the old Indian trail of which we had heard rumors at Tyonek, and there by had been 
able to establish a route for· 7 or 8 miles .. On the 8th .the reunited party resumed the march, 
dispatching Eberhardt and Anderson ·with the boat to a rendezvous on the Skwentna. The 
trail led northwestward over a gravel plateau which slopecl·up gently toward the mountains, 
interrupted here and there by knobs of granitic· rocks (Pl. IV, A, p. 44). Many swamps retarded 
our progress and severely taxed the strength of the horses, but good grass w3;s abundant. The 
many lakes and ponds were breeding grounds of waterfowl, and the camp larder was much 
improved by contributions of duck, geese, and sand-hill crane, as well as grouse. June 13 
brought us to the foothills of the range, and for several clays we made rapid progress over a 
country thickly co;vered with grass and studded with parklike groves of trees. In these high
lands many large brown . bear were seen. The Indian trail vanished above timber line, and 
on descending to the lowland of the. Skwentna Valley we were .compelled :to do cont_inu.ous 
chopping in order to penetrate the· dense grove of alder, spruce, and birch. 

On June 18 camp was made on Skwentna River, a western tributary of the Susitna. The 
origin~! plan was to cross the river at this point and send down only. a part qf the pack train 
to meet the boat at the canyon, 20 miles below. But· every effort to find a ford proved dis
astrous; the river, swollen to a rushing torrent by the melting snow in the hills, swept' the horses 
off their feet and carried them and their riders downstream. Rather than risk the loss of 
equipment, if not of men and horses, the attempt was relu.ctantly abandoned, and the entire 
party set out down the riv~r. On June 21, after three. weary days of chopping trail through 
the dense thickets which clothe the river banks, we reached the lower canyon. Eberhardt 
and Anderson had arrived the day before. On. the following day the horses were towed across 
t~e river behind the boat, one by one, but so swift was the current that even with four men at , 
the oars a quarter of a mile or more was lost in gaining the opposite bank. 

Froin the Skwentna the course lay in a northerly direction through a flat, heavily timbered 
region where almost continuous· trail chopping. was necessary. On the 28th we arrived at 
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Kichatna R.iver; also belonging to the Susitna drainage, to find the men with the boat again 
awaiting us. . 

Nearly a third of the season and of the provisions had been consumed and less than a sixth 
of the distance had been covered. The swampy country had told disastrously on the strength 
of the horses, whose vitality was further drained by the clouds of horseflies and mosquitoes 
which harassed them day and night. Moreover, there had been an outbreak of distemper 
among them which threatened to become serious. The outlook was far from cheerful, for 
it hardly seemed possible that the surVey could be carried to the Yukon, as planned, and it 
was uncertain in what straits the party might find itself when the cold weather in the fall 
should put an end to the use of horses. To provide for a probable retreat along the line of 
advance, a cache of a week's provisions was established at this point. 

On June 30, when we started inland, Eberhardt and Anderson turned back with the boat. 
It was our last link with the world for nearly three months. Although we had remaining only 
7 5 days' provisions, yet many of the horses had lost so much strength that the packs were too 
heavy for them and necessitated short marches. At first our course lay along the east bank 
of the Kichatna by the route that was followed in 1899 by Lieutenant 'Hem:on, of whose journey 
mention is made elsewhere. · Herron's trail had in many places b.een destroyed by the 
undercutting of the river bank and had ·to be pieced out by chopping .through the dense 
alder thickets. After three days, which netted only about 10 miles.;.,W line, we came to a 
bench bordering the east side of the valley, 50 feet above the river, which offered excellent 
traveling. An Indian trail was discovered leading through an open parklike stretch known 
as Nin Ridge. Everywhere appeared thick patches of red-top grass, the :finest the writer has 
ever seen in Alaska. Much of it grew as high as 5 or 6 feet. The abundance of pasture and 
the disappearance of horseflies revived the energies of the horses somewhat, and for several 
days long marches were made. 

After some 20 miles of this the bench merged into the river bottom and trail cutting 
again became necessary. Often the river flood plain was followed and the Kichatna was forded 
a number of times, not without serious danger, for it was here a turbulent glacial stream, full 
of large bowlders which offered but insecure footing. More than once men and horses were 
swept off their feet by the mad, rushing waters. At length we reached the headwaters of the 
river, and on July 12, in a dense fog, we crossed a pass, expecting to find the Kuskokwim waters 
beyond; but on the following day the stream that we were descending proved to be still on the 
coast side of the divide. Here the killing of a moose provided a welcome change of diet, and 
for two months thereafter we were almost always able to procure fresh meat. Before a 'route 
could be chosen from this poirit it was necessary to reconnoiter. Three men spent a day and 
the greater part of a night exploring in different directions, and at length found a pass which 
had long been used by the natives as a route between the Kuskokwim basin and the Cook Inlet 
re.gion. Rainy Pass, as we called our new discovery, lies to the south of Simpson Pass, dis
covered by Herron .. It has an altitude of about 2,950 feet and undoubtedly. affords the best 
opportunity of piercing the southern part of the Alaska Range. This region appeared to abound 
in white Alaskan sheep. 

On July 15 we crossed the pass, and two days later the party emerged from the mountains 
into the valley of the upper Kuskokwim (Pl. V·, p. 46). This part of the Kuskokwim Valley 
had been surveyed in 1898 by Spurr, of whose exploration an account is given below. 

Our route now followed the E:uskokwim for some 20 miles to the point where that river 
debouches on. a broad lowland. Here, leaving on our left the route of Herron and Spurr, we 
branched off to the northeast along the northwestern margin of the range and again entered 
unexplored territory. It was not without misgivings that we took this second plunge into the 
unknown, for the time was more than half spent and we were still almost as far from Mount 
McKinley, our immediate objective point, as when we left salt water. Mo~eover, it was here 
in the Kuskokwim Valley that Herron's party had come to grief.· Our fears, however, proved 
groundless, for subsequent events showed that the easier part of. the journey was ahe~d of us. 
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From the main valley of the Kuskokwim for nearly 200 miles to the northeast the. range 
falls off, in many places abruptly, to a gravel plateau (Pl. VI, B, p. 46). Along the·.inner margin 
of this plateau, keeping the snowy crest line of the range but a few miles to the right, we followed 
an almost air-line route N._ 20° E. to the base of Mount McKinley, a hundred miles distant. 
Twice· we had to cross spurs· of foothills of considerable altitude which branched out- from the. 
main m_ountain mass, and here the horses had stiff climbing. But the smooth, moss-covered. 
surface of the plateau, which was composed of glacial overwash material, afforded excellent 
footing for both man and beast. Our only serious inter-ruptions were the glacial streams which. 

· emerged from the mountains, many of them with the volume of good-sized rivers, directiy 
athwart our course. Fortunately, on each of them a ford was found, for the turbulent waters. 
threatened a perilous passage to so frail a craft as our folding canoe. Some of the glaciers. 
reached well out into the plateau region, and stemming the .roaring torrent close to their moraine
covered fronts was exciting, if not always pleasant. In crossing every man was mounted on top· 
of a pack. Occasionally. a horse would roll over, but none was lost. . · · 

In spite of the rapid marches· that were now made, most of the horses ke.pt up well, for 
grass was plentiful. Unfortunately, two of them, which had never recovered from the physical 
strain of the first month, gave· out and had to be shot. · · · 

Many of the camps were above the limits of spruce, but there was always sufficient willow 
for cooking purposes. In the foothills the white Alaska bighorn was abundant, the moss
covered plateau furnished plenty ,(>f caribou, and in the river bottoms an occasional glimpse 
of moose was obtained. · 

T<;> the west the plateau sloped ·down to a broad wooded lowland of somber monotony, a 
gleam in the sunlight here and there marking a lake or a winding river course. Old Indian 
hunting camps were not infrequent, but there was no other evidence of the abode of man.· 
Once, indeed, a ::;moke was sighted curling up from a forest miles away, and was marked with 
delight by eyes that had seen no hum.an beings outside of the patty for two months, and once. 
the ax marks of a white man were seen. · 

Mount McKinley and Mount Foraker, which in ·clear weather had been visible "for most
of the time since we left the coast, loomed ever larger and more majestic as we approached 
(Pl. VI, A, p. 46). On August 4 camp was made only 14 -miles in an air line from the summit of 
Mount McKinley (Pl. I, p. 11). Here a day's delay permitted the writer to climb a spur of 
the mountain to snow line and to obtain ·some clue to its geologic structure. But satisfaction 
at standing on its slopes, 9 miles from the summit, which had never before been approached 
by white man, could· not but be tinged with .r~gret that there was neither time nor means for 
reaching a higher altitude. · 

Beyond Mount McKinley the range swings somewhat to the ·northeast. The route, still 
following the base, swerved in the same direction.· For the next 100 mile.s there was little 
change.in the character of the topography, and we continued to make rapid progress. The 
streams which now crossed our path flowed northerly to the Tanana instead of westerly to the 
Kuskokwim. · ·· 

On August 15 we made camp in the valley of the Nenana, which is tributary to 'the Tanana. 
Ascending .this river to its main fork, we found a ford and made the last dangerous crossing of 
the season. It was not without relief that we saw the last.horse and man safely landed on the 
left bank, for the turbulent waters reached well up· to the horses' shoulders. 

Tllis had brought the party to the most northerly point of the Eldridge survey· of 1898, 
to which further reference will be made. We now followed the left branch of the Nenana, 
called Yanert Fork, nearly to its glacial source (Pl. XII, B, p.·l08), and then, crossing over, 
laid a northwesterly course into the Tanana Valley across the mountains which separate the two 
valleys .. Our route through these mountains was one much ··used by natives, as indicated by 
their many camps. · · 

August 24 was marked by an encounter with a white man and a band of Indians, the first 
human beings we had seen in nearly three months. They directed us to· a trail long used by 
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the Indians and recently improved by a party of white nien with horses, who were reported 
to be making a .survey for· a railway. We followed tlus trail for 30 miles across the lowland 
of the· Tanana. Broad meadows of magnificent grass alternated with belts of birch, cotton
wood, .and fine spruce, or with large marshes dotted with lakes. The timber was unusually 
large for the Yukon basin, trees 18 to 24 inches in diameter beingnot uncommon. 

On the 29th we emerged from the forest on the south bank of the Tanana, at the small 
native settlement of Tortella 1 (Pl. VII, A, p. 48). To the natives the arrival of wlute men from 
the mountains seemed little short of miraculous, for all previous visitors· had come by way of 
the river. Though these Indians ordinarily use only canoes, they happened to have one boat 
adapted to towing horses. Mter some bargaining this was hired and the crossing was made 
without serious delay. . . 

On the 1st of September we made camp on the north bank of the Tanana, rejoicing in 
the knowledge that the most difficult as welf as the most important part of the summer's work 
had been accomplished. Eighteen out of the original twenty horses had survived, but the 
three months of hard work had left many of them in poor condition. Moreover, the grass, 
_though abundant, had been nipped by early frosts and appeared no longer to furnish sufficient 
nutriment. 

. There were two alternative routes for reaching the Yukon-one to continue northward and 
attempt· to reach Circle, the other to take a northwesterly course to Rampart. As the season 
was well advanced and it was only a question of days when the horses would begin to give out, 
we decided to try for Rainpart, that being some 50 miles nearer than CirCle. The Indians 
gave no encouragement; rather, the.y declared that the swamps and thick timber made it quite 
out of the question to take horses through to the Yukon. They prophesied that the party would 
return to the Tanana by the time the snow came. So utterly- foolish did the project seem to 
thei:n that it was difficult to obtain any information in regard to routes. · 

· With this not very cheering prospect we started northward on the 1st of September. 
The weight of the· horses' packs had been reduced as .far as possible by abandoning all except 
the most necessary part of the equipment. This,· wit~1 the three weeks' provisions and the 
specimens which had accumulated during the summer, amounted to about 50pounds to each 
horse. 

For two days our route followed a series of low ridges, to the north of wluch stretched 
the broad lowland of Tolovana River. This lowland, by reason of its patches of thick timber, 
its swamps, its innumerable lakes, and its many sluggish streams and rivers, was regarded by 
the Indians as impassable for horses. Mter skirting its southern border for some 20 miles 
we turned to the northwest, directly across it. Though the distance to the highlands on the 
west was only about 30 miles, the difficulties of travel occupied the energies of the entire 
party for eight days, as much time had to be spent in building corduroy, bridging streams, 
and crossing rivers. Within six days five different bridges were constructed and six rivers 
were rafted. 

On September 9 we left' the low country behind, and thence to the Yukon our· route lay 
through an "upland region (Pl. VII, B, p. 48). Traveling here was comparatively easy, as there 
was little trail chopping to do. At tlus time the horses began to give out at an alarming rate. 
Though their loads were very light, yet the frost-bitten grass and the hard traveling through 
the swamps proved fatal to all except the strongest. During the rest of the journey shooting 
one or more horses was a daily incident. On the 14th we reached Little Minook Creek, and 
there found a trail which brought us to Rampart on the 15th. The next morning we boarded 
a river steamer bound for St. Michael. Thence the party returned to Seattle, arriving on 
September 30. 

In 105 days the expedition had covered about 800 miles. During tlus time 94 camps had 
been made; between June 1 and September 15 the party had traveled every day except nine. 
Eleven out of the twenty horses. reached Rampart. -

I Now called Nen.ana. 
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METHODS OF WORK. 

Before describing the methods of work pursued by the different members of the party 
it may be well to outline the ordinary daily routine. All hands )Vere usually called at 5, and 
while the packers were finding the horses the others took down the tents and packed up. 
The horses were saddled as soon as they arrived, and then breakfast was eaten. Between 6 
and 6.30 began the packing of the horses, which occupied all except the cook ~om one to two 

.hours. When the last horse was ready, usually before 8, the pack train started. The topog
rapher, his assistant, and. one of the geologists were separated from the party for the rest of the 
day, choosing such routes as their work demanded .. The other geologist accompa~ied the 
pack train and usually made an excursion after camp was pitched in the afternoon. This 
routine was varied when thick timber or swamp required the entire force to cut trail or build 
corduroy. Under such conditions the topographic and. geologic observations were mostly 
made after camp was pitched, which .proved a severe strain on the observers. The pack train 
usually traveled six or seven ~ours and. the technical members of the expedition worked from 
ten to fourteen hours daily. 

Mr. Rea burn, elsewhere in this report (see pp. 32.-39), gives a detailed account of the methods 
employed in the topographic surveys of the party. Here, therefore, it is sufficient to state that; 
thanks to his untiring activity, a survey was carried on throughout the journey from Cook 
Inlet to the Yukon. This was not the rough approximation so often used in exploratory work, 
but one based on trigonometric determination of positions and altitudes. It not only recorded 
a location of the route but also embraced a considerable area on both sides, aggregating in all 
about 6,000 square. miles. To Mr. Reaburn 1 belongs the· credit of having in the course of two 
successive seasons made instrumental surveys from the Pacific Ocean at Cook Inlet to the Arctic 
Ocean at Kotzebue Sound, covering a distance of about 2,000 miles .. 

The geographic results of the expedition are, first, the mapping. of the western front of 
the Alaska Range and the headwaters of. the Kuskokwim; second, the .filling in of the gap 
between .the four previous exploratory surveys (see pp. 27-29), so that they are now linked 
together and can be mutually adjusted. Furthermore, the region traversed bet:ween the 
Tanana and the Yukon, though frequently visited by white men, had not been mapped; hence 
this portion of the work is also a contribution to geographic knowledge. The same holds true 
of the first part of the route, between Cook Inlet and the Alaska Range. 

The position of Mount McKinley was more accurately determined, as also its altitude, 
20,300 feet. Mount Foraker, some 15 miles to the south of Mount McKinley, was also located, 
and its altitude of 17,000 feet determined. These observations were also made for a number 
of other peaks, varying from 8,000 to 11,000 fee.t. Although the actual surveys cover only 
6,000 square miles, the information obtained and the correlations established between previous 
surveys throw additional light on the geography and topography of about 20,000 square miles; 

The geologic work, though in many respects less satisfactory than the geographic, was also 
fruitful of results. The geologist obtained his field locations by foot traverses, laying courses 
by pocket compass and approximating distances by pacing .. The traverses were platted 
directly in the notebook, with the aid ofa celluloid protractor, on a scale of a mile to the inch, 
so that the observer at all times kept his location and gained at least an approximate idea of 
the relative position of the outcrops. On these sketch traverses contours were usually indicated, 
also notes on distribution of timber, as well as geologic observations. Verbal descriptions 
were added~ and frequently sections were drawn to indicate the field interpretation of the facts.· 
At night the record thus made was supplemented by fuller description. Specimens were of 
course taken wherever it was deemed advisable, considering the limited means of transportation. 
The collections of the summer aggregated about 600 specimens. The rapidity with which' the 
field work had to be executed allowed little time for photographic work, nor were there trans
portation facilities for a .large camera. Each geologist was provided with a 4 by 5 inch 
can1era, which he constantly. carried, and with these about 300 photographs were taken. 

1 Mr. Reaburn accompanied W. C. Mendenhall in a journey from Fort Yukon to Kotzebue Sound. See Prof. Paper, U.S. Geol. Survey No. 
10, 1902. 
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Tnese methods enabled the geologist to run from 12 to 15 miles of traverse in a day of ten 
or twelve hours, provided the country was open and the outcrops not too many or the structure 
too complex. The highest record attained during the .season was 22 miles of traverse in a day 
of eighteen hours. '.J;his was in a. region of considerable complexity and containing many 
outcrops. One great obstacle to effective field work was the impossibility of maintaining the 
same standard of observation and interpretation throughout the many hours of activity enforced 
hy the rapid progress of the party each day. Toward the end the observer· would become 
both physically and mentally weary and able to continue his observations and deductions 
only by the greatest effort of will power. Consequently there were many gape in the record 
which could not be filled afterwards. 

The party numbered· so few men that one of the geologists could not be spared from the 
pack train while it was on the move, and his geologic observations had to be subordinated to 
this task. The other geologist and the topographer made such digressions as time would permit. 
On the north side of the range the average air-line distance between camps was 10 to 12 miles; 
so it was seldom possible to extend observations more than 4 or 5 miles from the i:outeof travel. 

·Even on these trips it happened several times that one of us missed camp and- was forced to 
spend an uncomfortable night under a spruce tree, with a scanty supply of food. During the 
summer the writer's own traverses aggregated. some 800 miles. The scope and character of 
the geologic results are discussed in another section of this report. 

Mr. Prindle deserves special commendation for his activity in coHecting plants throughout 
the summer and in keeping a daily weather record. ($ee pp. 199-201.) Only those who have 
participated in an exploration of this kind can appreciate what it means for any member of the 
party to voluntarily burden himself with additional duties. Each day is already full, and an 
extra line of work can be pursued only at the expense of sleep or rest. The specimens thus 
obtained by Mr. Prindle have been kindly determined by Mr.·F. V. Coville, botanist, of the 
Department of Agricu}ture. (See· pp. 208-211.) 

HISTORY OF PREVIOUS EXPLORATIONS. 

· No one can know how many generations of natives have wandered over this region, but it 
seems certain that the indigenous population was greater at the first ~oming of the white man 
than it is now. As the natives depended largely on the chase for subsistence, they must have 

-.frequented the slopes of the Alaska Range and the adjacent lowlands, for this is one of the 
best game regions in the Northwest. Much of the range formed -an almost impassable barrier 
between the hunting ground of the Cook Inlet natives and that of 'the Kuskokwim Indians. 
It does not seem to have been named, for the Alaska Indian has no fixed geographic nomen
clature for the larger geographic features. A river will have half a dozen names, depending 
on the direction from which it is approached. The cartographers who cover Alaskan maps 
with unpronounceable names, imagining that these are based on local usage, are often misled. 
Thus the Yukon Indians called White River the Yukokon, the Tanana natives c_alled it the 
N asina, the Kluane Indians. called it the Nazenka, and the coastal tribe of Chilkats had still 
another name for it. No one of these can be said to -have precedence over any other. 

The immense height of Mount McKinley must have impressed the Indian. It was used as 
a landmark in his journeys. With its twin peak, Mount Fo:r;aker, it is interwoven in the folklore 
of the tribes living within sight of the two giant mountains. The tribes on the east side ~f the 
range, who seldom, if ever, approached it, termed it Traleyka, probably signifying big mountain. 
TP.ose on the northwest side, who hunted the caribou up to the very base of the mountain, 
called it rennally. 

Bering, the first white man to approach this region, on his ill-fated voyage of 1741/ 
probably sighted the mainland or some of the islands· near the mouth of Cook Inlet, but this 
was on his return voyage to Siberia, when the expedition had already. become demoralized, 
and no attempt at exploration or survey was made. The first. definite account of the shore 

· 1 Steller, G. W., Reise von Kamtschatka nach Amerika mit dem Commandeur-Capitan Bering, St. Petersburg, 1793. ·. 
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line was obtained by Capt. James Cook, sent out by George III to seek a northwest passage 
from the Pacific side of the American continent. His orders bade him explore the coast to the 
sixty-fifth parallel if not impeded by ice~ His charts and journal bear testimony to the· thor:
oughness with which he executed his mission. Cook first sighted the American coast near the 
present southern boundary of Oregon in March, 1778. Standing northward, he located va:rious 
points on the mainland and islands, entered Prince William Sound May 12, and-discovered the. 
inlet which bears his name on May 20. 1 He sailed up the inlet, which he believed to be the 
mouth of a ·great river, cautiously sounding and charting as he went, and on June 1 <;lropped 
anchor off Point Possession, at the southern entrance to Turnagain Arm. Here he again 
mistook a tidal embayment for a river, and, calling it Turnaga~n River in reference to his frus
trated hope of finding a passage to the northeast, he turned back to seek for another break in 
the coast line. Cook's chart of the inlet is remarkably accurate, considering that he spent only 
a week in surveying it. He evidently failed to find the mouth of the Susitna; nor does he 
mention the Alaska Range. . The towering peaks of this chain are plainly visible from tide
water, and would not have escaped note in Cook's very. Circumstantial journal had not the view 
to the west and northwest".beeri interrupted by cloudy weather. 

Sailing southwestward, Cook soon encountered evidence that the Russian trader to whose 
enterprise the Czar was to . owe his American possessions had preceded him. After the sur
vivors of Bering's expedition had returned to ·siberia, in 17 42, with the repor:t of a promising 
field for the fur trade, the Siberian fur traders were not slow to investigate. Following· the 

. Aleutian chain of islands eastward, they had extended their trading expeditions; often bet"ter 
termed marauding expeditions, to· the mainland and as far as Kodiak Island· by 1762, though 
they had not yet made a permanent settlement on the American coast.2 

. 

But this freebooting fur trade of individuaJs was short--lived. ·A royal ukase granted the 
monopoly to one company. In 1783 this corporation established a permanent post at Three· 
Saints Bay, on th~ south end of Kodiak, and from this vantage point exploited the trade of 
the neighboring regions. · 

When Dixon and Portlock,3 two of Cook's officers, returned to Cook Inlet, in 1786, in com..: 
niand of two trading vessels, they found the Russian traders already established on the east 
shore. Though these two men were sent to the Pacific· on a· purely commercial enterprise, yet, 
true to their training under the great navigator, they did considerable exploratory work. They 
added something to the geographic knowledge of this part of Alaska, but like Cook they failed 
to obtain sight of the great snow-covered range which lies to the northwest of the inlet. 

It fell to another of Cook's officers, George Vancouver, to complete the survey of the shore 
line of th~ inlet in 1794. Since Cook's time a Spanish officer, Fidalgo, had entered the embay
ment, and many Russians had visited its shores in quest of sea otter, but none of these appear 
to have done any charting. Vancouver 4 sailed to the head of the inlet and with painstaking 
ac~ur~cy delineated the shore line of Turnagain Arm, thus first proving that it was n'ot the 
mouth of a great river. While surveying Knik Arm, a small embayment at th.e upper end of 
Cook Inlet, Val\couver appears to have caught a glimpse of the great 'Alaska Range to the 
n~rthwest, for in describing the topography of the arm he. says: 5 · 

The shores we had passed were compact; two or three small streams of fresh water flowed into the branch between 
low, steep banks, above these the surface was nearly":fl.at and formed a sort of plain, on which there was no. snow and 
but very few trees. This plain stretched to the foot of a connected body of mountains, which, excepting between the 
west and northwest, were not very remote; and even in that quarter the country might be considered moderately 
elevated, .bounded by distant stupendous mountains covered with snow and apparently detached from ~ach other; 
~?ugh possibly they might be ~onnecte'd ~y land of insu:fficientheight to intercept our horizon. [May, 1794.] 

This seems to be the earliest of the few references to the Alaska ·Range found in literatl!re~ 
Even Vancouver failed to mention specifically the two high peaks whic~ tower above the range, 

•Cook, James, A voyage to the Pacific Ocean, 2d ed., vol. 2, London, 1785, pp. 386-402. 
2 Coxe, William, Account of the Russian discoveries between Asia and America, 3d ed., London, 1787. 
s Dixon, George, and Portlock, Nathaniel, .(I. voyage round the world, but more particularly to the northwest coast of America, London, 1789. 
t Vancouver, George, Vancouver's voyage, vol. 5, London, 1798, pp. ·~47-275. 
6 Vancouver, George, Voyages of discovery, vol. 5, London, 1801, pp. 210-211. 
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though the description '' distant stupendous mountains covered with snow and apparently 
detached from each other" undoubtedly refers to Mount McKinley and Mount Foraker. 

Though the Russians soon established' themselves in this· region, they apparently had no 
interest in extending the surveys of the English navigators. Mate Izmailov is said to have 
described the southwest side of Kachemak Bay in 1789,1 but his report must have been lost. 

_In 1834 Mates Dinglestadt and Chernov, employees of the fur company, examined a part of 
the west coast of Kenai Peninsula. Among the expeditions made during this period of which 
knowledge has come down to us, probably the most interesting· was the ascent of Susitna River 
by Mate Malakoff2. in 1834. But if he g·ave any report of the high range which his eyes 
must have swept ·many times while he was dragging his clumsy boat up the river, it was not 
considered important enough to be embodied in Tebenkoff's Atlas of Russian America, published 
in 1852. • 

Malakoff's journey was.made iri the interest of the fur trade, but some years later Doroshin 
visited this region on a totally different mission-the search for m)neral wealth. He spent the 
greater part of two years, 1848-1850, looking for gold in the alluvium of Kenai Peninsula, and 
it is rumored that he also visited the Susitna basin, but this appears to be without foundation, 
for he makes no mention of it in his report or letters. 

While investigation of the· seaboard thus continued Russian traders were pushing their 
operations along Kuskokwim River; and though these did not actually extend into the region 
now under consideration, they added to the general kno~ledge of the province. Space will 
not permit mention of the individu~l expeditions which traversed the lower Kuskokwim basin 
during the Russian occupation of Alaska, but it is noteworthy that they began in 1830 and· 
continued until the transfer in 1867. During this period a trading post was maintained at the 
Redoubt Kolmakof, about 400 miles from the ·sea. The lower Kuskokwim became fairly ~ell 

. known to the Russians, _but of its headwaters they had only reports brought by the natives. 
As to other geographic features, the Russians appear to have known the general course· of 

the Susitna, and on some of their longer trading voyages up the Yukon they had reached the 
mouth of the Tanana, which drains the northern part of the field. 

Of the existence of high mountains between the Kuskokwim and Susitna basins they were 
doubtless aware, for GreWingk, who summarized the geography of Alaska in 1852, indicates on 
his map the axis of such a range, to which he gave the name Tchigmit Mountains.3 But there are 
few references to them in ·Russian literature, and not one has yet been found which refers directly 
to the high mountain whose snowy summit is visible from tidewater on Cook Inlet. That this 
mountain was known to the Russians, however, is evidenced by their name for it-"Bulshaia 
Gora," meaning big mountain. Who it is that first noted this culminating peak of the conti
nent will probably never be knowa. Possibly it was Doroshin, the Russian mining engineer, 
who named it while seeking gold on Kenai Peninsula. ·In any event it is certain that up to 
the close of the Russian· occupation of Alaska there was practically no attempt, except that 
of :Malakoff; to explore the region in its vicinity. · 

The exploration ·carried on by Kennicott, Dall, and others in choosing a telegraph ro~te 
did not reach this part of Alaska. Dal}/ however, made mention of the high mountain chain 
and was the first to give it the name Alaska Range. 

The Russian maps of this region published in 1860 and later correctly delineate the general 
course .of Susitna and l\1atanuska rivers. It seems probable, therefore, that some of the Rus
sian traders visited the l\1atanuska, which was readily accessible from ports on Knik Arm. As 
to the source of their knowledge of the Susitna less is known. There is no evidence that any 
Russian visited the Susitna except Malakoff, whose journey in 1834 has already been men-

1 Tebenkoff, Michael, Hydrographic atlas and observations, St. Petersburg, 1848-1852, p. 17 . 
. 2 A brief reference to Malakoff's journey is contained in ''Hydrographic notes to the northwest shores ot America, the Aleutian Islands,.and 

some other places of the north Pacific Ocean," by Captain of first rank Tebenkoff, St. Petersburg, 1852. 
a Grewingk, C., Beitrage zur Kenntniss der orographischen und geognostischen Beschaffenheit der Nordwest Kiiste Amerikas, St. Peters

burg, 1850. 
4 Dall, ,V. H., Proc. Boston Soc. Nat. Hist., November 4, 1868, vol. 12, p.144. Dall believed these mountains to be a northwestern exten

sion of the Rockies, a theory which later exploration has proved erroneous. 
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tioned.· It does not seem likely that Malakoff visited the head of the river, for his journey is 
said to have been made in summer by boat, and the Susitna above the mouth of Indian River 
is unnavigable. Nevertheless the general course of the Susitna appears to have been known 
to the Russians, either through exploration or through the reports of natives. It appears 
quite probable, therefore, that some explorations were made of the upper Susitna of which 
no record is preserved. They coulq have been accomplished by winter journeys up the :Mata-
nuska and across the divide into the Susitna basin. . 

. With the transfet of Alaska to the United States, in 1867, interior exploration received no 
impetus. The American fur trader succeeded the Russian, with an almost equal indifference to 
anything but his vocation. So matters stood until the advent of the restless prospector; and 
it is to him, and almost to him alone, that we owe our extension of geographic knowledge. Not 
until he at his own risk and cost discovered gold did ,the Government take any systematic steps 
toward scientific investigation of this northern realm. 

About 1S72 a small band of prospectors, including Jack McQuesten, A. Mayo, and Arthur 
Harper, reached the Yukon by the old :ij:udson Bay Company route from the Mackenzie to the 

. Porcupine. M~ost of these men were old Cassiar placer miners who had come to the north in 
quest of gold. For a number of years, ·however, they supported themselves by ful' trading, 
and some became agents of the powerful commercial company, successor to the Russian fur 
.company. They sought every opportunity to increase their knowledge of this new field, and 
on their own initiative undertook many daring expeditions. 

In the fall of 1878 Harper and Mayo ascended the Tanana a distance estimated at 250 to. 
300 miles, which would bring them to the present town of Fairbanks. This was the first explo· 
ration of the Tanana by white men. 1 They reported the finding of alluvial gold in the bars of 
the river and also that there was a high snow-covered mountain plainly visible to the south; 
this, of course, was Mount :McKinley. 

In the succeeding decade parts of the Tanana Valley were probably traversed by prospec
tors, but there are no records of these journeys. ·It is known that about 1880 a trading post 
was established on the Tanana 20 miles above its mouth. This the first white settlement in the 
Tanana Valley was abandoned when the wife of the trader, a man named Bean, was murdered 
by the Indians. 2 

In 1889 an Alaska pioneer, Frank Densmore, with several others, crossed by one of the 
portages from the lower Tanana to the Kuskokwim. 3 About the same time another prospector, 
Al. King, made the same trip. Densmore must have had· a glorious view of Mount :McKinley. 
Apparently it was his description of.it which led the Yukon pioneers to name it Densmore's 
MountainJ and as such it was known on the Yukon long before anyone realized its altitude. 

While these pioneers were exploring the Yukon basin the Cook Inlet region remained as· 
little known as during the Russian regime. An American company had succeeded to the 

. interests of the Russian corporation ·along the coast, but its agents were content to keep near 
tidewater, and it was many years before the federal authorities became interested in the interior. 
A few prospectors searched the coastal region for gold, and the coal seams at Kachemak Bay 
were spasmodically developed. Petrof's exhaustive compilation (1880) of all existing informa
tion about Alaska contains only the following.reference to this i:'egion: 4 

What the country north of Cook's Inlet is like no civilized man can tell, as in all the years of occupation of the 
coast by the Caucasian race it has remained a sealed book. The Indians tell us that the rivers lead into lakes and 
that the lakes are connected by rivers with other lakes again, until :finally the waters flow into the basins of the Tenn.anah 

1 E. vV. Nelson, of the Biological Survey, who was at that time stationed in Alaska, under date of April 13, 1909, makes the following refer
ence to the Harper and Mayo trip in a personal letter: 

"I find }?y my Alaska notebooks that Harper and Mayo made their first boat trip up the Tanana River (to an estimated distance of from 250 
to 300 miles) the fall of 1878. At this time they found good prospects of gold on the river bars and expected to return for further work. They reported 
having seen a great ice mountain off to the south which was plainly visible from the Tanana. I received a letter during the winter following this 
trip in which the ice mountain was mentioned, and the following spring both men described it to me as one of the remarkable things they had · 
seen on this .trip. They also showed me a small bottle of black sand and gold dust as the result of prospecting on the bars of the :1pper Tanana." 

2 Schwatka, Frederick, Report of a military reconnaissance in Alaska, made in 1883, Washington, 1885, p. 96. 
a Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, p. 96. 
4 Petrof, Ivan. Alaska; its population, industries, and resources: Tenth Census, 1880, voL 8, 1884, p. 86. 
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and the Yukon; but conflicting with this intermingli~g of the waters are stories cf mountains of immense altitude 
visible for huncireds of miles. The natives living north of this terra incognita give, however a similar description, 
which may be accepted until reliable explorers ~re enabled to :penetrate this region. 

When, ·ten years later, a second census of Alaska was taken, the region nor.th of Cook Inlet 
could still be described only as follows: 1 

Of the nature of the country intervening between the Kinik and Sushitna rivers, as well as of the headwaters of 
these two large streams, very little is known beyond a rather vague description given by natives and a brief account 
obtained from prospectors who attempted to follow up the Sushitna to its head. These men, after equipping them
selves for a year's sojourn in the wilderness, returned in three weeks completely discouraged, and, when asked what 
the country was like, replied that "it might contain the most beautiful scenery in the world or the richest mines, but 
that clouds of mosquitoes obscured their vision and occupied their attention to the exclusion of everything else.'' 
It is safe to assume that 'this region presents the features common to all central Alaska-swampy plateaus, tundra, and 
numerous lakes, with belts of timber along the river courses-but as to the topographical and geological features, or the· 
height of the divide bet:ween the Kuskokwim and Cook Inlet drainage systems, we have not yet emerged from the 
field of conjecture. · 

A new era in Alaskan exploration was inaugurated by Schwatka's reconnaissance of the 
Yukon; 2 for, though the journey had been made by many others before him, his dramatic.narra-~. 
tive gave the touch which awakened public .interest. The first result was the dispatching ·of 
Lieut. (now Maj.) W. R. Abercrombie to explore the Copper River valley, in 1884.3 Little was 
gained, for Abercrombie penetrated only to the rapids which now bear his name and appears to 
have made no surveys. 

The following year the War Department began one of. the most important explorations· 
e;ver undertaken in Alaska. Lieut. (now Maj.) Henry T. Allen 4 led an expedition through· 
the Copper River basin, across the mountains, and down the Tan.ana to the Yukon; and not 
content with this, he also explored the lower Koyukuk for some 300 miles. Thus he traversed 
the northern part of the :field here under discussion and was the first to map Tanana River: 
In his rather circumstantial narrative Allen mentions the high range of mountains which layto 
the south of the Tanana,· but does not specially remark on the ·altitude of any individual peak." 
lie observes: 5 "South of the Tanana River and north of the Kuskokwim is an extension of the 
Alaska -Range containing some peaks severaL thousand feet higher than exist where we crossed. 
the range." And again: 6 

" The range south of the middle part of the Tanana contains some. 
very high snow-clad peaks." In 1890 E. I-I. Wells, of the Frank Leslie expedition, continued 
Allen's exploration in the Tanana basin. 7 . Wells was the first white man to cross from Forty-
mile to the Tanana. · 

·The discovery of pla:cer goJa in the Yukon basin effected great changes. After 1880 prospec
tors began to flock into this interior region, and, through the store of information gathered by 
the earlier pioneers, became acquainted with the Alaska Range and the high mountain dis
covered by Densmore. Stories of its great height were told in many an isolated post and around 
many a lonely camp fire~ but these did not reach the outer world in sufficiently definite form to 
be noted by cartographers. 

On Cook Inlet., too, the finding of gold in 1894 wrought rapid transformation. The trader 
who was content to remain lit his post and have the natives bring their furs for barter wa·s suc
ceeded by the restless prospector~ who, following the traditions of his class, made his way inl~nd 
in quest of new :fields. Some pushed up the Susitna and must have obtained first-hand knowl
edge of the Alaska -Range and its two towering.peaks, but most of them cared only for gold and 
were little interested in extending or disseminating geographic knowledge. 

One, however, W. A. Dickey, of a·different .type from the rest, recognized the surpassing 
height of the peak and its geographic import and gave it the ·name Mount McKinley. His 

1 Porter, Robert P., Report on population and resources of Alaska: Eleventh Census, 1890, Washington, 1893, pp. 70-71. 
2 Schwatka, Frederick, Lieut., A military reconnaissance in Ala8ka: Senate Ex. Doc. No.'2, 48th Cong., 2d sess., Washington, 1885. 
a Abercrombie, W. R., Supplementary expedition into the Copper River valley: Compilation of narratives of explorations in Alaska, Wash: 

lngton, 1900, pp. 383-408. · 
• Allen, H_. T., Report of an expedition to the Copper, Tanana and Koyukuk rivers, in the Territory of Alaska, Washington, 1887, 172 pp. 
5 Op. cit., p. 156. 
a Op. cit., p. 6\1. 
7 Wells, E. H., Up and down the Yukon: Compilation of narratives of explorations in Alaska, Washington, 1900, p. 513. 
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exploration in 1R96 was probably one of the first extensive journeys in this district since that of 
the Russian :Malakoff in 1834. With three other men he ascended Susitna River to the trading 
station at the head of the delta; then constructed boats of whipsawed lumber and continued 
his journey up the main Susitna to the mouth of Indian Creek. From this place he explored a 
part of the upper canyon of the Susitna and also made a journey westward to the Chulitna, 
reaching the foot of the glacier which discharges into this river and has its source on the slopes 
of Mount McKinley. It. :was after this journey that he published his description of the moun
tain, in which he named it and stated its ·altitude as over 20,000 feet. 1 Ire told the writer that 
he -had no instruments, but made his estimate, which has proved to be remarkably·· accurate, 
with careful consideration of the atmospheric conditions, as well as of the probable distance to 
the base of the peak. In 1897 he made a second trip into this region, with one ~ompanion, 
and extended his previous explorations. He was the first to call attention to the great lowland 
drained by Tokichitna Riv~r and to. the low divide which separates it from the Kuskokwim 
drainage, later explored by Spurr, Herron, and the writer.· · . 

There· were probably many .prospectors who visited parts of the Mount McKinley region 
about this time and before accurate surveys were made, but these have left no record of their 
jour;neys. For example, in 1895 ·Harry Hicks, with one companion, prospected along the 
length of the Matanuska Valley. The knowledge Hicks gained of thisregion was of great service 
to Glenn and Mendenhall, for he accompanied them in their journey of 1898 (p. 28). A year or 
two before Hicks made his first trip in this· region a prospector named King. huilt a cabin at the 
mouth of the tributary to the Matanuska which now bears his name. In the summer of 1897 
W. G. Jack made an extensive journey in the upper Susitna basin .. The following year he 
served as guide to the Eldridge party. 

The world at largepaid little heed to Dickey's high peak, for his report was classed as ~:mly 
another of the wild tales which emanated from· Alaska; but another discovery about the same 
time-the Klondike gold-was destined to alter the status of Alaska in the public nrind. Then, 
at last, the Government began to realize its long neglect of,this vast possession. Money was 
appropriated for its development, and among other agents the United St.ates Geological Survey 
was enabled to begin the series of explorations and surveys which have extended to some of 
the remotest parts of the Territery. 

Of the six parties which were sent to Alaska in 1898, four traversed the province here under 
discussion. It fell to one of these, led by George H. Eldridge and Robert Muldrow, to mak~ the 
first determination of the height and position of Mount McKinley.2 These men, with five camp 
hands, made·their way up the Susitna, dragging their loaded canoes against the swift current, 
as Malakoff had done half a century before. The topographer, Muldrow, carried a survey and 
by a rough triangt~:lation verified Dickey's remarkably accurate estimate of the height of Mount 
McKinley. (See above.) It was only after the publication of the results of this survey that 
Dickey received any adequate recognition from the public for his important contribution to 
geographic knowledge. · 

It was the purpose of the Eldridge party to cross from the Susitna to the Tanana waters,. 
and so reach the Yukon. Th~y very naturally followed the main branch of the Susitna, but by 
this route the head of canoe navigation is reached at the mouth of Indian Creek, which, as the 
event proved, is 100 miles from a tributary of the Tanana. Had the west fork of the Chulitna 
been chosen, a portage of not more than 10 miles between .the .two basins would have been 
found. Nevertheless the party pushed on and after a week's journey found themselves on 
Nenana River~ almost without food and ioo miles from their base of supplies. There was no 
choice but to turn back, and they reached the cache in a half-starved condition. The season 
was then too far advanced to choose a new route, so they returned to Cook 'Inlet. 

J. E .. Spurr 3 and W. S., Post, also of the Geological Survey, in the same year ascended the 
Skwentna, a western fork of the Susitna which heads in the Alaska Range. This, too, was a 

1 New York Sun, January 24,1897 . 
. SEldridge, G. H., A reconnaissance In the Sushitna basin and adjacent territory, Alaska, In 1898: Twentieth Ann. Rept. U.S. Geol. Survey, 

pt. 7, 1900, pp. 1-29. 
a Spurr, J. E., A reconnaissance In southwestern Alaska In 1898: Twentieth Ann. Rept. :U.s. Geol..Survey, pt. 7, 1900, pp. 31-264. 
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difficult task. Their canoes were repeatedly overturned in the mad, rushing waters, and when 
they finally reached a pass their provisions were low. Th.ey resolved to push on, however, and, 
portaging two of their canoes and what was left of their provisions, they reached the Kuskokwirn 
waters. Here they launched their frail crafts and boldly followed the course of the unknown 
river. Once, where the stream plunged through a rocky canyon, a hidden bowlder upset a 
canoe, and its occupants were rescued with difficulty. Finally they reached a pojnt where the 
river is joined by another of equal size flowing from the southwest s)ope of Mount McKinley, 
and its course turns to the southwest toward Bering Sea. Their scanty provisions were made to 
hold out until they reached Bethel mission, near the mouth of the river. This the first party to 
cross the Alaska Range determined the general features of the geography and geology of the 
province. . 

While these expeditions were exploring the Alaska Range, Mendenhall 1 was studying .the 
·geology and geography of an adjacent region to the east. In -1898 the War Department had 
dispatched Capt .. (now Lieut. Col.) F. W. Glenn to Cook Inlet to explore a route to the interior. 
Mendenhall, who was detailed from the Geological Survey as geologist to this party, found himself 
forced by stress of circumstances not only to make the geologic investigations, but also to act as 
topographer. Before starting with the main expedition he first crossed from Prince William Sound 
to Turnagain Arm by way of the Portage Glacier, and later.ICenai Peninsula from Resurrection. 
Bay to Turnagain Arm. He then accompanied the party in a journey by pack train from 
Knik Arm northward through the ~aska Range, along Delta River, to the Tanana~ They 
returned to the coast by practically the same route. Mendenhall made not only a reconnaissance 
of the geology along the Toute but also a topographic sketch map based on a traverse plane
table.survey. In addition to the main work of the expedition, Lieut. (now Capt.) J. C. Castner 2 

explored Volkmar River, while at the same time Lieut. (now Capt.) H. G. Learnard 3 and Sergt. 
William Y anert made some minor explorations in the Susitna basin. . 

By these three expeditions three sides of the area here under discussion were roughly out
lined. A fourth led by W. J. Peters, to which the writer was attached as geologist, traversed 
Tanana. River on the north/ The Peters .party reach the Yukon basin by the then much
traveled route to the Klondike,. ascended the White with canoes, portaged to Tanana waters, 
and follpwed the Tanana to its junction rth the Yukon. The snowy peaks of the Alaska 
Range· were visible for some time, and the altitude and position of some of the nearer ones 
were determined. Mount McKinley, though 150 miles distant, was sighted. Tanana River 
was surveyed and some idea was gained of the geology of the region. . 

These surveys of 1898 had circumscribed an area of about 50,000 square miles which was 
still unexplored. Within it lay Mount McKinley, the highest peak on the continent, as the 
general public, hitherto skeptical as to its reported altitude, was beginning to realize. A demand 
for information now arose; but the Geological Survey was busy in other parts of Alaska, anrl 
the execution of the next exploration fell to the Army. ' 

On June 1, 1899, a party of six white men and two natives, with fifteen horses, commanded 
~.by Lieut. (now Capt.) Joseph S. Herron,5 was landed on the north bank of the Kichatna, a 
northern tributary of the Y e:r;tna, from a steamer which had been brought to Cook Inlet for 
the use of the expedition. From this point, relying on Spurr's map 6 and the experience of 
the Indians for general guidance, Herron made his way up the Kichatna and crossed the range 
by a.gap which he called Simpson's Pass. All went .well so far, but in crossing the range he 
passed beyond the hunting grounds of his two native guides. Terrified at the thought of
penetrating an unknown ·country, the two valiant warriors stole away one night, but Herron 

1 M:enderihall, W. C., A reconnaissance from Resurrection Bay to Tanana River, Alaska: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7. 
1900, pp. 265-340. . . . 
. z Castner, J. C., A story of hardship and suffering in Ala8ka: Compilation of narratives of explorations in Alaska, Washing'ton, 1900, 
pp. 686-7C9. 
• a Leamard, H. G., A trip from Portage Bay to Turnagain Arm and up the Sushitna: Idem, pp. 648-679. 

'Brooks, A. H., A reconnaissance in the Tanana and White river basins, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 
1900, pp. 425-494. . 

i Herron, J. 8., Explorations in Alaska, 1899, for an all-American rout·e from Cook Inlet, Pacific Ocean, to the Yukon, War Department, Ad it. 
General's Office, No. 31, 1901, pp. 1-77, with maps. . ; 

a Spurr's route lay to'the southwest and parallel to Herron's. · 
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·determined to continue his march in the hope of finding other natives. Reaching. the Kus
kokwim, previously mapped by Spurr, he continued downstream to its junction with the north 
·fork. Here, to reach his objective point, the mouth of the Tanana, he turned northward and 
soon became lost in the great timbered lowland of the upper Kuskokwim. By September 8 
early frost had _killed. the grass and travel by pack train seemecl impracticable. Abandoning 
·his horses and a··good part of his supplies, Herron built a raft and started downstream with 
the purpose of finding natives. But the attempt ended in failure; his rafts were wrecked and 
he started back on foot. Mter traveling for some ten days the party was overtaken by a 
nativ:e who had found one of Herron's caches and had been trailing the white men, and who 
guided them to Telida, a native settlement on Tatlathna River, a tributary of the East Fork 
of the Kuskokwim. Here they remained until the arrival of snow brought easier traveling, 
when they were guided by the natives' to Fort Gibbon, at the mouth of the Tanana, which 
they reached on Decem her 11. D 

This journey, planned as a summer's trip, had lasted more than five months. The results 
of the exploration. were the discovery of a new pass through the Alaska Range and a· sketch 
map of an unknown region lying between the areas covered by Spurr's exploration of the 
Kuskokwim and Allen's of the Tanana. 

vVhile Herron .was ex;ploring west of the Alaska Range sonie minor explorations were being 
carried on east of the mountains by other detachments of :Major Glenn1s command.1 Sergt. 
vVilliam Yanert continued his reconnaissance surveys in the Susitna basin. Yanert's record in 
Alaska showed him to .. be a man of determination and resources. Traveling alone or with only 
one or two men and without means of transportation except that of back packing, he not 
only performed some remarkable journeys, but made surveys which have been proved remark
ably accurate. Q-eorge Van Schoonhoven, also of Glenn's command, in ·1899 led a well-equipped 
party with pack train up the Susitna and across the divide to Nenana River, but the results of 
this expedition appear to have been meager. 

Herron, though he h:;td carried on no exact instrumental surveys, had reduced the size of 
the unknown area; but it was still left for someone to survey the range and to set foot on 
the slope of :Mount J\'[ciGnley. Three years elapsed before this could be undertaken. Mean
while prospectors had traversed much of the Susitna basin ·and a small_steamer is said to have 
been taken up the E.~uskok:wim to Its main forks. During the winter of 1901-2 a man named 
Dalzell reached Cook Inlet with a party of natives from the winter camp of this steamer, prob
ably .having crossed the range by Rainy Pass. 

In the summer of 1902 was undertaken the journey on which this report is based and of 
which a narrative has been presented. The fact that the members of our party were the first 
.to set foot on the slopes of the highest mountain on the continent was widely circulated by the 
daily press, and for· the time being caused popular interest in the results of the expedition out 
of proportion to their importance.· Among mountaineers an intense curiosity sprang up in 
regard to this new field of operations, ··.and to satisfy the demand. for information an article 2 

was published outlining briefly. what appeared to be the most feasible routes to· the base of the 
mountain. With this article appeared the first approximately correct map of the Alaska Range, 
and it has been used to illustrate several subsequent papers. 

The first man to attempt the ascent of Mount l\1cKinley was James Wickersham, then 
judge of the district of Alaska, now Delegate to Congress from the Territory. He had already 
Inountaineered on :Mount Rainier. l\1oreover, his several years of judicial duties in Alaska, 
involving many long journeys, both winter and summer, had equipped him with a fund of 
experience for overcoming the physical obstacles of this undertaking. Judge Wickersham has 
unfortunately published no COlJlplete itinerary, but the following account is d~rived from a 
manuscript report which he kindly loaned the.writer. 

Mter holding court at Fairbanks, in the then newly discovered placer district, on May 16, 
1903, Wickersham proceeded by steamer with four men and two mules to the head of naviga-

1 Compilation of narratives of explorations in Alaska, Washington, 1900, pp. 736-737. 
2 Brooks, A. H., and Reaburn, D. L., Plans for climbing Mount McKinley: Nat. Geog. Mag., vol. 14, 1903, pp. 30-35. 
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tion on the Kantishna, a southerly tributary of the Tanana. From this point the journey was 
conducted partly in poling boats, partly overland. On June 14 the party camped•at the debris
covered front of the glacier which drains the northern slope of Mount McKinley, and which they 
called the Hannah Glacier.1 A week was spent in attempting the ascent of the mountain, but 
facilities and provisions were inadequate and the party was forced to turn back after reaching 
an altitude estimated at 10,000 feet. The .return to the Tanana was made in part overland, in 
part by raft, and was attended by considerable hardship, as the provisions ran out and sub
sistence was dependent on game .. Wickersham's topographic notes on the region traversed 
contain many important corrections· to existing maps. 

About the time that Wickersham left the mountain to return to his judicial duties at 
Fairbanks the second party to essay the summit landed at Tyonek. It appears that the credit 
for the organization of this expedition belongs entirely to its leader, Dr. Frederick A. Cook, then 
already well kno~n as an Arctic and Antarctic explorer.2 The route of approach to the moun
tain and the method of travel accorded with the plans proposed by Mr. Reaburn and the writer,3 

except in the one important particular of starting a month later, which foredoomed the attempt 
to failure. 

Cook took fourteen horses to carry the provisions for his party of five men. He had the 
advantage of the experience of Robert Dunn, who had previously made some difficult journeys 
in the far northwest, ·and 3:lso of Fred Printz, who, as chief packer of our party "the year before, 
had become thoroughly familiar with the route and was able to guide the party along the trail 
previously established. The jou~ney to the base of th~ mountain occupied them forty-nine days· 
in spite of the facts that they had a trail to follow, a guide familiar with the region, arid a good 
topographic map. Our party the year before made the same distance in sixty-two days, though 
we were forced to cut over 40 miles of trail and explore a new route while keeping up instrumental 
surveys. The slow progress of the Cook party is no reflection on its, members; the start was 
made so late that the morasses had thawed out and were well-nigh imp·assable for horses. 

Two attempts were made to climb the mountain-one from the headwaters of Tatlathna 
River and a second apparently along the glacier traversed by Wickersham a few weeks before. 
On the second trail, at an altitude determined by aneroid barometer as about 11,000 feet, the 
party was confronted by an insurmoun~able wall of granite and was forced to turn back. 

As it was too late in the season to look for another approach to the summit and the return 
to the coast was unavoidable, a route was chosen which added materially to geographic knowl
edge. After following the Geological Survey trail along the base of the mountains for some 
25 miles to Muldrow Glacier, the party chose a northeasterly and easterly course which brought 
them directly into the heart of the Alaska Range. Here began the actual exploratory work. 
After crossing several divides between northward-flowing streams the party traversed the 
main watershed by an ice-covered pass and reached. an unknown river. The valley was a 
veritable canyon, impassable for horses, so the animals were abandoned and the journey con
tinued on a raft. The swift current soon carried them out of the mountains, when they dis
covered that they were on a westerly tributary of the Chulitna. The downstream journey to 
Cook Inlet was accomplished within a few . days and without incident. Though ·Cook was 
unsuccessful in his main purpose, the fact that he traversed about 100 miles of unexplored 
territory amply just_i:fied the expedition because of its important contribution to geographic 
knowledge. 

The discovery of the rich placers of the Fairbanks district in 1901-1903 attracted a large 
population to the lower Tanana Valley. Among the many prospectors there were some who 
made their way southwar:d, and as early as 1903 the discovery of auriferous deposits was 
reported from what was called the Mount :McKinley district, embracing a region lying within 
30 to 50 miles northwest of the mountain. Mr. Prindle gives an account of these finds else-

1 Our party had named thls glacier the Peters Glacier. . 
2 Cook, F. A., America's unconquered mountain: Harper's Monthly Mag., January, 1904, pp. 228-239,. February, 1904, pp. 335-344; Round 

Mount McKinley: Bull. Am. Geog. Soc., vol. 36, 1904, pp. 321-327; To the top of the continent, New York, 1908. Dunn, Robert, The shameless 
diary of an explorer, New York, 1907. ·' 

a Plans for climbing Mount McKinley: Nat. Geog. Mag., vol. 14, 1903,, pp. 30-35. -
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where in this volume (pp.169-180). In the su<?ceeding three years several bands of prospectors 
journeyed southward from this new camp, traversing the region explored by our party. 

A similar activity took place south of the range, and gold was found in the Y entna basin 
in 1904. Meanwhile the engineers of the Alaska Central Railway' Company c~rried surveys 
from Knik Arm to Fairbanks by way of Chulitna, Susitna, and Nenana rivers. · 

Doctor Cook, nothing daunted by. the hard experiences of his first attempt, again essayed. 
the ascent of 11:ount lVfcKinley in 1906. His party, including among others, Prof. Herschel 
Parker, Belmore Brown, R. W. Porter, topographer, and Fred Printz, the veteran packer pf 
the two previous expeditions, l-anded at Tyonek late in :May and made its.way up the Susitna'. 
Part of the journey was made overland with pack train, part by water with a motor launch. 
The party spent most of the summer south of lVfount McKinley in exploring the region tributary 
to the Susitna. They tried without success to cross the range at the head of the Y entna. The 
attempt to reach the summit from the sov.th was equally futile, but the journey added much 
to geographic knowJedge of the region. Of special value is the topographic map made by 
Porter (see pp. 39-42), a reproduction of which accompanies this volume (Pl. XV, in pocket). 

In August the expedition reassembled at Tyon~k ~nd split up into several parties, ~rofessor 
Parker returning to Seattle. The sul?sequent explorati,ons made by Doctor Cook are described 
in the ~ollowing summary by Profess?r P~r~er ~ 1 

. 

After the writer left the expedition Doctor Cook modified somewhat the plans for further exploration .. Only two 
members of the party were sent into the Kichatna .region, two more going to the mouth of the Matanuska River, while 

' Doctor Cook an<:I. two companions returned with the launch by way of the Chulitna River to a po~nt near the previous 
camp at the foot of the glacier, from which the .reconnoitering trips were made, the purpose being the exploration of 
the glaciers to the southeast of Mount McKinley as a possible route to the top for an expedition the following year. 

By chance, however, the party happened to come upon a glacier that sweeps the upper eastern slope of Mount· 
McKinley and offered an excellent highway to the mountain. In three days after leaving the boat this glacier was 
explored and the party came upon the nort~7astern edge. Here the position was so favorable that Doctor Cook decided 
to push on notwithstanding the lateness of the season .. On the fourth day after leaving the launch the top of the ridge 
was gained and the party were confronted by a granite cliff which rose some 4,000 feet into the air on top of the ridge,· 
which was about 12,000 feet high. Continuing on with one companion, Edward Barrill, a way was found around the 
cliff by cutting steps in·cornices of. ice, and a climb of 2,000 feet made the :fifth day. On poth the sixth and seventh 
days a gain of 2,000 feet was m"ade and a point attained very near the summit. Starting early on the morning of the 
eighth day, a dash was made for the top. Two peaks were encountered and the southwestern chosen. At 10 o'cloc~ 
on the morning of September 16 the top was reached, but only ~he briefest stay could be ~ade. In four days the 
mquntain was descended and the homeward journey commenced. 

It is unfortunate that the above can not be considered a final statement of Doctor Cook's 
journey. Soon after his return from the·.Arctic regions in 1909 charges began to appear in the 
press that he had not reached the summit of the mountain. These finally took definite form 
when his companion, Edward Barrill,. made an affidavit to the effect that the party had not 
been nearer than 9 miles to the summit of the mountain. Other members of his party alr:;;o 
expressed doubt about the achievement. Though Cook strenuou~ly asserted his claims through 
the daily press, yet he withheld any proofs of hi~ achievements except the narrative 2 and accom
panying photographs which P.ad appeared in book form. The whole matter was finally sub
jected to a close scrutiny by a committee of the Explorers' Club of New York. This committee;· 
which included. some eminent scientists, reported that it had not been able to find any proof 
that Cook reached the· sumillit. Though Cook had been invited to appear before the committee 
and submit. his proofs, such as original observations, notebooks, and photographs, he did not 
avail himself of the opportunity. 

According to dispatches from Fairhanks, four Alaska .prospectors reached the summit .of 
lVfount McKirl'ley in the spring of 1910.3 The party was under the leadership .of Thomas Lldyd 
and included William Taylor, Pete Anderson, and Charles lVfcGonnagell. . ... 

In the summer of 1910 · two more expeditions were organized to ·climb Mount McKinley. 
One of these was under the leadership of Herschel Parker and Belmore Brown, both members 

1 Parker, Herschel, The exploration of Mount McKinley: Review of Reviews, November, 1906, p. 58. 
2 Cook, F. A., To the top of the continent, New York, 1908. 
a Thompson, W. E., First account of the conquering of Mount McKinley: New York Times, June 5, 1910. 
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of the second Cook-party. The other was organized by C. E. Rust, of Portland, Oreg. Both. 
planned to approach the mountain from the Susitna side. At this writing newspapers report 
that neither party reached the summit and that the information obtained seems further to 
discredit Cook. · 

In 1906 members of the Geological Survey were again at work both east and north of the 
Alaska Range. T. G. Gerdine ;tnd Adolph Knopf surveyed parts of the Matanuska basin 
and R. H. Sargent and Sidney Paige extended the work northward into the Talke~tna basin.1 

Mr. Prindle (see pp. 169-180) with a small party again visited the Nenana River basin and 
explored both east and west of the route of 1902. Explorations were again extended in the . 
same general field by the Geological Surv~y in 1909, when D. C. Witherspoon and George C. 
:Martin made a reconnaissance survey of· the Iliamna and Clark lakes region. 2 

In 1907-8 Charles Sheldon spent about a year in the upper Kantishna basin and adjacent 
regions. His purpose was the study and collection of animals. l\1r. Sheldon has not yet pub
lished any of the results of his investigations, but he has kindly placed his topographic data at 
the disposal of the writer, and these have'been embodied in the map forming Plate III (in pocket). 

In 1910 G. C. Martin, assisted by F. J: Katz and Theodore Chapin, undertook a detailed 
geologic survey of the southwestern part of the Matil-nuska coal field, an area of which a detailed 
topographic map ·had been prepared by R. H. Sargent in 1909. The results of these geologic 
studies will only be available after the completion of the office work, but as the writer spent 
some two weeks with 1\tfr. Martin in this field he has been enabled to embody some of the genera~ 
conclusions in this report. · 

TOPOGRAPHIC SURVEY. 

By D. L. REABURN. 

INTRODUCTION. 

The topographic work of the expedition was done by the plane-table method, with a 
Johnson tripod, an 18 by 24 inch plane-table board, and a telescopic alidade with micrometer 
attachment, on a field scale of 1 :180,000 and with a contour interval of 200 feet. The area 
covered ranges in width from 10 to 40 miles." The positions and elevations of a number of 
prominent mountain peaks were determined by intersections from plane-table stations. A 
continuous system of vertical angles was started from sea level and carried through. The 
.elevations were computed in the field and the topographic. features were sket.ched in contours. 

The vertical-angle observations on Mount MciGnley and Mount Foraker yielded the results 
given below. 

Height of Mount McKinley above mean sea level. 

Its determined from a station at a distance of-
113 miles ......................................................................... . 
95 miles ...................................... : ................................... . 
41 miles ....................................................................... · ... . 
28 miles .......................................................................... . 

Feet. 
20,492 
20,135 
20,077 
19,918 

Mean of above figures... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 155 
As determined by Robert Muldrow, topographer, United States Geological Survey, in 1898 .. 20,464 

Mean of last two aeterminations ........... ~. ~ ..................................... 20,309. 
Adopted elevation (compare p. 33) ............ : . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 300 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bulh U. S. Gool. Survey 
No. 327, 1910, 71 pp. · · · 

, . 2 Martin, G. C., and Katz, F. J., Outline of the geology and mineral resources of the iliamna and Clark lakes region: Bull. U.S. Gool. Surve3i 
No. 442, 1910, pp. 179-200. 
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Height of Mount Foraker above mean sea level. 
' As determined from a station at a distance of-

107 miles ......................................................................... . 
85 miles ................. : .... _· ................................................... . 
47 miles .......................................................................... . 
38 miles .................................................. ·_ ................... : . .- .. . 
16 miles ....................... -............................... : ................... . 
14 miles .. · ....................................................................... · .. 
20 miles .................... ' ......... · ...................................... -- ...... . 
20 miles ......................................................... : ................ . 

Feet. 

17,147 
17,115 
16,900 
17, 197 
17,125 
17,137 
17,029 
16,980 

Mean of above figures ............................................. : . . . . . . . . . . . . . . 17, 079 
Adopted elevation ........................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 100 

33 

.; _ _..:_. ~ ; . 

The magnetic declination was determined at seventeen azimuth stations as shown in".'the 
following iable: · 

Magnetic declination at different camps. 

Date of camp. Latitude. Longitude. Declinatiom 
(east). 

61 03 151 10 ZJ 00• 
61 45 151 40 28 00• 
62 06 151 31 28 30• 
62 14 152 25 27 15· ' 
62 10 152 51 27 15 
62 17 153 15 26 40• 
62 25~ 153 26 26 45 
62 39~ 152 47! 27 20· 

. 62 53 152 16 ZJ 30· 
63 06 151 39 28 10 
63 15 151 12 28 30· 
63 28 150 33 28 45· 
63 42 149 23 29 35-
63 43 149 04 29 50· . 
64 10 149 01 30 10 
64 34~ 149 05 . 30 45 
65 05 148 54 . 30 50• 

May 29 ............................................... _ ..... ; ........ : ....................................... . 

M:~~::::·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
July 6 ................... _ ................................................................................... . 
July 13 ...................................... - ......... - · · · ·- · · · · · · · · · · · · · · · ·-- · · · · · · · · · · · · · '· · · · · · · · · · · · · · · · 
July 16 .............................................. - .... -· .. · · · · · · -· ·· · · · -· · ·· ·· ·· · · · ·· · · · · · ·· ·· · · · · · · · ·· ·-

~m~ ~: :-:::-:-:-:-:::::-::-::-::::-::-::-::-:::-:::::-:::-:-:-:-::-:-:-::-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: 
~~~H ~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
August 14 ....................................................................... · ........................... . 
August 15 .................................................................................................. . 
August 26 .................................... · .............................. : . ...................... . : .. .... . 
August 29 .............................................................•..................................... 
September 6 ................................... : ..................... _ ....................................... . 

Since these results were obtained the Coast and Geodetic Survey has determined the posi-
tion and altitude of :Mount McKinley by triangulation from Cook Inlet. The report by William 
Bowie, chief of the computrng division, is as follows: 1 

· 

I have ~he honor to report that t}ie co~putation and adjustment of the horizontal and vertical angles to dete~
mine the geographic position and elevation of Mount McKinley, Alaska, have been completed. The resulting posi-: 
tion for that mountain, on the Valdez datum, is north latitude 63° 03' 56.83", west longitude 151° 00' 41.31". 

The Valdez datum is based upon the value of the longitude at the astronomical station in the town of-Valdez 
and the mean of the latitudes observed at three astronomical stations in Prince William Sound, Alaska, and is the 
datum upon whic"q are based the ·coast charts between Cape St. Elias and the Alaskan Peninsula. 

The resulting elevation of Mount McKinley above mean sea level is 20,300 feet. 
The above position.was obtained from the adjustment of horizontal directions observed from four stations of the 

Cook Inlet triangulation, three of which were occupied in 1909, while one was occupied the previous year. All of 
the observat~ons were made by the p~rty under Assistant H. W. Rhodes, commanding the United States. Coast and. 
Geodetic Survey steamer McArthur. The angle sub tended at Mount McKinley was 15 ° 08' and the correction to any
one dire~tion, as given by the adjustment, was not greater than, 1111

• It is seen from this that the geographic position 
is well determined. The nearest point from which the mountain was observed was 204 kilometers (127 miles), while 
the farthest point from whichit was observed was 302 kilometers (188 miles). 

Having found the distance from certain stations to the mountain, its elevation was determined from vertical 
angles taken at Race Point and Little, two of the stations from which horizontal_ directions were observed. The 
two values of the elevation of Mount McKinley obtained from them are 6,179.7 meters and 6,194.3 meters. The 
weighted mean of these two elevations is 6,187.5 meters, or 20,300 feet. This value is identical with the mean value 
previously adopted by the United States Geological Survey, which has superseded the value 20,464 feet given in the 
"Dictionary of altitudes " published by that bureau in 1906. 

The coefficient of refraction which was deduced from the observations made in-1894 to determine the elevation 
~of Mount St. Elias was used in determining the elevation of Mount McKinley. Its value is 0.083. It was believed 
to be nearer the truth than the coefficient which was determined from the reciprocal observation made in Cook Inlet 
in 1909, because those observations were made· almost entirely over water, while the lines of the two mountains (Mount 
St. Elias and Mount McKinley) were, for the most part, over land and ice. · 

It is believe~ that the value (20,300 feet) for the elevation of Mount McKinley is correct within 150 feet. 1 

1 Determination of height_ and geographic position of Mount McKinley: Bull. Am. Geog. Soc., vol. 42, No.4, 1910, pp. 260-261. 
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The topographic reconnaissance map which accompanies this volume (Pl. III, in pocket) 
is based largely on the work of the United States .Geological Survey. The route from Tyonek 
through Rainy Pass and the western and northern fronts of the Alaska Range were surveyed 
by the writer in 1902. In 1898 (see pp. 27-28) Robert Muldrow and W. S. Post, of the Geolog
ical Survey, traversed Susitna, Yentna, and Kuskokwim rivers, and their results were included on 
the first edition of this map, published in 1906.1 A route survey was also carried by the writer 
from Nenana River to Rampart in 1902, but since that time D. C. Witherspoon and R. B. 
Oliver have completed the areal mapping of this region, and their results are embodied in the 
present (second) edition of this map (Pl. III). This later edition also includes the results of 
the. reconnaissance surveys of T. G. Gerdine and R. H. Sargent (see p. 32) in the Matanuska 
and Talkeetna basins, as well as of the surveys of the region lying ~etween Mount McKinley 
and Yentna River made by Russell yv. Porter, of the Cook party, .in 1906. (See pp. 39-42.) 

TOPOGRAPmC CONTROL. 

, CHARACTER OF WORK. 

The latitude and longitude of Tyonek as given on the best avail~ble maps were verified by 
observations and acc.ept~d as the starting point for the season's work. 

Owing to unfavorable. conditions at Tyonek, 'no attempt was made to develop plane-table 
triangulation from a measured base, and the work was controlled by latitude and azimuth 

. observations and the measurement of distances by the micrometer method. These latitude 
observations were made with a ·Saegmueller theodolite designed especially for exploratory 
work, with 4-inch vertical and horizontal circles reading to 30 seconds, supplied with 'two ver
niers to each circle and reading glasses with pointers. The control in latitude consisted of seven
teen observations, of which ten were on the sun and seven on Polaris . 

. The solar observations for latitude consisted of twelve pointfugs, six direct and six reversed, 
of the altitude when near the meridian; and the stellar observations of six pointings, three 
direct and three reversed, of the altitude of Polaris at any hour angle. 

The primary control in· longitude consisted of five azimuth lines between points whose 
latitudes were determined. These lines were as' follows: Tyonek to l\1ount Susitna, 30 miles; 
·Mount Susitna to Mount McKinley, 113 miles; Mount McKinley to Toklat Butte, 66 miles 
(by occupying a point between them); Minook Summit to Toklat Butte, 100 miles. From 

'Minook Summit the azimuth of a point 44 miles nearly due north was observed, and the result
ing longitude agreed within 0.4 mile of the determination made in 1901 on the survey from 
Fort Yukon to Kotzebue Sound. 

Twenty-eight observations for azimuth were made, ()f which twenty-four were on the sun 
and four on Polaris. The solar observations consisted of six measures, three direct and three 
reversed, of the horizontal angle between the sun and azimuth mark, and' also of the altitude .. 
The ste~lar observations consisted of two measures of the horizontal angle between t~e azimuth 
mark and Polaris at any hour angle, one with telescope direct and one with telescope reversed. 

Examples of the various records and computations follow: 

EXAMPLE OF LATITUDE, FROM CIRCUM-MERIDIAN ALTITUDES., 

The fo~mula used in the reduction of these observations is¢=90°+~-A, in which the fol
lowing notation is employed: · 

¢=latitude. l 

a= declination. 
A=a+x, the meridian .altitude. 
a=observed altitude corrected for parallax, refraction, semidiameter, and instrumental errors. 
x=CK, the reduction to the meridian altitude. 

K=2 ~in
2

1,~t which is taken directly from the table~, with the argument t, the small hour angle. 
Sln 

. C:;=cos </>' cos o sec a. 
· ·if>' is an approximate value of the latitude¢, which may be convenien~ly calculated by substituting the largest 

·--·value of the observed altitude for A in the formula. - . 

, 1 Prof. Paper U.S. Geol. Survey No. 45, 1906, Pl. XI. 
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Record and computations at Tyonek, Alaska, },fay 28, 1902. 

(Longitude, 151 o 10'. Watch 4m 07q fast on local mean time. Instrument, 4-inch theodolite. Observer. D. L. R.) 

Telescope direct. 

Meridian 
Vertical circle. 

Reduced Watch time. distance K X=CK. readings. (t). Vernier A. Vernier B. Mean. 

11h 56m 19• 04m 48• 45" 32" 50° 38' 30" 50° 38' 00" 50° 38' 15" 50° 38' 47" 
11 56 50 04 17 36 25 50 38 45 50 38 15 50 38 30 50 38 55 
11. 57 47 03 20 22 16 50 39 00 50 38 45 50 38 52 50 39 08 

Telescope reversed. 

11 59 12 

I 
01 55 

I 
07 

I 
05 I 00 ~ M I 00 

38 30 

I 
50 39 00 

I 
50 39 05 

11 59 56 01 11. 03 02 50 39 30 50 39 00 50 39 15 50 39 17 
12 00 44 00 23 00 00 50 39 00 50 38 30 50 38 45 50 38 45 

Telescope direct. 

I I 
1 

I 
12 01 49 00 42 01 01 I'" 39 30 I" 38 30 

I" 
39 00 

I" 
39 01 

12 02 26 01 19 03 02 50 39 00 50 38 30 . 50 38 45 50 38 47 
12 03 01 01 54 07 05 50 39 00 50 38 30 50 38 45 . - 50 38 50 

Telescope reversed. 

12 04 07 

I 
03 00 

I 
18 

I 
13 

I 
50 39 15150 39 15 50 39 15 

I 
50 39 28 

12 05 00 03 53 30 21 50 39 00 50 39 00 50 39 00 50 39 21 
12 05 55 04 48 45 32 50 38 45 50 38 30. 50 38 37 50 39 09 

Mean of reduced readings ................ . 
Para~! ax .................. :.· ............ . 
Refraction .............................. . 

Computation of approximate latitude: 
Highest altitude: ....................... 50° 39' 1511 

Sun's semidiameter and refraction...... 16 30 

Altitude ...... · .................. 50 22 4~ 
Sun's semidiameter ...................... . 
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50° 39' 03" 
+ 6 
:-48 

-15 48 

Sun's meridian altitude. . . . . . . . . . . . 50 22 33 
Declination ........................... 21 25 16 Sun's declination ................... : ..... +21 25 16 

Approximate latitude ............. 61 02 31 Latitude.......................... 61 02 43 

Computation of C: Declination at Greenwich apparent noon 21° 211 10. 711 

Log. cos. lat .. 61° 03' ................. · ........ 9: 6849 
Log. cos. dec. 21 25 ........................ 9. 9689 

Hourly change .......... +2411
• 6 

Multiply by . . . . . . . . . . . . 10. 1 
Log. sec. alt. 50 23 ........................ 0. 1954 +04 05.4 

Log. 0=0.706. · · ·· .. -....... · · · · · ...... · · · · .. 9. 8492 Declination at time of observation ...... +21 25 16. 1 

Apparent noon ............................. 24h oom oos 
Equation of time ......................... ·.. -03 00 

Local mean time of culmination ...... 23 
Watch correction reversed .................. . 

57 00 
+4 07 

Watch time of culmination............ 0 01 07 

In the above computation the correction to the mean refraction, depending on the readings of the thermometer 
and barometer, was disregarded. • 

· EXAMPLE OF LATITUDE FROM ALTITUDE OF POLARIS. 

The formula used in reducing these observations is ¢=A-p cost+! p2 sin I" sin2 t tan A, 
. in which the following notation is employed: 

A=corrected altitude. 
¢=latitude. 
p=polar distan·ce expressed in seconds of arc. 
t=hour angle. 
S=declination of Polaris. 
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Record and computation at camp of September 6, 1902. 

(Longitude, 9h 5Gm. Watch 3m 17• slow on local mean time. Instrument, 4-inch theodolite. Observer, D. L. R.] 

Watch time. Vernier A. Vernier B. Mean. 

Direct: 
6h 4Sm30• .................................................................................. : 64° 35' 30" 64° 35' 00" 64° 35' 15" 
6 49 37 ............................................................. '· ................... . 64 35 45 64 35 15 64 35 30 
6 51 00 .............................................................................. · .... . 64 36 00 64 35 30 64 35 45 

'Reversed: 
6h 52m 24• .................................................... : ............................. . 64 37 30 64 37 00 64 37 15 
6 54 31 .................................................................................. . 64 38 15 64 37 30 64 37 52 
6 56 29 ............................................................................•...... 64 39 00 64 38 00 64 38 30 

Mean ............................ ·......... 6h 52m 0511 

Watch correction ........................ _.. + 3 17 

Local mean time of observation. . . . . . 6 55 22 
Reduction to sidereal interval._ .. _ ....... _. + 1 08 

Sidereai interval since noon ....... _.. 6 56 30 
Greenwich sidereal time of mean noon._ .... 10 58 34 
Reduction to local time of mean noon. . . . . . . + 1 38 

Local sidereal time of observation ..... 17 56 42 
Right ascension of Polaris .. _ .......... _ .... 25 24 ·55 

Hour angle t ....... .. _ ... _ ..... : . . . . . 7 28 13 

Mean observed altitude ........... __ ....... 64° 36' 4111 

Refraction ........... _ ................. ·.... -27 

A ....... ~ ...... ." .................... 64 36 14 

Declination of Polaris .... _ ....... _. 88° 471 0611 

p=90°-a ......................... 1 12 54 =4,37411 

Log. a 4,374" ..................... · ............. 3. 64088 
Log. cos t_ 7~ 28m 13 s •••••••••••••••••••••••••••• 9. 57459 

Log. 1,642"= -27' 22" ......................... 3. 21547 

Log.-} .......................................... 9. 69897 
Log. p2•••••••••••••••••••••••••••••••••••••••• 7. 28176 
Log. sin 111 

• ••••••••.••• ·• • • • • • • • • • • • • • • • • • • • • • • • 4. 68557 
Log. sin2 t. ............................ · ........ 9. 93400 
Log. tan· A.................................... . 32353 

Log. 84"=1' 24" .......................... 1. 92383 

A ..... · ....................................... 64° 36' 14'' 
-second term.............................. +27 22 
+thirq term .......................... :... + 1 24 

¢ .................................... 65 05 00 

EXAMPLE OF AZIMUTH AND TIME FROM THE ALTITUDE OF THE SUN. 

To compute azimuth and time from these observations the following "for'mulre are used: 

sin (S-¢) sin (S-h) 
tan

2 
t A cos S cos (S-p) 

in which-

cos S sin (S-h') 
tan

2 
t t sin (S-¢) cos (S-p) 

A=azimuth reckoned from the north either way. 
¢=latitude: 
h=true altitude of center. 
p=polar distance. 
S=t (¢+ h + p). 
t=hour angle .. 

Record and computation near camp of August 27, 1902. 

[Latitude, 64° 10'; longitude, 149° 00'. Time, 9h 56m. Instrument, 4-inch theodolite. Observer, D. L. R.] 

Vertical circle. 

Vernier A. Vernier B. Mean. Sun. 

Horizontal circle. 

Mark. Watch 
time. 

Direct: .................................... ~ ............................ Hr ~r ~II ~r ~r ~r ~r ~r ir ~~r ~r ara~;.:f.. r ~r ~· 
Reversed ............................................................... H~ ~g gg ~~ ~~ gg n ~~ i~ ~~~ ~~ 70 33 ~ ~ M 

-------1------1---------
Mean ...................•............... ,................................ . . . . . . . . . . . . . . . . . . . . . . . . . . 22 00 13 292 43 70 33 7 58 33 

a The· azimuth mark is Mount McKinley, 97 miles di~tant. 
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Mean observed altitude ................... 22° 00' 13" Greenwic;h date, August 27, 5.9 m. 
Refraction ... _,_............................... -2 23 Hourly change ................................. -5211.4 

--- Declination at Greenwich noon ............. 10° 181 4811 

h ..................................... 21 57.8 -5 09 

¢. · · ·: · · · · · · · · · · · · · · · · · · · · · · .... · · · · · · · · · ·.. 64 10· 0 Declination at time of observation .... 10 13 39 
p- -------------------- .. - . - . - ..... - ... - - .. - . . . 79 46. 4 21 Polar distance .............................. 79 46 

2 8 .................................... 165 54. 2 
Mean angle to azimuth mark.................. 70° 34' 

8. . . .. . . . . . . . .. .. . .. . . .. .. .. .. .. . . . . . . . . . . . . 82 57. 1 Mean angle to sun ............. : . . . . . . . . . . . . . 292 43 
8-h ......................................... 60 59.3 137 51 
8-¢ ......... _ .. ___ ... _ ... _ ......... _ ... ___ . 18 47_1 a (angle between markandmeanpositionof sun) 

8-p ................................. : ...... 3 10.7 Angleofmagneticnorth ...................... 209 13. 

Check .................................. 165 54.2 Meanangleto azimuth mark ................. 70 34 

"Log. sec 8 .. : ... .' ......................... ~---· 0.91113 
b (angle between magnetic north and mark)... 138 39 

Log. sin 8-h·-·:····----- ...................... 9.94177 Log. cos 8 ............................. : ....... 9.08887 
Log. sin 8-¢ ................................... 9. 50788 Log. sinS-h ................................... 9. 94177 
Log. sec 8-p .. · ................................. 00067 Log. cosec 8-¢ ................................ 9.49212 

Log. tan2 •••••••••••••••••••••••••••••••• • 36145 
Log. tan........................................ . 18072 

~ A. . . . . . . . . . . . . . . . . .. .. . . . . . . .. . . . . . . . . . . 56 ° 351 3011 

Azimuthfromnorth(A) ................... 113 11 

Azimuth from south ....................... 293 11 
a ...................... ·. . . . . . . . . . . . . . . . . . . 137 51 

Azimuth of mark.................... 71 02 
b. -------------- . - ........ -·. - .. : . - . . . . . . . . 138 39 

Magnetic north ............ ~ . -.. ·. . . . . 209 41 
Magnetic declination (east) ....... i ... :. . . . . 29 41 

; 

LQg. sec 8-p.. . . . . .. . .. . . . .. . . .. . . . . . . . . .. . . .. . 00067 

Log. tan2 • • • • • • • • .. • • .. .. • • • • • • • • • • • • • • • • 9. 52343 
Log. tan ........................................ 9. 76171 

~ t ... ----.--.---.--------.-------- - - - .. - . - - -- - 2 h oom 04 s 

t .. -----. ---. -........... - - - -..... - - - . - - - . . . 4 00 . 08 

Apparent time ........................ 7 59 52 
Equation of time ... -................. · .. ·...... +1 34 

Local mean time ...................... 8 01 26 
Watch time ................................. 7 58 33 

'\Vatchcorrection ...................... +2 53 

MICROMETER MEASUREMENTS. 

CHARACTER OF WORK. 

The determination of distances by the micrometer consists of the measurement of the . 
angle subtended_by two signals erected at the ends of a short measured base. 

These base signals, which consisted of rock cairns, blazed trees, blazed poles with cross 
arms, etc., were erected at prominent plane-table stations along the route of survey. They 
were made as nearly as possible at right angles to the route of travel and their approximate 
azimuths were taken with a small prismatic compass.-

The lengths of the bases ranged from 10 to 600 feet, in conformity with the local condi-· 
tions and the greatest probable distance from which they were to be observed. 

The function of the micrometer is the measurement of the angle at the instrument between 
the lines of sight to both ends of the base. This angle is measured by the movement of a hair 
that is attached to a sliding plate moved by :means of a screw, the head of which, bene~th the 
micrometer box, is a wheel about three-fourths of an inch in diameter and having its ·circum
ference divided into 100 spaces. By a series of tests upon measured bases at known distances 
the angle su btending the movement of the hair by revolving the micrometer head one space 
can be computed. ' 

The micrometer observations consisted of one to ten measurements of the angle. ·The 
precision to be attained in the measurem.ent of the angle is defined by the scale of the map 
and the relation of the I size of the angle to the distance to be determined. On a scale of 
1: 180,000 the smallest distance that can be plotted on the plane-table sheet is about one
fiftieth of a mile, and, as the resulti:p.g error in the determined distance is proportional to thcl 

error in the measurement of the angle, we have 
5

: D (in which A= angle in seconds and D = 

distance in mil~i>) as the allowable error in the measurement of the angle. 
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For example, a base of 256 feet at right angles to the line of sight and at a distance of 

10 'I bt d I f b t 16' 40" 1 000" d . . f. A 1,000" - " m1 es su en san ang eo a ou , or , , an a pree1s10n o 
50 

n=-goo=2 
in the measurement of the angle ~ill be required to determine the distance within the limits 
of plotting. 

Under favorable conditions a single measurement should determine the angle·within 5". 
The base should be of suf!icient length to insure a good determination of the distance by a , 
single measurement of the angle. 

The advantages of t~e micrometer method of measuril_lg distances as compared with the 
stadia method are that the angle, being a ho·rizontal one, is not affected by differential refrac
tion, no rodm!tn is requir.ed, longer distances can be measured, and by means of the method 
of repetitiqns a closer· determination is possible. 

bC sin a cos V . The formula used for the reduction of micrometer readings . was H R , 1n 

which-

R=difference of readings of micrometer. 
H=horizontal distance in miles .. 
b=length of base in feet. 
a=angle between line of sight and the base. 
d=value of one division of micrometer. 
C=micrometer constant. 
V =vertical angle. 

EXAMPLE OF DETERMINATION OF VALUE OF ONE DIVISION OF MICROMETER.' 

Readings of micrometer at Tyonek, Alaska, May 29, 1902. 

[Instrument, Fauth micrometer alidade. Observer, D. L. R.] 

Right I Left R. Right Left R. target. target. target. target. 

--------- ---
550.0 88.0 462.0 540.0 78.3 461.7 
540.5 76.5 464.0 540.4 77.6 462.8 
537.5 75.0 462.5 540.0 78.5 461.5 
521.0 58.0 463.0 554.0 92.0 462.0 
520.5 58.5 462.0 554.0 91.5 462.5 
521.0 58.0 463.0 553.3 91.3 462.0 
538.5 76.0 . 462.5 524.0 64.0 460.0 
538.5 76.5 462.0 5'25. 0 G4. 0 461.0 
536.0 74.0 462.0 526.0 65.0 461.0 
536.0 74.0 462.0 527.0 65.0 462.0 

--- ---
Mean of 10 read- Mean of 10 read-

ings ............ 462.5 ings ............ 461.65 
462.5 
---

Mean of 20 read-
ings ............ 462.075 

The readings were taken on two targets at right angles to the line of sight, 21.25 feet 
apart and at a distance of 2,859.5 feet from the instrument, all measures being nearly· in the same 

horizontal plane. The value of din seconds of arc is given by the· formula d=H R !in 
1

,,, 1n 

which-
d=value in seconds of arc of one space of the micrometer wheel. 
H~dista~ce from instrument to base. 
b=length of base. 

Computation of d: 
b=21.25 feet, log .................................................................. l. 32736 

H=2,859.5 feet, colog .............................................. · ................. 6. 54371 
R=462.075 colog ................................................................... 7. 33529 
sin 1'', colog ................ · .......•............................................... 5. 31443 

d=311.317. 
log. d=O. 52079 
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The value of Cis given by the formula C= 5,2SOd 
1
sin 1 ,,, In which

C=constant or ratio to be found for each instrument. 
d=value in seconds of arc of one space on micrometer wheel. 

Computation of micrometer constant 0: 
5,280, colog ................................................. : ........................ 6. 27737 
d=3.317, colog ...................................................................... 9. 47921 
sin 111 , colog ....................................... ~ ...................... : ......... 5. 31443 

log. 0=1. 07101 
0=11.777. 

EXAMPLE OF DETERMINATION OF DISTANCE BY THE MICROMET~;R ALIDADE. 

Record and computation near mouth of Nenana River, Alaska, August 30, 1.902. 

rrnstrument, Fauth micrometer alidade. Observer, D. L. R.] 

Readings. 

Computation. 
Right Left R. signal. signal. 

---

311.0 79.2 231.8 
311.0 79.2 231.8 
311.0 81.0 230.0 b=573.8 feet, log ............ 2. 75876 
310.8 80.6 230.2 a=82°, log. sin ............. 9. 99575 
310.5 80.0 230.5 Constant, log. of C ......... 1. 07101 
310.2 80.0 230.2 R=231.01, colog ............ 7. 63637 
311.2. 80.0 231.2 
310.5 80.0 230.5 log" H=l. 46189 
311.2 79.4 231.8 II=28.97 miles. 
311.3 79.2 232.1 

Mean of 10 read· ~I ings, ............ 
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The vertical angle V in the foregoing example was too small to be considered. . The angle 
a was det~rmi'Iled by taking the difference· of the magnetic azimuth of the base and the line 
of sight. · 

SURVEYS, BY COOK PARTY. IN 1906. 

By RussELL W. PoRTER. 

The Cook party arrived at Tyonek :May 29 and started up Susitna River the next day in the . 
'power launch,BoZshoy. The Yentna was ascended in three' days to a point 20 miles above the 
IGchatna, where a base camp was established. While awaiting the arrival of the pack animals, 
.which came overland, a reconnoitering party ascended the west fork of the Y entna to ascertain if 
a pass existed through the range in this locality. A way through appeared feasible, and after 
returning to the base camp, on the arrival of ·the pack train the entire party proceeded up the 
west fork to the backbone of the range. Here the,headwaters were found to run into box can
yons impassable to pack horses; as there was no practicable route around them or along the 
mountain slopes, the party returned to the base camp. 

This journey consumed the month of June. On July 3 the party traversed the Yentna 
River bottom to the east fork, crossed over l(liskon Mountain (3,800 feet), and descended to 
Sunflower, a mining camp of tents on Sunflower Creek, triputary to Lake Creek. (See Pl. XV, 
in pocket.) The route now lay along the southeastern base of the Alaska Range, first over flat, 
partly 'vooded country, at an elevation of 1,500 feet, to Kariltna Creek, thence up Dutch Creek 
to a pass (3,100 feet), and down Bear Creek to the Tokichitna (500 feet} .. IIere, some 3 miles up: 
the left margin of the Tokichitna Glacier, another base camp was established and reconnoitering 
parties were sent out on exploration work. The writer, crossing the glacier, followed a ridge 

·lying betwe~n it and another glacier immediately east of it, to the base of Mount McKinley. 
On July 25 Dr. Cook detached the writer on topographic work, with one man (a packer), 

a horse~ and outfit, and instructed him to rendezvous at Susitna station in the latter part of 
"September. T~e main party then returned to tidewater over the back trail. 
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The desirability of continuing the survey eastward along the range was considered, but on 
. taking into account the somewhat fragmentary condition of the traverse already accomplished 
the writer decided to go back westward along the base of the range, expanding the work both 
northward into the mountains and southward to the lowlands of the Susitna River valley. This 
program was carried out. In general the plane-table sheets resulting from the work cover the 
area along the southeast side of the Alaska Range, 30 miles wide and 80 miles long, with a 
horizontal and vertical control carried from tidewater. 

While mapping the neighborhood of Cache and Peters creeks (tribut~~ries of the Kariltna) 
the party found about 50 ·miners working placer claims on these creeks and their feeders. Gold 
was discovered in· this locality the year before.· 

. The source of Lake Creek is a lake 8 miles long and 1 to 2 miles wide lying entirely in 
the mountains. A raft was built, on which the head of the creek was reached, and the range 
was then penetrated to a point 15 miles from Mount Russell. Large areas around :Mounts · 
Dall, Russell, Foraker, and McKinley were not mapped on the plane-table sheets, for lack of time 
and facilities for their survey. 

The Y entna (east fork) was reached the middle of September, a raft was built, and the horses 
were shot. Dropping downstream, the party ascended Mount Y enlo on a perfectly clear day-a 
rarity. Out of one hundred and ten days it rained fifty, and during the latter part of August it 
poured incessantly for two weeks in the region of the lake. The writer joined Dr. Cook at 
Susitna station September 23, and Tyonek was reached two days later. 

The route of the survey covered 500 miles-27 5 by water and 225 by land. The results 
are embodied in the acco~panying map (Pl. XV, in pocket). 

The topographic field sheets Were made on a planetable 18 inches square, with box compass 
attached at one side. The planetable was set up on 'the theodolite tripod. The alidade had 
op~n sights only. The scale used was 1:190,080, or 3 miles to the inch. The position and heights 
of so~e 300 roints were obtained and the topography sketched in, no attempt being made to 
work out the actual contours while in the field. Fifty-six planetable stations were occupied. 
Vertical angles were taken with a small altazimuth instrument designed by C. L. Berger 
& Sons for the Ziegler polar expeditions. Both vertical and horizontal circles are 4 inches in 
diameter, carry double verniers, m·agnifying glasses, and. pointers, and give a least count of 
single minutes of arc. I-Ialf and quarter minutes can be estimated. The needle is carriedoin 
a tube fastened to and under the telescope. In a few places where the theodolite could not be 
transported vertical angles to points at short distances were measured with an Abney level. 

The height of Mount McKinley as measured from five different stations is as follows: 

Height of Mount McKinley above sea level. 
Feet. 

From station 1, 61 miles distant....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 380 
From station 16, 53 miles distant .................... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 376 
From station 31, 32 miles distant ........................ : ................................ _20, 164 
From station 38, 45 miles distant ..................... : ................................... 20, 362 
From station 52, 70 miles distant ......................................................... 20, 270 

' 
Mean (compare pp. 32-33) ....... : .. ............................................... 20, 310 

Below is given the magnetic declination at several azimuth stations: 

Magnetic de~lination at azimttth stations. 

Date. Time. Station. Latitude. Longitude. Declination 
(E.). 

June.2 ........................................................................... . 
h. m. 

0 27 Alexander .... . 
June3· ........................................................................... . 20 41 55 ............ . 
June 8 ............................... ······················ ······ ················ 22 43 1. ............ . 
July 17 ........................................................................... . 7 2 20 ............ . 

61 25.0 
61 30.5 
62 17.6 
62 38.8 

150 40.8 
150 33.7 
151 59.6 
150 49.0 

26 30 
25 54 
26 11 
27 52 
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Base lines were measured at six di;fferent places, most of them· on river bars, with a steel ta~e, 
measurements being taken both ways.· The theodolite was then set up at the ends of the base 
.line and the distance and direction of several points were determined by triangulation. These 
·computations were made in the field and the points were platted on the plane-table sheets. 
Where a tape-measured base was impracticable, the arc was measured at the theodolite between 
two signals a known distance ~part by taking the mean of ten repetitions and computing the base 
from this arc and the distance between the signals. 

Control in latitude consisted of eighteen observations-thirteen circum-meridian altitudes 
on the sun and stars and five on Polaris at any hour angle. Each solar observation (when 

. weather permitted) consisted of twelve paintings on opposite limbs-six direct and six reversed .. 
An example of the latitude determinations is given below. 

The formula used in the reduction of these observations is ¢ = 90° + o- A, in which the 
following notation is employed: 

¢=latitude. 
a= declination. 
A=a+x, the meridian altitude. 
a=observed altitude corrected for parallax, refraction, semidiameter, and instrumental errors. 
x=CK, the reduction to the meridian altitude. · 

K= 
2 ~in1

2

}t, which is taken directly from the tables~ with the argument t, the sinall hour angle. 
Sin 

C=cos cf>' cos a sec. a. 
cj>1 is ali approximate value of the latitU:de cj>, which may be conveniently calculated by substituting the largest 

value of the observed altitude for A in the formula. · 

Example oj latitude determination from circum-meridian altitudes on the sun. 

[Station, No. 1. Date, June 9 0, 1906. Instrument, C. L. Berger & Sons theodolite. Vertical circle reading from the vertical axis. Observer. 
R. W. Porter. Chronometer, watch No. 15. Temperature, 67° F. Barometer, 29.78.] 

Sun's limb. 

Dir. L ............................................... . 
Rev. U ........................................ · ..... . 
Rev. U ............................................ . 
Rev. U .............................................. . 
Dir. L ............................................... . 
Dir. L ............................................. . 
Dir.L ............................................... . 
Dir. L ................................ : .............. . 
Dir. L ........................... : ................... . 
Rev. U .............................................. . 
Rev. U ............................................. ,. 
Rev. U .............................................. . 

Record. 

Vertical circle. 
Chronometer l----..,.----l Mean zenith 

time. distance. 

h m 8 

9 56 45 
59 15 

10 3 45 
5 30 
7 30 
8 30 
9 25 

10 15 
11 40 
13 15 
14 35· 
15 38 

A. B. 

39 
320 

39 

320 

43.0 
49.4 
51.5 
52.0 
38.2 
38.2 
37.8 
37. 7· 
37.7 
52.8 
52.5 
52.5 

44.0 
50.8 
52.7 
53.2 
39.0 
39.0 
38.8 
38.8 
38.9 
54.0 
53.6 
53.7 

39 43.0 
9.9 
7.9 
7.4 

38.6 
38.6 
38.3 
38.2 
38.3 
6.6 
7.0. 
6.9 

Computation. 

Hour 
angle 

(t). 

m 8 

15 9 
12 39 
8 9 
6 24 
4 24 
3 24 
2 29 
1 39 

14 
1 21 
2 41 
3 44 

K. X=CK 

450 5.1 
314 3.5 
130 1.5 
80 .9 

. 38 .4 
23 .2 
12 .1 
5 

-------- --------
4 

14 .1 
27 .3 

Zenith· 
distance 
to sun's 
center. 

39 22.0 
.3 
.3 
.4 
.3 
.5 
.3 
.3 
.4 
.5 
.8 
.5 

Zenith distance ............... 39° 22' cosec .. 0. 1977 Mean ........................................ 39 22. 4 
Declination .................. 22 55 cos .... 9. 9643 Refraction and parallax...................... +O. 6 

Latitude ................. 62 17 cos .... 9. 6675 Zenith distance ........................ 39 23. 0 
· log .. · .. 9_ 8295 Declination ................................... 22 55. 1 C .............................. 0. 675 

Chronometer correction on local mean time re- h m Latitude.............. . . . . . . . . . . . . . . . . . . 62 18. 1 
versed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 12 56 

Equation of time............................ -1 6 
\ 

Chronometer time of apparent noon .... 10 11 50 
Greenwich date, J~ne 9ct 10h 1m 508

• 

The primary control consisted of a system of azimuth lines between points fixed in latitude, 
running from Tyonek to Mount Susitna, Mount Susitna to :Mount Y enlo, and :Mount Y enlo to 
sever:al points in the range. · 

Twenty-three ~zimuth and time observations were made. Each consisted of six point
. ings-three direct and three reversed-on the limbs of the sun in opposite quadrants of the 
reticule, both circles being read. 



42 THE MOUNT McKINLEY REGION, ALASKA. 

The height of :Mount Susitna was cletennined by triangulation from two base lines at 
Alexander and ·Susitna station and vertical angles taken to this point from several station~ in 
the range. The elevation of the forks of Susitna and Chulitna rivers, as deterinined by the 
Alaskan Central Railway, was also tied to. 

·Ti1ne was kept by three Waltham chronometer watches, rated by. solar observations at 
intervals of about a week throughout the season. They were compared daily. Watch No. 4 
was put o':lt of service June 25 and No. 14 OJ} August 24, both from being submerged in wa~er. 
No. 15, used for recording, was set to approximate Greenwich mean time and ran continuously. 
The errors of this watch (No. 15). on local and Greenwich mean time and its daily rate for the 
season were as follow~: 

Rates and errors of watch No. 15. _ 

[Assumed longitude of Tyonek, 151 o 10' west.] 

Station. Local astronomic 
date. 

0........................................................................... ~fay 29.2 

55 .......................................................................... June s.8· 

1 ......... , .................... · ........ : .................................... June 8. 7 

!. ................................................................ : ......... June 16.8 

14 .......................................................................... June 27.3 

15 ............ ' .............................................................. June 28.8 

1. ................................................................ · ......•.. ~ July 2.9 

16 ............... , ......................... ~................................. July 8.2 

19 .......................................................................... July 14.3 

20 ................................................ ·.· ..... , .................. July 17.0 

20 ........................................................................... July 25.8 

19 ................................. . : . ...................................... Aug. 1.2 

38 ...... _. .............. ······················································i Aug. 17.2 

40 .................................... : ...............................•.... :j Aug. 23.8 
' i 40, ......................................................................... 1 Aug. 30.9 

i 

::.~·-·_· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ ~:: ~::::::::::::::::::::::::::::::::::::::::::::~I ::::: 6.9 

7.2 

5J .......................................................................... Sept. 14.2 

52 ....................... : ............. · ............................. :....... Sept. 15.2 

56 ................ ;,·.'....................................................... Sept. 24.2 

0 ................... _ .................. , ..................................... 
1 

Sept. 27.2 

a Dropped watch movement. 
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GENERAL FEATURES. 

Error on 
local mean 

time. 

-10h Sm 4& 

10 6 59 

10 12 56 

10 13 49 

10 15 4 

10 15 32 

10 13 41 

10 13 19 

1011 48 

10 10 44 

10 10 46 

10 12 57 

10 15 58 

10 17 38 

10 18 23 

10 16 52 

10 17 4 

10 15 56 

10 15 46 

10 14 i4 

10 14 15 

Error on 
Greenwich 
mean time. 

-Oh 4m 5s 

5 6 

5 36 

6 29 

5 49 

5 42 

6 21 

6 40 

7 21 

7 42 

7 44 

8 30 

10 48 

11 48 

12 33 

11 2 

11 19 

10 56 

10 49 

9 47 

9 45 

Interval 
(days). 

5.6 

4.9 

8.1 

10.5 

4.1 

5.3 

6.1 

2.,7 

8.8 

6.4 

15.7 

6.6 

7.1 

7.0 

7.0 

9 

3 

Daily 
rate. 

-10•.9' 

6.1 

6.5 

3.8 

-9.5. 

3.6 

6. 7 

7.8 

.2 

7.2 

9.4 

9.1 

6.4 

+12.7 

3.3 

6.9 

.7 

The. Pacific margin of 'the North American continent i~ marked by a broad mountainous 
belt which extends northwestward from :Mexico through the _Up.ited States and Canada into 
Alaska as far as the one hundred and fiftieth meridian, where, paralleling the coast line, it makes 
an· abrupt bend to the southwest and continues toward Asia in the highlands of the Alaska 
Peninsula and the Aleutian Islands: The western. part. of this cordillera, embracing many dis
tinct ranges, together with transverse lines of considerable height and some areas of less~r relief, 
but in-general forming a rugged mountainous belt 50 to 200 miles in width, has been called the 
Pacific mountain system.1 In Alaska this system is bounded oil the inland side by the central 
plateau region, which n1ay be broadly correlated with the plateau or great basin region of west-
ern Canada and the United States., · 

1 Brooks, A. H., The geography and geology of Alaska: Prof. Paper l[. S. Geol. Survey No. 45, 1906, pp. 27-36. 
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The Pacific mountain system at the international bounq_ary includes the great mass of 
snow-clad peaks and connecting ridges, ·about 80 n1iles in width and fron1 8,000 to over 19,000 
feet in altitude, to which the name St. Elias Range has been given. To the northwest this high
land mass widens and is divided by the Copper River and tlpper Tanana drainage systems into 
two divergent mountain ranges. (See Pl. II.) The Nutzotin l\1o.untains, 5,000 to 8,000 feet 
high, form the northern fork of the system and connect the St. Elias l\1ountains with the Alaska 
Range, 8,000 to 20,000 feet in height. These ranges encircle the northern and western margins 
of the Copper and Susitna basins. The southern fork of the St. Elias. systmn, extending west
wn.rd, is formed by the Chugach l\1ountains, 6,000 to 8,000 feet high, and their extension, the 
Kenai l\1ountains, 5,000 to 6,000 feet high, and these ranges together constitute the rugged 
coastal barrier stretching· from St. Elias to Cook Inlet. 

Two rugged mountain masses lie within the reentrant formed by the t\vo forks of the 
St. Elias Range. One, on the east-a group of irregularly distributed snow-covered volcanic 
peaks 8,000 to 16,000 feet in altitude, called the Wrangelll\1ountains-is between Chitina River 
on the south and Copper River on the north .. The other range, on the west, called the Tal
keetna Mountains· (see Pl. II), is a roughly circular area of high relief, 5,000 to 8,600 feet in 
height,. lying in the region tributary to Cook Inlet. 

The axes of all these ranges have the northwesterly trend characteristic of the Pacific moun
tain system of Canada and the United States about as far west as the one hundredth and forty
eighth meridian, then bend sharply to the southwest to meet the northeasterly extension of the 
Asiatic continent. In other words, these axes are in general parallel to the Pacific shore line, 
forming a crescentic cur,ve around the Gulf of Alaska. As shown on pages 52-53 and 
111, this great bend is the resultant of the control of the relief by the bed-rock structure. . 

The drainage of the ranges above described is carried for the mqst part southward to _the 
Pacific Ocean .. Among 'the larger rivers are the Copper, flowing directly into the Pacific, and 
the Susitna and Matanuska, tributary to Cook Inlet. A broad,. flat, silt-covered area standing 
about 3,000 feet above sea level, called the Copper River plateau, lies between the westerly 
tributaries .of the Copper and the headwaters of the Matanuska and Susitna. 

The northerly slopes of the Pacific ranges descend in most places abruptly to a gravel
floored plateau which, stretchmg around their margins, slopes gradually to the valley of the 
ICuskokwirr. on the west and to that of the Tanana on the north (Pl. VI; B, p. 46). Both these 
rivers meander through broad lowlands which,_ in turn, are delimited on the north and west 
by an abrupt rise of land marking the southerly boundary of an upland. This upland, best 
known ·north of the Tanana Valley, is characterized by level, flat-topped interstream areas 
2,000 to 3,000 feet in. al~itude,- and forms a part of the central plateau region. 

The l\1ount McKinley region lies, for the most part, in the Pacific. mountain system, but also 
stretches northward into the cent~al plateau region. It is roughly bounded by meridians 148° 

. and 154° west and parallels 61° and 65° 20' north and has an area of about 40,000 square miles. 
This report, however, deals more specially with the Alaska Range proper, and the detailed dis
cussion will be confined largely to the region, embracing about 10,000 square miles, lying between 
the Susitna basin on the south and the ICuskokwim and Tanana basins on the west and north. 

TOPOGRAPHIC PROVINCES. 

As just stated·, the Mount McKinley region falls within two of the larger physiographic 
" prov:inces of Alaska, but when the features of the relief are analyzed in detail seven topographic 

subdivisions can be recognized. These are, ,named from s·outh to north, (I) the Cook Inlet 
littoral, (2) the Susitna lowland, (3) the Alaska Range, (4) the piedmont plateau, (5) the Kus
kokwim lowland, (6) the Tanana lowland, and (7) the Yukon-Tanana upland. (See. Pl. II.) 

COOK INLET LITTORAL. 

Cook Inlet is a deep reentrant o·f the southern coast of Alaska which is separated from the 
Pacific Ocean by Kenai Peninsula. It occupies a broad,· fairly symmetrical depression lying 
between the ICenai Mountains on the east and the Alaska Range and the north end of the 
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Aleutian Range on the west.· Heavy gravel sheets bury the bases of these ranges and form 
broad terraces whose surfaces slope gently toward the inlet, terminating at the shore line in steep 
escarpments (Pl. IV, B). These gravel-formed plateaus have been deeply tr;enched by streams 
tributary to Cook Inlet, whose sources lie in the high ranges on either side. 

On the south the Kenai }.fountains terminate in steep, rocky slopes, and one of these·forms 
.the bold headland called Cape Elizabeth, which marks the east side of the entrance to Cook 
Inlet. Sixty miles of water separate this point from Cape Douglas, of lesser relief but also a 
rocky headland, forming the west side of the entrance. 

Along the lower reaches of the inlet rocky, precipitous, and irregular slopes rise directly 
from tidewater. In this part of the inlet lies the little rocky islet Augustine, with its beautifully 
symmetrical volcano. North of Kachemak Bay, an easterly indentation of the inlet, the irregu-:-· 
larities of shore line give way to an almost unbroken steep rock escarpment which rises from a. 
narrow, shelving beach. At an altitude of about 400 feet above tidewater the hard rock is 
mantled by the gravel which forms the terraces mentioned above. This rock escarpment 
decreases in altitude to th~ north until, at the settlement of Kenai, the base of the gravels is 
practically at sea level. The same topographic types persist along the western shore of the 
inlet. South of Snug Harbor the shore line is irregular, with rocky headlands; to the north 
there are long, smooth stretches of sandy beaches, mostly less than 100 yards in width and ter
minating in steep-walled gravel bluffs. Here and there are low, sandy reefs just out from the 
main shore line, with which they are connected by crescentic stretches of sandy· beach. The 
shore line is of this type and the inlet is shallow for 150 miles to the northeast. Beyond, the 
inlet makes a right-angled bend to the east, and a long reentrant, called Turnagain Arm, pene
trates the Kenai :Mountains. This embayment has a steep, rocky shore and deep water, with 
high tides, treacherous currents, and violent storms, all of which form a serious menace to 
navigation. The head of Turnagain Arm is connected with Portage Bay of Prince William 
Sound by an ice-filled pass, long used by the'natives as a winter route of travel. 

SUSITN A LOWLAND. 

The Cook Inlet trough is continued northward by broad alluvial-floored valleys, which form 
the lower reaches of Susitna River and some of its tributaries. These valleys are here referred 
to collectively as the Susitna lowland. On the east the iowland is bounded by the Chugach and 
Talkeetna mountains and on the west by th~. Alaska Range. Both these barriers are deeply 
trenched by rivers tributary to the Susitna or flowing directly into Cook Inlet. 

Susitna River occupies a roughly axial position in this trough. Its broad delta, a silted-up 
part of Cook Inlet, is still rapidly encroaching on the en1bayinent and marks the south end of a. 
lowland that sweeps around Knik Arm eastward into the Matanuska Valley and northward to 
the Chulitna and extends to the west and northwest, where it includes the lower courses of 
several of the tributaries of the Susitna. This lowland is timbered and dotted with innumerable
lakes. Its boundaries along the highland rim are marked by a series of gravel terraces which. 
rise ell echelon to the gentle hillslopes above. Above the mouth of the Chulitna the Susitna. 
Valley is more constricted but still has a gravel floor, and it maintains this character as far as the
mouth of Portage Creek, where the river emerges from a rock-bound canyon. 

Matanuska River flows through a broad depression which marks the boundary between the
Chugach Mountains on the ·south and the Talkeetna Mountains on the north. ·The lower 20· 
miles of its valley is a part of the Susitna lowland; above the rim it has incised a steep-walled 
gorge in an older valley floor now in part preserv~d as a rock bench. Talk~etna River and other 
smaller streams, all tributary to the Susitna from the east, rise in the Talkeetna Mountains and 
flow first through broad valleys, then ih steep-walled, glacier..:scoured canyons, until they emerge. 
on the Susitna lowland. The sources of the Matanuska and Susitna lie in the Copper River· 
plateau east of the· mountains. The westerly tributaries of the Susitna, including the Yentna, 
the Tokichitna, the Chulitna, and many smaller streams, have a ramifying dr~inage system, 
much of which reaches far back into the Alaska Ran~e. T~e1.r-sources are for the most part. 
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.A . TI MB ERED FLAT AND MEADOWS NORTHWEST OF COOK INLET. 

Near camp of June 2. See page 17. 

B. SEAWAR D-FACI NG ESCARPMENT OF GRAV EL TERRACE ON WEST 
SIDE OF COO K INLET. 

Near camp of June 2. See page 44. 
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glacial, and within the high range they flow in steep-walled valleys which open out as they 
approach the Susitna, their flood plains ·finally merging with that of the main stream. 

Gravel terraces flank nearly all the valleys of the drainage courses of this province ap.d 
becon1e of increasing prominence toward the mouths of the streams. Their lower parts are, as 
a rule, d~eply incised in gravel sheets which mantle the foothills of both the ranges bounding 
the lowland. 

ALASKA RANGE. 

The Alaska Range 1 is a rugged mountain mass which sweeps as a great crescent·around the 
Susitna and Copper basins, constituting for the most part the watershed between the Pacific 
Ocean and Bering Sea. Trending northeastward from the unexplored region near Lake Clark, 
the range continues to bend to the east as far as Delta River, where the axis of the mountains 
takes .a southeasterly direction and is continued in the so-ealled Nutzotin :Mountains 2 as far as 
White River. The axis of this range, which has a parabolic form, ~s between 500 and 600 miles 
in length, and the range is from 50 to 80 miles wide .. In the southern P.art of the range the peaks 
range from 5,000 to 8,000 feet in altitude. When traeed northward and eastward, the crest line 
is found to maintain an altitude of 7,000 to 10,000 feet to the vicinity of Mentasta Pass, beyond 
which it is continued by the Nutzotin Mountains at a lower altitude. Its longitudinal extent, 
breadth, and mass make the ~laska Range one of the most prominent mountain chains <;>f the 
continent. It is both higher and broader than the. SierraN evada and of greater relief and extent 
than the Alps of Europe. 

T:P,e region lying between CookJnlet and Lake Clark, about 80 miles wide, has been little 
explored, but is known to be of high relief. In this belt is the north end of the Aleutian Range, 
represented by Redoubt Volcano, and also the south end of .the Alaska Range. Osgood 3 reports 
that the mountains at the head of Lake Clark are from 4,000 to 6,000 feet high 4 and include 
a number of small glaciers drained by streams tributary to the lake. This comparatively 
unexplored region stretches northward for a hundred miles, draining in part to the Skwentna, 
in part to the Kuskokwim, and in part. to Lake Clark. It probably includes a number of high 
ridges trending north and south, separated by rather broad valleys and with peaks 8,000 to 
9,000 feet high. From Cook Inlet the eastern face of these mountains can be seen as a rather 
abrupt scarp which rises to a summit level covered with snow and is broken by a number of 
glacie-rs discharging into streams flowing into the inlet. Mount Spurr,5 10,500 feet high. is the 
most prominent peak in this mountain mass. 

In the headwater region of the Yentna there is a break in the range, and several gaps from 
2,900 to 3,000 feet high· afford easy routes of travel between Cook Inlet and the Kuskokwim. 
Spurr, the first to explore this region, in 1898 discovered a broad gap about 3,000 feet high at 
the head of Pleasant River. Captain Herron in the following year discovered and nan1ed 
Simpson Pass (Pl. XI, A, p. 88), about 3,000 feet above sea level, at the head qf the Kichatna and 
north of the pa~s traversed by Spurr. The writer found a third gap between these two, which 
has been called Rainy Pass (Pl. V, B) and stands about 2,950 feet above. sea level. In the · 
vicinity of these passes the mountains rise to 7,000 and 9,000 feet, with sharp crest lines and steep 
slopes. The watershed here lies well toward the inland front of the range. · 

The Tordrillo Mountains, so named by Spurr, lie west of the south fork of Kuskokwim River 
and form a subordinate unit of the main range. They are probably 5,000 to 6,0QO feet high and 
trend about north and south. To the south the mountains appear to increase in altitude, as 
they are snow-capped and give rise to a number of glaciers which discharge into the Kuskokwim. 

The Alaska Range maintains the same general character for a distance of 100 miles north
eastward from the Skwentna basin. Here the inland slope rises abruptly from the· gravel-floored 

1 This name was first applied by W. H. Dall to that part of the range which lies between the Susitna and Kuskokwim basins. 
2 Brooks, A. H., Reconnaissance from Pyramid Harbor to Eagle City: Twenty-first Ann. Rept. U.S. Geol. Survey, pt. 2, 1900, p. 346. 
a Osgood, W. H., A biological reconnaissance of the base of the Alaska Peninsula: North Am. Fauna No. 24, Biol. Survey, U.S. Dept. Agr., 

1904. 
• This is confirmed by the recent surveys by Witherspoon and Martin. 
6 Named by the writer after J. E. Spurr, who explored the Skwentna and Kuskokwim valleys in 1898. 
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plateau to the crest of the range, not more than 5 to 10 mjles distant from the mountain front 
(Pl. VI, B). The crest line, a high, serrated ridge 7,000 to 10,000 feet high, joins a series of 
dominating peaks, including Mount Dall 1 (9,000 feet), :Mount Russell 2 (11,350 feet), and the· 
two giant peaks J\1ount Foraker (17,000 feet) and Mount J\1cKinley (20,300 feet). (See Pis. I, 
p. i1, and VI, A.) -East_ of the crest line are other high peaks, unmapped and almost unk...nown 1 

which probably attain altitudes of 10,000 to 15,000 feet. In this part of the range valleys of 
the southeastward-flowing streams reach' far back into the· mountains and are, as a rule, filled 
with glacial ice well out toward the Susitna lowland. These glaciers form the n1ost extensive :Lee 
sheets of inland Alaska. The valleys of the westward-flowing strean1s are short and are only 

'in part filled with glacial ice. Some of the largest glaciers, like those finding sources on J\1ount 
McKinley and J\1ount Foraker, extend to the inland tront of the rango. (See Pl. III, in pocket.) 

From the J\1uldrow Qlacier, near the one hundred and fifty-first meridian, the range trends 
northeastward to Nenana· River, and this part has been but little explored. Apparently the 
peaks rise to altitudes of not over 8,000 or 9,000 feet, an~ the crest line lies well back in the heart 
o£ the mopntains. In this region a subordinate range is set off from the main mountain mass to 
the south by a series of broad depressions. This series of depressions is· ·ext~nded east of the 
Nenana by the valley of Y anert Fork. 

That part of the range which lies between the head'·of the Chulitna and the Tanana \Talley · 
includes a mount~inous area in which at least three subordinate ranges can be recognized, with 
an aggregate width of nearly 100 miles. The broad valley of the Nenana, traversing two of 
these ranges, is connec'ted by a broad, low gap called Broad Pass (2,400 feet) with the valley 
of the Chulitna, a stream that flows south. 

The range is continued in a southeasterly direction by a broad mountain mass ·which is 
unexplored 3 ex~ept along the valley of Delta River. This stream, rising in the Copper River 
plate,au south of the range, traverses the entire mountain mass· through a steep-walled trench 
about 40 miles long. The adjacent peaks are from 8,000 to 10,000 feet high, but a few miles 
to the west is Mount Hayes, whose snow-capped summit stands about 13,800 feet above sea 
level. This part of the range contains many small glaciers, some of which discharge north and 
some south of the watershed. 

From Delta River to Mentasta Pass the range is unbroken, and its snow-covered crest line 
averages probably 7,000 to 9,000 feet in altitude. Here too it gives rise to glaciers, which are 
drained by -Copper River or Tanana River (Pl. XII,,B, p.108). The elevation of J\1ount Kirriball, 
the highest peak, is probably about 10,000 feet. Mentasta Pass is a broad, flat depression 3,000 
feet high. From Mentasta Pass the range finds 1ts continuation to the southeast as far as White 
River in the Nutzotin Mountains, which embrace a rugged area 100 n1iies in length and 40 miles 
in width. These mountains are bounded on the north by the alluyial flats of the Tanana and 
of White River and its tributaries and on the south in part by the Copper River valley, in part 
by a series of depressions separated by high passes -which connect the tributaries of the Tanana 
and the White ... The large valleys-those of Nabesna and Chusana rivers, which unite to form 
the Tanana-break the continuity of the range. The mountains have remarkably even crest 
lines which stand at elevations between 7,000 and 8,000 feet, but above this level rise several 
peaks that are 9,000 to 10,000 feet high. Besides the larger transverse rivers mentioned above, 
inany smaller watercourses sharply dissect the range. 'The southeastern termination of the 
Nutzotin Mountains is usually placed at the White River valley, but the san1e axis·of uplift is. 
continued to the southeast by lower mountains which skirt the southern border of Lake Kluane. 

PIEDMONT PLATEAU. 

. The north·and west fronts of the Alas~a--Range--slope-down abruptly to a plateau which 
stands at 2,500 to 3,000 feet above- sea level (PI.· VI, B). This topographic feature is well 
marked along the west front of the range, where· it faces the Kuskokwim basin. Here the 

1 Named by the writer after W. H. Dall. 
2 Named by the writer after I. C: Russell. 
a This region was surveyed in 1910 by J. W. Bagley, D. C. \\1therspoon, and E. C. Giffen; of the U.S. Geological Survey. 
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A . TATINA RIVER VALLEY, KUSKOKWIM BASIN. 

Camp of J uly 17. See page 18. 

B. VALLEY OF DALZELL CREEK, LOOKING SOUTHEAST. 

Near camp of Ju ly 15 . Rainy Pass in the dist ance. See page 46. 
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A. MOUN T McKINLEY <IN THE CENTER) FROM THE NORTH. 

Mount Forak e r to the right, in the distance; Piedmont gravel-floored plateau in the 
foreground. Near camp of August 8 . See page 46. 

B. PIE DMONT GRAVE L PL ATEAU AT NORTHWEST BASE OF ALASKA RANGE. 

Showing glacial erratic bowlders. Near camp of July 29. See page 46. 
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surface of the plateau, ·which slopes gently a~ay from the n1ountains, is rmnarkably even, 
being broken only by the valleys of the strea1ns which have dissected it and by outliers of the 
highlands which rise here and there island-like above it. . The surface of the plateau is for· 
the n1ost part above timber line and is covered with moss, affording excellent pasturage for the 
herds of caribou that.wander across it. 

The plateau is underlain by gravels and sands which have been d_eeply dissected by the 
strean1s. In these materials the larger watercourses have cut broad trenches; in some places 
the underlying bed rock is exposed. Some of the larger. va1leys are half a nule wide, and all 
have steep slopes. The waterways have in general parallel northerly co11rses across the plateau, 
n1odified in places by the obstructions caused by the outliers of the mountains. 

The general slope appears to be unbroken to the timbered-lowland of the upper Kuskokwim 
basin, a distance of 20 to 30 miles. This part of the area was not visited by the w~iter, and it 
is possible that the plateau here ends in an inland-facing escarpment, as it does on the Tanana. 

East of the Toklat basin the route of travel lay within the mountains, and no ppportunity 
was afforded of studying the piedmont plateau, but on emerging from _the mountains east of 
Nenana River the party observed similar features. Here the plateau is represented by the 
re1nnants of a great gravel terrace which mantles the mountains along the southern border of the 
Tanana Valley (Pls. XII, A, p. 108; XIII, A, P.· 120). The suiface slopes gently toward the axis 
of tlie valley, ending about 10 nriles from the mountain front in a steep escarpment, hence the 
.scattered terrace remnants. The investigations of Mr. Prindle and the reports of prospectors 
indicate that similar heavy gravels extend eastward to the Delta Valley. 1 

KUSKOKWIM LOWLAND. 

The drainage of the inland front of the Alaska Range is carried to l(uskokwim River by 
many tributaries, son1e of whi-ch reach well back into the mountains. Most of these streams 
are tributary to the East Fork of the Kuskokwim, which in turn joins the main Kuskokwim 
about 30 miles from the 1nountains. The main stream rises in the unexplored region north of 
Lake Clark; the East Fork in a fiat which has been termed the Kuskokwim lowland. This 
lowland embraces a broad, level-floored basin bounded on the east by the piedmont plateau 
and on the 'vest by an unexplored highland area in which lies the Yukon-Kuskokwim divide. 
On the south the lowland gradually narrows down until it merges into a well-defined valley. 
about 30 1niles below the junction of the East Fork and the main Kuskokwim. On the north 
the lowland is probably separated by only very low divides from the waters flowing into the 
Tanana. 

This lowland is known to the writer only through observations made from the inland front 
of the Alaska Range, ·where it was seen sweeping toward some distant hills as· a great forested 
flat, dotted here and there by lakes and open marshes. Across its surface meander many 
sluggish streams with numerous oxbow bends. 

TANANA LOWLAND. 

That p·art .of Tanana River below the mouth of the Delta traverses the northern portion of 
the Mount McKinley region, flowing westward. At Delta River the Tanana em~rges from a 
rather narrow valley to a broad fiat, here called the Tanana lowland, which widens toward the 
Yukon. This lowland is extended in the highlands north of the Tanana by many reentrants 
which mark the valley mouths of the larger tributaries of the river. On the south it is bounded 
by gravel terraces which are remnants of the plateau already described (Pl. VI, B), and near 
the mouth of the Tanana by an unexplored highland area. The largest of the northern reen
trants is that of the Tolovana Valley, where there is a lowland 25 miles wide that stretches 
northward for 30 miles. Each of these tributary lowlands merges toward the north with the 
valleys of the confluent streams. 

The highland·rin1 north of the Tanana lowland in general rises steeply from the plain, which 
the river in most places hugs closely. This alluvium-floored lowland is locally heavily timbered 

1 This is verified by the observations made in this area in 1910 by S. R. Capps, of the U.S. Geological Survey. 

66897°-11--4 
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and is dotted with numerous lakes and swamps, the relics of former watercourses. Some low 
hills tha_t lie out in the flat are probahly remnants of a gravel sheet which once ·filled much of its 
upper part. 

From Delta River to the Yukon the lowland measures about 150 miles in an air line and 
its width varies from 10. to 30 miles. It stands 300 to 600 feet above sea level. 

YUKON-TANANA UPLAND. 

The region lying between the.Tanana and the Yukon is characterized by broad, flat inter
stream areas 1,200 to 3,000 feet high, with scattered domes whose rounde,d summits stand 
between 4,000 and 5,000 feet above the sea. This region, the Yukon-Tanana upland, is a part 
of what has been called the Yukon plateau of Alaska, and lies in the central plateau region. 1 

In this region the bed rock is characteristically buried by a deep mantle of residual soil, and out
crops only on the crest lines and in the smaller stream valleys. The large watercourses occupy 
broad valleys with gentle slopes, whose rock floors are mantled by a deep cover of alluvium. 
Some of the smaller str~ams have incised this mantle and flow in rock-bound canyons. 

The part of this upland embraced in the Mount :McKinley region includes an irregular area 
bounded by Tanana and- Yukon rivers. Its ridges have a general uniform northeasterly trend, 

. with valleys of two types-those parallel to the ridges, which are broad, with gentle slopes, and 
those transverse to the ridges, which are narrow ariel steep-walled. Near the Yukon there are 
modifications of the general topography,· because here an older valley system has been deeply 
buried in silt deposits. The ridges are remarkably flat-topped, generally rising ITOJ;ll about 1,000 
feet in the lower part of the Tanana Valley t"o about 3,000 feet near Delta River. 

Domes and rugged peaks rise above the general level of the ridges. The most conspicuous 
of these are Wolverine Mountain (Pl. -VII, B) and some adjacent peaks south of Rampart, which 
are sharp and rugged and attain altitudes of 4,000 to 5,000 feet. 

The Yukon has trenched this upland to a depth of 1,200 to 1,800 feet and its valley_ has a 
width Qf half a mile to 2 miles. The steep valley walls, broken here and there by terraces, have 
led to the designation "The Ramparts" for that part of the Yukon Valley lying between the 
flats and the mouth of the Tanana. 

GEOLOGY. 

INTRODUCTION. 

Reference has been •made in the foregoing narrative to the difficulties encountered d.uring 
the journey, and these of necessity caused JD_any interruptions to the scientific investigations. 
An exploration seldom affords favorable conditions for geologic research, ariel in a region like this, 
of stratigraphic and structural complexity, the data collected in a rapid journey are far from 
adequate for a satisfactory analysis of the many problems encountered. The absence of detailed 
studies was, however, in part compensated by the opportunity afforded for obtaining a compre
hensive view of a large province. The geologic investigations whose results are here presented 
covered an area of nearly 10,000 square miles, stretc:h.ing from the Pacific Ocean to the Yukon. 
This fact may justify certain correlations which would not be made if only a small part of the 
field had been under investigation by a single observer.' The delay in the preparation of this 
report has had the advantage of making availabie the results of geologic studies that have been 
carried on in adjacent fields since the exploration was completed. This makes it possible to 
present a discussion of the salient features of the geology of an area of about 30,000 square 
miles, or three times as large as that actually investigated by the writer. 

OUTLINE OF GEOLOGIC INVESTIGATIONS. 

A number of the earlier explorers of Cook Inlet made desultory observations on~ the topog
raphy and geology whic4 are chiefly of historical interest, but a noteworthy· section of the 

-Kenai sediments on the east side of the inlet was made by Von Wrangell and published by 

1 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, 1906, pp. 36-41. 
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A. TANANA RIVER AT TORTELLA. 

Camp of Au gust 29. See page 20. 

B. WOLVERINE MOUNTAIN FROM THE EAST, LOOKING UP QUAIL CREEK VALLEY, 
YUKON-TANANA UPLAND. 

Near camp of September 10. See page 48. 
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Grewingk.1 The first systematic geologic studit-s in this field were those made by DalP during 
his coa:stal explorations from 1879 to 1886. In 1895 Dall, in company with a: F. Becker, 
extended his observations in this region. The most important results of this investigation, so 
far as Cook Inlet is concerned, bore on the stratigraphy of the Tertiary coal-bearing sediments 3 

and the distribution of placer gold.4 

In an expedition already referred to, Mendenhall 5 in 1898 traversed Kenai Peninsula from 
Resurrection Bay and from Portage Bay to Cook Inlet, and then carried a reconnaissance up 
Matanuska River and down Delta River t<;> the Tanana. Besides working out the general 
physiographic history of the region, he proved the extensive developmen~ of metamorphic sedi
mentary rocks in Kenai Peninsula and the Alaska Range and also the presence of Mesozoic strata 
in the :Matanuska Valley ... In the same year Spurr 6 explored the S.kwentna basin and a part of 
the upper Kuskokwim. His most important results, so far as they bore on the area here con
sidered, were the division of the component strata of the Alaska Range into different formations, 
the determination of the synclinaJ character'of the folding, and the proof that intrusive rocks 
form an important element of these mountains. 

At the same time Eldridge 7 carried an exploration up the Susitna and into the· Tanana 
basin. He determined the presence of and described the Cantwell conglomerate (here termed 
t];le Cantwell formation arid provi~ionally assigned to the Carboniferous) and found extensive 
areas of slates in the Susitna basin. 

The work of 1902 included not only the studies set forth in this-paper but also an important 
investigation by Mendenhall 8 in the Copper River basin to the east. The results of :Menden
hall's work showed that the metamorphic schists previously discovered by him along Delta 
River extend eastward, forming the backbone of the Alaska Range, and are ·separated from . 
a belt of Paleozoic rocks on the south by. a profound fault. One of the most important 
facts brought out by this in~estigation was the presence in this region of some 7,000 feet of 
"Permian" strata, later proved to be of Pennsylvanian ("Upper Carboniferous") age. 

Robert Dunn, who accompanied the first Cook expedition (1903), made geologic obser
vations along his route of travel from the Muldrow Glacier on the north side of the range to 
the Chulitna on the south. His notes, which he kindly placed at th.e disposal of the writer, 
recorded a· belt of conglomerates and volcanic rocks succeeded on the south by a zone of quartz
ites and limestones and these separated from the Chulitna· Valley by an extensive area of 
slates with some intrusive rocks: 

Martin 9 in 1903 and in co,operation with Stanton 10 in 1904 determined ·the Mesozoic 
sequence in the region southwest of the Mount McKinley area. In 1904 Moffit and Stone u 
obtained much additional information on the geology of Kenai Peninsula. The general distri-: 
bution of the Tertiary and Mesozoic rocks in the Matanuska Valley was determined by Martin 12 

in 1905 during the course of a rapid reconnaissance, in which he obtained also a more thorough 
knowledge of the coal beds. Paige and Knopf 13 completed the reconnaissance mapp.ing in 
this field and carried it into the Talkeetna basin. Their investigations determined the strati
graphic sequenc~ from the metamorphic slates to the receilt deposits, two divisions of the 

1 Grewingk, C., Beitrage zur Kenntniss der orographischen und geognostischen Beschafienheit des Nord west Kiiste Amerikas mit den anlie-
genden Inseln [with geologic and other maps], St. Petersburg, 1850, p. 39. · 

2 Dall, W. H., Correlation papers-Neocene: Bull. U.S. Geol. Survey No. 84, 1892, pp. 232-268. 
8 Dall, •W. H., Report on coal and lignite of Alaska: Seventeenth Ann. ·Rept. U.S. Geol. Survey, pt. 1, 1896, pp. 763-908. 
4 Becker, G. F., Reconnaissance of the gold fields of southern Alaska, with some notes on general geology: Eighteenth Ann. Rept. u.s. Geol. 

Survey, pt. 3, 1898, pp. 81-82. 
6 Mendenhall, W. C.; A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U.s. Geol. Survey, 

pt. 7, 1900, pp. 265-340. 
6 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Idem, pp. 31-264. 
7 Eldridge, G. H., ·A reconnaissance in the Sushitna basin and adjacent territory, Alaska: Idem, pp. 1-30. 
a Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U.s .. Geol. Survey No. 41,1906. 
oMartin, G. C., The petroleum fields of.the Pacific coast of Alaska: Bull. U.S. Geol. Survey No. 250,1905. 
lOStanton, T. W., ruid Martin, G. C., Mesozoic section on Cook Inlet and Alaska Peninsula:. Bull. Geol. Soc. America, vol. 16,1905, pp. 391-410.· 
u Moffit, F. H., and Stone, R. W., Mineral resources of Kenai Peninsula, Alaska: B·ull. U.S. Geol. Survey No. 277,1906. · 
12 Martin, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U.S. Geol. Survey No. 289, 1906. 

. 18 Paige, Sidney, and Knopf, J\dolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U.s. Geol. Survey 
No. 327,1907. 
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Jurassic, one of the Cretaceous, and one of the Tertiary being recognized. They also showed 
that the Talkeetna Mountains consist for the most part of a huge granite batholith. 

Geologic investigation· in the northern part of the Mount McKinley region was· begun by 
Spurr/ who in 1896 made a reconnaissance down the Yukon and into adjacent areas. He 
visited the Rampart district and made some important contributions to the knowledge of the 
geology of the entire province. Many of the stratigraphic subdivisions which he proposed are 
still in use. The writer 2 in 1898, while exploring Tanana River, determined the presence of 
extensive areas of schists on the lower Tanana, together with a younger unconformable sedi
mentary series. 

From 1903 to 1909 Prindle 3 was engaged in mapping the general geology of the region 
lying between Yukon and Tanana rivers, and in 1906 he extended his work south of the Tanana 
to the bas~ of the Alas~a Range. In association with E. M. Kindle, the writer 4 in 1906 studied 
the geology of the upper Yukon ,and an area b,etween Circle and Fairbanks and Fairbanks 
~R~~. . 

AE this volume goes to press a few changes and corrections have been made based on 
the surveys of 1910, the detailed results of which are not yet available. In 1910 G. C. 
Martin, assisted by F. J. Katz and Theodore· Chapin, made a detailed geologic survey of a part 
of the Matanuska coal field. F. H. Moffit, assisted by B. L. Johnson, carried a· geologic 
reconnaissance survey along the southern base of the Alaska Range, between the Fairbanks 
trail and Valdez Creek, and S. R. Capps did similar work north of the mountains, between 
Nenana and Delta rivers. · 

AB a result of all these investigations the general stratigraphic succession in this part of 
the Yukon basin, beginning with an older metamorphic series called the Birch Creek schist and 
extending through the Carboniferous, has been fairly well established. This is especially true 
of the Carboniferous strata. The Devonian beds are less well known, and Ordovician and 
Silurian fossils have been found in only a few localities. Considerable light has also been 
thrown on the distribution of some Jurassic-Cretaceous slates and on the problems connected 
with th~ Tertiary sediments and with the recent geologic history of the province. 

As has been stated !1nd as is indicated by the geologic map (Pl. IX, in pocket), the inves
tigations of the field under consideration form a connecting link between the studies carried 
on by one group of men in the Cook Inlet region and those by another group in the Yukon
Tanana region. It is one purpose of this paper to discuss the broader correlations between 
these fields. Tllis discussion will be the first attempt to present a systematic account of" the 
geology of the region between. the Pacific and the Yukon, and as much 'of the field is unknown 
~r at best but imperfectly known, it ~s obvious that only tentative conclusions can be reached. 

OUTLINE OF GEOLOGY OF CENTRAL ALASKA. 

The term central Alaska can be conveniently used to designate the region lying between 
the Pacific and the Yukon and bounded on the east by the international boundary and on tl1e 

, west by the one hundred and fifty-fourth meridian. The Mount McKinley province as here 
defined forms the western part of the central Alaskan region. With the purpose of presenting , 
the broader relations of the problems here to be discussed, the geology of central Alaska will 
first be considered. The sketch map (Pl. VIII) graphically summarizes the salient geologic 
features of this field. 

1 Spurr, J. E., Geology of Yukon gold district, Alaska: Eighteenth Ann. Rept. U.S. Geol. Survey, pt. 3, 1898, pp. 87-392. 
2Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 

1900, pp. 425-494. 
a Prindle,,.L. M., The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, Alaska: Bull. U. S. Geol. Survey No. 251, 1905. 

Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U.S. Geol. Survey ~.0· 280, 1906. Prindle, L. M., The Yukon
Tanana region, Alaska-Description of Circle quadrangle: Bull. U. S. Geol. Survey No. 295, 1906; The Bonnifi.eld and Kantishna regions: Bull. 
U.S. Geol. ·Survey No. 314,1907, pp. 205-226; The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U.S. Geol. Survey 
No. 337, 1908; Occurrence of gold in the Yukon-Tanana region: Bull. U. S. Geol. Survey No. 345, 1908, pp. 179-186; The Fortymile quadrailgle, 
Yukon-Tanana region, AJaska: Bull. U.S. Geol. Survey No. 375, 1909. Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. 
U. S. Geof. Survey No. 379, i909, pp. 181-200. 

4 Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, 
pp. 255-33&. 
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GEOLOGIC SKETCH MAP OF CENTRAL ALASKA, WITH SECTIONS. 

See page 50. 
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METAMORPHIC ROCKS. 

What are believed to be the oldest rocks in this region are a series of closely folded schists 
and quartzites, with subordinate crystalline limestone masses and considerable igneous material, 
which stretch as a broad zone westward from the international boundary nearly to the Yukon 
belew the big bend. These are mantled by the younger Paleozoic rocks. Within these meta
morphic schists' occur many bodies of intrusive granites of· at least two ages. The younger 
granites (to be discussed below) are shown on the map; the older, which are represented by 
gneisses and gneissoid granites, are not differentiated from the other metamorphic rocks. 

These rocks extend to the southwest in a narrow zone which forms the east end of the 
Alaska Range and, continuing westward, are found in a foothill belt north of the mountains, 
finally passing underneath the Quaternary deposits of the Kuskokwim lowlands. A second 
area of metamorphic rocks, probably equivalent in age to those described above, lies north of 
the Yukon. Both are provisio:!fally correlated with the pre-Ordovician quartzites .and slates 
exposed along the Porcupine Valley near the international boundary. 

Another broad belt of closely folded metamorphic sediments skirts the Pacific seaboard 
and forms the southern boundary of the region. These comprise slates, phyllites, quartzites, 
conglomerates, and graywackes, and are considerably less altered than the metamorphic rocks 
of the Yukon. This metamorphic belt as mapped on Plate ·viii includes some Mesozoic rocks,' 
but most of the series is known to be pre-Jurassic and is probably Paleozoic. Rocks of a sim
ilar character occur in the upper Susitna basin, where they probably occupy a considerable 
area. 

'PALEOZOIC ROCKS. 

The largest areas of Paleozoic rocks of the province occur in the Yukon basin,· wh~re Ordo
vician, Silurian, Devonian, and Carboniferous forn1ations have been recognized. It should 
be noted, however, that the data regarding the stratigraphy of the rocks below the Middle 
Devonian are very fragmentary. These older formatwns are much altered and are more closely 

? folded than the :Middle ·Devonian or later Paleozoic ·rocks. The Paleozoic strata above 
described ·lie north of the metamorphic belt, and another area, probably made up of the same 
terranes, bounds the metamorphic rocks on the south. 

The Paleozoic rocks exposed along the northwestern front of the Alaska Range are known 
to include Grdovician, Devo~ian, and probably some Silurian and Carboniferous strata, and 
are intensely folded and faulted. At the head of Copper River the Paleozoic is represented 
chiefly by Carboniferous rocks. 

MESOZOIC ROCKS'. 

The :Mesozoic strata are extensively developed in central Alaska. On the upper Yuk9n 
occur slates and quartzites of Lower Cretaceous age, 1 and in the Rampart region are some small 
areas of Upper Cretaceous sandstones and shales. At the head of Copper River and in the 
adjacent areas Triassic and later :Mesozoic rocks are extensively developed. These beds appear 
to' form a broad belt caught up in the synclinorium which marks the structure of the Nutzotin 
:Mountains. The same formations are exposed on the south side or' the Wrangell :Mountains

1 
whose structure is probably synclinal. (See section 0-D, Pl. VIII.) In the :Matanuska basin 
and in the eastern part of the Susitna basin two Jurassic formations and one of Lower Creta
ceous age have been found. Middle ·Jurassic beds also occur in the Alaska Range, where 
they occupy a broad synclinorium in the heart of the mountains. In the coastal region of 
ICenai Peninsula and Prince William Sound the Orca group, made up of slates and graywackes 
and_ provisionally referred to the :Mesozoic, is extensively developed. 

T~RTIARY DEPOSITS . 
._J, 

The Tertiary deposits of central Alaska probably belong chiefly to the l(enai formation 
(upper Eocene) and are fresh-water beds, in large part of fluviatile ~rigin. A series of such 
deposits occurring along the Yukon and in the Cook Inlet region is believed to mark the 

t The beds carrying Aucclla crassicolis Keyserling which Stanton assigns to the Upper Jurassic or Lower Cretaceous will here for convenience 
be called Lower Cretaceous. ' 
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position of the Tertiary drainage. · On Alaska Peninsula some marine Eocene beds have been 
found. Though most of these Eocene deposits are only slightly deformed, some are intensely 
folded and faulted. In addition to these fresh-water Eocene beds, a closely folded series of 
Tertiary deposits occurs east of the Copper and near the PaCific coast which carries a marine 
fauna provisionally assigned to the Miocene. Rocks of Miocene age have also •been found· on 
the Alaska ·Peninsula. 

.QUATERNARY DEPOSITS. 

Quaternary deposits occupy large areas in .central Alaska, including preglacial, glacial, 
and postglacial material. The most extensive are the silts, sands, and gravels deposited dur
ing the retreat of the ice sheet, and these are probably of Pleistocene age. Since their depo- · · 
sition they have been deeply dissected. (See Pl. XIII, A, p. 120.) In the Yukon basin there 
are some high gravels which may be Pleistocene or older. .The Recent deposits comprise chiefly 
those of the present watercourses. 

VOLCANIC ROCKS. 

There are two important centers of volcanic acitvity in Alaska-one in the Wrangell 
Mountains and the other in the Aleutian Range. The ejecta of the former· occupy an &rea of 
5,000 or 6,000 square miles in the Copper-River basin near the international boundary. These 

. effusive rocks are in part Quaternary, in part Tertiary, and some may be as old as Mesozoic. 
There are several active volcanoes in the Wrangell Mountains. . 

The Aleutian Range includes a ser~es of volcanoes, some still active, which stretches through 
the chain of islands of the same name and extends northeastward as far as R~doubt Volcano, 
on Cook Inlet. The northernmost end of this belt of volcanism is shown on ~he map (Pl. · 
VIII). Like those of the Wrangell Mountains, th~ volcanic rocks of the Aleutian Range include 
both Tertiary and Quaternary lavas and possibly some of Mesozoic age. It is of interest to 
note that if the Wrangell and Aleutian volcanic rocks are connected by a line paralleling the 
major structures of the province it will pass through a;n area of Tertiary or· recent lava flow ., 
(too small to show on the general map) which lies along the eastern margin of the Talkeetna 
Mountains. (See geologic map of Mount McKinley region, Pl. IX, in pocket.) 

INTRUSIVE ROCKS. -

The intrusive rocks shown on the map are chiefly granites, granodiorites, and diorites. 
For convenience of description, they will be referred to here as granite. South of the Yukon 
basin they are distriquted along two general axes. One of these passes through the central 
part of the Alaska Range· and is continued southeastward by the granite stocks of the upper 
p~rt of the Copper River basin. A further extension of this axis would carry it into the Coast 
Range intrusive belt of southeastern Alaska. A second axis is defined by the granites of the 
Iliamna Lake region, the Mount Susitna stock near the upper end o( Cook Inlet, the qatholith of 
the Talkeetna Mountains, and the stocks lying near the southern margin of the Copper River 
basin. A third axis may be defined· by the granitic rocks which are intrusive in the meta
morphic belt southeast of Fairbanks. The granites of the Alaska Range and the Talkeetna 
Mountains are in part· Middle Jurassic, and it seems probable that the others represent about 
the same epoch of intrusion. It should be noted, however, that granites cut the Upper Creta-

·ceous rocks of ·the Rampart region and that there is no proof that the granites of the upper 
Copper basin are later than upper Carboniferous. It is perhaps fair to assume that there 

· was a general period of intrusion, beginning possibly in late Paleozoic time and in some parts 
of the province extending through to the Upper Cretaceous, but having its maximum develop
ment late in the Jurassic period. In the Yukon-Tanana region, as already stated, there are 
some gneissoid granites which belong to an older period of intrusion. · 

STRUCTURE. 

The trend of the bed rock in this region is parallel to the Pacific coast line and to. the domi
nant mountain axes. In the western part of the province it is northeastward, then gradually 
·bends to" the east and finally to the southeast. In -other words, the dominant strike lines mark 
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a crescent opening toward the Pacific. (See Pl. VIII.) The metamorphic sediments of the 
Chugach and K.enai mountains are closely· folded and east of Coppe~ River are flanked on 
the seaward side by closely folded and intricately deformed Miocene beds. (See section, 
Pl. VIII.) The scant evidence indicates that the structure of the coastal system of moun
tains is qf a general synclinal character. North of these are the Mesozoic beds, thrown into 
broad, open folds, broken in the Talkeetna "Mountains by a huge granite batholith, and in the 
Wrangell Mountains covered in part by thousands- of feet of Tertiary and recent. volcanic 
rocks. The structure of the Alaska Range is synclinal, accompanied by profound faulting 
ht the_ western ·limb. Mesozoic forJ;Ilations are involved in this folding and also some Tertiary 
beds. 

A belt of metamorphic rocks lying south of and adjacent to the Tanana Valley probably 
marks another anticlinal axis. North of this valle-y lies the main zone of metamorphic rocks, 
which are closely folded but are believed to have the structure of an anticlinorium, and are 
bounded on the northwest by Paleozoic rocks. These Paleozoic strata are less· intricately 
folded than the metamorphic rocks. They comprise at least two unconformable series, the 
lower of which is more intricately folded than the upper. · 

CORRELATIONS. 

The accompanying provisional table of correlations is an attempt to epitom~ze the stratig
raphy of central Alaska so far as the evidence at hand will permit. Thanks to the stratigraphic 
work of the geologists who have investigated this field, but more especially to the paleontologic 
studies made by Stanton, Kindle, Schuchert, ·Knowlton, and Girty, the data here set forth 

. are presented with a far greatE-r degree of confidence than could have been done had the report 
been prepared imrp.ediately after the close of the :fi~ld work in 1902. Yet much remains to be 
done, and at present a large part of the data presented in the tab1e can be considered little 
more than sugg~stive. Besides the usual difficulty of making correlation in the absence of 
detailed studies and extensive fossil collections, the paleontologist and stratigrapher are in 
this region ·confronted with an additional handicap in the fact that the faunas of some of the 
horizons, notably in the Silurian and Carboniferous, are foreign to those known to occur in 
other parts of the continent, their affinities being rather Asiatic and European than North 
American. This biologic phase of t~e problem lends a fascinating interest to the work but 
greatly increases the labor of the paleontologist who is specializing on North American stratig
raphy. But few members of the Geological Survey have yet found the time to study exhaust
ively even the collections that have been made. Many of the assignments in this table to 
de:fuiite positions in the stratigraphic ·column must therefore be regarded as provisional, but 
with regard to correlation between different parts of the region there ·are a number of horizons, 
especially in the Mesozoic and upper Paleozoic, whose synchrony is well established; 

In addition to the paleontologic and lithologic evidence on which the terranes are corre
lated, certain phas13s of the dynamic history have been of much aid in establishing the equiva
lency of some rock groups and formations. Thus the rocks earlier than Middle Devonian 
include only strata which have suffered more or less metamorphism. The lower Carboniferous 
formations were separated from later rocks by what is believed to have been a widespread 
interval-of erosion. Lower Cretaceous time is marked off from later epochs by an extensive 
crustal dis-turbance. 

In the lat~r pages of this report the character of the evidence on which the m.ore important 
correlations are based is considered in detail. The fossiliferous formations are indicated in the 
table, and where the fossils appea~ to have little stratigraphic value they are noted as incom
plete or fragmentary. 

The data presented have been compiled mainly from the reports or unpublished notes of 
others. The writer has not hesitated to put his own interpretation, where the facts seemed 
to warrant, on the published sections and statements, and thus attempt to bring them into 
harmony with the stratigraphy of adjacent areas. 
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AREAL AND STRATIGRAPHIC~ GEOLOGY. 

INT!tODUCTION. 

In this section the formations indicated on the map (Pl. IX, in pocket) will be consid
ered in their areal and stratigraphic relations. The matter to be presented will be chiefly 
descriptive, but the probable correlations with the rocks of other parts of central Alaska will 
be pointed out. For a disc~ssion of. the physical conditions existing during the various 
epochs, involving· the more theoretical considerations, the reader is referred to the outline of 
geologic history (pp. 113-118). The lithology of the igneous and metamorphic rocks will 
receive only brief mention here, as it is treated in detail by Mr. Prindle on pages 136-154. 

Before ·outlining the stratigraphy of central Alaska it should be noted· that this region 
embraces three different geologic provinces, between which co;rrelations of only part of the 
sequence of strata have been established. · 

In the southern portion of the region the Mesozoic rocks, from Middle Jurassic to 
Cretaceous, are well developed, and there are also an older metamorphic series and younger 
Tertiary beds,' together with large areas of granitic rocks. In this area Paleozoic rocks have 
not been definitely recognized, though some sediments have been provisionally assigned to this 
era. The metamorphic rocks, which comprise sediments as well as igneous rocks, are probably 
early Paleozoic or pre-Paleozoic. 

Along the inland front of the Alaska· Range is a great ~elt of closely folded and profoundly 
faulted Paleozoic sediments. Paleontologic evidence shows that these rocks include Ordovi
cian and Devonian formations, and it is believed that the Silurian and Carboniferous are also 
represented. On tracing the belt to the northeast the younger Pal~ozoic strata are found in 
unconformable relation with metamorphic sediments here assig:qed to the pre-Ordovician. No 
Mesozoic rocks have been found in this part of the region, but some younger beds, assigned to 
the Tertiary on the evidence of plant remains, occur infolded with the Paleozoic rocks. .Exten
sive faulting characterizes the structure of this area, Devonian and what are probably Ordovician 
strata being thrust up over the Tertiary beds. 

In the region lying north of the Tanana there is a series of highly altered and closely 
folded sediments, termed the Birch Creek schist, which are succeeded, probably unconformably, 
by a sequence of fragmental rocks, together with greenstones and limestones. The Birch Creek 
schist is provisionally assigned to the pre-Ordovician; the succeeding rocks with an almost equal 
degree of uncertainty to the Silurian or Devonian. Under the Devonian of this area are grouped 
a heavy blue limestone, locally fossiliferous, and slates. The relation of these beds to the 
Silurian rocks has not been determined. The Mesozoic is represented by small areas of slates 
and conglomerates ·of Upper Cretaceous age resting on· a· quartzite which may be Lower 
Cretaceous. Some friable conglomerates, sandstones, and shales, with lignitic coal beds, are 
referre.d to the Eocene on the evidence afforded by fossil plants. All these rocks except the 
Tertiary beds are closely folded. The deformation of·. the Birch Creek schist was far more 
intense than that of the later formations, the folds being for_ the most part overturned to the 
northwest. 

In the following table an attempt is made to harmonize the rock sequence in the three 
areas above described, in order to furnish a summary of the stratigraphy for the purpose of 
elucidating the detailed descriptions. 

•· I 
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Stratigraphy of Mount McKinley region. 

System. Series. Group or formation. Description. 
0 

Recent. Silts, sands, and gravels. 

Quaternary. I Include some glacial deposits. 
Pleistocene. I Terrace silts, sands, and gravels. 50-2,000± feet. 

Post-Eocene. I Basaltic lavas in Talkeetna region,(1,000+ feet) and diabase dikes in Alaska 
Range. 

Tertiary. 

Eocene. Kenai formation. Conglomerates, sandstones, and shales, with coal beds, widely distributed. 
Carbonaceous slates and sandstones in Alaska Range. 150-10,000+ feet. 

Upper Cretaceous. Black slates and conglomerates in Rampart region. 100-300+ feet. 

Cretaceous. 

Lower Cretaceous. Quartzites in Rampart region, age uncertain. Limestones in Matanuska basin. 
300 feet. 

-
Upper Jurassic. Granites, granodiorite, and diorites, widely distributed. 

U~lee~ ~~~~l~~er Mid- Shales, sandstones, conglomerates, arkose, and tuffs in upper Matanuska basin. 
2,000+ feet. 

Jurassic. 

I Tordrillo formation.-Middle Jurassic. Conglomerates, grits, sandstones, slates, and shales, and shales with some tuffs, 
in Alaska Range and Matanuska basin. 2,000-3,000+ feet. 

I 

Lower Middle Jurassic. Skwentna group. Andesitic, basaltic, and other lavas and tuffs, with some sediments, in Alaska 
Range and 'J'alkeetna region. 1,000-4,000+ feet. 

Carboniferous(?) Cantwell formation. Heavy chert and &uartz conglomerates, sandstones, and slates, with some vol-
canic rocks, inA aska Range. Age uncertain. 2,000+ feet. 

Devonian. Middle Devonian(?). Heavy fossiliferous limestone, with some argillites, in Alaska Range and Yukon-
Tanana region. 200+ feet. 

Black, red, and green argillites and cherts, with some graywackes, along inland 
Devonian or Si- Tonzona group. front of Alaska Range and in Yukon-Tanana region. Aye uncertain. 4,000-

lurian. 5,000± feet. In upper Nenana basin some gneisses (a tered rhyolites) are 
associated with these rocks. 

Ordovician. Tatina group. 
Blue limestones interbedded with black carbonaceous argillites and-thin-bedded 

siliceous limestones and calcareous slates, along north front of Alaska Range. 
Ordovician fossils found in argillites. 4,000-5,000+ feet. 

Along the south front of the Alaska Ran~e there are large areas of undifferen-
(?) tiated sediments, probably chiefly Pa eozoic. Slates phyllites, and gray-

wackes, with some volcanic and intrusive rocks, in ICnik Arm region and 
Susitna basin. Probably Paleozoic. . 

Mica, graphitic, and quartz schists, and schistose quartzites, with some lime-
(?) Birch Creek schist. stone and intrusive rocks, in Yukon-Tanana region and northeastern part 

of Alaska Range. Age uncertain; probably pre-Ordovician. 

GEOLOGIC RECONNAISSANCE MAP. 

A graphic epitome of the areal geology and stratigraphy of the region, so far as known, is 
presented on the geologic reconnaissance map (Pl. IX, in pocket). It can not be too strongly 
emphasized that the mapping and implied correlations and age determinations have by no 
means the same value throughout the area here represented. · The geologic mapping of the 
.Matanuska and Talkeetna basins, being reduced from a map by Paige and Knopf, 1 the stra
tigraphy of which is based in a large measure on fossil evidence, is propably in general correct. 
The correlation of the metamorphic rocks of Turnagain and Knik arms with those of the upper 
Susitna basin, however, is only provisional. Eldridge's hasty exploration 2 and some frag
mentary notes by Robert Dunn furnished the data for the geology of the upper Susitna basin, 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in th~ Matanuska and 'ralkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, Pl. II. 

2 Eldridge, G. H., A reconnaissance in the Susitna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 
pt. 7, 1900, map 3. 
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and this part of the map will probably be considerably changed when· areal mapping IS 

undertaken. 
The geologic coloring and the implied correlation for the southwestern part of the region, 

including the basins of Yentna and upper Kuskokwim rivers, are based on work by Spurr 1 

and the writer, and are far from being considered final, even to the scale of the map. The 
boundaries of the Jurassic rocks and their relations to the older rocks are fairly well established, 
but the structure and stratigraphy of the other formations are very imperfectly known. The 
same general criticism applies to· the mapping along the inland front of the Alaska Range as 
far as Tanana River. The boundary between the two Paleozoic series and the pre-Ordovician 
sediments is probably approximately correct, as is the delineation of the Cantwell formation 
(Carl:>oniferous 1). The mapping of what are believed to be Tertiary beds infolded with the 
Paleozoic rocks is intended to be suggestive rather than to indicate the outlin~P of· occurr~nces 
actually traced. These Tertiary beds, chiefly slates with. some sandstones, whose age deter
mination rests on fragmentary plant remains, closely resemble some of the Paleozoic rocks. 
The margins of the intrusive stocks indicated on this part of the map have only in part" been. 
traced, and there are probably many others within the heart of the range. 

The geology of the area lying north of the Tanana is based on the work of a number of 
investigatQrs (see p. 50) during the la(St decade. In this region, with its deep residual soils 
mantled by vegetation and its broad alluvium-filled valleys, outcrops of bed rock are so scarce 
as to make the tracing of formation boundaries difficult or in places impossible, even when 
detailed surveys are made. The mapping of the rock formations in this region can therefore 
be regarded only as an approximation.· The stratigraphic succession in this part of the field 
is by no means definitely established, though it is probable that Devonian and Silurian sedi
ments and older schists are present. 

Of the map as a whole it can be said that the distribution of the Mesozoic formations, of 
the intrusive rocks, and of most of the Tertiary beds is presented with considerable confidence 
as to its accuracy. Within the areas mapped as Paleozoic there may be included some younger 
'or older rocks, but if such is the case they occur only in"small bodies. The northern belt of 
metamorphic rocks, here called the Birch Creek schist, is fairly well known and is prooably 

·pre-Ordovician; those of the Susitna and Turnagain Arm region may in part or as a whole 
fall anywhere in the geologic column below the Jurassic, but are probably Paleozoic or older. 

METAMORPHIC ROCKS. 

So far as .known, the olde.st rocks of the district are to be sought in the complex of ·meta
morphic sediments and intrusive rocks called the Birch Creek schist. These include some 
gneisses formerly provisionally assigned to the Archean but now regarde·d as ·altered intrusive 
or extrusive rocks. The Birch Creel< schist is probably pre-Ordovician, but no Closer age 
assignment can now be made. In the southeastern part of the·region there is another complex 
of sediments, including some intrusive apd volcanic rocks, which are also much altered but not to 
so great an extent as the Birch Creek schist. These are known to be older than the Middle Jurassic 
and are provisionally referred to the Paleozoic. Similar groups of rocks occur along the upper 
Susitna, but less definite information is at hand concerning them. 

There are, then, three areas of metamorphic sediments, one assigned to the pre-Ordovician 
and the other two doubtfully to the Paleozoic. The distribution and occurrence of these rocks 
are of economic interest, as they are l0cally known to be auriferous. 

BIRCH CREEK SCHIST. 

CHARACTER AND DISTRIBUTION. 

In the northern part of the regio~ are several large areas of metamorphic rocks which are 
here grouped together under the name Birch Creek schist. The typical Birch Creek schist of 
the region is well developed in an area lyirig north of Fairbanks, where it is made up for the 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, maps 12 and 14. 
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most part of quartz and biotite schists that are closely folded and .deformed. With these 
schists occur considerable masses of quartzite which grades into schistose quartzite and biotite 
schist. In a few localities lenses of crystalline limestone are included in the schists. Some 
greenstone masses, both massive and schistose; also occur in the schist area. In an eastern 
extension of this belt gneissoid granite is present in considerable areas surrounded by the 
schistose rocks. These granites, which were formerly supposed to be a portion of an older basal 
complex, are now regarded as infolded igneous rocks. So far as known, they do not occur in 
the Birch Creek schist Within the area here described, but similar rocks are found in association· 
with Paleozoic slates and cherts south of the Tanana. Stocks of massive granite are also 
present within the schist area. 

The typical rocks of the Fairbanks area include mica schist, ·mica-quartz schist, schistose 
quartzite, and masses of micaceous quartzite, together with. a small amount of highly crys
talline limestone. (See Pl. XVII, p. 180.) Mica, including both biotite and sericite, forms 
the dominating mineral of the schist, which also contains con~iderable quartz and here and 
there some feldspar, together with some subordinate. minerals which will not be considered 
here. The rock is :finely foliated and as a rule highly contorted, and the unweathered specimen 
has a silvery-gray color. Considerable areas of this schist carry a large amount of carbonaceous 
matter, usually in the form of graphite. Though these rocks are typically schists, they grade 
into less alte:red phases which can be termed phyllites and in some cases slates. The w~athered 
phases of the schist, which are the types most common in the region, are light gray to buff in 
cofor, locally stained red with iron. Qn decomposition they yield a micaceous yellow to reddish 
clay carrying considerable grit. Small quartz veins and stringers are present at most places 
in these schists, and some of them are iron stained, indicating the presence of pyrite. 

·The quartz schist is similar in every way to the mica schist except that it contains a very 
. large percentage of quartz and is usually less sheared than the mica schist. The quartzite 
ranges from blue to gray in color and usually contains considerable mica and in places some 
feldspar. Greenstones, which are not very common in this part of the Yukon-Tanana region, 
appear to be -largely altered diabasic or. dioritic rocks and now occur for the most part as 
chloritic schist. • 

The Fairbanks area .of schist. is wedge shaped, opening out tow~rd. the east end of the 
region. It is bounded on the northwest by sediments here assigned to the Devonian or Silurian, 
which appear to rest on it unconformably. The southern boundary is formed by the alluvial 
flats of Tanana River. The schists of the Tanana area appear to be nonresistant to weathering 

. and are characterized by a deep residual soil. The higher domes of tlus region (Pl. VII,. B, 
p. 48) are for the most part granitic stocks, adjacent to which the schists are somewhat altered 
and more highly resistant to eroswn .. 

The second belt of schist includes a narrow wedge-shaped area lying near the northwest 
corner of the region. It includes both schists and crystalline limestone.1 The schis.t is made 
up of garnet, quartz, and mica; the limestone is highly crystalline and ter:o::ted a marble. The 
eastern edge of this belt lies on the west wall of the valley of Big Minook Creek, and the belt 
appears to widen to the southwest, though it has been traced ·only a few miles. Similar rocks 
are exposed along the Yukon about 10 miles above the mouth of the Tanana, and·these presum
ably represent a southwestern extension of the same belt. 

Rocks believed to be of Silurian age bound the schist belt on both sides and probably 
rest unconformably on it. These rocks evidently differ from those of the Fairbanks area in 
haVj.ng a very much larger amount of calcareous matter and in the entire absence of the quartz
ite phase. They resemble very much the metaJ?orphic rocks of the ea~t end of -the Yukon
Tanana belt, to wluch reference is made below. Another belt of schist occurs along the Tanana 
below the mouth of Baker Creek. This is made up of phyllites, and it is not impossible that it 
may be of later age than the Birch Creek sclust. 

The foothills along the northern base of the Alaska Range, south of the Tanana Valley, are 
made up chiefly of a series of s~histose metamorphic sediments, wluch are here- provisionally 

1 Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U.S. Geol. Survey No. 280, 1906, p. ·18. 
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correlated with the Birch Creek schist and form the second extensive belt of these rocks within 
the Mount McKinley region. As in the Fairbanks area, the· dominating types of rocks are 
sericite and quartz schists which are finely foliated and highly contorted. With these schists, 
however, also occur some fine-grained fragmental rocks, which differ from most of those found 
to the north in the fact that they have preserved in many places their planes of sedimentation 
and are therefore readily recognizable in the field as of clastic origin. These rocks are well 
exposed along a small creek which flows into Ifealy Creek, of the Nenana basin, about 2 miles 
from the main stream. Blue, red, green, and silvery curly phyllite and schist dominate in 
the rocks exposed in this section. The phyllite and schist are -composed chiefly of mica and 
quartz and range from a finely foliated schistose rock to somewhat more massive quartzose 
phases. Interbedded with the schists are some gray and bluish metamorphic graywackes. 
In the hand specimens of these rocks can be seen small rounded grains. of quartz and feldspar 
in a matrix of siliceous material, together with some muscovite. Although the genesis of these 
rocks is not without question, it seems most likely that they are altered sediments representing 
metamorphic phases of fine COJ?.glomerate or grit. Nothing resembling these rocks has been 
found north of the Tanana, and it is possible that they·representinfolded members of the younger 
series. rhey resemble to a certain extent the graywackes of the Tonzona group (Silurian or 
Devonian). ·so far as observed, however, they appear to be an integral part of the schist and 
phyllite. Diabase and diorite dikes are of common occurrence, following for the most part the 
foliation planes of the schist. 

This Tanana belt of Birch Creek schist has a width of about 10 miles along the Nenana, 
whence it stretches eastward into an unmapped region toward Delta River, probably widening, 
as will be shown below. It has also been traced to the southwest for about 20 miles and probably 
passes underneath the Quaternary deposits of the Kuskokwim Valley. · It has 'been recognized by 
Prindle in the upper basin of the Kantishna region, where the rocks have about the same gen
eral character as those here described. In the Kantishna region Prindle 1 noted the presence 
of considerable crystalline limestone associated with these schists. So far as known, no lime
stones occur in the schists of the Nenana basin. 

All the rocks above described' are cut locally by- quartz veins and stringers, but these 
are. especially abundant in the more schistose phases. In exposures along the Tanana the 
writer has noted some calcite veins and quartz and calcite veins intergrown in the form of peg
matites, which cut the Birch Creek schist. This peculiar pegmatitic intergrowth of quartz and 
calcite has been seen only along the lower Tanana, but calcite veins are found here and there 
in other parts of the field. The quartz schists are in many places stained with iron, and some 
of them are known to carry gold and other metalliferaus J?inerals. They are probably the 
source of the gold of the auriferous districts, for the Birch Creek schist forms the bed rock in 
the most important of the pl~cer districts of the Yukon-Tanana region. 

STRUCTURE. 

The general trend of the Birch Creek schist is northeastward, parallel to the dominant 
structure 'line of the northern part of the region. The dip of the foliation is usually to the 
southeast, though there are many local variations from this direction. All these rocks are 
Closely folded and probably extensively faulted. Numerous minor faults have been observed, 
but in the absence of evidence of stratification or recognizable subdivisions of the series it is 
impossible to state of what magnitude the dislocations are. The deformation to which these · 
rocks have been subjected has been intense. A single hand specimen may show an enormous 
number of crenulations. The lack of planes of stratification which characterizes most of. the 
rock~ of the period makes it impossible to work out any of the details of structure. It is 
probable, however, that they consist of innumerable closed folds overturned toward the north-
west and much faulted. · 

1 Prindle, L. M., The Bonnifield and Kantishna regions: Bull. U. S. Geol. Survey No. 314, 1907, p. 206. 
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AGE AND CORRELATION. 

There is no direct evidence of the age of the Birch Creek schist. In the region lying nurLh 
of the Tanana (within the area covered by the geologic map) the schists appear to be overlain 
unconformably by a group of sediments which are· probably Silurian or Devonian. If the 
age determination of these sediments is correct, the Birch Creek rocks must be older than , 
the Silurian. Their highly metamorphic c~:mdition suggests that they have been subjected to 
earth movements previous to the deposition of the younger strata. 

In the section exposed. along Porcupine River, north of the area considered here, I{inclle 
has worked out the stratigraphic column of the Paleozoic with a fair degree of completeness.· 
(See correlation table, p. 52.) . The oldest fossiliferous formation along the Porcupine contains 
Ordovician fossils. Below this horizon IGndle found a series of black slate and quartzite which 
he regards as of pre-Ordovician age. They may be Cambrian or even pre-Paleozoic. The rocks 
along the Porcupine are entirely unaltered, but if they were metamorphosed they would 
resemble closely the Birch Creek schist, which is for that reason provisionally correlated with 
them. This evidence, so far as it goes, indicates. that the Birch Creek schist is pre-Ordovician 
and may possibly be pre-Cambrian. 

The recent studies of Keele 1 in the Mackenzie Mountains, between Yukon and :Mackenzie 
rivers, have furnished some new evidence on the age of the metamorphic rocks of the Yukon 
basin. Keele 2 found Middle Cambrian fossils in some limestones which are associated with 
dolomites, purple and green argillites, and calcareous sandstones. 3 This group he"considers 
younger than the more highly altered rocks of Pelly River, which are here correlated with 
the Birch Creek schi.st. If these interpretations of the stratigraphy and the correlations are 
correct, they would go to prove that the Birch Creek schist is older than the Middle Cambrian. · 

The Fairbanks area of Birch Creek schist represents the west end of the great belt of meta
morphic rocks stretching. westward from the international boundary and including most of the 
area lying between the Yukon on the north and the Tanana on the south. Spurr, who first 
described these rocks, gave the name Birch Creek "series" to a complex of quartzite, quartz
ite schist, and mica schist which is extensively developed in the Birch Creek placer district, 
northeast of the area here considered. These metamorphic rocks form a continuous belt from 
the Birch Creek region to the Tanana at Fairbanks, though at the southwest end of the belt 
they semn to be somewhat more schistose and to contain less of the arenaceous material. The· 
identity, therefore, of this area of Birch Creek schist with those originally described by Spurr 4 

can not be called in question. Prindle has also found by field observation that there is a 
continuous belt of metamorphic rocks extending from the Birch Creek region eastward to 
the international boundary. Near the boundary, however, the metamorphic rocks are more 
largely made up of marble and garnetiferous schists than they are farther west. Spurr, who 
recognized this fact, regarded these calcareous sediments as representing a higher formation 
than the Birch Creek schist, and termed them the Fortymile series. 5 A more detailed study of 
this area by Prindle has failed to prove definitely that the Fortymile "series" is distinct from 
the Birch Creek schist. The Fortymile may represent a higher member of the metamorphic 
series, or it may represent a more calcareous phase of the Birch Creek schist due to differences 
of physical conditions during deposition. In 1898 the writer 6 traversed the same belt of rocks 

. east of the international boundary, along the valley of White River. · Here the metamorphic 
sediments include mica-quartz schist, together with a broad belt of marble. The haste of the 
reconnaissance work in this field1nade it impossible to differentiate the marble and schist belt 

1 Keele, Joseph, A reconnaissance across the Mackenzie Mountains on ~he Pelly and Gravel rivers, Yukon and Northwest Territories: Pub. 
No. 1097, Geol. Survey Branch, Dept. of Mines, Canada, Ottawa, 1910. v 

2 Op. cit., p. 36. 
B The description suggests a lithologic resemblance between this series and one occurring on the Yukon near Circle which has been provision

ally referred to the Devonian or the Silurian. Compare Brooks, A. H., and Kindle, E. M., Paleozr,ic and associated rock-s of the upper Yukon, 
Alaska: Bull. Geol. Soc. America, vol. 19, 1908, pp. 278--280 • 

4 Spurr, J. E., Geology of the Yukon gold district, _.'daska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, p. 140. 
o Op: cit., p. 145. 
a Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 

1900, pp. 460-470. 
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into separate formations. The whole group was therefore designated the N asina "series" 
and provisionally correlated with the Birch Creek schist and Fortymile group, exact equiva
lency being left for future determina~ion. 

The detailed study of McConnell 1 in the Klondike gold field, lying about 60 miles east of 
the international boundary, shows that the same group of rocks occurs in this area and that 
the-y consist essentially of siliceous and argillaceous sediments ~altered into quartzite and quartz
mica schist and. associated in places with bands of green chlorite and actinolite schist and 
crystalline limestone. This group of rocks was ~raced by McConnell into the Fortymile dis
trict and proved by him to be identical with the metamorphic rocks in that region previously 
described by Spurr. :McConnell, however, Jike Prindle, failed to find definite evidences that 
there were two distinct groups, and hence was unable to use Spurr's nomenclature. Following 
the writer's usage, he termed these rocks the N asina "series." It has already been noted that 
the small belt of metamorphic rocks lying in the western part of the region here discussed
that is, west of Minook Creek-resembles in its mineralogical composition the calcareous phases 
·of this metamorphic· group, or, in other words, the Fortymile "series," to use the term proposed 
by Spurr. · 

The westward extension of the belt of Birch Creek schist lying south of the Tanana is, as 
has been shown, p'robably mantled by the alluvial deposits of the upper Kuskokwim Valley. 
The eastern extension of this belt lies ·in an unexplored area between . the Nenana and the 
Delta. · Along the Delta River valley is exposed a similar series of rocks which has been 
described byMendenhall: 2 These rocks include a series.of highly contorted quartz-sericite schists 
with acidic and basic intrusive Tocks as well as·many quartz veins. Similar rocks have been 
noted by the writer 3 on the upper Tanana and termed by him the Tanana schist, and· Menden-

. hall used the same stratigrap~ic term. The schists of the upper Tanana have been proved by 
Prindle's. later work to belong to the same general complex as the Birch Creek schist, and hence 
tlie name "Tanana:' schist can be a,.bandoned. 

The schists ·exposed alori.g Delta River stretch eastward, forming the crest line of the 
Alaska Range between the Chistochina on ~he south and the Tanana on the north. These 
rocks appear to extend eastward as far as Mentasta Pass, beyond which they are buried under 
Paleozoic and Mesozoic sediments. The metamorphic rocks of this area (the headwater region 
of the Chistochina), as described by Mendenhall,4 are made up of schistose graywacke, feld
spathic schist, mica schist, green chloritic schist, and carbonaceous schist. These rocks of 
Delta River and the eastern part of the Alaska Range are undoubtedly to be correlated with 
the metamorphic schists occurring in the Nenana region already described, and it seein.s most 
likely that they can also be correlated with the Birc~ Creek·schist north of the Tanana. 

For the sake of clarifying the stratigraphic nomenclature of the metamorphic rocks of 
central Alaska, it should be stated, first, that the name N asina "series," which preferably should 
be Nasina group, includes Spurr's Birch Creek and Fortymile "series." The term Birch 
Creek schist 1ncludes Spurr's Birch Creek and may also iticlude the Fortymile "series." The 
term "Tanana schist" can be .regarded as equivalent to Birch Creek schist and be abandoned. 
Schrader5 found some metamorphic rocks northwest of the Yukon, in the Chanda1ar basin, 
which he divided into the "Rapids" schist and the "Lake quartzite schist,' 1 both nongeographic 
terms. These two formations can be provisionally correlateq with the Birch Creek schist. 

1 McConnell, R. G., Report on the Klondike gold fields: Ann. Rept. Geol. Survey Canada for 1901, n. s., vol. 14, 1905, p. 12B. 
2 Mendenhall, W. C., A reconnaissance froi{l. Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geoi. Sur~ 

· vey, pt. 7, 1900, pp. 313-315. 
a Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt .. 7, 

1900, pp. 468-470. .. . 
4 Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 41, 1906, p. 31. 
6 Schrader, F. C., Preliminary report on a.reconnaissance along Chandlar and Koyukuk rivers, Alaska, 1n 1899: Twenty-first Ann. Rept. U.S •. 

Geol. Survey, pt. 2, 1900, pp. 472--474. 
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METAMORPmC ROCKS IN KNIK ARM REGION. 

CHARACTER AND DISTRIBU'l'ION. 

The geologic map (Pl. IX, in pocket) shows that in the southeast corner of the region there 
is a small area of metamorphic rocks here provisionally assigned to the Paleozoic. These rocks 
have been described by several geologists, but the following account is taken chiefly fro:p1 the 
most recent report by Paige and Knopf. 1 .This belt is made· up largely of graywacke, slate, 
and phyllite, with some greenstone, rhyolites, and tuffs. The graywackes are highly indurated 
rocks containing small angular fragments of slate. Petrographic study shows them to consist 
largely of quartz in angular fragments, feldspar, usually rounded, and hornblende and augite, 
together with the fragments of slate already mentioned. Argillaceous rocks are prevalent in 
this series, which. also contains various fine-grained slates and phyllites. The igneous rocks 
include greenstones largely made up of secondary minerals, together with greenstone tuffs, 
rhyolite, and rhyolitic tuffs; In regard to this series Paige and Knopf state: "The various 
rock types-graywacke, greenstone tuffs, and rhyolite tuffs-are characterized by the presence. 
of numerous small angular slate fragments. Metamorphism has not proceeded far enough to 
mask the clastic origin of the typical members nor to cause a marked development of new 
minerals." · 

These metamorphic rocks form a belt which embraces the high ranges lying north of 
Turnagain Arm and southeast of N1atanuska River. They occur also on the south side of 
Turnagain Arm.2 

STRUCTURE._ 

The general trend of these metamorphic sediments is easterly . and northeasterly parallel 
to the axis of the Chugach :Mountains. Most of the dips recorded are high, ranging from 20° 
to 90°. Both northerly and southerly dips occur, but the southerly dip probably dominates. 
The rocks are characterized throughout by a well-developed cleavage system, which is most 
commonly parallel to the bedding, so far as observed. Close.folding, probably accompanied by 
considerable faulting, characterizes the succession throughout. There are :r;w data at hand to 
permit even an approximate estimate of the thickness of these rocks. In view of the fact, 
however, that they, or at least their eastern extension, as will be shown below, form a belt 
some 50 or 60 miles wide, it is probable that their thickness is to be measured in thousands 
of feet. 

AGE AND CORRELATION. 

Mendenhall 3 was the first to describe the rocks here Un.der consideration and' grouped 
them together under the name Sunrise series. His investigations showed· that rocks of the 
same types occur throughout the northern portion of the Kenai Peninsula. He traced t~em 
as far southward as Resurrection Bay and eastward to Portage Bay, an arm of Prince William 
Sound. :Moffit,4 who later covered some of the same region that Mendenhall had, describes 
the Stmrise ''series" as made up of slate and arkose, all of which have well-developed cleavage. 
Neither :Mendenhall nor Moffit noted the presence of any igneous rocks in the Sunrise "series," 
with the exception that :Moffit makes .mention of a little granite. It would seem, the:r:efore, 
that the greenstones and rhyolites of this group occur only in the Knik Arm region. There 
are, however, known to be granitic intrusive rocks in the graywacke series near Resurrection 
Bay. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 12-16. · 

2 In 1910 the writer examined the exposures in the railway cuts along the north side of '.rurnagain Arm. There massive graywackes and feld
spathic grits are interbedded with siliceous slates and· argillites. The entire series is closely folded and the less resistant beds are intensely 
sheared. Several thrust faults were noted. 

s Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. 
Survey, pt. 7, 1900, pp. 305-307. . · 

• Moffit, F. H., The gold fields of the Turnagain Arm region: Bull. U.S. Geol. Survey No. 277, 1906, pp. 16-19. 
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The strike of these metamorphic rocks carries them into Prince William Sound, where 
they were first recognized by Mendenhall. Schrader/ on the basis of his first season's work in 
this part .of Prince William Sound and on lower Copper River, divided the rocks of this field 
into two groups. The lower, which he called the Valdez series, comprises quartzite, quartz 
schist, arkose, and conglomerate. To the upper group he gave the name Orca series and included 
in it sandstones, limestones, arkoses, ·shales, and slates, and a little conglomerate. Two y:ears
later Schrader and Spencer 2 continued work in the Prince William Sound region. In regard 
to the Valdez "series"' they say: "It is a series whi.ch, on the whole, is of a uniform composition 
in which there are no lithologic differences sufficient to make any special division. In a large 
way it is homogeneous· rather than heterogeneous, since throughout its thickness there is a 
constant repetition of alternating thin bands of arkoses, sandstones, and shales in various 
stages of metamorphism. The series in gener·al may be characterized as a schist, although it 
does not show the extreme metamorphism of many rocks for which the term has been used.'' " 
They note also that the Orca ''series" is in general less metamorphosed than the Valdez, and is 
therefore probably considerably younger. 

In 1905 Grant 3 began the studies which are being continued at this writing in the 
Prince William Sound region. His provisional conclusions are that the sedimentary -rocks of 
Prince William Sound can b'e separated into at least two unconformable groups of very similar 
lithologic character. In the older-the Valdez group-the rocks are a little more altered, 
more schistose, and more 'closely folded than those of the younger or Orca group, and inter
bedded lava flows are nearly or quite absent, the only re·presentative of volcanic rocks being 
some greenish schists which may be altered tuff. The Orca group differs from the Valdez 
group in carrying much black slate, conglomerate, and many interbedded lava ·flows. Grant 
notes also that the lava flows are particularly abundant near the base of the Orca .. 

The easterly extension of the trend of the Prince William Sound and -Copper River meta
morphic rocks would carry them into the Controller Bay region, where Martin 4 has noted 
similar strata. These rocks consist of black slate with well-developed cleavage, graywacke, 
chert, greenstone, and other igneous rocks, together with _some fine-grained rocks of uncertain 
origin. 

At Yakutat Bay, which orographically lies in the same province and probably contains 
the same formations as the Controller B,ay region, Tarr 5 found metamorphic rocks which he 
has described as belonging to two groups. The older of these includes mica schist, slate, and 
argillite conglomerate, together with· large masses of intrusive rocks. The younger, which, 

· following Russell, Tarr has termed t4e Yakutat group, includes thin-bedded plack shales, gray 
sandstone, and black shale conglomerate, together with a massive rock which is probably a 
tuff. In addition to these there are some lesser amounts of a coarse conglomerate and crystal
line limestone. The entire series is very closely folded and faulted. 

Blackwelder 6 carries the Yakutat group southeastward to the Alsek. 'He divides it 
roughly into two subdivisions-a lower, consisting of black shale and slate, with interspersed 
bowlders, and an upper,.consisting of slate or graywacke, with local beds of coarse and fine 
conglomerate. He notes that some of t~e graywacke members are from 200 to 500 feet thick. 
On the Alsek, Blackwelder also noted an older metamorphic series lying in vertical isoclinal 
folds. This, so far as his :field observations showed, is made up of quartzose schist phyllite, 
.the metamorphic derivative of .alternating graywackes, quartzites, and slates. 

The studies of Fred. E. and C. W. Wright have shown that a more or less broken belt· 
of rocks resembling those described in the previous pages skirts the western part of the Alex
·ander Archipelago, in southeastern Alaska. These includes slates} greenstones (chiefly lavas), 

1 Schrader, F. C., A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska, in 1898: Twentieth Ann. Rept. 
U.S. Geol. Survey, pt. 7, 1900, pp. 404-423. 

2 Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion of the Copper River district, Alaska, a special publica-
tion of the U.S. Geol. Survey, 1901, pp. 34-40. . 

'a Grant, tJ. S., Copper and other mineral resources of Prince William Sound: Bull. U.S. Geol. Survey No. 284, 1906, pp. 79-80. 
4 Martin, G. C., Geology and mineral resources of the Controller Bay region, Alaska: Bull. U. S. Geol. Survey No. 335, 1908, pp. 26-27. 
sTarr, R. S., Yakutat Bay region: Prof. Paper U. S. Geol. Survey No. 64, 1909, pp. 146-160. 
lBlackwelder; Eliot, Reconnaissance on the Pacific coast from Yakutat to Alsck River: Bull. U.S. Geol. Survey No. 314, 1907, pp. 82-84. 
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conglomerates, and tuffs, together with breccias, interbanded with argillaceous graphitic 
slates. These rocks are closely folded and have been rendered schistose. They have been 
recognized on the west coast of Chichagof Island, on Baranof Island near Sitka, and on Gravina 
Island. Similar·rocks also occur on Cleveland Peninsula-a portion of the mainland-and on 
Douglas Island near Juneau. · 

The foregoing statements can be briefly summarized as follows: A well"'"defined belt of 
more or less metamorphosed rocks stretches parallel to the Pacific shore line from Turnagain 
Arm eastward and southeastward to the Alsek. Certain lithologic and structural features are 
persistent throughout this belt. These rocks" are characterized by the presence of graywacke,. 
feldspathic sandstone, and slate. Conglomerates are also present in most parts of the belt, 
and in a few places some thin-bedded limestone has been observed. At Prince William Sound 
there is evidence that this group can be subdivided into two unconformable formations and 
that only the upper one carries any extensive volcanic rocks. At Knik and Turnagain arrns 
the two formations were not differentiated, though the Knik Arm region differs from that of 
Kenai Peninsula, to the south, in containing the volcanic rocks which in the Prince William 
Sound region are characteristic of the upper member of the group. _At Controller Bay the 

· rocks include the greenstones which appear to be characteristic of the Orc.a or upper group of 
Prince William Sound. In the Yakutat and Alsek regions no considerable amount of greenstone 
has been recognized associated with these rocks, the greenstones in these regions appearing to 
be older than the Yakutat. - In these regions there are also two· groups which are probably 
unconformable. 

The extension of the strike of the metamorphic rocks of the Alsek River region would carry 
them into southeastern Alaska, and here, too, a group of beds has been found which resembles 
in many ways those described above. These include arenac~ous and argillaceous sediments, 
with some conglomerates and a large amount of volcanic material. These rocks form a broken 
belt on the outer margin of the Alexander Archipelago, and terranes which have been correlated 
with them are also found in a few other localities in southeastern Alaska. 

The metamorphic rocks which have been described are characterized throughout by sharp 
folding which in some places has an1ounted to a complete kneading of the softer strata. They 

·are all well foliated and some are altered to schist. The structure is so complex that, though 
more than a dozen geologists have studied them in half a dozen different localities, not one has 
ventured to express an opinion on even their approximate thickness. All appear to be agreed in 
believing that there are many duplications by folding and also by faulting. 

The age of the belt of metamorphic sediments of which the rocks of Knik and Turnagain 
arms above described form a part is one of the most puzzling problems that has developed in· 
Alaskan stratigraphy. The stratigraphic evidence in Kenai Peninsula and the Matanuska 
region indicates that these rocks are certainly older than the Middle Jurassic and probably 
older than a part of the Triassic. In the Knik and Turnagain arm regions they have yielded 
no fossils of any kind. 1 

In the Prince William Sound region, so far as known, there are no formations present 
other than the Orca and Valdez groups, and hence the stratigraphic relations throw no light 
on the. age of the rocks. The Valdez group has yielded no organic remains of any kind, but 
in the Orca ·group Schrader 2 found a few fragmentary plant remains, which are practically 
indeterminable but suggest that these rocks may be of lower Tertiary or Upper Cretaceous . 
age. · In the same field the Harriman expedition found a few obscure fossils that have been 
referred to the Jurassic' by Ulrich.3 

In the metan1orphic rocks of the Controller Bay region ~1artin 4 found some poorly pre
served Globigerina of indeterminate species. If this determination is correct, it indicates a 
post-Paleozoic age ~or those rocks. 

1 Moffit, F. H., The gold fields of the Turnagain Arm region: Bull. U. S. Geol. Survey No. 277, 190G, pp. 18-19. Paige, Sidney, and 
Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey No. 327, 1907, p. 15. 

2 Schrader, F. C., A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska, in 1898: Twentieth Ann. Rept. 
U. S. Gcol. Survey, pt. 7, 1900, p. 40G. • . 

a Ulrich, E. o.; Fossils and age of Yakutat formation: Harriman Alaska-Expedition, vol. 4, 1902, pp. 125-14G. 
c Martin, G. C., Ge9logy and mineral resources of the Controller Bay region, Alaska: Bull. U.S. Geol. Survey No. 335, 1908, p. 2G. 

66897°-11-5 
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In the Chitina Valley, on the north side of the Chugach Mountains, the Valdez group is 
found in close association with the Triassic, and the evidence, as pointed out by Schrader and 
Spencer, 1 indicates that it is older than the Triassic rocks. It should be noted that in the 
Chitiria district, below the oldest known Meso~wic beds, there is a large development of green
stone volcanic rocks which in many ways resemble those of the Orca group. These volcanic 
rooks, termed the Nikolai greenstone, ~ppear to underlie conformably the Chitistone limestone, 
which ·was formerly believed to be upper Carboniferous but is now known to belong in the 
.Triassic system. These relations suggest at least that the Nikolai greenstone represents the 
transition. stage between the Paleozoic and the Triassic, and the same may be true of the green
stone found at the base of the Orca group. 

No fossils hav,e been collected in the Yakutat Bay region except those procured by the 
Harriman expedition in 1899 and described by u1rich, and a few imperfect plant remains and 
indeterminable invertebrates, found by Tarr. 

Stratigraphic evidence throws little light on the age .of the occurrences of these rocks in 
southeastern Alaska, though it suggests that they are probably early ~1esozoic. 

Most of the earlier workers on this problem were inclined to assign thtse rocks to the 
Paleozoic era, with the exception of the Orca and Yakutat groups. Mendenhall, Schrader,. 
Spencer, and Moffit assigned the Sunrise and Valdez groups to different parts of the Paleozoic 
sequence, from the Silurian to the Carboniferous. The writer, 2 in summing up the evidence 
bearing on this problem in 1904, was inclined to regard the Valdez as probably of :Mesozoic 
age. At that time little evidence had been presented to prove that there was a distinct strati
graphic break between the Orca and the Valdez groups, and as the work of various geologists 
had led to the assignment of the Orca and Yakutat (with which the Valdez can be provisionally 
correlated) to the Mesozoic, it seemed plausible to think that the Valdez was for the most part 
also Mesozoic. Since that time~ howeverJ Grant and Higgins 3 have shown that the Orca rests 
unconformably on the Valdez and exhibits certain differences in lit4ology and structure. The age 
of the Orca therefore does not necessarily determine the age of the Valdez. .Additional evidence 
has been furnished indirectly by the establishment of the ~1esozoic sequence; from the lowest 
Triassic to the Upper Cretaceous, in this part of. Alaska. The sequence being established,
if the Valdez is Mesozoic it should find ·its equivalent somewhere among the Mesozoic terranes.· 
It will be shown later, however, that the Mesozoic rocks are of an entirely distinct type from 
the Valdez, with the exception of Jurassic beds in the Alaska Range, which resemble in s01ne 
degree· the rocks of the Valdez group. As, however, it has now been proved that the Valdez 
is probably pre-Triassic in age, it can not be correlated with the Jurassic rocks of the Alaska 
Range. · 

All this appears to point to the conclusion that the metamorphic rocks forming the Chugach, 
Mountains and stretching eastward as far as Controller Bay and possibly as far as Alsek River 
are of pre-Triassic age. In this connection it is interesting to note that rocks of similar types 
are found in formations assigned to the Silurian or Devonian (Tonzona group) which occur 
along the inland front of the Alaska Range and also in the Yukon-Tanana region. .The age 
of the Orca and Yakutat groups (if the two are to be correlated) can be determined only by 
more detailed investigations. It. seems probable to the writer, however, that they may r~resent 
the oldest member: of the Mesozoic. Their lithologic similarity to the Valdez may be due 
to the fact that the mat~rial of which they are composed was derived directly from the erosion 
of the Valdez group. The correlation of the greenstones of the Orca group and those of the 
ICnik Arm region with the Nikolai greenstone has already been suggested. · If these prove 
to be equivalent in age and to represent the transition zone between the Paleozoic and ~f.esozoic, 
they can perhaps be correlated with some of the greenstones which occur near the top of the_ 

J Schrader, F. C., and Spencer, A. C., The geology and inineral resources of a portion of the Copper River district, Alaska, a special 
publication of the U. S. Geol. Survey, 1901, p. 36. 

2 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, 1906, pp. 229-230. 
a Grant, U.S., and Higgins, D .. F., Reconnaissance of the geology and mineral resources of Prince William Sound, Alaska: Bull. U.S. Geol. 

Survey No. 443, 1910, pp. 20.:26. 
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Ca.rboniferous or at the ba.se of the Triassic in southeastern Alaska. It is worthy of note that 
copper deposits a.re associa.ted with the greenstones both of the Orca group and of Chitina River 
(Nikolai greenstone). 

SCHISTOSE ROCKS OF WILLOW CREEK BASIN. 

Paige and Knopf 1 have described a narrow belt of schist which lies between the lower 
Matanuska and the main Susitna Valley. On the accompanying geologic map these schists 
are correlated with the Birch Creek schist. They are much more highly crystalline than the 
n1etamorphic rocks of Knik Arm and are believed by Paige and Knopf, who have studied 
them, to be an older formation. These rocks include garnetiferous mica schist and chlorite-albite 
schist. The belt is about 3 miles wide and strikes northeastward, the dip being both north 
and south. It has been traced from a locality near the head of Willow Creek westward to 
the region where it passes underneath t4e Pleistocene gravels of the Susitna Valley. The age 
of these schists is unknown, but from the degree of metamorphism they appear to be older 
than any other rocks in the province. In degree of metamorphism these rocks resemble in 
some measure those described by ~1endenb,all 2 under the name Dadina schist. 

SLATES AND SCHISTS. OF THE SUSITNA AND TALKEETNA VALLEYS. 

Little is known of the geology of the east side of the A1aska Range and the adjacent portions 
of the Susitna basin. Eldridge explored Susitna River in 1898 and obtained some general 

. data on the distribution of the vn.rious types of bed rock. In- 1906 Paige encircled Talkeetna 
:Mountain and the eastern part of this region. In. addition to the facts ascertained by these 
men, some notes have been furnished by various prospectors and by Robert Dunn. 

The dominating type of rock in this region appears to be a_ schist or slate which in some 
ways resembles the type rqcks of the Knik Arm region. This rock was termed by Eldridge 3 

the Susitna slate. The following description is quoted from his report: "The beds are essen
tially qua~tzitic, varying in coarseness of material from an extremely fine homogeneous rock 
to one of granular structure. In addition to quartz, there are occasional orthoclase, plagioclase, 
biotite, muscovite, scattered grains of iron oxide, and minute fragments of slate, apparently 
of the same nature as the fine-grained slates of the series itself .. The entire series has been 
extensively sheared and the sand grains crushed, producing thus the partial schistose or slaty 
structure that so generally prevails. " He also notes that the formation is as a rule highly 
folded and that where ·crumpling has taken place there are ·a large number of quartz seams, 
some of which show mineralization and sulphide of iron and are believed to be the source of 
the gold found in the. bars of the Susitna. From the description it will be not~d that thes'e · 
rocks do not differ essentially from the sedimentary types of rock found inthe Knik Arm r~gion. 
For this reason and because the Susitna slate is known to be pre-Jurassic the rocks of the 
two areas are here provisionally co.rrelated. It is not improbable, however, that they include 
also some younger ro·cks which have not been differentiated in the hasty explorations made 
in this field. 

Paige and l(nopf noted that similar rocks occur along the lower course of Talkeetna River, 
where they are associated with various ·microcrystallin~ schists. The latter under the micro
scope prove to be composed largely of hornblende, together with quartz, chlorite, epidote, 
and biotite. With these ·are finely foliated rocks made up chiefly of quartz, biotite, and some 
carbonaceous material. It should be noted that this entire group of rocks shows less evidence 
of sedimentary origin than those of the Knik Arm region. . However, some of the schists are 
interbedded with clay slates, and .it was suggested by Paige and Knopf that some of the fine-

. grained varieties are altered dolomite. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 10-11. . · 

2 Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 41, 1906, pp. 27-28. 
a Eldridge, G. H., A reconnaissance in the Sushitna ba~in and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. S. Grol. 

Survey, pt. 7, 1900, pp. 15-16. · 
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PALEOZOIC ROCKS. 

OUTLINE. 

Paleozoic rocks are known to be widely distributed·in the central Alaska province, though 
details regarding their occurrence are scanty. The presence of Ordovician, Silurian, and 
Devonian strata has been established on paleontologic evidence, and the occurrence of middle 
Carboniferous rocks is inferred from stratigraphic correlations with adjacent provinces. No 
Cambrian rocks have been recognized within the province, though it is quite possible that 
such n1ay occur in the terranes mapped as metan1orphic, which are, in part at least, believed 
to be of pre-Ordovician age. In addition to the areas mapped as Palepzoic (see Pl. IX, in 
pocket), the extensive areas of metamorphic rocks of the Susitna basin and of the Knik and 
Turnagain arms region already described are· probably for the most part Paleozoic, though 
direct evidence of their age is lacking. 

The route of travel through the Alaska Range along the valley of the Kichatna traversed 
a belt of argillites, with,some graywackes, which are succeeded by Jurassic rocks toward the 
axis of the range. These rocks stretch .... parallel to· the mountains and are of unknown age, 
but are here_ provisionally assigned to the Paleozoic. At the head of the. Susitna Eldridge
found slate, with some li1nestone, also of undetermined age, but believed to be Paleozoic. 
Beyond the watershed the Jurassic. rocks were f~und to rest on a ·series of phyllites, with 
sonie interbedded graywackes assoeiated with cherts. Still farther west and apparently 
lower in the series is a considerable belt of blue limestone and black carbonaceous slate, some 
of which carries Ordovician ·graptolites. Fron1 this belt the line of travel turned' no"rtheast
ward and for about 200 miles followed the foothills and the adjacent piedmont/'plateau of 
the high range to the southeast. In this field there is an abundance of excellent:.:.exposures, 
and had there been time it would have been possible to work out the detailed st!'atigraphic 
succession and ·structure. IIere the carbonaceous slate and blue limestone series·"·was found 
in close association with thin-bedded siliceous limestone and calcareous slate, and the younger 
phyllite series was found to include slate and shales of variegated colors, together with con
siderable chert and -in places heavy-bedded graywackes. Here also occurs a heavy blue 
cherty limestone which at one locality yielded Devonian fossils. These Devonian and older 
beds are unconformably overlai~ by·a conglomerate, sandstone, and slate ·series which in some 
places includes· a large amount of volcanic material. 

Four stratigraphic units have been recognized in the Paleozoic rocks of the inland front 
of the range. The oldest includes the blue lin1estone and carbonaceous slates carrying Ordo
vician fossils associated with thin-bedded siliceous lin1estone and calcareous slate of unde
termined age, but also provisionally correla~ed with. the Ordovician. These rocks have been 
here termed the Tatina group. They are succeeded by varicolored slates and cherts, together 
with graywackes, which have yi"elded no fossils but are provisionally assigned to the Silurian 
or Lower Devonian, here called the Tonzona group. · The Devonian is represented by a massive 
blue siliceous limestone carrying fossils which are probably of Middle Devonian age. 

These rocks are unconformably overlain by the Cantwell formation, which is made up 
of heav.y conglon1erates, red sandstone, and clay slate, with volcanic n1aterinl, and is provi
sionally assigned to the middle Carboniferous. As will be shown, these Paleozoic formations 
are intricately folded and profoundly faulted, hence no complete measurements of thiclmess 
could be made. It seems probable that the entire Paleozoic succession of the Alaska Range 
includes 10,000 to 11,000 feet Qf strata. 

The distribution of the Paleozoic rocks in the Alaska Range will be clearer if it is recalled 
that. they occur along the two. arms of a broad synclinorium the inner boundary of which is 
marked by a belt of Jurassic rocks, and that the whole is broken by nun1erous stocks of granite. 
·The- Paleozoic strata of the southeastern arm of the syncline have not been definitely _corre-

. lated with any of the terranes on the west side, but probably represent the same horizons. 
·Profound faulting has _taken place along the inland margin of the mountains, and the strati
gr~phic succession is not as definitely established as the cartograpJ_lic representation of it (see 
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Pl. IX, in pocket) might appear to show. It seen1ed best, however, to draw the boundaries of 
the various formations in this field, and these boundaries at. least indicate the structural types, 
though the geographic distribution of the cartographic units n1ay not be altogether correctly 
sho~. Intricate folding and faulting characterize the structure of these rocks. The types of 
structure are closed folds overturned to the west, accompanied by thrust faulting. All the 
Paleozoic rocks of the Alaska Range are cut by diabase dikes and intruded by granites and 
granodiorites. Some considerable areas of volcanic rocks are found in association with them, 
but these n1ay in part be younger. 

North of the Tanana these Paleozoic rocks are differentiated, though only two divisions 
are shown on the map. The older includes fine conglomerates, graywackes, and slates. With 
these occur some limestones which have yielded a few fossils provisionally a·ssigned to the 
Silurian. This group is too ill defined to permit of cartographic representation and is included 
in the undifferentiated Paleozoic. On the basis of the fossils, all these rocks have been referred 
to the Silurian. The second Paleozoic group includes red, green, and black argillites and 
son1e fine' conglomerates and cherts, and all .these rocks have been provisionally correlated 

" with the Tonzona group. A heavy Devonian limestone with which some slate and greenstone 
are associated constitutes the third Paleozoic terrane recognized in the Yukon-Tanana region. 
All these strata are folded and are cut by granitic and other intrusive rocks, though these are 
not very abundant. 

UNDIFFERENTIATED PALEOZOIC ROCKS OF THE YENTNA BASIN. 

CHARACTER AND DISTRIBUTION. 

On the lower Kichatna a belt of argillite was traversed which has a width of about 5 miles. 
It is composed chiefly of black carbonaceous slate and phyllite, with some heavier beds of 
fine graywacke ::mel grit. The foliated rocks are much 
more abundant than the massive types. Among the 
characteristic features of the slates are the general 
presence of iron pyrite in them and the two systems 
of jointing by which they are broken into pencil-shaped 
fragn1ents. Many diabase dikes and' some granitic 

. intrusive rocks cut these slates. Quartz stringers are 
not uncomrnon, following the joint planes of the argil
lites. Some of these are iron stained. It will be 

Q ~ lpf"EET 
shown that these slates probably form the country FIGURE I.-Diagram showing exposure of slates in cliff near 

rock of the Y entna gold-placer district,. and it seems the camp of July 5, on Kichatna River, exhibiting relation 
of jointing to bedding planes. 

probable that the quartz veins are the source of the 
gold. On the northwest the phyllites are overlain by the slate, sandstone, and grit of the 
Tordrillo formation (Middle Jurassic). The cot1tact between the two belts of rocks. is not 
exposed, but it seems most likely that the Tordrillo rocks are unconformable with the Paleozoic 
slates. On the southeast the slates are mantled by Pleistocene gravels. The SQuthwestern 
extension of tli.e strike should carry these rocks into the Skwentna River valley, but they were 
not observed by Spurr and are probably there buried by the volcanic rocks of the Skwentna 
group. The contact between these two formations lies in the unmapped area between the 
Skwentna and the Kichatna. An extension of the strike of these argillites would carry them 
into the Y entna placer district, where similar rocks are reported to occur by prospectors and 
by R. W. Porter. On a western tributary of the Chulitna1 Robert Dunn found argillites which 
lie in tha extension of the trend of this series, parallel to the n1ain axis of the range. 

STRUCTURE AND THICKNESS. 

Where seen by the writer these slates are closely folded and somewhat faulted. The 
strikes vary from 40° to 55° east of north and are parallel to the main axis of the range. It 
appears that the Kichatna cuts across the axis of an anticline whose northwestern arm dips 
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under the Tor,drillo formation. Within tliis large structure there a~e many secondary folds, 
one. of w4ich is illustrated in figure 1. . This diagram shows the nearly horizontal jointing 
which appears to prevail. More or less movement has taken place _along bedding planes, and 
this, with the horizontal jointing, has yielded the pencil-shaped fragments so characteristic of 
the formation.· Jointing parallel or nearly parallel to the bedding was also observed at some 
localities. . 

It will be shown that the top of the formation has not' been definitely determined, nor 
is the bottom of it exposed, and hence no measurement of thickness could be made. The 
thickness is probably not less than 2,000 to 3,000 feet. 

AGE AND CORRELATION. 

·The slates above described are overlain by rocks assigned to the Middle Jurassic. They 
resemble somewhat the argillites on the west side of the Alaska Range which form a part of 
the Tonzona group and are assigned to the Silurian or Devonian. They are also somewhat 
similar to the metamorphic sediments of the Knik Arm region which have been described on 
page 61. The structure of the cross section of the Alaska Range between the Kichatna and "' 
the Kuskokwim is that of a synclinorium whose center is occupied by the Mesozoic ... beds. 
(See section A-B, Pl. IX, in pocket.) The above facts all point to the conclusion that these 

. slates are of Paleozoic age, and if a more definite assignment should be made- they would 
probably be correlated with a part of the Tonzona group of the Kuskokwim Valley.· As the 
slates have-yielded no organic remains, their age can not now be more definitely determined. 
It ·should be noted, however, that these supposed Paleozoic slates are not very different 
lithologically from some of the overlying Jurassic beds, and it is by no means impossible that 
they may be :Mesozoic. They differ from the Jurassic rocks in being somewhat more altered 
and in the fact that the fragmental beds, such as graywackes, form only a small percentage 
of the bul~ of the material, whereas in the Tordrillo formation the grits and sandstones are 
more abundant than the slates. 

It has been shown that the northeastern extension of this belt would carry it parallel 
to the· Alaska Range, and slates have been reported by prospectors in this general region. 
Similar rocks were observed by Eldridge along the headwaters of the Susitna, though these 
are associated, as will be shown, with some heavy limestone. It is probable that the slate~ . 
of the Kichatna section are synchronous with some of the rocks found by Eldridge near Broad 
Pass, but at -present no more definite correlation can be made. 

UNDIFFERENTIATED PALEOZOIC ROCKS IN THE HEADWATER REGION OF THE SUSITNA. 

The exploration of the Susitna made. by Eldridge in 1898 was carried out under great 
difficulties, and. of necessity the geologic conclusions were rath~r indefinite. Though he cor
related. under the name Su~itna slate all the sedimentary rocks of the part of the Susitna Valley 
traversed by him, it would appear from Paige's more recent investigation that a part of these 
rocks are con_siderably altered, ·and hence they have been classed here with the metamorphic 
rocks. A study of Eldridge's field notes has led the writer to the conclusion that there is a belt 
of sedimentary rocks· between Jack River, tributary to the Susitna, and the head of the Nenana 
which is properly separable from the metamorphic rocks lying to the southeast. These have 
here been mapped as undifferentiated Paleozoic roclili. Eldridge's field notes show that they 
include black, red, and green argillites, probably some cherts, and a heavy limestone, together 
with some igneous rocks. His description suggests that they include some of the same forma;.. 
tions as are found along the inland front of the Alaska Range, notably part of the Tonzona 
group. These interpretations of Eldridge's not.es are borne out by the stream gravel noted· by 
the writer along the northern margin of this area. The evidence at hand would ~herefore seem 
to justify the provisional assignment of this belt of rocks to .. the Paleozoic. 

These rocks are bounded on the north by what Eldridge calls the Cantwell conglomerate, 
which is here termed the Cantwell formation and provisionally assigned to the Carboniferous. 
The Cantwell rests-unconformably upon the older supposed Paleozoic rocks. On the south the 
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· rocks continue to the point where they pass under the alluvial floor of the upper Susitna. It 
has already been suggested that these ·rocks are in part equivalent to the slate of the Kichatna 
Valley. They appear to form the eastern limb of the great synclinorium of the Alaska Range. 
(See section 0-D, Pl. IX, in pocket.) 

TATINA GROUP (ORDOVICIAN). 

CHARACTER AND DISTRIBUTION. 

The Tatina group embraces a series of sediments, dominatingly calcareous. but including 
considerable argillaceous and some arenaceous material, which forms the oldest known Paleozoic 
terrane of the province. The typical exposures of this group are in the upper basin of Tatina 
River (formerly called Rohn River). Blue limestones, usually argillaceous and in places car
bonaceous, occurring in beds from 6 inches to 20 feet or more in tllickness and interbedded with 
carbonaceous argillites in the form of shales, slates, or more rarely phyllites, constitute one 
phase of this group of rocks. Intimately associated with these carbonaceous sediments is 
a series of thin-bedded sandy gray 'limestones, which grade into calcareous flags and are inter
bedded with calcareous sandy shales and slates and calcareous shaly sandstones. It is by no 
means certain that these two phases of this group. form an unbroken sedimentary succession, 
but the evidence at hand does not permit a subdivision. So intricate is the structure that it 
is impossible to state definitely whether the carbonaceous or the sandy phase of the group is the 
older, but it seems probable that the former constitutes the lower part of the group. It will be 
shown that this lower member, comprising the blue limestone and carbonaceous slates, carries 
Ordovicianiossils,but that the upper sandy limestones and shales have ~ot yielded any organic 
remains and may be found to be of post-Ordo"vician age. One of the best examples of the sup
posed lower member of the group occurs near the camp of July 21. (See Pl. IX.) Here a 
highly contorted se_ries of limestones and shales is exposed in a cliff. (See fig. 5, p. 71.) The 
calcareous layers, made up of blue and black limestone which is somewhat sandy and from 1 to 2 
feet in thickness, are separated by bands of carbonaceous shales, usually not more than 1 inch 
thick. On Tatina River a more complete section is· exposed. Here the series, embracing 1,000 
to 1,500 feet of sediments made up of blue limestones, locally sandy and carrying carbonaceous 
matter, occurs in layers from 1 to 20 feet thick interbedded with argillaceous and. carbonaceous 
slates, in beds for the most part not over 1 foot in thickness but in places reaching 50 feet or 
more. These rocks also are highly contorted and have been intricately penetrated· by diabase 
.dikes. (See figs. 4 and 7, p. 71.) It appears that i~ the upper part of this lower mep1ber sandy 
limestones begin to appear, and this suggests that there is a gradual transition into the upper' 
arenaceous member, qut no complete section of the group cam,e under observation. The upper 
sandy division of the Tatina group was ·observed at several localities, but the most complete 
section that was· studied is about 2 miles west of the camp of July 24. Here a belt about a mile 
wide is made up of closely folded series of alternating thin bands of gray siliceous limestone, 
flaggy calcareous sandstone, and sandy calcareous shale. A fault separates this belt on the east 
from the slates and cherts of the younger Tonzona group. The western limit of the belt was 
not determined, but the rocks extend at least a :mile beyond the area actually traversed. In 
tllis sectio'n the massive rocks, including some of the limestones and sandstones, are 2 to 10 feet 
thick and are separated by thinner beds of foliated rocks. ~1:any igneous -rocks, chiefly intru
sive diabase, are found ~n association with this series. 

As has been shown, diabase intrusives are plentiful among the Tatina rocks. Most. of these 
appear to be dikes, but some may be sills or ancient interbedded lava flows. About 2 miles southeast 
of the camp of July 27 .and well within the high mountai:Q.s there are extensive exposures of a 
limestone breccia in a matrix of diabase. The limestone fragments range frqm a few inches to 
2 or 3 feet in diameter. They form probably 50 per cent of the rock, are as a rule angular, and 
show little evidence of metamorphism, though there is considerable veining by secondary 
calcite. The limestone resembles that of the Tatina group. It appears from the drift that there 
is a large area of this breccia extending toward the crest line of the range, to the southeast of the 
exposure described. 

• 
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Granite, both in stocks and dikes, cuts the Tatina rocks. The dikes are confined chiefly 
to marginal. zones of the larger stocks. Quartz veining is not uncommon, following the folia
tion of the argillites and the jointing of the massive beds. These veins are not known to be 
mineralized. 

The Tatina rocks were traced from Tatina River·to the east fork of the Toklat and appear 
to constitute roost of the inland slope of the mountains. Along the Kuskokwim the group is 
bounded on the east by the overlying Tonzona sediments. The mountains west of the Kus-. 
kokwim.were not examined, but from their general appearance and some notes by Spurr they 
are believed to be made up of Tatina sediments and diabase intrusive rocks. The easterly 
boundary of the broken belt of the Tatina group which skirts the mountain front was not deter
mined, but from the evidence furnished by the glacial wash they are believed to be here also 
overlain by the Tonzona gro}lP· 

STRUCTURE AND THICKNESS. 

Extr.eme deformation characterizes the Tatina group of sediments throughout. As a rule, 
two structural systems can be recognized. One, which. runs parallel to the main axis of the 
range, is characterized by profound faulting accompanied by overthrusts; the other has pro

duced minor crenulations about at right angles to the sys- . 
tern of faulting. In general it can be said that the for
mation is bounded by fault lines rather than by lines mark
ing zones of deposition. At different localities the Tatina 

. group rests on sediments belonging to the Tonzona (Silu
rian or Devonian), Devonian, Carboniferous, and· Eocene. 
·There is no measure of the extent of these thrust faults, 
but in several places they cut out the intervening strata, 

·which must aggregate n1any thousand feet in thic]rness. 
Cross faults of any considerable throw seem to be compara
tively scarce, though there is one striking example which is 
shown on the map (Pl. IX, in pocket). The upper Kusko
kwi:qi. Valley appears to be incised along the axis of an 
anticlinal fold which trends from north to N. 10° W. 
Near the point where the river emerges from the mountains 
the strike swings abruptly to about N. 30° E., and at 

· · FIGURE 2.-Sketch map showing relation of pitch this locality (near the. camp of July 20) the drag has brought 
and of cross rolding to dominant structural lines about cross faulting and the Tatina rocks on the north abut 
1 mile west of the camp of July 24. 

directly against the younger To:p_zona rocks on the south. 
The trend of this fault line is uncertain, and the movements that have take:g. place between 
the two blocks of strata are impossible of determination with the present incomplete evidence. 
It may be noted, however, that rocks lying northeast of the fault line have moved northwest and 
in many places are known to have overridden younger strata. It is possible that the structure_ 
can be explained by supposing that there was an unyielding buttress lying west of the upper 
Kuskokwim which held these strata in place while the strata of the main range to the northeast 
were moved inland by a thrust fromthe Pacific. 

The overthrust faults all strike parallel to tl{e axis of the range, the direction being about 
N. 20° to 40 6 E. The dip of the fault planes is to the southeast at unknown angles but appar
ently in the main at 60° or more. The faulting has affected all the strata from the Ordovician 
to the Tertiary and will receive further consideration when the general structure of the province 
is discussed. 

The cross folding found in the Tatina rocks manifests. itself in sharp plication, forming 
anticlines and synclines the pitch of whose axes is parallel to the larger structures. This feature 
is brought out in Plate X, B; and in the accompanying sketch map (fig. 2). The figure shows 
that in the northern part· of this area there is an anticlinal arch, as indicated by the dou hie
headed arrows, and that this pitches to the southeast parallel t.o the general trends. This cross 
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A. BEDDED AND JOINTED SILICEOUS DEVONIAN LIMESTONE. 

Nea r camp of July 24. See page 77. 

IJ. ANTICLINAL FOLD IN SANDY LIMESTONE AND SHALES OF THE 
TATINA GROUP. 

NearcampofJuly24. Seepage71. 
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arching is shown in Plate X, B, and in the diagram forming figure 3, taken from a field sketch 
which also illustrates the joints that traverse the massive beds and are filled with calcite veins. 

Q._~~----~q.__o _____ .....Jzp'-o----......,....3<?_JO n:.tr· 

FIGURE 3.-Diagram showing cross folds in limestone and sandstone 
interbedded with calcareous shales near the camp of July 25. This 
section shows also calcite veins following the joints of the massive beds. 

The east slope of the upper Kuskokwim 
Valley exhibits some fine examples of cross 

FIGURE 4.-Section showing cross folding on ~ast slope 
of Kuskokwim Valley near the camp of July 19. 
The major structural lines are nearly at right angles 
to these folds. ' 

folding. IIere the major structures trend about north and south and the axis of the cross 
folds strikes nearly at right angles, parallel to the structures north of the cross fault which 

25 SO FEET 
'-----------~-----------~ 

FIGURE 5.-Diagram showing exposures in cliff 1 mile east of the 
. camp of July 21, exhibiting cross folding and faulting of'lime
stones and shales of Tatina group. 

has been described. The section In figure 4 is 
reproduced from a field sketch. 

o.___ _______ ~s ________ __JIOFEcr 

FIGURE 6.-Diagram showing folding of san~y limestone inter· 
bedded with carbonaceous shales 2 miles north of the.camp of 
July 30. 

The ext~eme deformation of the limestone and carbonaceous shale member of the Tatina 
has been referred to as one of its most characteristic features. 'J;he diagram in figure 5 is 
reproduced from a field sketch. In the cliff shown in tlus figure the limestone beds are 
from 1 to 2 feet in tluckness and are separated by shale layers from 1 to 3 inches thick. 

N 
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~ 

0 I MILE 

Another example of the crenulated 
s ch~racter of the fo~ding is shown in 

G.gure 6, which is taken from a field 
sketch. The locality shown, near the 
camp of July 30, is about 50 miles 
northeast of the one shown in figure 5. FIGURE 7.-Section along east side of river near the camp of August 11, showing 

limestone and carbonaceous shales of Tatina group, with diabasic intrusive 
rocks. 

Figure 7, which is reproduced from 
a s3ction drawn in the field, indicates 

the. character of the folding of the Tatina group near the northeasterly limit of its occur
rence. It will be noted that the folds are mostly overturned toward the north. 

It will be evident from the foregoing account of the structure and distribution of the 
Tatina group that a much more detailed survey than was made would be required to determine 
the tl:llck.Qess of the entire series. It was estimated that from 1,500 to 2,000 feet of the lime
stone and caroonaceous shale member of tlus group is exposed along the Kuskokwim. It is 

• 
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probable that the upper limestone and calcareous sandstone member is at least 2,000 feet thick. 
It should be remembered that the base of the Tatina has nowhere been recognized, and it is 
fair, therefore, to assume a minimum thickness of 4,000 to 5,000 feet· for the entire succession. 

AGE AND CORRELATION. 

In the streams tributary to Dillinger River fragments of black carbonaceous shale were 
found, in some of which Mr. Prindle discovered the remains of graptolites. This occurrence is 
near the camp of July 22 (see map, Pl. IX, in pocket), but, although diligent search was made 
for the source of the fossil remains, they were not found in place .. It was established, however, 
that the fragments carrying the graptolites were derived from the interbedded limestones and 
shales, which it has been shown form a member, probably a lower member, of the Tatina group. 
The-se fossil-bearing shale fragments were found in two localities; one (No. 10) was near the 
camp of July 21 and the other (No. 11). about 5 miles to the northeast. Prof. Charles Schuchert 
has kindly furnished the following statement in reference to these fossiJs: 

Localities 10 and 11 have the same fauna, consisting of graptolites, as follows: Glimacograptus bicornis (Hall) 
(10 and 11), Climacograptus sp. undet. (10), Dicranograptus cf. ramosus (Hall) (11) .. 

In eastern North America these fossils are regarded as marking a horizon about Utica. These species, however, 
have a greater range, but it is the absence here of others marking a lower horizon than Utica that leads me to refer 
localities 10 and 11 to about the Utica (Ordovician). · 

Mr. Prindle also found some fossil fragments on the mountain slope about a· qu·arter of a 
mile east of the camp of July 17 (locality 9), and on these Professor Schuchert reported as 
fullows: . 

Locality 9 is Ordovician, but the fossils are too indefinite for exact age determination. It is either that of localities 
10 and 11 or of a zone in the middle Ordovician. There are present a fragment of a graptolite, a bivalve, apparently of 
Ambonychica, and long, slender tubes, possibly worm tubes, similar to those of serpulites. The latter fossils resemble 
E_ndoceras, but no septa can be seen. 

The structure would appear to indicate that the beds at locality 9, from which these fossils 
were derived, are either at the same horizon as. the fossiliferous beds at localities 10 and 11 or, 
if anything, a trifle higher in the Tatina group. As these localities are, however, some 30 miles 
apart, and in view of the profound faulting in the region, these statements in regard to the 
stratigraphic position of the fossil-bearing beds can be regarded as little more than suggestive. 
The evidence in hand, however, indicates that the blue limestone and black shale member of 
the Tatina group is of Ordovician age. 

The supposed upper ·member of this group, including the sandy limestones, sandstones, 
and shales: has yielded no Jossils of any description, and it is by no means certain that it also is 
Ordovician. Spurr 1 grouped all the rocks lying west of the Tordrillo formation (now known 
to be Jurassic) together under the name Terra Cotta series. Tlll.s "series" could therefore 
include the Tatina group as here defined and also as much of the Tonzona group as occurs in 
the section studied by Spurr. He was inclined to correlate the Terra Cotta with the Skwentna 
group, which is the natural interpretation of the structure. The similarity which he recognized 
between the Skwentna and the Terra Cotta was due to the large number of diabase dikes which 
occur in the latter; the weathering products of these dikes, when viewed from a distance, resemble 
the volcanic rocks of the Skwentna. In the fo~owing table the equivalency between Spurr's 
stratigraphic units for this field and those of tlll.s report is indicated:, 

Spurr, 1898. Brooks and Prindle, 1902. 
Tordrillo series ............................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tordrillo formation. 

Te~ra Cotta series ....... ~ ............................. __ .................... ·{TTot~zona group. 
, . . . a rna group. 

Ordovician rocks have been recognized at only two other localities in Alaska. In Seward 
Peninsula there. is a heavy semicrystalline limestone named the Port Clarence,2 which is referred 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898:" Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, pp. 156-157. 
ll Collier, A. J., and others, ,The gold placers of parts of Seward Peninsula, Alaska: Bull. U.S. Geol. Survey No. 328, 1908, pp. 73-79. 
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to eit4er the Ordovician or the Silurian. Kindle 1 has also found on the Porcupine a heavy 
bluish-gray n1agnesian limestone which has yielded fossils detern?ned by Ulrich to be Ordo
vician. In this connection it is of interest to note that there is a graptolite-bearing formation 
on the Porcupine which is lithologically identical with that of the lower division of the Tatina 
group, but whose fossils have been referred to the Silurian by Ulrich.2 (See correlation table, 
p. 52.) The black shales interbedded with limestone described by Dawson 3 as occurripg on 
Dease- River in British Columbia carry graptolites of the following species, referred by Lap-
worth to the Middle· Ordovician: · · 

Diplograptus englyphus Lapworth. 
Climacrograptus cf. antiquus Lapworth. 
Cryptograptus tricornis Carruthers. 
Gossograptus ciliatus Emmons. 
Dichymograptus cf. sagittarius Hall. 
New form allied to Crenograptus. 

Regarding the s~ratigraphic position of the~e fossils, Dawson. quotes Lap worth as follows: 

The graptolite-bearing rocks are clearly of about middle Ordovician. age. They contain forms which I would 
refer to the second or Black River-Trenton period-that is, they are newer than the Point Levis series and older than 
the Hudson and Utica groups. * * * The rocks in Canada and New York with which these Dease River beds 
may best be compared are the Marsoin beds_ of the St. Lawrence Valley and the Normans Kill beds of New York. The 
Dease River beds may perhaps be a little older than these. * * * The specific identification of the Dease River 
fossils I regard as provisional. 

TONZONA GROUP (SILURIAN OR DEVONIAN). 

CHA¥ACTER AND DISTRIBUTION. 

A series of argillites, in part interbedded with graywacke and associated with cherts, is 
here classed together under the name Tonzona group. The name is taken from the river in 
whose basin these rocks typically occur. The Tonzona group has at least one striking differ
ence from the older Tatina group in its marked lack of limestone. It is made up of sediments 
which, as a rule, are coarser grained than those of the Tatina, being derived chiefly from clays . 
and sands. It includes, however, considerable masses of chert. 

The argillit,es, which predominate in this group, vary fr<?m shales to slates and phyllites. 
One of their characteristic features consists in their variegated colors, which include black, red, 
green, and blue. Fragmental rocks are represented by gray indurated feldspathic sandstone 
or graywacke, some of which in the field was mistaken for igneous rock. The cherts, which 
occur in association with the fine-grained argillites, are also varied in color, including black, 
greenish-white, green, and red varieties. 

The facts in hand suggest that the Tonzona group may be divisible into two members
. (1) a lower, made up largely of bluish phyllites and black slates, some interbedded with 
massive graywacke, with which are also associated some black cherts, and (2) an upper, 
which is dominatingly made of black, red, and green slates, locally grading into shales and 
~herts of various colors. This subdivision can not be carried throughout the field, and it has 
been necessary, therefore, to map all these rocks as a stratigraphic unit. 

A reference to the map (Pl. IX, in pocket)· will show that the Tonzona group forms a broken 
belt stretching along the inland front of the Alaska Range and has also been recognized along 

·the lower Tanana and north of' the Tanana. In general, it is true that in the southern part 
of the field the lower phyllite and graywacke member is most abundant, whereas in the northern 
_part the upper slate and· chert men1ber is the prevalent type. 

The belt of Tonzona rocks which lies east of the Tatina group and is bounded in the heart 
. ·of the range by the Tordrillo formation affords a good typical section of the older member of 

the group. A blue-black phyllite of irregular cleavage, which in places weathers out i~to knotty 
fragments, is the dominating rock type in this section. Some of these phyllites are highly 

1 Kindle, E. M., Geologic reconnaissance of the Porcupine Valley, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, pp. 322-324. 
2 Kindle, E. M., op. cit., pp. 325-326. 
s Dawson, G. M., Report on an exploration in the Yukon district, Northwest Territory, and adjacent northern portion of British Columbia: 

.Ann. Rept. Geol. Survey Canada for 1887-88, vol. 3, new ser., pt. 1, 1888, pp. 94B-95B. 
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carbonaceous and nearly all carry considerable pyrite. Near the top of this phyllite succession a 
few thin beds of impure limestone were observed an,d represent the only calcareous rocks found 
in association with the Tonzona group. Interbedded with the phyllites, .especially toward the, 
low~r part of the series, a~e some arenaceous beds, in part recognizable as indurated feldspathie
sandstones, in part forming close-grained bluish-gray rocks whose fragmental character was. 
recognized only under the microscope. These proved to be graywac_kes and are made. up of 
detrital quartz with subordinate feldspar grains included in a fine-grained aphanitic cement. 
In one place a bed was observed in which the fragmental material was worn enough to warrant. 
terming the rock a conglomerate, and this contained some small rounded pebbles of limestone. 
These graywacke beds range from 2 to 10 feet in thickness. No chert was observed in this. 
section, but some black siliceous cherts were found in association with sin1ilar rocks near the·. 
camp of July 19, in the Kuskokwim Valley. 

Diabase dikes are very plentiful, cutting the phyllites and as a rule injected parallel to the, 
bedding planes. Quartz veins are also common, and some of these carry iron pyrites. It. 
appears that the total thickness of this group exposed between the Tatina group on the west. 
and the Tordrillo formation on the east is not less than 3,000 to 4,000 feet. 

West of the route of travel between the camps of July 24 and 28 there is an extensive. 
area of this lower member of the Tonzona. In this ar,ea, which is broken by .other formations 
(see geologic map, Pl. IX), the argillites vary from slates to phyllites and from gray to blue 
and black in color. Interbedded with these rocks are. coarse feldspathic sandstones~ and gray-· 

wacke, smne of which reach 20 to 30 feet in thick-
ssoof~ ness. Siliceous slates interbedded with black. 

0 Z MILES 

FrGURE 8.-Section of Tonzona group near the camp of July 26. 

·cherts also form an important element in this. 
series. Diabase dikes are present but are not so
plentiful as in the section to the south. These. 
rocks are closely folded and in general more. 
highly altered than their equivalents in the. 
Kuskokwim basin. Though no measurement of 
their thickness could be made, .it probably is at. 
least as great as that of the rocks described. 
above-3,000 to 4,000 feet. · 

In the northern part of the field, between the: 
camps of August 19 and 20, is a narrow be}t. 

By L. M. Prindle. a, Diabase with limestone fragments; b, black 
clay, shale, and slate with some beds of green and red shale and 
slate; c, diabase dike, black paper clay, shales,·sandy shales, and 
thin-bedded grits with some limestone; d, black and gray cherts 
interbedded with black and pale-green shales and slates. 

of black phyllites and black and green cherts, 
which are correlated with the rocks described above. These are overlain unconformably on. 
the so~th by conglomerates of the Cantwell formation and on the north probably rest on the, 
Birch Creek schist. In these rocks there is a noticeable absence of the graywackes noted. 
above, and they appear to represent the transition between the lower and upper member. 

Rocks belonging to the upper member of the Tonzona -group were found at various locali-
ties in the Tonzona River basin. The best section seen was one studied by :Mr. Prindle, extend
ing about 4 miles eastward from the camp of July 26, and the following description ·and the: 
diagram in figure 8 are taken from his _field notes:· · 

Cherts and shales make up the western half of the section., being exposed at intervals for· 
about 2 miles. The cherts are thin bedded, occurring in layers up to 4 inches in thickness, and. 
are black and gray in color. They usually form knobs along the ridges, the saddles being 
.occupied by the argillites. The latter, which include shales and slates, are black, red, gray,. 
and green. When weathered the shales have a b~ff color. A few thin beds of grit were found 
in association with these rocks. East of the chert-shale series lies a belt of. grits and _shales. 
Here thin layers of fine grits are interbedded with black paper shales and a few layers of impure. 
limestone. To ·the east of these and above them topographically and probably stratigraphi-
cally are beds of black shale and slate, with some interbedded layers of green and red slates. 
The thickest beds of green and red shale are about 10 feet thick. At the top of the ridge is a~. 
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exposure of diabase, along the margin of which are included some large angular slabs of lime
stone. These inclusions show very little evidence of metamorphism. The whole series shows 
many minor crenulations, and there are probably many duplications by folding and faulting. 
J\1r. Prindle estimates the thickness of the upper shale member at about 1,000 feet, and the 
other beds rnust aggregate more. , 

While exploring the Tanana in 1898 the writer 1 traversed a belt of rocks similar to those 
described above exposed in the ridge lying between the Tolovana Flats and the valley of Baker 
Creek, and described them as the Nilkoka formation. These rocks include a series of highly 
contorted red and green slates and sandstones and fine conglomerates. The conglomerate is 
n1ade up of fine vitreous quartz grains averaging less than a quarter of an inch in diameter; 
the cen1ent is siliceous and carries considerable iron. The slate is commonly red in color, but 
some is green; it occurs in beds of 50 feet or more in thickness. Most of the slates are argil
lites, but some are siliceous. As a rule, they have an even fracture, but some cleave irregularly. 
Quartz veins cut the sandstone, but none were observed in the slate. In 1906, on the route 
fron1 Fairbanks to Rampart, a similar formation was found along the western margin of the 
Birch Creek schist. In this region the exposures are very poor, but it appears that the same red 
and green slates and sandstones occur and that with them are associated some gray and black. 
cherts. 

On the evidence above outlined several areas of the Tonzona group have been mapped (see 
PI. IX, in pocket) in the region north of the Tanana. It must be confessed that the evidence for 
correlating these rocks with those of the Alaska Range is far from conclusive, but the lithologic 
resernblai1ces are so strong that it seemed advisable to so interpret the facts. There are, more
over, certain stra-tigraphic facts which support this conclusion. Rocks of the same typ~s also 
occur north of the Tanana in th.e areas mapped as undifferentiated. Paleozoic. 

It. will be clear from what has been stated that the Tonzona group includes (1) a phyllite 
series iiJ.terbedded with graywackes and with some associated cherts and (2) a series of grits 
or graywacke, slates, ancl' cherts: · The entire group occurs along the inland front of the Alaska· 
Range; the upper n1ember and possibly the lower also are found north of the Tanana. 

Dia'Qase dikes are common in the Tonzona group, and there are some rocks of diabasic 
cornposition which n1ay be lava flows extruded while the sediments were deposited. Granitic 
intrusive rocks are also found in the sediments of this series. In the upper Nenana basin some 
gneissoid rocks, consisting chiefly of augen gneisses, were found in intimate association with 
cherts and slates that have been assigned to the Tonzona group. The areal distribution of the 
gneisses is only approxin1ately indicated on the map (Pl. IX). The augen are quartz or feld
spar (chiefly orthoclase), have ·a lenticular cross section, and are embedded in a fine crystalline 
groundmass consisting chiefly of quartz and mica. There is a marked parallel structure through
out the rocl{, which is frnely foliated, the longer axis of the augen being- parallel to the foliation. 
The gneiss everywhere exhibits evidence of having undergone intense deformation. In the 
gneissic areas traversed the exposures were poor and no fresh n1aterial came under the observa
tion of the writer. In the field it appeared that this rock represented a basal conglornerate 
resting on an Archean complex, but further field studies and detailed microscopic investigations 

. by Mr. Prindle proved that it was of igneous origin and probably a deformed rhyolite (pp.149-150). 
Sin1ilar rocks are known to occur in the Yukon-Tanana region and have been usua}ly 

regarded as gneissoid porphyritic granite. In some respects they are not unlike the gneissoid 
phases of the Klondike group. 2 Like them, the rocks of the Nenana basin are seamed with 
quartz stringers, and there is evidence that some of these are metalliferous. 

STRUCTURE AND THICKNESS. ' 

:Much of what has heen said about the deformation of the Tatina rocks applies with equaJ 
force to those of the Tonzona group. The Tonzona rocks have, however, apparently suffered 

I Brooks, A. H., A reconnaissance in the .\Vhite and 'l'anana river basins, Alaska, in 1898: 'l'wentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 
1900, p. 472. 

2 McConnell, R. G., Report on the Klondike gold fields: Ann. Rept. Geol. Survey Canada for 1901, vol. 14, pt. D, 1905, pp. 15B-22B. 
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somewhat· less deforn1ation than the olde~ series and present but little evidence of the folding 
transverse to the main axis of the range which is so conspicuous a feature of the Tatina sedi
ments. The dominant structure . running parallel to the mountains and manifesting itself 
chiefly by close folding and faulting is ·as typical of these rocks as of the Tatina group. Prob
ably over half of the boundaries of the Tonzona group are fault lines, and on many of them 
there is sorrie evidence of overthrusting. The strikes along the Kuskokwim Valley trend north 
as far as the cross fault which has already been described. North of the fault the structures 
swing to northeast and maintain.this general'direction to the limits of the area mapped. North 
of the Tanana these rocks also strike northeastward. The dips are variable but are preva
lently steep and to the southeast. Many closed folds overturned to the northwest were noted. 
The arg,illites in places exhibit many minor crenulations, but in the more massive graywacke 
and grits the mo.vement has been taken up by shearing along the bedding planes. Apparent 
monoclinal structures such as are exhibited in figure 8 are on closer study usually found to 
be made of a series of overturned closed folds. In the region north of the Tanana the folding 
appears to be somewhat more open. Here, however, the exposures are so poor that there is 
little evidence to be obtained. The sectio;11 shown in figure 9 represents the structure of some 
exposures (red and green slates and sandstone) on the lower Tanana. The section is general-
ized from a sketch made in the field. . · 

No complete measurement of the rocks of the Tonzona group has been made. It appears 
that the lower member of the group may be 2,000 to 3,000 feet thick and the upper member 
somewhat less. · The best evidence indicates a total thickness of 4,000 to 5,000 feet. 

~------------- %_Mile-----------~ 

FIGURE 9.-Section of red and green slates and sandstones exposed along north side of Tanana River 2 miles 
below the mouth of the Tolovana. · 

AGE AND CORRELATION. 

No fossils of any description have been found in the Tonzona group, although the lithology 
of the rocks suggests that a more careful search would result in the finding of organic remains. 
It will be shown that they are overlain, probably unconformably, by a limestone of Middle 
Devonian age. Their relation t~ the older Tatina group is not definitely established, as most 
of the contacts between the two groups h~ve become lines of movement. In any event they 
are without doubt y~unger than the Tatina, which is, in part at least, Ordovician. These 
facts have led the writer to assign· these rocks provisionally to the Lower Devonian or to ·the 
Silurian. In the Rampart region there is a group of rocks somewhat like the Tonzona in · 
lithology which carry Silurian fossils. These organic remains occur in a heavy limestone. 
Such a member is unknown in the group under discussion, and a correlation with them is there
fore not justified. It is probable, however, that these supposed Silurian rocks of the Rampart 
region are older than most of the Tonzona group. 

Spurr/ in subdividing the rocks of the Yukon district, grouped together under the ;name 
Rampart series greenstones, lavas, and tuffs, with gray slates, impure limestones, cherts, etc. 
It will be shown that the limestones are of Middle Devonian age and that the volcanic rocks 
probably for the most part belong to the same period. The cherts and slates are probably 
synchronous witl?. some of the deposits here described. Above Circle on the Yukon cherts 
and slates similar. to those here assigned to the upper member of the Tonzona occur in asso-
ciation with large amounts of greenstone. 2 

-

1 Spurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U.S. Geol. Survey, pt. 3, 1898, pp. 101-166. 
2 Brooks, "A. H., and Kindle, E M., Paleozoic and associated ro-cks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, p. 279. 
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LIMESTONE (MIDDLE DEVONIAN). 

CHARACTER, DISTRIBUTION, AND STRUCTURE. 

In the region drained by Dillinger and Tonzona rivers two narrow belts of siliceous lime
stone were found which are assigned to the :Middle Devonian. This limestone has a thickness 
of probably not exceeding 200 feet. It is blue to white in color, very siliceous, semicrystalline, 
and usually 1nuch fractured. (See Pl. X, A, p. 70.) In the belt lying just north of the can1p 
of July 26 the limestone appears to lie in a closed synclinal both arms of which rest on the 
phyllites of the Tonzona group. It differs from the limestone of the Tatina group in being 
n1uch heavier bedded and in carrying a very large percentage of silica. Its massive character 
has also prevented the close folding characteristic of the thin-bedded limestones of the Tatina. 

The second area of limestone, which lies just east of the camp of July 24, is bounded on 
both sides by fault lines. I-Iere the blue-white siliceous limestone is overlain by a ferruginous 
limestone, and both carry Devonian fossils. White quartz conglomerate (Carboniferous n 
bounds the limestone on both sides, and the limestone is exposed along the axis of an anticline. 
The structure is exceedingly complex, but the best interpretation appears to he that the sup
posed Carboniferous conglomerate and the Devonian limestones are overthrust on the Tertiary 
and these in turn have been overridden by the Ordovician (Tatina) rocks. This interpretation 
is shown in the section 

SE NW 

fornling figure .23 (p. 98). Feet·.---------------------------, 
S01newhat similar· relations 
are shown in figure 10. 2000 

Here the Devonian is seen •soo 

resting on . top of the Car-
JOoo 

boniferous, which is faulted 
up on the Tertiary beds. soo 

Rocks of the Tonzona group 
succeed the Devonian lime
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stone. The structure may be 
interpreted as close folding 
overturned to the northwest 

FIGURE 10.-Section showing folding of Devonian and Carboniferous rocks 3 miles southeast of the 
camp of August 4. T, Kenai formation (carbonaceous. sandstone and shale), Eocene; . C, Cantwell 
formation (white quartz conglomerate and slate), Carboniferous(?); D, massive siliceous semi
crystalline limestone, Devonian; S, Tonzona group (black slates, chert), Sillurian or Devonian; 

or a series of thrust faults. 
~ 0, Tatina group (thin-bedded sandy limestone and carbonaceous slate), Ordovician; i, intrusive. 

Sirnilar limestones occur along the north front· of the range south of the Tanana Valley, 
but these ·are in small areas and have not been mapped, being included in the areas of Tonzona. 
group. A broad belt of this limestone was crossed between Tanana and Yukon rivers, and 
several other areas are indicated in the Rampart region. Detailed. mapping will probably 
show that there are .many others. In these occurrences north of the Tanana the limestone 
is blue and not crystalline, as in the southern areas. Nor is it as much deformed. Some 
slates are associated with it which may belong to the same formation or may be older. The 
total thickness of the rocks mapped as Devonian north of the Tanana may aggregate several 
thousand feet. 

AGE AND CORRELATION. 

A few fossils were obtained from this limestone at a number of places, ·as follows: 

Locality 13. One mile south of camp of July 24. 
Locality 16. Near camp of July 25. 
Locality 25. Two miles west of camp of September 6. 
Locality 26. Near camp of September 11. 
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Prof. Charles Schuchert reports as follows on this material: 
Localities 13, 16, 25, and 26 seem to represent one general horizon toward the top of the Middle or of the lower 

portion of the Upper Devonian. There is nothing sufficiently diagnostic to indicate with certainty the Upper 
Devonian, while the general facies is rather that of the upper part of the Middle Devonian. 

Locality 13: 
Cyathophyllum sp. undet. 
Dendropora, probably new. 
Favosites, a small ramose species similar to F. clausus Rommger. 
Orthothetes, a small species reminding one of 0. arctostriatus. 
Cyclonema, like C. multilira and C. hamiltonioo Hall. 
Euomphalus or Straparollus. 
Bellerophon, very much like B. moora Hall of the Chemung. 
A viculopecten. · 

Locality 16: Diphyphyllum n. sp. 
Locality 25: A large species of compound Cyathophyllum. 
Locality 26: 

Phillipsastrea sp. undet. 
Crinoidal fragments. 

This limestone appears to .be at the same horizon as that found in association with the 
volcanic rocks of Spurr's Ran1part "series." It has been identified on the upper .Yukon 1 

and Oll; the Porcupine, 2 where Kindle called it the Salmon-Trout limestone·. Spurr 3 found on · 
the middle Kuskokwim a heavy gray limestone carrying what are probably Middle :Oevonian 
fossils, which probably represents the same horizon. It is associated with argillaceous lime
stones and slates, together with black calcareous shaleE? and arkoses. All these rocks were 
grouped together under the name "Tachatna series." It is possible that the shales and 
arkoses of this series may be synchronous with some of the deposits of the Tonzona group. 

CANTWELL FORMATION (CA~BONIFEROUSl). 

CHARACTER AND DISTRIBUTION. 

The Cantwell formation includes a series of heavy conglomerates interbedded with a few 
shale layers and succeeded by finer conglomerates and red sandstones interbedded with gray and 
black clay shales. Eldridge first described a part of this formati~n as a series of conglop1erates 

· and coarse sandstones outcropping along the head of Nenana (then called CantwellLRiver. 
The writer traced these rocks westward from Eldridge's locality and found them associated with 
a great series of shales and sandstones. It would seem best to include these in the s~me map 
unit. , In any event recori.naissance work was not.sufficient to differentiate the upper ~hale and 
sandstone series from the lower $andstone and conglomerate serie~, and it does not seem likely 
that this can be done, even with more detailed study. 

The basal conglomerate of this formation is made up chiefly of well-rounded white quartz 
and chert pebbles, the largest of which are 2 inches in diameter. The basal character of the 
conglomerate is well illustrated in several localities where it rests unconformably on the older 
rocks and also co.ntains rounded fragments of them. That part of the formation seen by Eldridge 
contained only the basal beds of the series. On being traced to the north and west these are 
found to be succeeded by reddish sandstone and gray, drab, and black shales. The sandstones 
are in ~orne places bright red, but grade from this into a reddish-brown to medium-brown color. 
The shales are both argillaceous ·and arenaceous, the latter phase grading into a shaly sandstone. 
Some of them carry a large amount of carbonaceous matter, and coal seams are interbedded 
with these rocks, but those seen by the writer appear not to have any commercial importance. 
In this connection it is interesting to note that theN ation River formation of the Yukon, which, 

·as will be shown, is correlated with the Cantwell formation, also carries some thin coal beds. 

1 Bull. Geol. Soc. America, vol. 19, 1908, pp. 280-291 .. 
2 Idem, p. 327 .. 
s Spurr, J. E., A reconnaissance in southwestern Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, pp. 157-159. 

' 
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A typical section near the camp of August 9, on the West Fork of the Toklat, showed a basal 
conglomerate about 20 feet in thickness resting unconformably on the upturned edges of Paleozoic 
slates and limestones. This bed contains pebbles of the underlying rocks. Above it is exposed 
about 20 feet of carbonaceous shale, and this in turn is overlain by a heavy qu.artz and chert 
conglomerate containing sandstone lenses which probably ·has. a t_hickness of 100 to 200 f~et 
and passes upward gradually into a grit and sandstone series with local conglomerate layers. 
This upper member is made up of heavy sandstone and grit, thin-bedded sandstone, and sandy 
shales which on weathering have an iron stain, together with considerable carbonaceous clay 
shale. The sandstone and shale member probably aggregates 1,200 feet in thickness at this 
locality. One small area of these rocks, made up chiefly of conglomerate and red sandstone, was 
found on the Tonzona, where they formed a syncline resting on the cherts and slates of the 
Tonzona group. (See fig. 11.) The most extensive exposure of them occurs in a belt of un
known width stretching from the McKinley· Fork o~ the Kantishna to the Nenana Valley and 
probably beyond. In this area, especially toward the Nenana, lava flows interbedded with the 
conglomerate are very prevalent. In some .localities these volcanic rocks form over half of the 
thickness of strata exposed belonging to this formation. These lavas appear to be . chiefly 
andesites, but also include rhyolites and basalts.. That they were surface flows is indicated 
both by their stratigraphic relati~ris and by the amygdaloidal and columnar structure that .some 
of them exhibit. Some tuffaceous beds also occur in this f~rmation. The Cantwell formation 
is cut by diabase dikes and some granitic stocks .. 

.... ·.··· 
... :: :::~·.::·~·;i·ci;,~,o~me~rat-e--~-

..... ,__ __ .,.-.-.- . d ed sandstone---
"··::::.:~:l·: oo an r _::_:;::..-.;:_ ....... ---

·slack cherts and phyllites 

o.____ _______ __.sooo FEET 

FIGURE H.-Diagrammatic section near the camp of July 28, showing supposed relation of conglomerate of Cantwell 
formation to phyllites and cherts of the Tonz~na group. 

STRUCTURE AND THICKNESS. 

The dominant strike lines of the Cantwell formation are all parallel to the main axis of the 
range. They swing from northeastward near the west end of' the conglomerate on the McKinley 
Fork of the Kantishna to eastward on the Yanert Fork of the Nenana. The typical structure of 
the formation is that of broad, open folds accompanied by faulting. The massive conglomerate 
and sandstone beds have yielded but little in the lines of movement and the stress seems to 
have been taken up' largely by faulting, but the interbedded shales are considerably deformed. 
It appears that the physical character of the formation has played a dominant pai-t in determin
ing the structure, for the series as a whole has been subjected to many of the stresses that have 
affected the older rocks .. This must be so, for the younger Tertiary strata have been involved 
in the complex deformation of the proVince. If, therefore, the Cantwell formation is :riot as 
sharply folded as the older rocks, it is probably in large part because the massive beds were able 
to resist the moyement, some of which has been taken up by lines of shearing that have followed 
~he sha.le beds and the lines of parting between the shales and the massive beds. It shou:W be 
noted, however, that where thinner beds of conglomerates have been found, particularly in 
the region near Mount :McKinley and to the southwest, these are involved in all of the complex 
structure of the area. The older beds are thrust up over the conglomerate and the conglomer
ates themselves are much faulted. 

The infolding and faulting of the conglomerate are shown in figure 9 and also in figure 23 
(p. 98). In the section shown in figure 23 the conglomerate bed is less than 50 feet in thickness. 
Less intricate relations of the conglomerate horizon are shown in figure 11, an interpretation of 
the field da.ta not actually to be seen in any one group of outcrops. In this section the con-

668970-11-6 
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glomerate is probably somewhat faulted, though the data at hand are not sufficient to indicate 
the lines of movement. · ' 

In the belt of the Cantwell formation that stretches from the McKinley Fork to the Y anert 
Fork open folding is the rule, and here a series ·of anticlines and synclines are ·well marked. A 
beautiful example of this structure wa.s observed in the valley in which the camp of August 10 
was located. This valley occupies an anticlinal ·arch, in the center of which the older rocks 
have been exposed and on both slopes of ~hich the conglomerate beds of the succeeding sand-

. stones and shales dip away from the axis of the valley. ·These features are illustrated in the 
accompanying sketch map and section (fig. 12), which are based on foot traverses made in the 
field. 

The section shows a synclinal valley cut through the Cantwell formation, which here rests 
on the upturned edges of limestones and carbonaceous slates of Ordovician age (Tatina). The 
northern limb of the anticline forms the southern limb of a syncline whose northern arm rests 
on the upturned. edges of phyllites and cherts of the Tonzona group. There has been some fault
ing along the central limb of the two folds. · To the. east the syncline flattens out, as is shown in 
figure 13, which is reproduced from the field notebook. In this sketch the Cantwell formation 
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FIGURE 12.-Sketch map and section showing stratigraphic relations 'of Cantwell formation in the upper Toklat basin near the 
camp of August 10. 

is seen as a broad syncline forming a high mountain mass. The southern arm of the conglomerate 
rests on the limestone and slates of the Tatina group, which are cut by intrusive rocks .. The 
section also shows something of the irregular distribution of the volcanic rocks, as well as the 
large percentage of the formation made up of them. It seems probable that closer study would 
have sho-wn similar structural features in other pa~ts of this belt. Yanert Fork appears to 
occupy such an anticline, and south of this is a broad syncline one arm of which rests on the 
upturned edges of the older rocks. The ridge north of Yanert Fork appears to be made up of. 
a sharp syncline which on the north side is faulted against the Paleozoic beds. 

One feature of the folding of the Cantwell formation is not easy to explain. Although the 
conglomerates are faulted and the shales show evidence of having suffered deformation, the 
associated lava beds are as a rule fairly massive. As these lavas are believed to be contem
poraneous with the conglomerates and shales, it is difficult to understand why they should not 
show evidence of deformation. In some places intrusive rocks of later age have been mistaken 
for lavas, but there are many which are undoubtedly lavas. It may be that the lavas were 
competent to resist the movement and have also been protected b~ the conglomerate beds, 
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which are very massive, and that the latter have taken up the strain of the deformation. It 
·must be confessed, however, that this explanation is far from satisfactory, and further work· 
will have to be done before this question can be definitely settled. 

No complete section of the Cantwell. formation has been measured, so it is impossible to 
make defmite statements in regard to its thickness. In· the headwater region of the Toklat 
basin, near the camp of August 13, ho:wever, partial measurements were made, and these were 
supplemented by estimates, giving a total thickness in this region of at least 2,000 feet. Of this 
the lower 400 or 500 feet consists chiefly of massive cherts and quartz conglomerate, with one 
basal bed carrying fragments of the underlying metamorphic rock, having a thickness of 20 
feet. Above the conglomerate member occurs about 1,200 to 1,500 feet of massive sandstone 
interbedded with black and gray shales. · 

To the east of this locality there is so much volcanic material that the thickness is probably 
much greater, but it varies greatly from place to place. It shpuld be remembered that the 
Cantwell formation in most places represents th~ top of the stratigraphic column with the 
exception of the Quaternary deposit~. Therefore any statement in regard to its thickness will 
simply represent the amount. that has been left by erosion, and will not indicate the total thic_k-
ness of strata deposited when the formation was laid down. · 

5 N 
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FraURE 13.-8ection west of the camp of August 10, showing limestones and slates (on the left) overlain by the conglom
erates, sandstones, and volcanic rocks of the Cantwell formation. 

AGE AND. CORRELATION. 

No definite statement in regard to the age of the Cantwell formation can be made on the 
basis of present knowledge. As has been shown, it rests unconformably on various members 
of the Paleozoic, the uppermost of which is probably Middle Devonian, and it may be said, 
therefore, to be younger than the Middle Devonian. In the opinion of the writer it is of pre
Eocene age, but this adffiits of less definite proof. It can not be denied that the Cantwell 
formation resembles lithologically and structurally certain phases of the Kenai found in the 
Yukon basin. For example, on Seventymile River Mr. Prindle found a series of highly tilted 
heavy conglomerates interbedded with some shales carrying Kenai (Eocene) plant remains, 
and these beds closely resemble the Cantwell formation. It is also somewhat similar to the 
Kenai formation of the Matanuska basin. On the other hand, it will be shown that the typical 
Kenai of the province under consideration is very much less indurated and as a rule much less 
deformed than the Cantwell formation. Now here in Alaska has any belt of known Kenai 
rocks as extensive as the area occupied by the Cantwell been found, for the Kenai, as will be 
shown, is made up chiefly, of fluviatile and lacustrine deposits which, originally laid down in 
basins of moderate size, now remain only in small isolated areas or in broken, rather narrow 
belts. Still it should be recorded that the expedition found some shale beds which carried 
Kenai plants in close association with the Cantwell format~on. The locality is near the camp of 

, 
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Aug~st 12, in the upper basin of Toklat River. The accompanying section (fig. l 4) indic.ates 
the relations at this locality. It will be noted that the plant remains occur in the black shales, 
which are interbedded with layers of impure coal, and that these are separated fror1 the con
glomerate, which is believed to belong to the Cantwell, by a fault. The shales carrying the 
plant remains, however, resemble lithologically the shales which are interbedded with the 
conglomerate·. Had these plant remains proved to be of pre-Eocene age, they would probably 
have been accepted as evidence of the age of the Cantwell formation; but in view of the fact 
that the other evidence points to the pre-Eocene age of the Cantwell this occurrence of Kenai 
(Eocene) plants in rocks closely associated with the conglomerate of the Cantwell formation is 
not considered a conclusive indication of the Eocene age of that formation. In this connection 
it should be noted that no such development of coal beds was found in the Cantwell as is usually 
associated with the· Eocene plant-bearing beds. 

No other fossils of any kind were found in the region occupied by the Cantwell rocks. 
The possibility of its being of :Mesozoic age has been carefully considered. As a matter of fact, 
however, the :Mesozoic section of this part of Alaska has been well determined, and nowhere in 

. it }lave any formations been· recognized that resemble in any degree the Cantwell formation. 
Moreover, the Mesozoic of central Alaska is almost universally fossiliferous, whereas the Cant
well is without fossils. These considerations, together with certain correlations made with 
terranes of adjacent regions, have led the writer to the opinion that the Cantwell is of pre

~=~~-

Mesozoic age, and if this is so it would be most· likely to fall in 
. the Carboniferous. It will be shown below that the Nation River 
formation of the Yukon, known to belong to the Carboniferous, 
resembles in many ways the Cantwell, and it is on this basis of 
lithologic resembiance, supplemented by certain. facts of strati
graphic occurrence, that the Cantwell formation has been tenta-

0 'tively assigned to the Carboniferous. 
FIGURE 14.-Section showing structural re- The extension of the strike of the Cantwell formation from 

lations at locality where Kenai fossil the head of the Y anert Fork of Nenana River, where it was last 
plants were found, 3 miles east of the camp 
of August 12. a, Carbonaceous shaleand seen by the writer, would carry it across Delta River into the 
coal beds with siliceous nodules carrying Chistochina area, tributary to Copper River. Mendenhall 1 has 
Kenai plants; b, fine micaceous sand-
stone; c-d, cantwell formation ('t); (c, described-a series of heavy quartzitic conglomerate, tuff, arkoses, 
white quartz conglomerate and ferrugi- and quartzite, together with a la.rge amount of igneous material 
nous sandstone; d, carbonaceous shale); 
e, conglomerate and sandstone;/, intru- and some calcareous beds, which occur in the headwater region 
sive (?). of the Chistochina. This group of deposits he named the Chisna 

formation and correlated with certain tuffaceous beds observed by him on Delta River in a 
previous expedition. In some of the calcareous beds Mendenhall found some crinoid stems, 
but the formation has yielded no other fossils. 

The Chisna is separated from the Permian lying to the north. by a fault of several thousand 
teet throw. · On the south it is mantled by the Quaternary silts of the Copper River valley. 
:Mendenhall had littie to guide him in determining the age of this formation, but provisionally 
assigned it to the upper Paleozoic, considering that it was probably younger than his Tetelna 
volcanics, which are largely composed of altered andesite. Both the Tetelna and the Chisna 
he regarded as pre-Permian in age. He also provisionally correlated these rocks with the 
Wellesley formation of the up'per White and Tanana basins. 

The Wellesley formation occurs in a series of isolated hills through the broad alluvial flat 
which separates the central part of the. White River basin from the Chis ana or east fork of 
Tanana River and which lies in the ,extension of the strike of the Chisna beds. The Wellesley 
formation consists of a lower member made up of coarse massive conglomerate interbedded 
·with a few layers of clay slate· and an upper member which is made up largely of clay slates. 
The studies by the writer 2 indicate that the Wellesley may at its type locality have a thick
ness of 1,000 to 2,000 feet. It rests unconformably on some greenstone schists which are 
regarded as part of the Birch Creek schist. A few igneous rocks cut the Wellesley formation. 

1 Mendenhall, W. C., Geology of the central Copper region, Alaska: Prof. Paper U. S. Geol. Survey No. 41; 1906, pp. 33-34. 
2 Brooks, A. H., A r(lconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 

1900, pp. 47Q-472. 
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The data at hand when the report just cited was written indicated that theW ellesley belonged 
in the upper Paleozoic, being either Devonian or Carbonifero.us. A few invertebrates were found 
in the slates interbedded with the conglomerates, and these were provisionally· assigned to 
the Devonian or Carboniferous by Charles Schuchert.1 

It will be observed that the Wellesley has closer lithologic similarity to the Cantwell than 
has the Chisna. The Chisna; however, is not unlike that part of the Cantwell which carries a 
large . amount of igneous material. The volcanic rocks associated with the Cantwell may in 
part represent the same outburst as those of -the Tetelna.· The facts at hand, ther.efore, seem 
to justify the provisional 'correlation of these three formations and their assignment to the post
Devonian and pre-Permian part of the Paleozoic column. 

In 1906 the writer, in company with E. M. Kindle,Z studied the upper Yukon section and. 
there noted a formation made up of conglomerate, sandstones, and shales which in many ways 
corresponds stratigraphically and lithologically with the formations above described. This 
group of arenaceous deposits, which was called the Nation River formation from the locality of 
its type exposures, includes about 3,700 feet of gray·clay shale and sonie clay slate intercalated 
with heavy beds of conglomerate and some sandstone. There are two noteworthy conglomerate 
beds. One occurs at the base and is very massive; the other, which is not quite so heavy, is 
about 1,000 feet above the base. This 1,000 feet is made up of shales with some fine conglom- · 
erate and sandstone; the upper 500 feet is chiefly gray shales. No igneous rocks of any kind 
were found in association with this formation. . 

The Nation River formation succeeds the lower Carboniferous limestone (Mississippian~), 
upon which it probably 1:ests unconformably. It is in turn overlain by a massive limestone 
which is probably also unconformable, and this has been proved by paleontologic evidence to 
belong to the upper part of the Carboniferous. A few beds of bituminous coal occur in the 
Nation River, and some of these contained a few fragmental plant remains which David White 
has provisionally assigned to the Carboniferous. The Nation River formation is, then, defi
nitely known to be Carboniferous and later than the Mississippian. It therefore represents 
about the same time as the Pennsylvanian. · 

It is with this formation that' the Cantwell formation is provisiona~ly correlated. There is 
considerable lithologic similarity between the two, and the stratigraphic relations of the Cant
well, so far as they. have been determined, correspond to those of the Nation River. ·Both of 
these formations appear to rest unconformably on the older rocks-a fact which, if they are to 
be correlated, indicates a widespread period of erosion. 

UNDIFFERENTIATED PALEOZOIC ROCKS OF YUKON-TANANA REGION. 

In the region north of the Tanana the pre-Tertiary rocks include, besides the Birch Creek 
schist, the slate, cherts, and sandstone of the Tonzona group, and Devonian limestone, also a 
considerable area of undifferentiated Paleozoic rocks. These sediments in part belong to the 
Tonzona and in part are Middle Devonian, but the hasty character of the w.ork in this field 
has not made it possible to extend these differentiations over the entire area. 

There also appears to be in this area a pre-Tonzona formation which is not represented in 
the region to the south. This is made up of graywackes, fine conglomerates, slates, and some 
massive limestone. Mr. Prindle also reports that it contains some cherts. Except for the 
massive limesto:p.e, this forma.tiori resembles the lower member of the Tonzona, and such it may 
prove to be. For the present, 'however, it is considered a d~stinct formation. In this limestone 
Mr. Prindle has found some fossils, upon which E. ¥. Kindle has reported as follows: 

7 AP277 (Quail Creek). l'his lot contains several species ~f corals and fragmentary representatives of a large 
lamellibranch and a gasteropod. They are referred. provisionally to the following genera: · 

Cladopora? Diphyphyllum. 
Syringopora. l\fegalomus?? 
Amplexus? Pleurotomaria? 
Streptelasma? 

1 Brooks, A. H., A reconnaissance in the White and 'ranana R~ver basins, Alaska, in 1898: 'rwentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 
1900, p. 472. 

2 Brooks, A.J:I., and Kindle, E. :M:., Pa,eozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, 
pp. 294-295. . 



84 THE MOUNT McKINLEY REGION, ALASKA. 

The minute characters used for specific limitation. in corals are not well enough preserved in these specimens to 
justify any attempt at specific determination. As the genera noted above are all common to both Devonian and 
Silurian horizons, they afford no definite evidence as to which of the two the corals represent. The chief interest o 
the collection lies in the lamellibranch fragments, which represent a very large thick-shelled form that appears almost 
certainly to be specifically identical with a shell occurring in the lim~stones of Glacier Bay and similar beds at Fresh
water Bay, in southeastern Alaska. This southeastern Alaska shell has been referred ·to the genus Megalomus and 
considered to belong to a late Silurian fauna. 

The distribution of the Tonzona in this field has already been discussed (pp. 7.5-76). It 
should be added, however, that in the opinion of the writer the extensive areas of black slates 
and phyllites which occur in the Baker Creek region should probably "be assigned to this group. 

The Middle Devonian is represented by a blue fossiliferous limestone, which is in places 
associated with extensive bodies of greenstones, chiefly ancient lava flows. It is impossible to 
state, with only the present knowledge, whether all the greenstones belong to this same period 
of extrusion, but it seems probable that there are some which are older than Middle Devonian. 
These greenstone eruptives were all classified together by Spurr under the name Rampart series. 
Carboniferous rocks occur to the northeast of the area here discussed/ and- some beds of this 
age may be included in the undifferentiated Paleozoic rocks. The rocks to the northeast are 
made up of black, gray, and green shales, and the contained. faunas, according to Girty, belong 
to the upper part of the Carboniferous system. 

MESOZOIC ROCKS. 

OUTLINE OF OCCURRENCE. 

Though Mesozoic rocks c~ver large areas in -the southern part of the central Alaska prov
ince, the era is chiefly represented by two terranes which belong, to the Middle Jurassic, but 
Cretaceous rocks have also been found. The Skwentna group is the lower of the two and in 
the Alaska Range is made up chiefly of . volcanic r?cks of varied lithologic character. It 
appears that the same horizon is represented in the Matanuska a;nd Talkeetna basil?- by volcanic 
rocks which contain some interbedded sediments. The latter are supposed to be unconformable 
to the metamorphic rocks. In the type area of the Skwentna group, in the basin of Y entna 
·River, the base of the series has not been studied; hence its relation is unknown. It is probable, 
however, that these rocks rest unconformably upon the Paleozoic strata. 

In the Alaska Range the Skwentna group is succeeded unconformably by a considerable 
thickness of slates, grits, and sandstones, with subordinate limestone masses, which are referred 
to the Middle Jurassic and have been termed the Tordrillo formation. The same general horizon 
is also represented in the basin · of Matanuska River. The Tordrillo occurs in the great 
synclinorium infolded in the heart of the Alaska Range a:qd probably constitutes a considerable 
part of the heel rocks in the unexplored portions of the range. Another Jurassic sedimentary 
formation, which is .somewhat younger than the Tordrillo, is found in the Matanuska basin. 
· Near the eastern margin of the area mapped (Pl. IX, in pocket), at the head of. theMatanuska, 
is a small area of Lower Cretaceous limestone, which is more extensively developed in the 
adjacent areas farther east. This limestone has not beenrecognized in any other part of the 
province. 2 The Upper Cretaceous is represented by small areas of conglomerates, sandstones, 
and slates in the northern part of the province, between the Yukon and the Tanana .. These 
rocks rest unconformably on Paleozoic~rocks and have been cut by granite.-

The aggregate thickness of the Mesozoic terranes of the Mount McKinley province is prob
ably between 3,000 and 7,000 feet. It is possible, however, that the Skwentna group of volcanic 
rocks locally exce·eds this thickness. 

The great mass~s of granite and· granodiorite which occur in the province were probably 
intruded during Mesozoic time. The granodiorites of the Alaska Range and the Talkeetna 

1 Prindle, L. M., The Fairbanks and Rampart quadrangles: Bull. U.S. Geol. Survey No. 337,1908, pp. 22-23. 
2 Martin's recent studies in the Matanuska region show that there is a Mesozoic J;lorizon chiefly made up of shales and probably of Cretaceous 

age which is widely distributed in the coal field. 

I 
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Mountains cut the Mid.dle Jurassic rocks. In the southern part of the province, therefore, the 
granite can probably be assigned to a time later than :Middle Jurassic. To the north some 
granites cut Upper Cretaceous rocks, ai1d there are others which may be older. 

TRIASSIC ROCKS. 

No Triassic rocks have been identified within this province, though a considerable thickness 
of sediments belonging to this system has been identified in adjacent areas. Stanton and 
:Martin 1 have described some 2,000 feet of cherts, limestones, and shales carrying invertebrate 

. Triassic fossils which oc<;ur in the Alaska Peninsula. These are unconformably overlain by 
rocks of Lower Jurassic age-a horizon which has not been recognized in the :Mount :McKinley 
region. 

In the Copper River ·region, to the east, Schrader and Spencer 2 noted the presence of 
about 4,000 feet of thin-bedded limestone and black shales, which are referred to the Triassic. 
These rest conformably on the Chitistone limestone, which is 2,000 feet or more in thickness 
and has been found by Moffit and l\1addren 3 to carry Triassic fossils. The Chitistone limestone 
rests apparently conformably on the Nikolai greenstone, whose age is uncertain, but which 
probably represents the top of the Paleozoic or the base of the Mesozoic column. A reference to 
the table ~pposite page 52 will show that Triassic beds have been found also in the White River 
country, on the upper Yukon, and in southeastern Alaska. In all these localities the Triassic 
rocks consist either of limestone or of fine argillaceous sediments indicating deep-sea conditions.· 
As there is a considerable thickness of Triassic beds on both sides of the Mount l\1cKinley region, 
it is most likely that sediments of that period originally covered this area also. They may 
have been removed by erosion or may be buried underneath some of the younger deposits. 

SKWENTNA GROUP (LOWER MIDDLE JURASSIC). 

CHARACTER AND DISTRIBUTION. 

In the journey from Cook Inlet, after traversing a broad gravel-floored plain," the party 
entered a foothill belt which differs in topography and geology from the main range lying to 
the west. These foothills, which include mountains up to an altitude of 4,000 and 5,000 feet, 
have an extremely irregular topography. The crest lines are very sinuous, the ridges and 
peak~ sharp, and the valleys steep-walled. (See Pl. XI, B, p. 88.) The bed rock was found to 
consist chiefly of a complex of igneous rocks which are largely volcanic. Dacites predominate 
among these· volcanic rocks., which include both lavas and tuffs. (Seep. 153.) Some basalts 
were, however, also noted. With the volcanic rocks are associated some arkoses, but these 
were not studied in detail in the field, for they were identified only after microscopic investi
gation. A few cherts and one small belt of black limestone were also found intermingled with 
the volcanic rocks. The whole series is cut by many intrusions which include some acidic 
rocks, classed by Mr. Prindle as alaskites (p. 141), and granite and diabase dikes are very com
mon. In the hand specimens the volcanic rocks are chiefly of a greenish and reddish color. 
Locally they carry considerable pyrite. The whole series is entirely. distinct from anything 
else which was found in the province. 

Spurr/ who first described this belt 'of rocks, traversed them in 1898 along the valley of 
Skwentna River. l-Ie described them as basaltic glass, lavas, tuffs, andesite, trachyte, and 
chloritic and feldspathic slates, together with ·some arkoses. He also noted the presence of 
carbonaceous cherts. 

Spurr termed these rocks the Skwentna series, which he defines as a series. of volcanic 
rocks .interstratified with tuffs and derived slates and with some arkoses, all of which have been 

1 Stanton, 'r. ,V., and Martin, G. C., Mesozoic section on Cook Inlet and Alaska Peninsula: Bull. Geol. Soc. America, vol. 16, 1905, p. 410. 
2 Schrader, F. C., and Spencer, A. C., ~L'he geology and mineral resources of the Copper River district, Alaska, a special publication of the 

U.s. Geol. Survey, 1901. 
SMoffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitinaregion, Alaska: Bull. U.S. Geol. Survey No. 374,1909, pp. 27-28. 
•Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 149-152. 
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highly folded and in parts cut by dikes. These rocks are here placed in one group, but more 
detailed surveys may resolve them into different formations. 

The Skwentna group as here defined forms a northeastward-trending belt lying between 
the Quaternary gravels of Cook Inlet and the high range made up of the later J\1esozoic sedi
ments.t Some evidence obtained by Spurr indicates that these rocks also form J\1ount Yenlo, 
east of Yentna River. Their southwestern extension has not been determined, but from the 
topographic appearance of the country the writer is inclined to think that they extend at least 
as far as Mount Spurr, and they have been so indicated on the map (Pl. IX, in pocket). 

Considerable areas in the Matanuska and Tanmetna basins are mapped on Plate IX as 
belonging to the Skwentna group, but th~ correlation of these rocks with the Skwentna group 
is not definitely established. They have been studied by Paige and Knopf, 1 from whose report 
the following description is taken. They comprise andesitic greenstone, quartz porphyries, 
tuffaceous sandstone, shales, and conglomerates, and the sediments inClude some beds of coal. 
The greenstones are the most characteristic members and are widely distributed, They are 
described as being chiefly andesitic and of extrusive origin. With the greenstones also occur 
rhyolites and dacites, including their tuffs. Some of the rhyolites are flinty looking. While 
volcanism was active in one part of the region sedimentation was going on in the other 'Part 
and some feldspathic sandstones were laid down. With these occur some shales carrying 
numerous limestone nodules. 

It will be noted from the above description that the rocks of the Talkeetna and Matanuska 
basins which are correlated with the Skwentna group are very similar to those of the type 
locality of the Skwentna, with the exception that the lavas appear to be chiefly andesites rather 
than dacites. It also appears that in the eastern area considerable amounts of sediment were , 
laid down during the volcanic outburst. These facts appear to justify the correlation of these 
two groups of volcanic rocks. It is of interest to 1:1rote that all who have studied this complex 
have reported evide~ce of mineralization, though ·so far no workable ore bodies have been 
found. This subject will be further discussed in the section on n1ineral resources. 

STRUCTURE AND THICKNESS. 

The general trend of the Skwentna group along the Alaska Range is northeasterly, par
allel to the axis of the mountains. Spurr notes the fact that the rocks have undergone a con
siderable amount of folding and faulting, and this statement is borne out by the observations 
of the writer, though few details were determined. In the eastern part of the region Paige and 
Knopf appear to have found less complexity of structure~ I-Iere the trend is a little east of 
north and the folding is rather gentle, but there are numerous faults. 

No data whatever as to the thickness of the Skwentna were obtained by the writer, but· 
.in the Matanuska and Talkeetna area Paige and Knopf ha~e determined it as approximately 
2,000 feet. The volcanic rocks which constitute the lower part of the group in this area are 
est~ated to have a thickness of oyer a thousand feet; and the upper member, made up of 
sandstone, shales, and conglomerates and some coal, is estimated to have a thic~ess of a 
.thousand feet, more or less. It appears probable that the thickness of the group in the western 
part of the re.gion is greater than this, but there is no 'definite evidence at hand, and the amount 
of volcanic accumulation is likely to have differed greatly in different parts of the region. 

AGE AND CORRELAT'ION. 

In the type area of the Skwentna group no conclusive evidence of age was obtained. The 
westerly contact of the belt was not studied, and no other series was found in contact with the 
volcanic rocks except in one place, where they were overlain unconformably by some Eocene 
coal-bearing beds. The direct evidence, therefore, indicates only that they are of pre-Eocene 'age. 
Spurr, however, had previously determined that the Skwentna rocks are overlain by the Tor
drillo formation, which has. since be~n determined to be of J\1iddle Jurassic age. It also seems 

t Paige, Sidney, a:1d Knopf, Adolph, Geologic reconnaissance in the Matanuska and 'l'alkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. HH9. . 
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likely that the Skwentna group rests unconformably on the Palezoic rocks of the IGchatna 
Valley. This would appear to give the Skwentna a place in the lower Mesozoic· or upper 
Paleozoic. 

Fortunately, in the Matanuska basin some more direct evidence is available, for Paige and 
Knopf obtained some fossilso from the sediments which form a part of the Skwentna group in 
that region. On this point their report is cited as follows: 1 

' 

The fossils found in tuffs associated with the greenstones were submitted to T. W. Stanton, who reports as follows: 
'' 6 A. K. 201. Fossiliferous tuffs, associated with lavas and coarse pyroclastics, from the head of Matanuska River. 

Rhynchonella. Astarte? .• 
Lima. 
Pecten. Smooth species. 
.Pecten. Species of Vola type. 
Trigonia. . 

Protocarclia. 
Pleuromyp,. 
Sonninia? 

"The Jurassic age of this lot is clearly shown by the form of the Trigonia and of the ammonite (Sonninia?) .. The 
general aspect of the fauna is that of the lower part of the Enochkin, 2 though it may be somewhat older thari the fauna 
in lots 88A and 88B. With the exception of the Vola-like species of pecten, there is nothing in it to suggest the lower 
Jurassic fauna of Seldovia." 

According to this cleterm:!nation the age of the greenstones is lower Middle Jurassic. 
In general the sandstones and shales are barren of fossils, though belemnites are rather common. The following 

species, however, were found and were submitted to Mr. Stanton, who reports as follows: 
"6 A. K. 88A. Caribou Creek, tributary to Matanuska River.. . 

Inoceramus cf. lucifer Eichwalcl. ' I Phyllocems. 
Pleuromya. Stephanoceras. 
Pleurotomaria. · Oppelia? 

"6 A. K. 8813. Same locality as preceding, but found in float bowlder in stream heel. 
Inoceramus. I Stephanoceras. 
Natica. Sonninia? (two species)~ 
Phylloceras. Belemnites .. 

'"l'he"two lots are evidently from the same horizor{, and nearly all the species occur in the lower part of the Enoch
kin at Snug Harbor." 

'l'he age of these sandstones and shales is therefore substantially the same as that of the greenstones-lower Middle 
Jurassic. 

The evidence at hand would appear, therefore, to justify the statement that the Skwentna 
' group belongs to the lower part of the :Middle Jurassic. ' 

In seeking for possible terranes to correlate with the Skwentna group it is natural to turn 
to the most complete :Mesozoic section which has been worked out in this part of Alaska, namely, 
that of Cook Inlet and Alaska Peninsula. In that region the Enochkin formation, which it will 
be shown is equivalent in age to the Tordrillo, the formation unconformably ove.rlying the 
Skwentna, rests on sandstone, tuffs, and lavas of Lower Jurassic age. It would appear, there
fore, that in the Alaska Peninsula region the Skwentna is not represented unless it is to be 
correlated with these Lower Jurassic rocks, .and the paleontologic. evidence is against this cor
relation. Nor has any other equivalent formation been found in other parts of the adjacent 
provinces, unless the greenstones of the Orca group and the Nikolai greenstone may be so con-

. siclered. In the upper White River region there are also some volcanic rocks which ar~ pro
visionally assigned to the Mesozoic and which may prove to represent this same horizon. It 
1nay be, however, that this outburst of volcanism was confined to a comparatively small area 
and that its equivalents in adjacent fields must be sought in sedimentary beds . 

. TORDRILLO FORMATION·(MIDDLE JURASSIC). 

CHARACT;ER AND DISTRIBUTION. 

'the Alaska Rang,e where traversed by the party along the valley of Kichatna River is made 
up of a broad synclinorium of Middle Jurassic rocks, here termed the Tordrillo formation. This 
forn1ation consists of a series of closely folded and faulted grits, sandstone, and fine conglomerate, 
together with argillites and a few layers of limestone. Although no continuous section was 
found, it appears that the rocks of the lower part of the formation are coarser_than those of the 

tOp. cit., pp. 18-19. 
2 Stanton. '1'. W., and Martin, G. C., Mesozoic·spction on Cook Inlet and A.laska Peninsula: Bull. Geol. Soc. America, vol. Hi, 1905, pp. 391-41f. 
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upper part. In this lower part massive grits and sandstones predominate, with some argillite, 
mostly in the form of slates but in places altered to phyllite. The upper part of the formation 
is made up chiefly of argillite, with subordinate sandstone members and a few layers of limestone. 
(See Pl. XI, A.) · _ 

The lower arenaceous beds are typically 10 to 30. feet in thickness and are interbedded with 
the argillites. The conglomerates are mostly very fine, the pebbles usually not exceeding a 
quarter of an inch in diameter. These fine conglomerates pass into grits and these in turn into 
a sandstone. The grits, conglomerates, and sandstones in many places carry some feldspar 
among the pebbles. The cement, which is argillaceous and· siliceous, is as a rule of a dark-gray 
or blue color. These rocks are well jointed and grade into flags which are largely composed of 
siliceous material. The argillites include slates and phyllites in about equal proportions. The 
slates are of the typical bluish color and are well cleaved. The phyllites carry a small amount 
of sericite. Some of the argillites carry a great deal of carbonaceous matter. Interbedded with 
the argillites are siliceous slates, which generally carry considerable pyrite and are locally 
seamed with small stringers of quartz. Limestones were found at only a few localities and 
apparently occur only in thin lenses. Where observed, the limestone is of a bluish color and 
entirely unmetamorphosed. 

One phase of these sediments deserves special mention. This includes some conglomerates 
which have the appearance of being basal. The pebbles of these conglomerates, some of which 
are an inch or more in their longest diameter, are identical in character with the rocks of the 
older series upon whioh the Tordrillo formation is believed to rest unconformably. The pebbles 
are made up in part of chert, in part of phyllite, and in part of slate, with a siliceous cement which 
locally carries some calcareous matter. Slate or phyllite layers ~re interbedded with these 
conglomerates. · Rocks of this type were noted in the drift at several localities near the western 
m·argin of the formation but were found in place at only one locality, near the camp of July 15, · 
in the basin of Tatina River. Here the outcrop was not very extensive, but it appeared that 
there was at least 10 to 20 feet of this conglomerate, and the strike lines were at variance with 
those of the older phyllites that outcrop close at hand. It appears, therefore, that this is the 
basal bed of the series. If this is the case, it is not unlikely that these basal beds may be exposed 
at other p~ces in the heart of the range where the folding may have brought up the older series 
but which have been overlooked in the hasty reconnaissance. In the absence of evidence to the 
contrary the whole belt in the heart of the range is mapped as the Tordrillo formation. (See 
geologic map, Pl. IX, in pocket.) 

The Tordrillo formation occupies a belt 25 to 30 miles wide in the heart of ·the Alaska Range. 
On the west there appears to be pretty definite evidence that these rocks rest unconformably on 
the slates and phyllites of the To.nzona group. On the east the Tordri11o formation succeeds the 
slates and phyllites, which are also provisionally assigned to the Paleozoic bttt which in lithologic 
character do not differ very materially from the Tordrillo. Spurr has shown that the Tordrillo 
overlies the volcanic rocks of the older member of the Skwentna _groups along Skwentna River. 

~he extension of the strike lines to the northeast would carry the Tordrillo into the heart of 
the Alaska Range north and east of the route of the expedition here recorded, into a region that· 
is unexplored except where traversed by prospectors and by the members of the two Cook expe
ditions. Slates are said to occur in this area, and it seems most li.kely that this formation is 
present. As the Paleozoic slates resemble in many ways the rocks of the Tordrillo formation, · 
how~ver, it is impossible to state which horizon the slates on the western tributaries of Susitna 
River represent. 

Intrusiye rocks are very commo~ in the Tordrillo formation. The largest areas of such 
roqks are those occupied by the granites and granodiorites, which occur in considarabla masses 
as well as in small stocks and dikes. More basic rocks are also intruded in small stocks and 
dikes; they include monozonite and rocks of kindred types. · (See :Mr. Prindle's petrographic 
description, p. 139.) In addition to these rocks, fine-gramed diabase dikes are not uncommon 
in the formation and are as a rule intruded at an angle to the bedding. 

l 
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A. HEAD OF MORRIS RIVER, LOOKING TOWARD SIMPSON 
PASS. 

Showing recent canyon and typical topography of T ordrillo forma
tion. Near camp of July 10. See page 88. 

R SOUTHEASTERN PART OF ALASKA RANGE. 

Showing topographic character of Skwentna group. Near camp of June 15. See 
page 85. 
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STRUCTURE AND THICKNESS. 

As already stated, the Tordrillo formation occupies a broad synclinorium whose western 
arm rests tinconform~bly on the Paleozoic rocks, and the same relation probably .exists on the 
eastern arm also. ·The strike lines, 
though locally variable, in general 
trend northeastward, parallel to the 
1nain axis of the range. Within 
this synclinorit,J.m are numerous 
1ninor folds. (See section A-B, 
Pl. IX, in pocket.) 

The characteristic structure of 
the Tordrillo beds is one of sharp 
folding accompanied by consider o.___ __ ~-''oc.:..o ___ ...;z:..Joo FEET 

able faulting. :Many minor faults FIGURE 15.-Diagrammatic section showing character of folding and faulting in fiaggy sand-

were noted and evidence of a few stone and grits of Tordrillo formation half a mile south of the camp of July 12. 

larger ones was obtained. It seems probable that <;Ietailed work will show a very large amount 
of faulting which was overlooked in the ·hasty examination. In general the folds seem mostly 

to dip toward the axis of the synclinorium. In the 
eastern arm the dips are generally toward the axis of 
the range; on the west s!de easterly dips prevail near 
the contact of the older rocks, though here there are 
also some sharp minor flexures. In the center of the 
range, especially along the watershe.d ' between the. 
Kichatna and the Kuskokwim, the folding has been 
exceedingly intense and there is much faulting. In 

0 ro FEET addition to the .folding of the strata, slaty cleavage is 
F,_IG_UR_E -16-.--F-o-ld_l_n_s-an_d-~..st-on-e-an_d_s-la-te_o_f -T-or-dr_il__~lo forma- developed in all the argillites, and the more massive 

tion, showing relation of cleavage in slate and jointing ·in beds are usually jointed .. 
sandstone to bedding planes 1 mile southeast of.the camp The character of the deformation of the more mas-
of July 12. 

sive beds is shown in the accompanying diagram 
(fig. 15), which is based on a field sketch of a cliff exposure. It was noted at this locality 
that, in addition to the faults which break the bedding planes, there was evidence of much 
movement along the planes themselves. The · 
cleavage of the slate may be parallel or at 
right angles to the bedding, in accordance with 
its position in the fold. This relation is shown 
in figure 16 reproduced from a field exposure. 
The section also shows the radial character of 
the jointing in the massive beds along the apex 
of a fold. In this exposure the joints are filled 
with quartz veins. 

The movement accompanying the deforma
tion appears to have been taken up in part by 
faulting along margins of the massive beds. 
This is shown by the accompanying section 
(fig. 17) reproduced from field notes, which shows 
a massive bed of indurated feldspathic · grit 

· bounded by fault planes. The massive bed is 0 10 20' 
~~~~------~----~ 

traversed by 8, double system of joints. which FIGURE 17.-Section showingjointingofmassivebed and faulting along 
margin 3 miles west of the camp of July 15. 

form angles of about45°with the bedding planes. 
· The strike and dips in this formation noted by Spurr to the south of our route of travel 

indicate a rapid closiri.g in of the syncline and suggest that it may pinch out within 10 or 15 
miles to the south. Along the western arm of the syncline there is some suggestion of profound 
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faulting of an overthrust character, but the stratigraphic succession is not s~fficiently welf 
established to determine the amount .of the dislocation. A cliff exposure near the base of the: 

sandstones 

formation, if not actually at the base, showed very F 

remarkable discordance of planes· of stratification, which 
can only be interpreted as due to faulting. This expo
sure was not accessible, but figure 18 is a reproduction_ 
of a sketch of it made at a distance of ~00 yards; 

} 

Grits and 

There is so much duplication by folding and faulting
that it was· impossible to obtain any exact measure-

FraunE 18.-Clitr exposure 2 miles southwest of the camp ments of thickness. It seems probable, however, that. 
or July 15. the aggregate thickness of the· Tordrillo formation is. 

between 2,000 and 3,000 feet. Of this the more massive lower member of the formation consti-
tutes about a third. 

AGE AND CORRELATION. 

Stanton and Martin, as a result of their investigations on Cook, Inlet and Alaska Peninsula,. 
described under the name Enochkin formation some shales and sandstones, with conglomerate, 
having a thickness of 1,500 to 2,500 feet. This formation carried Middle Jurassic fossils. It is
overlain by the Naknek formation, made up of conglomerates, arkoses, sandstones, and shales, 
with some andesite flows, the whole 5,000 feet thick, referred to the Upper Jurassic. A few· 
invertebrate fossils were found by Mr. Prindle in the slates of the Tordrillo formation near the, 
camp of July 14. Although these fossils were rather fragmentary, they were sufficient to enable, 
Dr. Stanton to refer the rocks in which they occur to the same horizon as the Enochkin. It 
does not follow, however, that the Tordrillo formation as here described is the exact equivalent. 
of the Enochkin. The subjoined statement is quoted from_Dr. Stanton's.manuscript report: 

The following localities yielded Mesozoic fossils: 
No.' 2. Kichatna River, opposite camp of July 9, Alaska Range: Imprint of a fragment of a large Inoceramus. 
No.4. About 3 miles southeast of Simpson Pass, Alaska Range, near camp of July 10: Inoceramus eximius Eichwald,, 

several specimens; Inoceramus lucifer Eichwald?, two specimens; spine of an echinoid. 
No. 6. Near the pass, camp of July 14, Alaska Range: Inoceramus eximius Eichwald. 
No. 7. Near the pass, camp of July 14: Inoceramus eximius Eichwald?, fragmentary imprint. 
The above are probably from a sip.gle horizon which is believed to be Upper Jurassic. When Eichwald described 

these species of Inoceramus with several others from "Tukusitnu Bay," Cook Inlet, he referred them to the Lower-
Cretaceous. · · 

Associated with the plants at locality 21 there are two imperfect specimens of invertebrates in the form of small 
annulated tubes. These are probably either marine wor~s or the tubes of burrowing mollusks. 

Under date of April11, 1905, Dr. Stanton' writes as follows: 

I have again examined the Mesozoic fossils collected by your party near the Alaska Range in 1902, and am now able· 
to give a more definite opinion as to their age. They consist chiefly of Inoceramus eximius Eichwald, with possibly 
other species of the same genus. · There can be little doubt that the horizon represented is the Enochkin formation, 
which we now refer to the Middle Jurassic. Since my original report was written we have visited the locality of Snug
Harbor, where Eichwald obtained the species in question, and their stratigraphic position is now well established. 

It will be shown that the Jurassic sediments of the Matanuska region are assigned by 
Stanton to the Upper or upper :Middle Jurassic and hence are younger than the '-fordrillo .forma
tion. ·Hence it seems probable that the Tordrillo may never have been deposited over the area .. 
east of the Alaska Range. The coarseness of the material suggests a lan.d mass near by when 
these sediments were laid down. On the other hand, the equivalent Enochkin formation on the, 
Alaska Peninsula, to the.southwest, is made up of finer sediments and includes some limestones. 
These facts indicate that during Tordrillo time there may have been a shore line somewhere near 
the. present Susitna Valley, from which an ocean extended to the SQuthwest. In the upper 
Copper basin, on the north side of tlie Wrangell Mountains, are some volcanic rocks which may· 
be .synchronous with the Tordrillo sediments. · 
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UPPER JURASSIC AND UPPER MIDDLE JURASSIC ROCKS 9F MATANUSKA BASIN. 

In the southeastern part of the :Mount :McKinley province Paige and Knopf found an 
.extensive series of shales, sandstones, conglomerates, tuffs, and arkoses which, for the most 
part, represent a somewhat higher horizon than the Tordrillo and are therefore given a dis
tinct color on the map (Pl. rx·, in pocket). As the Tordrillo has yielded .but few fossils, 
however, it is quite possible that it rnay include Upper Jurassic as well as Middle Jurassic beds. 
'The following description of this higher formation is an abstract from the report of Paige and 
Knopf. 1 · 

These rocks rest unconformably on the lower Middle Jurassic of the same areas. Their 
lowest beds include a basal conglomerate with sandstones and shales. The formation is made 
·up largely of blue shales locally carrying fossiliferous limestone nodules. With these occur 

· .sandstone conglomerates and some tuffs and arkoses. The sandstones are in the main yellow 
·in color and highly· fossiliferous. Along Nelchina River there are some heavy conglomerate 
·beds which belong in this formation, interlayered1 with sandstones and shales. This conglom
·erate carries some l~rge bowlders arid consists largely of granitic rock. 

Paige and l(nopf noted that an unconformity occurs below these Upper Jurassic rocks 
and that, although the rocks below this unconformity are badly shattered and folded, the Juras
:sic beds above the unconformity are but little deformed. This, then, is another important 
-element of difference between the Jurassic of the Alaska Ran:ge a~d that to the east. The beds 
·of the Matanuska basin are believed to include 2,000 feet of strata, of which about 1,100 feet 
. belongs to the conglomerate member of the formation. 

The following statement in regard. to the age of this formation is quoted from Paige and 
1\J:iopfl s report: 

The age of these strata h~s been determined from the following invertebrates, identified by T. W. Stanton: 
"Lot 6 A. K. 156 .. , Headwaters of Nelchina River of Copper River drainage: Cadoceras sp., many immature 

.specimen13; belemnites, fragments. The horizon is that of the Cadoceras zone, which forms the upper third of the 
Enochkiu formation. · 

"Lot 6 A. K. 185. Nelchina River: Pleuromya; Cadoceras?, fragmentary imprint doubtfully referred to the 
,genus; belemnites. The hqrizon is probably inthe upper part of the Enochkin formation. 

"Lot 6 A. K. 136. Billy Creek: Aucella c£. bronni Rouiller. The same species occurs· in similar rock in the 
Naknek formation of Kamishak Bay.'' 

The fossils indicate faunas of both late Middle Jurassic age and Upper Jurassic age. It is interesting to note that 
·the Upper J ura;sk rocks of this region, which are faunally allied to those of the Naknek formation on the west coast 
-of Cook Inlet, show a certain lithologic similarity in the presence of interstratified tuffs and arkose. 2 Fmthermore, 
:an accumulation very similar to the remarkable andesite-granite conglomerate occurring on the· headwaters of Susitna . 
River is .found at the base of the Naknek formation. 2 

' 

Collier 3 has· described some coal-bearing beds. in the ,Cape Lisburne region· which, .on the 
evidence furnished by fossil plants, are assigned to the Upper Jurassic. They constitute the 

··Corwin- formation and have a thickness of some 15,000 feet. This formation consists of thin..: 
bedded shales, sandstones, conglomerates, and coal beds, \vhich are thrown up in. gentle folds. 
It is worthy of note that both thes~ beds of the Cape Lisburne region and the Upper Jurassic 

·.beds of the Matanuska region carry· coal. 

GRANITE (POST-MIDDLE JURASSIC). 

The rocks here classified as granite embrace granular intrusives varying in composition 
from diorites to granites and including some monzonites. To about the same period of intru
.sion belongs the more acidic phase-alaskite. These several' rock types are described by Mr. 
·Prindle on pages i36-147. The granites and granodiorites are the most abundant of the granular 
rocks, occurring as extensive batholiths in the Alaska Range and in the Talkeetna Mountains. 
'These batholiths cut rocks as young as the Middle Jurassic. Wherever seen by the writer 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
.No. 327, 1907, pp. 20-23. · 

2 Martin, G. C., The petroleum fields of the Pacific coast of Alaska: Bull. U. S. Geol. Survey No. 250, 1905, p. 44. 
a Collier, A. J ., Geology and coal resources of the Cape Lisburne region, Alaska: Bull. U. S. Geol. Survey No. 278, 1906, pp. 27-30. 
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these granular rocks are massive except for certain systems of j oll;lting, which will be referrecl 
to in the section on structure. It will be shown that the last extensive earth movement took 
place in Tertiary time and that the absence of secondary structures in these rocks is not because 
they have not been subjected to stress. It seems probable that these stresses were compensated 
by movements which took place along the margin of the granitic stocks. It is notewo.rthy that 
the highest peaks of the range are made up of granitic rocks and probably represent areas of 
higher uplift than the adjacent tracts. · 

Martin's recent studies have shown that the granites of the southern part of the Talkeetna. 
Mountains are intensely deformed. Here the granite has been crushed and rendered gneissoid 
and also has been thrust over the sedimentary rocks. This deformation took place since the. 
deposition of the Tertiary beds. 

The map (Pl. IX, in pocket) shows that one line of granitic intrusion follows the main 
axis of the Alaska Range. A second broad zone of intrusive rocks lies in ·the central part of 
the Susitna basin. The line of intrusion along the axis of the Alaska Range extends to the east 
and southeast beyond the limits of the area mapped, and finally merges with that of the Coast. 
Range of southeastern Alaska. This suggests a general synchrony of this belt of intrusion, 
which parallels the Pacific seaboard throughout British Columbia and Alaska. In fact, this. 
belt is but a northern extension of the great batholithic .intrusions of the Sierra Nevada, and a. 
similar extension is traceable to the southeast ,into Mexico. This belt of batholiths, traceable. 
with some breaks for. over 4,000 miles, forms one of the longest lines of intrusions known in 
the world. , _ 

Stocks of granitic rocks occur in the region lying north of the Tanana; some of. these, as has. 
been shown, are as young as Upper Cretaceous, and all are probably Mesozoic. More of these 
granitic rocks occur east· of the area mapped, in the Yukon-Tanana region. Of these Prindle. 
has said: "This region is regarded as one of large batholithic masses of intrusive rocks, now 
mantled by a comparatively thin shell of sedimentary rocks. Intrusion has taken- place at. 
different periods." 1 

The distribution· of the granite is a matter of some economic importance, for it is along· 
the margins of the intrusive rocks that mineralization has taken place in southeastern and in. 
other parts of Alaska. This matter will be further disc:ussed under the caption ":Mineral 
resources" (pp. 160-161). 

. LOWER CRETACEOUS ROCKS. 

No strata assignable to the Lower Cretaceous 2 have been found in the Alaska Range or in. 
the region to the north included on the accompanying map (Pl. IX). The 1nap; however, 
shows some rocks of this age 3 which occur in the upper Matanuska basin and have been described 

.by Paige and Knopf.4 The Lower Cretaceous beds of this area include a massive bed of lime- -
stone some 300 feet thick which rests conformably on Upper. Jurassic strata. These rocks 
were first described by Mendenhall,5 who discovered in them some fossils, notably Aucella. 
crassicolis Keyserling, referred by Stanton to th~ Lower Cretaceous. This limestonet like the. 
rocks to which it is conformable, has been very little disturbed. 

Though Lower Cretaceous rocks have not been recognized elsewhere in the province under· 
discussion, they form one of the most ·widely distributed series in Alaska. (See correlation 
table, p. 52.) Spurr's. Holiknuk series,6 which occurs in the middle Kuskokwim Valley and is. 
composed of arkoses, sandstones, and carbonaceous shales, may belong to this horizon. It 
carries some plant remains and 'fragments of Inoceramus. Spurr also described some similar· 

1 Prindle, L. M., Occurrence of gold in the Yukon-Tanana region: Bull. U. S. Geol. Survey No. 345, 1908, p. 185. 
2 Martin's detailed survey in the Matanuska Valley has revealed the presence of a shale formation which is Mesozoic and ~ay be of Cretaceous. 

age. 
3The rocks here called Lower Cretaceous belong to a horizon which may be Upper Jurassic. 
4 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull U.S. Geol. Survey· 

No. 327, 1907, p. 24. 
o Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey,_ 

pt. 7, 1900, p. 309. 
6 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 159-161. 
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sedi1nents farther clown the Kuskokwim, carrying a large amount of andesitic lavas and tuffs, 
under the name "Kolmakof series" and provisionally correlated them with the "Holik11-uk." 1 

A more definitely recognizable Lower Cretaceous group was found by Spurr in the '' Oklune 
series," 2 which covers a considerable area in the vicinity of the Ahklun Mountains, near Bering 
Sea. These rocks are made up of shales, cherts, tuffs, andesites, basalts·, arkoses, and con
glomerates, and contain some fossils which Stanton determined as Aucella crassicolis Key:.. 
serling ( ~). · 

Lower Cretaceous rocks are represented in the Alaska Peninsula region by shales of unknown 
thickness and on the upper Yukon by closely folded siliceous slates and quartzites, with some 

. tuffs and limestones. It is a noteworthy fact that the Lower Cretaceous beds of the upper 
Yukon and the Bering Sea region are closely folded and more or less altered, whereas those of 
the Alaska Peninsula and :Matanuska basin are compar~tively little disturbed. 

UPPER CRETACEOUS ROCKS. 

The only Upper Cretaceous beds found in the Mount McKinley province are some lying 
north of the Tanana, about 20 miles southeast of Rampart, on the Yukon.3 These have been 
studied and described by Prindle/ from whose report the following statement is derived. These 
beds lie high on the flanks of Wolverine Mountain (Pl. VII, B, p. 48), about 1,000 feet above the 
base, and may. comprise several hundred feet of strata. They include massive carbonaceous 
sandstones and shales. The rocks are folded and are intruded by dikes of granitic material, 
as well as seamed by small quartz veins, many of which are ferruginous. These also contain 
some fragmental dicotyledonous leaves and invertebrate fossils. The following is quoted from 
Stanton's determination of these fossils: · 

While the fossils are fairly well preserved, they have been considerably distorted, so that it is not practicable to 
make speCific determination. The better-preserv~d forms appear to be undescribed. The following list will show the 
forms recognized in each lot: 

4278. 7AP271 (spur of Wolverine Mountain): 
Hemiaster? sp. Lucina sp. 
Pecten sp. Pleuromya sp. 
Inoceramus cf. labiatus Schloth. Pachydiscus sp. 
Cucullrea sp. Pachydiscus? sp. 

4279. 7 AP278 (ridge on left limit south for~ of Quail Creek): 

Hemiaster? sp. I Pachydiscus sp. 
Cucullrea sp. Pachydiscus? sp. 

4280. 7 AP279 (right limit south fork of Quail Creek): 

Pachydiscus sp. 

These fossils evidently all belong to practically a single horizon which is confidently refe.rred to the Upper 
Cretaceous. * * * The species of Inoceramus is very likely one that has been previously found on the Yukon, but 
the specimens in the present collection are too imperfect to serve as the basis for a positive identification. The most 
important forms are ammonites, which make up the bulk of the collection and which I have referred, in some cases 
doubtfully, to the genus Pachyd1:scus. These are unquestionably Upper Cretaceous types. . .. 

Prindle found some 1nassive quartzite beds underlying these known Upper Cretaceous 
rocks, and these quartzites, while they may- belong to the underlying Paleozoic, possibly repre
sent the Lower Cretaceous horizon in this field. 

Upper Cretaceous rocks, chiefly limestone and shales, are abundant on the lower Yukon, 
where they carry coal.5 No Upper Cretaceous beds have been found on the upper Yukon, 
though they n1ay occur among those rocks which have been correlated with the Eocene. 
Atwood 6 has found Upper Cretaceous conglomerates, s~ndstones, and shales, with some coals, on 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 161-163. 
2 Idem, pp. 163-Hi9. 
BMartin's recent detailed survey of the western part of the Matanuska coal fields indicates that some !Jf the sediments previously mapped as 

Tertiary may be of Cretaceous age. 
•Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U.S. Geol. Survey No. 337, 1908, pp. 23-24. 
5 Collier, A. J., '£he coal resources of the-Yukon, Alaska: Bull. U.S. Geol. Survey No. 218, 1903. 
6 Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U.S. Geol. Survey No. 379, 1909, p. 113. 
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the Alaska Peninsula, and these have an estimated thickness of about 600 feet. The sam.e 
horizon is also probably represented in southeastern Alaska·. 

TERTIARY SYSTEM •. 

OUTLINE. 

it has become almost an estab)ished practice in Alaskan reconnaissance surveys to assigt 
all lignite-bearing beds to the Kenai formation (Eocene). Moreover, where the lignitic forma
tions have yielded plant remains, most of such age ass~gnments have been supported by the 
paleobotanic determinations. In this report also the coal-bearing sediments of the province 
are all provisionally referred to the Kenai formation. It will be shown, however, that some 
beds of 'friable sandstone, shales, and lignite here included in the Kenai may be of :Miocene or 
Pliocene age. There is also a possibility that some of the deposits here assigned to the Pleisto
cene, such, as the deep gravels at Fairbanks; the high bench gravels of Minook Creek, or the 
terrace gravels on both sides of the Alaska Range, may prove to be Pliocene. 

It is possible·, therefore, that the Tertiary sediments may be represented by three formations 
in this province. (1) The· oldest is represented by the lower 2,000 feet of coal measures in the 
Matanuska Valley, the coal measures at Tyonek, and much of the coal-bearing se.ries along the 
Nenana. These beds carry Eocene plants and therefore represent the true Kenai. (2) A 
younger formation embraces the upper conglomerate· of the Matanuska coal measures and the 

:upper part of the coal-bearing beds in the Nenana basin. Plants ¥ave been found in this forma
tion only at the latter locality, and these indicate a post-Eocene age.1 (3) Some of the gravels 
and sands here included with the Pleistocene may constitute a third and uppermost member of 
the Tertiary sediments. Such a triple subdivision of the Tertiary would be in general accord 
with the stratigraphic sequence determined by Dawson 2 in British Columbia. It is also a 
suggestive fact that in Alaska Peninsula Atwood 3 has found evidence of a triple subdivision of 
the Tertiary rocks. 

It is not possible with the facts in hand to subdivide the rocks here classed as Kenai. Some 
of them have yielded plant remains, though for the most part fragmental, which Mr. Knowlton 
has, with a single exception, provisionally ass!gned to the Kenai. (See pp. · 99-102.) 

In addition to these sedime:pts, the post-Eocene lavas of the Talkeetna-~1atanuska region 
are here also provisionally included in the Tertiary. The diabase intrusive rocks are probably 
of Eocene age. 

.KENAI FORMATION (EOCENE). 4 

CHARACTER AND DISTRIBUTION. 

The Kenai formation is typically made up of a succession of conglomerates, sandstones, and 
shales, with lignitic and in the Matanuska Valley bituminous coals. Two phases have been 
recognized. In one the rocks are but slightly indurated, include only lignitic coals, and have 
been but little deformed. Some plant remains have been found in these rocks. This phase of the 
formatipn is the most widely distributed, occurring in small areas throughout the Mount Mc
Kinley province and over much of Alaska. 

In a second phase of the Kenai, also carrying plant remai;ns, the strata, though composed 
of the ~arne materials, are indurated. The argillites are slates, the sandstones are hard, and the 
cop.glomerates are tough, while some of the included coals are bituminous. This phase ·of the 
Kenai is much folded and faulted. 

1 Since this was written Martin has divided the Tertiary rocks of. the Matanuska Valley into three formations: (1) A lower, made up of arkoses 
with some shales; (2) a middle, consisting chiefly of shale with coal beds, and (3) an upper, made up of conglomerate. 

2 Dawson, ·G. M., On the later physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, 1890, sec. 4, 
pp. 1-24; Geological record of the Rocky Mountain region in Canada: Bull. Geol. Soc. America, vol. 12, 1900, pp. 79-84. rn· the writer's opinion 
Dawson's "Laramie" is to be correlated with the Kenai. 

a Atwood, ,V, W., Mineral resources of southwestern Alaska: Bull. U.S. Geol. Survey No. 3i9, 1909, pp. 111-115. 
tThe Kenai formation was first named and described by W. H. Dall (Correlation papers-Neocene: Bull. U. S. Geol. Survey No. 84, 1892, · 

pp. 234-252). The type locality has been studied in detail by R. W. Stone (The coal fields of the Kachemak Bay region: Bull. U. S. Geol. 
Survey No. 277, 1906, pp. 57-59). 
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The unconsolidated phase of the Kenai finds its widest distribution in the lqwer Susitna 
Valley and· in the region tributary to .Cook Inlet. It is quite possible that this phase floors 
the entire Cook Inlet and Susitna · trough, for it has· been traced almost ~ ~ ~ 
continuously around the margins of the depression. It also occurs exten- g ~ ~ 
~ively in the Nenana basin, where it is in part mantled by Pleistocene ~· [ ~ 
gravels, and it is present in small patches along that part of the Yukon [ ~ l 
Valley included in this discussion. The harder Kenai rocks occupy an t. § 2_ &. 
extensive belt in the lower Matanuska Valley and occur in small areas ~ ~ ~ 
infolded with the Paleozoic strata along the inner ma:rgin. of theAlaska ~; ~ 
Range. Most of both phases of these beds have, y1elded some plant ; ~ 
rem~ins, which have been referred by Knowlton to the Eocene, or Arctic ~-~ 
Miocene, as it is sometimes called. ~ i 

Sorrie of the typical exposures in each district are nex·t described, the ~ ~ 
various areas being taken up in geographic order from south to-north. · A .§. ~ 

· further account of those Kenai beds· which carry commercial coal . beds is ~ [ 
0 

to be found in the discussion of mineral resources (pp. 184'--192). e.~ 
Within the Mount McKinley province the Kenai is everywhere sepa- ~ g 

1\)/: 

~ ;~~ 

rated by an erosional interval from the older rocks, be they Paleozoic or ~ ~~ 
Mesozoic. On the lower Yukon Collier 1 found the· Kenai in apparent ~: 

. ~ t:r 
stratigraphic conformity to the Upper Cretaceous beds. In Alaska 15. ~ 
Peninsula the Kenai has been found resting unconformably on Upper ~ ~ 
Cretaceous rocks. 2 g ~ 

· About a mile below Tyonek there is a series of cliff exposures of friable ffi" g 
sandstone, fine conglomerate, shales, and lignitic coal beds, cov~red by a [ ~ ~ 
heavy bed of stratified sands and gravels. The attitude of these beds is g ~ 
shown in the accompanying section (fig. 19), taken from the note books ~ ~ 
of G. I-I. Eldridge,3 who exan1ined these exposures in 1898. These beds [ ~ 
strike N. 10° to 15° E. and 'dip southeastward at angles varying from 15° ~ ~ 
to 60°. About 1,000 feet of strata· are exposed. The conglomerate pebbles ~ ~ 
are well rounded and are held in a very loose cement. The sandstones, also ~. t 
very friable, are made up of white micaceous sand with intercalated -layers . go [ 

of clay, in places sufficiently indurated. to be called shale. The coal has a ~ ~ ~ !t 
woody fiber and appears to be chiefly a low-grade lignite. ~· ~ ~ 

Atwood/ who has studied these beds in detail, reports the occurrence ~ :- ~ 0>.: .. :: 

of a heavy conglomerate n1ade up of lignitic pebbles and suggests that .[ ~ ... 
there n1ay be two unconformable series of lignite-bearing beds. l-Ie also · ~ 
visited an extension of this belt which outcrops along Beluga River about ~ ~ 
10 1niles from the coast. At this locality the character and attitude of ~ 5= 
the beds are about the same as at Tyonek. The Beluga River local~ty also ~ ~ 
gave evidence of two forn1ations which are pos$ibly unconformable. [ ~ 

Friable congl01nerates and sandstones with interbedded shales and ~- § 
'§_. :-lignites have been found at several localities in the Yentna basin. Some ;:;. o 

of these have been described by Spurr 5 under the names Yentna beds and ~ ~ 
0 .,.... 

Hayes River beds, but they all seem tp belong to the same general ;: ;:: 
horizon as the rocks at Tyonek here referred to the Kenai. Eldridge 6 noted ~ ~ 

• oo· 
the presence of similar rocks at various places along the Susitna up as far 8 g 
as the mouth of Chulitna River, and prosp.ectors report the occurrence of l! 

<._;::.: 

......... f::l 
'~~ 

1 Co.l!ier, A. J., The coal resources of the Yukon, Alaska: Bull. U. S. Geol. Survey No. 218, 1903, pp. 1.'>-18. 
2Stanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet and the Alaska Peninsula: Bull. Geol. Soc. America, vo!.16, 1905, pp. 391-

410. Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, pp. 113-115, 129, 136-137. 
a Eldridge, G. H., A reconnaissance in the Sushitna ·basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 

pt. 7, 1900, pp. 21-22. 
•Atwood, W. W., Mineral resources of soutp.western Alaska: Bull. U.S. Geol. Survey No. 379, 1909, pp. 118-121. 
5Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. '8. Geol. Survey, pt. 7, 1900, pp. 172-173. 
o Eldridge, G. H., A reconnaissance in the Sushitna and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 

1900, pp. 16-17. . . 
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lignite on the Chulitna, in the Kahiltna basin, and along the western base of the Talkeetna 
Mountains. Similar rocks have been recognized along the eastern shore of Cook Inlet, south 
of Turnagain Arm, and at Point Campbell, at the entrance to Knik Arm. (See geologic map, 
Pl. IX, in pocket.) 

The striking_ features of all these Kenai deposits of the eastern flank of the Alaska Range 
are the unconsolidated condition of the sediments, their comparatively slight deformation com
pared with the indurated phases, and the fact that they invariably carry some lignitic coal 
seams. In most places sufficient fragmentary plant remains have been obtained from the beds 
to indicate that they belong to the same general horizon. They are interpreted as being 
r~mnants of. a larger deposit, probably of fluviatile origin. Eldridge's conclusion that these 
rocks probably underlie the entire Cook Inlet depression seems to be borne out by the later 
observations. 

A .broad belt of Kenai rocks 1 flanks the nor.thern slope of the Matanuska Valley and stretches 
northeastward .up Chickaloon Creek. This belt 2 is made up of shales, sandstone, arkoses, 
beds of ~ituminous coal, and conglomerate. These rocks are well indurated and are totally 
unlike the Kenai of the west side of Cook Inlet, in some respects resembling the Carboniferous 
coal measures of the Appalachian region. The sandstone- is ·very hard and tough. The shales 
are dark blue and fissile ·and are interstratified with sandstones and arkoses in irregular beds. 
The conglomerate is massive and aggregates 1,000 feet in thickness. The beds of conglomerate 
are separated by thin, bands of sha.lysandstone, and its pebbles are chiefly greenstone porphyry 
but· include some quartz. porphyry and a little granite and vein quartz. Diabase dikes and sills 
and .large stocks of dioritic intrusive rocks are prominent features in this belt of rocks. 

It is clear that the Kenai of the Matanuska region is strikingly differen~ from that of the west 
side of the Susitna basin. In fact, these Kenai beds resemble in some ways the Cantwell forma
tion, which has been provisionally assigned to the Carboniferous. (Seep. 78.) 

The Kenai beds of the northwestern front of the .Alaska Range occur in several small 
belts which are infolded with the older rocks. Some. o.f these are represented on the geologic 
map (Pl. IX), but many are too small to be indicateq.on so small a scale. They are made up 
chiefly of carbonaceous .and argillaceous shales and slates which carry plant fragment-s. In 
places they include some carbonaceous and ferruginous sandstones. At some localities the 
supposed Kenai is overlain by Paleozoic strata-a relation brought about, it is believed, by thrust 
faulting. (See figs. 14, p. 82; 23, p. 98.) All the l(enai in this part of the field is closely 
folded and probably much faulted. Lithologically these beds bear little resemblance to any of 
the deposits which have been previously described under this formation, but the plant remains 
are such as to indicate Kenai age. 

The Tertiary rocks of the Nenana basin occupy a considerable ttrea lying between Wood 
River on the east and the Nenana on the west. They are also known to occur in the :Pelt a 
River basin, but this part ·of the field has not been surveyed.3 In most of this area the Tertiary 
beds are buried under heavy gravel deposits, being exposed only along the stream cuttings. 
These beds are inade up of white incoherent conglomerate and sandstone and soft clay shales, 
with many layers of lig:Jjtic coal. Both conglomerates and sandstones are so loosely cemented 
as to be little more thrn gravels- and sands. The al~ost snow-white color of the arenaceous 
rocks intermingled with {;he black of the coaly beds forms a striking feature of the landscape. 
(See Pl. XVI, B, p. 170.) On Healy Creek, in the Nenana basin, a section of 425 feet of these 
!'ocks was exposed:4 At this locality the basal bed is. a white quartz conglomerate 200 feet 
thick resting on the upturned edges of metamorphic rocks (Birch Creek schist). The well
washed character. and white color of this conglomerate suggest an old beach deposit. Above 
the conglomerate are incoherent sandstones and ligriitic beds, with some clay shale. All these 
beds. dip northward, away from the mountains, at angles of 5° to 10°. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the, Matanuska and Talkeetna basins, Alaska: Bull. U. S: Geol. Survey 
No. 327, 1907, pp. 24-28. 

2 Martin's surveys of 1910 show that this belt of Tertiary rocks is interrupted by areas of Mesozoic shale. The Tertiary and Mesozoic are intri
cately interfolded. Therefore the areas marked as Tertiary on the geologic map (Pl. IX) are in part Mesozoic. 

Bit wa.S surveyed in 1910 by S. R. Capps. · 
• This section, together with the Quaternary gravels, is included in the section given in the discussion of the Nenana coal field (pp.189-190). 
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Near the camp of August 22,.-on the main Nenana River, a section is exposed showing per-
. haps 200 feet, chiefly of white friable sand, with some shale and considerable lignite. Similar 
deposits have been found by Prindle 1 in the basins of Kantishna River to the west and Wood 
River to the east. (See Pl. XVI, A, p. 170.) Lignite-bearing beds are also reported froin Delta 
River near the rapids and from the headwaters of Jarvis Creek, a tributary of the Delta. Con
glomerates and sandstones, probably of the ,same gen,eral horizon, have been found by Prindle 
and Katz 2 on the north slope of the Fairbanks Creek valley, and similar. rocks, with some 
lignite, are reported to occur on Little Salchaket River. Both these localities. are north of the 
Tanana. 

The facts presented show that this lignite-bearing formation has a wide distribution in 
the Tanana Valley. It seems quite probable that if the alluvium could be swept away it would 
be found that much of the floor of the Tanana depression is covered with this typical deposit. 
In other wor9-s, the conditions here are probably the same as :in the Cookinlet and Susitna 
depression. · . · · · · · . . 

The Kenai formation is widely distributed along the Yukon Valley. Within the area shown 
on the map (Pl. IX, in pocket) it occurs a few miles abov~ Rampart, on the east bank of the, 
Yukon. I-Iere the Kenai is represented by white flat-lying incoherent conglomerate and sand
stones, with interbedded shales that have .yielded some plant remains. Heavy brown sand
stones and massive conglomerates with green shales, also referred to the Kenai, outcrop for 
several miles along the west bank of the Yukon about 5 miles above the mouth of the Tanana. 
These beds are folded and considerably faulted. If. judged solely fr~m their degree of indur:a
tion and .extent of deformation, these beds would appear to. be m.uch_ older than the white 
conglomerates o.ccurring near Ran;tpart. · 

STRUCTURE. 

Three general types of structure have been. recognized in the. Kenai formation. The 
simplest phase is that in which the beds are only gently folded .and faulted. To this type of 
structure belm1g most of the small patches of Kenai in .the Cook Inlet and Susitna depression. 
In a second type the Kenai beds are· sharply folded and faulted.:. lts best example occurs in 
the low:er Matanuska · Valley; but this type of folding is also found on the Yukon. In the 
third struct~ral type the Kenai beds have be~n involved in a very complex system of 
folding accompanied . by thrust faults. This phase of structure has been recognized only 
in the zone of extreme folding along the inland front of the Alaska Range.3 

The simplest type of de
formation merits no special 
description. In tllis class are 
included strata w:hich are prac
tically undisturbed except for 
s1nall faults as well as strata 
which show dips up to 60°. 
In the section of the Tyonek 
exposures (fig. 19, p. 95) the 
beds dip from 30° to 60° NE. 
Some small faults were noted 

FIGURE 20.-Section of bluff of Nenana River 3 miles below the camp of August 23. a, Gray 
micaceous silt; b, reddish gravels and sands containing some 'Qowlders; c, lignite coal beds; 
d, gray friable sandstone, with some white friable conglomerate (Kenai formation). (White · 
areas covered by talus.) 

at this locality, and there may be large ones; as a part of the section is covered. On the 
Nenana the deformation of the Kenai is of about the same magnitude but has manifested 
itself chlefly in broad, open folds accompanied hy faulting. The character of this deforma
tion in the Nenana coal field is illustrated in figure 20, reproduced from a field sketch. 
This figure also shows the relation of the Kenai to the Pleistocene gravels, a matter which will 
be referred to later. ·· · .. -· 

l Prindle, L. M., The Bonnifield and Kantisbna regions: Bull. U. S. Geol. Survey No. 314, 1907, pp. 205-207. 
2 Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. U. S. Geol. Survey No. 3i!l, 1909, p. 185. 
•In 1910 Martin found similar structures a.long the northern margin of the Tertiary of the Matanuska Valley. 
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The more extensive folding and -faulting of the indurated phases of the Kenai is shown in 
the accompanying $ection by Paige and Knopf (fig. 21). In this section the massive hard 

conglomerate of the Kenai formation is broken up into a series of fault 
blocks with extensive throws. 

I= 

:3 
c; 
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Though this type of Kenai folding is known only in the Matanuska 
basin south of the Alaska Range, similar deformations occur north· of 
the mountains in the Yukon pasin. This is illustrated by the section 
(fig. 22) made by Collier at the Drew coal mine> about 10 miles north 
of Rampart, beyond the limits of the area shown on Plate IX (in pocket). 

0 Y.z •Mile 

FIGURE 22.-Section showing structure of Kenai formation at Drew mine, Yukon River. After A. J. Collier. 

Here the Kenai consists of sandstones and shales, with fme conglomerate, 
together with some heavy beds of conglomerate: The coal-bearing series 
rests on metamorphic rocks of unknown age . 

. The infolding of the Kenaj beds with the Paleozoic rocks is shown 
in the section in the upper basin of Toklat River (fig.14, p. 82), where 
the Carboniferous conglomerate appears to have been thrust up over the 
Tertiary sandstones and shales. A better example of thrust faulting which 
involved the Tertiary is · ' 
afforded by the section 
near the camp of July 24 
(fig. 23), where the close
ly folded Tertiary beds 
dip under Carboniferous 
and Devonian strata 
that have been brought 

Tertiary 
0.__ ______ _:..~.!/:...,.2. ______ __.1 MILE 

· into superposition by · FIGURE 23.-Section near the camp of July 24, showing faulting of Paleo
zoic over Tertiary beds. 

a thrust fault. 
The data presented are sufficient to indicate the widely divergent 

character of the post-Kenai diastrophism. If the folding of all the Kenai 
rocks of Alaska were describ~d, similar conditions would be noted. This 
clearly shows that the crustal movement which followed the deposition 
of the Kenai, though epeirogenic in extent, differed greatly in intensity 
in different parts of the province. 

THICKNESS. 
I 

,....: 

: , The Kenai formation is much thinner in some parts of the province 
g than in others. These differences are due in part to irregularities of orig-
~ inal deposition, in part to the fact that in most places it forms the top-

most member of the bed-rock column and hence has been subject to erosion. The uncon
solidated phases of the Kenai are especially subject to rapid erosion. It is probable that 
much of the Kenai was laid dow:n as .fluviatile and lacustrine material in areas of subsidence, 
and it is to be supposed, therefore, that the- deposits originally had the outline of elongated· 
lenses,~ thiru:ing out rather abruptly .in cross section. 
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The thickness of the I{enai deposits at various localities in central Alaska is shown in the 
following table : 

Thickness of Kenai formation in central Alaska. 

Locality. · Character of unit. Thickness · Authority. (feet). 
~ 

Kachemak Bal, Cook Inlet .. Soft sandstones, clay shales, and coal beds ................. : .......... 10,000± R. W. Stone. 
'l'yonek, Cook nlet .......... Soft sandstone, sandy and clay shales, with some conglomerate beds 5,000+ Eldridge and Brooks. 

and numerous coal beds. 
Matanuska Valley ........... Sandstones, arkoses, and shales, numerous coal beds, and massive hard 3,000+ Paige and Knopf. 

conglomerate (1,000 feet). 
Hayes River, Susitna basin .. Soft conglomerates and shales, with coal beds ......................... 150+ Spurr. 
Kichatna Valley, Susitna· Soft conglomerates, sandstones, and shales, with coal beds ............. 200± Brooks and Prindle. 

basin. · 
Junction of Susitna and Chu- Clays and sandstones, with coal beds .................................. 10Q-300+ . Eldridge. 

litna. 
Massive hard conglomerate (500 feet), with fiSsile clay shales, gravel, u:w~~r ~~~~~hina, Copper 2,000+ Mendenhall. 

and sand and coal beds. 
Upper Nenana Vall~---····· Friable white conglomerate and sandstone, clay, anr! coal bedl'! ........ 50Q-1,500 • Brooks and Prindle. 
Drew mine, Yukon iver .... Sandstones, shales, and conglomerates, with coal beds ................. 5,000± Collier. 
Washington Creek, Upper Friable sandstones and some conglomerates, with coal beds ........... 2,000 Collier and Brooks. 

Yukon. 

If the I{enai beds are fluviatile deposits, as seems most probable, it is likely that the Cook 
Inlet and Susitna depression was occupied by one of these rivers and that the heaviest deposits 
indicate the approximate position. of the main stream, while the lighter deposits mark the 
margins of this old valley or the position of its tributary streams. A somewhat similar explana
tion will probably account for the variation in thickness of the Kenai of the Yukon-Tanana 
Valley. The wide distribution of this formation suggests an extensive drainage system whose 
main artery may have corresponded approximately with the present valley of Yukon and Tanana 
rivers. It i~ not improbable that the lower Yukon and Tanana, as well as Cook Jnlet, may 
have been estuaries during Kenai time. This subject, which will receive further consideration 
in the discussion of the recent geologic history, is here introduced for the purpose of explaining 
the great variations in the· thickness of ~he formation. 

AGE AND CORRELATION. 

The age assignment and correlation .of the Kenai formation have been based on the evide~ce 
... of fossil plants and invertebrates and of stratigraphic sequence and relations. Physiographic 

evidence has thus far been neglected. Indeed, the study of the genesis of land forms in Alaska 
has leaned somewhat heavily on the stratigraphic investigations rather than contributed 
anything to-.vard the solution of the problems invplved in correlation. · 

The age determinations and correlations of the I{enai made up to the present time are based 
almo~t wholly on fossil plants, which are, geographically at least~ widely distributed and fairly 
abundant in the formation. With the exception of a few fresh-water gastropods, no invertebrate 
fossils have been found in the Kenai_rocks here described. , The l{enai of I:Ierendeen Bay has, 
however, yielded a marine fauna of Eocene age. In the absence of any detailed investigation of 
structur~, succession, and distribution in the Mount McKinley region, little weight can be given 
to the stratigraphic evidence. 

Alaska l{enai beds have yielded a large flora, al~ of which has received a preliminary exami-
"nation by F. H. Knowlton. His familiarity with the key fossils has made it possible for him 
to pass a more or less definite opinion on the rather fragmentary plant remains which have been 
found in the 1{enai formation lwre described. The following fossil determinations and age 
assignments have been made by Mr. I{nowlton. The reports not otherwise credited are from 
unpublished material. · 

Fossil plants from Kenai format.ion. 

Tyonek, Cook Inlet. 

[Collected by W. W. Atwood and C. E. Weaver, 1906.] 

One-half mile south Qf Tyonek on cliff exposed along beach. Age, Kenai. 
" , Taxodium tinajorum Heer. 

Corylus macquarrii (Forbes) Heer. 
Fragments of dicotyledons. 
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·Matanuska Region. 

[Collected by Sidney Paige and Adolph Knopf, 1 1906.] 

This material, consisting of six small lots, is in the mairi very poorly preserved and insufficient in quantity to make 
the report of fullest value. The various localities and the forms detected at each are as follows: 

Tsadaka Creek, 25 feet above 11-foot coal" seam. Age, Kenai. 
Sequoia langsdorfii (Brgt.) Heer. 
Ficus? gronlandica? Heer. 
Magnolia inglefeldi Heer. 

-;_ Fragments of other dicotyledons. 
Kings Creek coal. Age, apparently Kenai. 

Ficus? gronlandica Heer. 
Populus arctica? H-eer. 
Rhamnus eridani Heer. 
Viburnum sp. cf,. V. nordenskioldi Heer. 

Arkose Ridge, north of Tsadaka Creek. Age, apparently Kenai. 
Taxodium distichum miocenurri Heer. · 
Taxodium tinajorum Heer. 
Populus sp.? 
Ficus? gronlandica? Heer. 
Paliurus colombi Heer. 
Fruits, cf. Leguminosites sp: 

Chickaloon coal strata, Watson's·camp. · The age indicated is Kenai. 
Sequoia langsdorfii (Brgt.) Heer. · 

Matanuska Region. 

[Collected by G. c .. Martin, 1905. 2] 

Chickaloon coal strata, Watson's camp. The age indicated is Kenai. 
Taxodium distichum miocenum (Brgt.) Heer. 
Salix varians Heer. 
Populus arctica Heer. 
Corylus macquarrii.(Forbes) Heer. 
J uglans nigella Heer. 

Kings Creek, collected by W. A. Langille, of Forest Service. The specimens are small and the plants fragmentary. 
With some uncertainty the species named below have been recognized. ·If determinations are correct, the beds 

. are probably Kenai. 

Taxodium tinajorum Heer. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus arctica Heer. 
Corylus macquarrii (Forbes) Heer. 

· Mount McKinley Region. 

[Collected by A. II. Brooks and L. M. Prindle, 1902.] 

1. Branch of Kichatna River, camp of July 5, east side of Aiaska Range. 
Minute plant fragment, without character. 

3. Kichatna River,·one-half mile below camp of July 9, east side of Alaska Range. 
Fragments of stems and" bark, without character. 

5. About 3 miles southeast of Sampson Pass, Alaska Range, near camp of July 10. 
Minute plant fragments, with a single very small fragment of a dicotyledon, not determinable. 

12. Dome Stream, about 1,000 feet from camp of July 23, west slope of Alaska Range. 
Chondrites heerii Eirhwald. · 

14. Above camp of July 24, east side of canyon 20 to 30 miles southwest of Mount McKinley. 
Fragments, apparently of bark, without character. ' 

15. Camp of July 24, southwest of Mount McKinley, west slope o(Alaska Range. 
Stems and minute fragments of a dicotyledon, not determinable. 

17. Four miles southeast of camp of August 3, foot of Mount McKinley, west slope of Alaska Range. 
Minute fragments, without character. -

18. Creek bed at base of hill S. 30° E. from camp of August 3, west slope of Alaska Range. 
Plant sterris, possibly rachis of ferns, not determinable. 

19. Two miles north of camp of August 8, about 30 miles north of Mount McKinley. · 
Stems and bits of \"regetable matter and two minute fragments of a dicotyledonous leaf, not determinable. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, p. 26. 

2 Martin, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey No. 289, 1906, p. 14. 

,· 
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20. Camp of August 9, 30 to 40 miles northeast of Mount McKinley, west slope of Alaska Range. 
Chondrites heerii Eichwald. -

21. South side of main valley, about 3 miles south of camp of August 9. 
Carpites sp., probably new. 
Grass leaves? 
Fern rachis? 
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22. South side of divide one-half mile from camp of August 12, west slope of Alaska Range, N. 15° E. (magnetic) from 
Mount McKinley. 

Fragment of a large dicotyledop.ous leaf; not determinable. 
23. Four miles east of camp of August 12, Toklat River basin. 

T~xodium tinajorum Heer. 
Sequoia langsd6rfii (Brgt.) Heer. 
Populus arctica Heer. 
Populus sp. 
Large leaf, apparently new. 

24. About three-fourths of a mile east of camp of August 24, 5 miles north of Nenana River. Bowlder 1n drift: 
Probably Sequoia langsdorfii (Brgt.) Heer. ' 

27. Southeast of camp of September 12, on ridge about 2 miles east of Little Minook River. 
Chondrites heerii Eichwald. 

28. Four miles southwest of camp of August 20, at headwaters of a.creek flowing northward to Nenana River. 
Fragments of stems, without character. "'l"' · 

From localities 12, 20, 23, 24, and 27 the following spines h.ave been identified: 
Chondrites heerii Eichwald. 
Taxodium tinajorum Heer. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus arctica Heer. · . 

These spines are all enumerated by Heer and others as belonging to the so-called "Arctic Miocene," now pretty 
generally regarded as belonging to the upper Eocene. Although the material in han:d is scanty and in part obscure, 
it is probably safe to assume that these localities should be referred to the upper Eocene. · 

Locality 21, in the collection from which I find a Carpites, grass leaves, and rachis of a fern, appears to represent· 
the same horizon as that affording the other named species-that is, the upper Eocene. 

The collections from localities 5, 15, and 19 show minute traces of the presence of dicotyledons and are presumably 
of the ~arne age.as those from other localities with a dicotyledonous flora, but obviously it is impossible to be certain 
of this with the data at hand. · · · 

Locality 22 shows the presence of a large dicotyledonous leaf. The remarks in the preceding paragraph apply 
to this also. 

Localities 1, 3, 14, 17, 18, and 28 are represented by material upon which it is not possible to venture an opinion. 

Foothills of Alaska Range, 50 Miles South of Fairbanks, Alaska. 

[Collected by L. M. Prindle and C. S. Blair, 1906.] 

L. M. Prindle, No. 31. California Creek, tributary of Totatlanika. This is one of the finest and most satisfactory sn:i.a;ll 
collections of fossil plants from Alaska that I have examined. Although embracing less than 20 specimens, each 
individual is so far determinable that I have been able to distinguish a full dozen forms. They are as follows: 

Taxodium tinajorum Heer. 
Populus leucophylla? Unger. 
Populus arctica Heer. 
Quercus pseudocastanea Goppert. 
Quercus? sp. 
Myrica?, probably new. 
Betula prisca Ettingshausen. 
Betula grandifolia Ettingshausen. 
Betula cf. grandifolia or n. sp. 
Juglans nigella Heer. 
Hedera al.uiculata Heer. 
Vitis crenata Heer. 

Nearly all of these species are enumerated and figured in Heer's "Flora fcissilis Alaskana," and I do not hesitate 
to refer them to the Kenai or so-called "Arctic Miocene," now generally considered Eocene. 

C. S. Blair, No. 10. Roosevelt Creek, mouth of Tatlanika. This collection of only about a dozen specimens is inter· 
estiug, although the material is not nearly so well preserved as the last. I do not recognize any species in this 
collection, but I note the genera Betula, Alnus, Corylus, Andromeda, etc. While I am not positive about it, my 
impression is that this material is younger, much younger, than the baked material from locality 31. In any 
event there is not a single thing in common to the two localities, and this material appears inuc~ more modern. 
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Yukon River. 

[Collected by W. W. Atwood· and H. M. Eakin, 1907.] 

Y.IV. Drew mine, about 35 miles upstream from Rampart. Age, Kenai. 
Populus arctica Heer. 
Populus latior Heer. 
J uglans sp.? · 

XV. Left bank of Yukon, above Rampart. Age, Kenai. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus latior He.er. 
Populus arctica? Heer. 

Mr. Knowlton's determinations indicate that all the plants except those from Roosevelt 
Creek belong to the same horizon. The. question may be raised whether the plant-bearing 
beds do not constitute a· definite formation with the sequence here referred to the Kenai, and 
whether there may not be a younger terrane not assignable to this formation, as appears to 
be the case at Roosevelt Creek. In the absence of detailed sections at the localities where 
plants have been collected, it· is impossible to prove or disprove such an assumption. The 
following facts bear on this question: ' 

The plants collected at Kachemak Bay 1 all come from the lower 2,000 or 3,000 feet of the 
exposed beds. Hence the paleontologic evidence from this locality definitely determines the 
age of only the lower part of the succession.· -

·In the Matanuska Valley, where the Kenai has a thickness of some 3,000 feet, plants have 
been collectednear the base of the formation and from a bed which lies below the upper 1,000 
feet (p. 96) of conglomerate. This conglomerate may therefore be younger than Kenai. 

The Kenai plants from California Creek, in the Nenana coal field, come from a bed believed 
by Prindle to be near the base of the coal measures. On. the other hand, the plants from Roose
velt Creek, 10 miles to the east, are provisionally assigned by Prindle to a bed near the top of 
the coal-bearing series. These are the plants which Knowlton regards as possibly younger than 
the Kenai.· It seems certain, therefore, that in the Nenana coal field at least 200 or 300 feet of 
the beds must be definitely assigned to the Kenai, while the upper 100 or 200 feet ma.y belong 
to a younger formation. 

The other plant collections are from localities where there is either only a small thickness 
of Kenai exposed or the folding of the plant beds is so intricate as to make any determination 
of stratigraphic sequence impossible. . 

Martin 2 found some gastropods in an ironstone exposed on Chickaloon Creek, in the Mata
nuska region.· These fossils, which occur stratigraphically not far from some of the plant
bearing beds already referred to, have been described by T. W. Stanton as follows: . . 

This lot (No. 3316) consists entirely of fresh-water gastropods, of which all but one specimen belong to a single 
species of Viviparus of a type that occurs in both the upper Cretaceous and the Tertiary. The other specimen is a 

. more slender form, too imperfect for generic determination. These fossils are apparently an ~ndescribed species, at 
least they are new to Alaska, .and the3· do not fix the horizon more closely than is above indicated. 

. . 
Atwood 3 has found that the Kenai formation of the Alaska Peninsula carries a marine 

fauna pronounced by W. H. Dall to be of upper Eocene age. This corrobora~es the paleo
botanic· evidence as to the age of the Kenai already presented. Further~ ore, the Kenai of the 
Alaska ·Peninsula rests on rocks carrying upper Cretaceous fossils and is overlain by sediments· 
which have yielded a Miocene fauna. There can therefore be no question as to the Eoce:p.e 
age of that part of the Kenai which has yielded fossil evidence. It has been shown that little 
is known of the stratigraphic s~cce~sion within the Kenai formation. Although at most of the 
localities of its typical occurrence there is, so far as determined, a marked lithologic similarity 
and a stratigraphic continuity throughout the sequence, yet certain exceptions to these con
ditions have been noted. At Tyonek and at Beluga River Atwood found some evidence of a 

1 East side of Cook Inlet, 100 miles south of Tyonek. The Kenai rocks of this locality and their flora are similar to those of Tyonek. See Stone, 
R. W., The coal.fields of the Kachemak Bay region: Bull. U.S. Geol. Survey No. 277, 1906. 

2 Martin, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey No. 289, 1906, p. 12. 
a Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U.S. Geol. Survey No. 379, 1909, p. 114. 
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stratigraphic break between an upper and a lower member.· Again, in the Matanuska region 
Paige and Knopf found a well-defined conglomerate member 1,000 feet thick, forming- the 
top of the Kenai as mapped. The __ Nlatanuska region has also yielded some physiographic 
evidence bearing on ·this point. In their report on this region Paige and Knopf 1 state: 

At the close of the Eocene the strata were uplifted and sharply folded. Peneplanation, however, was far advanced 
in the Talkeetna area, especially on the :flanks of the_ region. Broad rivers whose beds were filled with well-rounded 
gravels :flowed over its surface. 

* * * * ·* * * * 
The early Tertiary history of the Talkeetna area· has already been sketched. It was shown that, coeval with the 

deposition of the Kenai, a -peneplain of considerable perfection was develop~d over the region of the Talkeetna Moun
tains. The older age limit of this pianation is fixed by the fact that the surface is in part cut across a lower Cretaceous 
limestone. The later limit is determined by' the fact that tlie :fluviatile conglomerates resting upon the peneplain 
appear to· represent the similar conglom.erates occurring at the top of Kenai or in: the Matanuska basin. According to 
this view the conglomerates at the top of the Kenai represent the period ~t the close of lacustrine conditions and the 
conglomerates in the Talkeet11a· area are the :fluviatile accumulations of the rivers which transported the materials 
of the Kenai sediments. 

In the Tanana Valley, on the other hand, Prindle finds no stratigraphic break between the 
beds carrying the Eocene ,plants and those carrying a flora pronounced by· Knowlton to be 
probably of post-Kenai age. These two series of beds are identical in lithology and in character 
of deformation. ~1r. Prindle has suggested to the writer, however, that the fact that the 
younger beds probably derived their material directly from older beds would suffice to a·ccount 
for the lithologic identity of the two 'members of the formation even if there had been an erosional 
interval between the two. (See Pl. XVI, A, p. 170.) 

The evidence presented, though far from conclusive, suggests that the Kenai as here 
mapped and described probably includes an upper member which is considerably younger, 
also that this member is separated by an erosional unconformity from the Kenai proper. 

As already stated, the Kenai is widely distributed in Alaska, the various phases of this 
for.r;nation, as here described, being found in different parts of the Territory. As the Kenai of 
the interior is believed to have been laid down iri rivers and lakes -and that along the coast in 
rivers and estuaries, the conditions of deposition must have varied greatly. It is not to be 
expected, therefore, that correl_ations can be established between beds or a group _of beds except 
over small areas. Nearly every considerable area of Kenai rocks in Alaska has yielded some of 
the plants referred by Knowlton to this terrane. It is not improbable, however, that younger 
beds are included with the Kenai in many localities, as is believed to be' the case in the :Mount 
~1cKinley province. 

There are but few fact~ on which to base correlations between theKenai and the Eocene 
of adjacent provinces. In their lithologic character and in the physical conditions under ,vhich 
they were deposited the Kenai beds· resemble the rocks of the Puget group.2 They also appear 
to be dep-osits synch:r:.onous with Dawson's ''Laramie," .3 being fresh-water plant-bearing beds 
succeeding the marine Upper Cretaceous. It is also true, however, that the Kenai formation 
bears many resemblances to the Cold Water group· (Oligocene) 4 of British Columbia. These 
facts lend some support to the hypothesis that· the Kenai may include some beds younger than 
Eocene. . 

VOLCANIC. ROCKS. 

The only known volcanic rocks in the ~1ount McKinley province that are referable to the· 
Tertiary period are the basalt flows on the eastern flank of the Talkeetna Mountains. With 
these are correlated certain volcanic rocks near the mouth of Susitna River described by Spurr 
nncl Eldridge. Extensive bodies of volcanic rocks. occur also alo.ng_ the inland front of the 
Alaska Range. These are believed to be mostly of Cantwell age and have been described in 
connection with that ·formation (pp. 78-85). Some are, however, closely associated with the 
Kenai and may p~ove to be of Terti~ry age. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance In the :M:atanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No.327, 1907, pp. 33, 38. 

2 Willis, Bailey, and Smith, G. 0., Tacoma folio (No. 54), Geol. Atlas U.S., U.S. Geol. Survey, 1899. 
a Dawson, G. M., Geological record of the Rocky :M:onntain·region of Canada: Bull. Geol. Soc. America,.vol. 12, 1900, p. 79. 
4 Idem, p. SO. 
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POST-KENAI LAVA FLOWS IN THE 'TALKEETNA MOUNTAINS .. 

Paige and Knopf 1 have described and mapped a series of basalt flows which occur in the 
Talkeetna Mountains. These include lavas and pyroclastic rocks and have a thickness of about 
a thousand feet. They appear to rest on a plain of rather gentle relief cut across the upturned 
edges of the older rocks. In one place the volcanic rocks rest on a bed of conglomerates of 
unknown age about 200 feet thick. 

The basaltic outflow appears to have been confined chiefly to this region, for there is 'no 
evidence of its occurrence farther west except at tne mouth of the Susitna. Tertiary volcanic 
rocks are widely distributed in Alaska. They are known to occur in the Wrangell region and 
are probably found on Alaska Peninsula and in the Aleutian Islands .. Basaltic flows that are 
probably of Quaternary age are still more widespread, being found almost throughout Alaska. 
It is possible that the deposits above described may be correlated with some of these Quater
nary rocks rather than with those of Tertiary age. 

VOLCANIC ROCKS. OF LOWER SUSITNA. 

On the geologic map (Pl. IX, in pocket) some small areas of basalts are indicated in the 
region lying adjacent to the Susitna delta. These localities are mapped on the authority of 
Spurr 2 and Eldridge.3 Spurr describes these ro.cks as basalts and refers them to the Tertiary or 
Pleistocene. They are here provisionally correlated with the basalts,of the Talkeetna region. 

INTRUSIVE ROCKS. 

In the foregoing pages it has been noted that basic intrusive rocks occur throughout the 
sediments of the geologic polumn described, including the Kenai. The age of these intrusive 
rocks is therefore considered to be Tertiary, though it may be younger. It is not improbable 
that they may represent the same period of igneous activity as that of the post-Eocene basalts 
of the Talkeetna region, to which they are similar in composition. . 

The commonest type of these basic intrusive rocks is a fine-grained green rock which is in 
places porphyritic and can be classed as a diabase. Another representative of what is apparently 
the same period of intrusion is a co.arser-grained rock to be classed as a gabbro. Descriptions 
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of these rocks as well as of varia.tions 
from the two types will be found in 
Mr. Prindle's petrographic notes (pp. 
147-14.8). 

,It has been shown that the other 
intrusive rocks, here termed diabases, 
cut tpe rocks of :Kenai age.4 A num
ber of the sections which have been 
presented also show that this dia
base invasion took place after the 

FIGURE 24.-Section showing arching of strata by intrusive diabase and jointing of 
igneous rock near the camp of August 9. latest period of extensive earth move-

ment, for the intrusive rocks almost 
invariably cut across the major structures. (See figs. 10, p. 77; 14, p. 82.) In some places an 
arching of the strata around the intrusive rock was noted. An example of this structure is 
presented in figure 24, which is taken from a field observation. The intrusion here !s probably 
a laccolith, but its floor was covered. Other examples of similar disturbances due to intrusion 
were noted. The intrusive rocks themselves are· all massive, ~xcept in some places where 
jointing is shown, as in the section given ·in figure 24. Diabase intrusives such as are here 

1 Paige, Sidney, .and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 29-30. 

2 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, pp. 105-226. 
a Eldridge, G. H., A reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1898: Idem, p. 18. 
4 Martin's recent investigations show that stock_!;, dikes, and sills of basic rocks are abundant in the Tertiary sediments of the Matimuska 

Valley. 
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described are common phenomena throughout Alaska. Most of these are probably of Tertiary 
age or later. The presence of Quaternary basalts in many parts of the Territory suggests that 
some of these diabase dikes may represent the feeders of such outflows. 

QUATERNARY SYSTEM. 

OUTLINE. 

Much of the Mount McKinley region is mantled by a heavy covering of Quaternary alluvium. 
(See Pl. IX, in pocket.) This unconsolidated material may be divided into two general groups. 
The older group, provisionally assigned to the Pleistocene, includes (1) the terrace gravels, which 
are conspicuous features of the lowland areas south of the Tanana, and (2) the silts and the high 
bench gravels, which occur within the physiographic province termed the Yukon-Tanana upland 
(p. 48). (See Pl. XII, A, ·p. 108.) It is possible that some of the deep gr~vels of the Tanana 
basin may be foup.d to form a third type of the Pleistocene. The second and younger Quater
nary ·group, here mapped as Recent, is made up chiefly of the fluviatile deposits of the present· 
watercourses. There is also a layer of white tuff which occurs in the Cook Inlet region immedi~ 
ately underneath the soil. There are no lithologic differences to characterize the two groups of 
the Quaternary, but many of the older deposits show a greater degree of oXidation. As a mat
ter of fact, the differences in the lithology of the various phases· of the Pleistocene are greater 
than those between them and the Recent deposits. This is natural, for most of the Recent. 
alluvium is n1ade up of the re-sorted debris derived from the,dissection of the older. gravel sheet. 
Much of the region is believed to have been glaciated before the deposition of the terrace grav
els, and in some places the material deposited by ~he floods that accompani~d the ice retreat 
was overridden by readvances of the ice sheet. South of the Tanana the Pleistocene gravels 
include a large percentage of glacial material. The existing glaciers have also contributed debris 
to the Recent deposits. The n1apping of the Quaternary on Plate IX is only in part based 
on field observations by geologists. In the mapped areas the topographic expression of the 
Quaternary deposits is so strikingly regular as to appear to justify the extension of the Pleisto
cene and Recent coloring beyond the limits of actual geologic field observation on the basis of 
the contouring alone. Without this explanation it n1ight be inferred that far more field work 
had been done on the Quaternary deposits than on the hard-rock formations. 

PLEISTOCENE DEPOSITS. 

The, deposits here of necessity grouped as Pleistocene embrace bodies of alluvial material of 
widely divergent character and origin. Though the study of isolated sections indicates that the 
terrace gravels will probably-be subdivided when detailed surveys are made, subdivision is not 
now possible. Genetically the Pleistocene deposits, though here mapped as a unit, are divisible 
into at least two groups, which were probably synchronous. In one group fall the glacial 
terrace gravels, which are of fluviatile origin and were laid clown during the ice retreat; 1 in the 
other are the silts and bench gravels, which lie for the n1ost part beyond the influence of glacial 
activity. The latter were deposited chiefly under lacustrine conditions, probably brought about 
by changes in drainage and uplift and depression. They also include, however, some fluviatile 
deposits. 

Although there is little direct evidence as to the age of these deposits-for no fossils have 
been found in them-they have been found resting unconformably on Eocene and older terran~s 
and are for the most part younger than the time of maximum glaciation. Some Pleistocene 

1 S. R. Capps, who in 1910 made a roconnaissau'co of tho northern· base of the Alaska Range, from tho Nenana to the Delta, considers that 
tho high gravels of this region are of preglacial origin. · 
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fossils have been found at several localities in the Yukon Valley, in silts which resemble rund ar~ 
probably of the same age as the silts of the northern part of the area here described.· It is by 
no means imposs~ble that SOUle of the heavy terrane gravels n1ay be of Tertiary age. The deep 
gravels at Fairbanks, son1e of which may be Pleistocene, are known only through the mine 
workings, aild no evidence of their .age has been obtained. As these deep gravels are every
where buried under Recent deposits, they are not represented on the geologic map. 

In the following pages the· Pleistocene deposits of each physiographic _province are con
sidered in turn. The genesis of these deposjts is treated in a later sec'tion of the report 
(pp. 134-136), together with an account of the glaciation. 

COOK INLET AND SUSITNA REGION. 

Under this heading all the Pleistocene deposits of the river draining to Cook Inlet are 
described. Much of the land area within the Cook Inlet and Susitna t:J;"ough is covered by gravels 
4ere referred to the Pleistocen~. These have been dissected by streams, the larger of which have 
entrenched broad valleys in the gravel covering. Along the coast wave action has cut into these 
sediments, leaving seaward-facing escarpments (Pl. IV, B, p. 44). 

These Pleistocene gravels, sands, and silts underlie the low plateaus which stretch inland 
on~both sides of Cook Inlet to the foot of the high ranges and reach far up the l\1atanuska and 
Susitna valleys and their tributaries (Pl. IV, A). The topographic expression of these deposits 

· is of the same general type throughout. 
Soil IZ-IBinches 

~~~~~~~~~~~~~~~~~~~~~ They form a broad gravel terrae~ which 
slopes up from Cook Inlet or from the 
main waterway toward the highland rim. 
Where incised by river cutting or by 
wave action, as along the shore at Cook 
Inlet, these benches end in steep -escarp
ments from 75 to 125 feet in height. 
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: •• ~ ~.'.~.sea level-. resented within the mountains by steeply 

sloping benches. which are in the main 
FIGURE 25.-Section of Pleistocene deposits ~ear Tyonek, at the camp of June 1. well defined and which reach f!Jtitudes of 

2,000 feet. Srnaller well-defined benches occur up ·to the limit of glaciation, which on the 
Pacific slopes of the ranges is approximately 2,500 fe~t above sea level. 

The material of these Pleistocene terraces is chiefly stratified" sand and gravel, with some silt 
near the outer margins of the deposits. · Large angular bowlders, some of which are 20 feet in 
diameter, are _not uncommon in these deposits: Bowlder clay was observed in_ association with 
th(} gravels at a few localitie~. About 2 miles south of Tyonek the Pleistocene gravels and 
sands, carrying some large·granitic bowlders, rest uncomformably on the Kenai form-ation. (See ~ 
fig. 19, p. 95.) Jn some sections along this coast line bowlder clay was seEm underneath and in 
others on top of the stratified deposits, indicating recurring advances of the ice sheet. The, 
relations of bowlder. clay and gravels near Tyonek are shown in figure 25. Only at this one 
locality were Pleistocene gravels that carried any lignite seen by the writer. This can be con
sidered the type of several sections, though the thickness of individual deposits differs greatly. 
In some places the bottom of the bowlder clay is at or below sea level and the underlying gravels. 
are not exposed. In others the bowlder clay rests on 10.0 feet or more of stratified gravel. 
The sands and gravels are usually red from oxidation and some are cemented by .iron or manga
nese. ·Three r_niles north of Tyonek is exposed a s~ction showing 75 feet of stratified gravels 
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overlain by a white tuff 2 feet thick, and_this in turn by soil. A section exposed near Beluga 
River shows the red or oxidized gravel unconformably overlain by .gray gravel. 

Though the character of the topography clearly indicates that the.Pleistocene gravel sheet 
stretches inland from Cook· Inlet, there was no opportunity to study any detailed section of these 
qeposits after leaving tidewater. Broad terraces were observed stretching up the lower 
courses of Skwentna and Kichatna rivers, and th~se merge, at the n1ouths of the 'valleys, with 
the gravel sheet of the Susitna. 

Moffit, 1 in describing the Pleisto.cene deposits on the east side of Cook Inlet, notes a section 
of gravel 75 to 100 feet thick at the settlement of Kenai. Of this the lower two-thirds is 
rnade- up of bluish-black silt containing some gravel, overlain by sand and gravel. The upper 
third is in part firmly cemented with iron oxide and resembles a weathered ferruginous sand
stone. Along the beach there are many large granite bowlders, some of which reach 8 or 10 
feet in diameter; these were probably derived from the Talkeetna J\1ountains. 

The Pleistocene deposits of the Knik Arm region;2 made up ·of gravel, sand, and silt, are 
coextensive with the bench gravels of the Matanuska Valley, which have a measured thiclrness 
of at least 300 feet. The gravels of tl;le Mat~nuska are well waterworn and contai~ but few 
if any glacial bowlders such as are present around Knik Arm. 

Eldridge's account 3 of the Pleistocene of the Susitna Valley is rather general ·and includes 
no detailed sections. He notes, however, deposits of two distinct periods-a lower deposit, 
made up of bluish-gray clay-carrying pebbles and small bowlders, and an upper deposl.t, con-· 
sisting of gravels becoming finer toward the coast and coarser toward the headwaters of the 
river. 

On the west side of the Sus~tna Valley these gravel terraces merge along the watercourses 
with bench gravels which extend up the valleys of tributary streams for greater or less dis
tapces. As observed along the Kichatna, the benches are made up chiefly of coarse gravels, 
with SOUle bowlder clays. The exposures are 'not very plentiful, and it was impossible to 
determine whether there was more than one period ~f deposition, as in the plateau gravels of 
Cook Inlet. If there was a.preglacial gravel sheet, it was probably removed by the advance 
of the ice. -If, on the other hand, the glaciers left deposits of till, these'may have been removed 
by the floods which attended the ice retreat. It is there.fore not likely that evidence of an 
older Pleistocene terrane could have been preserved in these mountain valleys. Some of 
these Pleistocene bench gravels are difficult to differentiate fron1 the glacial benches of recent 
data. The upper limit of the well-marked gravel terraces of the larger watercourses is about 
at the limit of glaciation-that is, between 2,200 and 2,500 feet above the sea. 

:Moffit4 has described similar benches along the valleys of Kenai Peninsula, .which are 
con1mon up to altitudes of 1,600 feet. He also makes mention of stream gravels on the mountain 
slope west of Quartz Creek, on Turnagain Arm, nea~·ly 2,000 feet above sea level, and describes 
a still higher gravel occurring at an altitude of 3,000 feet which he interprets as a deposit laid 
do:wn along the margin of a· glacier.· 

These Pleistocene deposits differ greatly in thiclrness. On 'Cook Inlet the maximum 
depth observed was about 200 feet, but in the Matanuska Valley 300 feet of gravel is reported. 
At other localities the deposits have a depth of 50 to 200 feet.- It is probable that the Ph~isto
cene of the Cook Irilet region was laiq. down in a rather deep basin whose rock floor may be 
rnany hundred feet below· the present surface. In the center of the basin these deposits may 
be 1,000 feet or more in thickness. As the alluvium probably mantles an irregular surface, 
however, great variation in thickness is ·to be expected, and in fact this is shown to exist by 
the few measurements that have been made. 

1 Moffit, F. H., Gold fields of the Turnagain Arm region: BulL U. ·s. GeoL Survey No. 277, 1906, p. ·20. 
2 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bt.JL U. S. GeoL Survey 

No. 327, 1907, pp. 30-31. 
a Eldridge, G. H., A reconnaissance in the Sush~tna basin and adjacent territory, Alaska, in 1898: Twentieth .Ann. Rept. U. S. Geot· Survey 

pt. 7, 1900, pp. 17-18. 0 • 

4 Moffit, F. H., Gold fields of the 'rurnagain Arm region: Bull. U.S. GeoL Survey No. 277, 1906, pp. 25-26. 
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. PIEDMONT PLATE4U .. 

The plateau terrace which nutsks the inland front of the Alaska Range, from the Kuskokwim 
northward and eastward into the Tanana Valley, has been described as the piedmont plateau. 

0 2 MILES 
'---~---'------' 

It has been shown that the surface of this plateau 
slopes away from the mountain and is cut by nu
merous streams, some of which have chiseled out 
broad valleys (Pl. VI, B, p. 46). Along that part of 
the plateau lying close to 'the mountains between the 
Kuskokwim and McKinley Fork of the Kantishna 
the Pleistocene deposits consist of sands and gravels, 
with some glacial till. No measurement of thickness 
of these deposits was obtamed, for there are no good 
exposures of the Pleistocene in this part of the field. 
It seems probable, however, that the· whole platHau ' 
is underlain by gravels and sands, with probr~bly 
some bowlder clay, and that these deposits extend 
out into the Kuskokwim lowland. At the base of 

·the mountains the material_is coarse, but away from 
the· highlands it seerp.s to become finer. Prospectors , 
report the occurrence of silt and sand bluffs in the 
I . ...tl}w Minchumina region, and these probably belong
to (jhe same terrane. Many erratic bowlders were 
seen along the mountain front, but these were un
doubtedly deposited. by the existing glaciers, whose 
fronts are close at hand. 

Along the southern margin of the Tanana Valley 
there is a gravel sheet 2,000 feet or more in thick
ness. In this the Nenana and other rivers have 

FIGURE 26.-Sketch map showing gravel terraces on Nenana · • d h 1 t t h ( fi 26) 1 h 
River. Figuresshowapproximateelevationaboveseal~vel. InCISe S arp Y CU rene es see g. ' a ong W ose 

walls the . character of the deposits is well seen. 
The material is chiefly coarse washed gravel, much of it having a reddish color, with some, 
heavy beds of coarse sand. The writer's observations indicate that this deposit rests uncon
f~rmably on the eroded edges of the friable conglomerates and sandstones assigned to the, 
Kenai formation, from which it is sharply differentiated. Mr. Prindle, however, in studying 
the eastern extension of this belt, found that both the gravel of the Kenai formation and 
those lying above it appeared to be conformable, and in many places it was impossible to 
differentiate the two formations. A section exposed about 2 miles below the mouth of 
Healy F.ork, qn the Nenana, 
showed the unconfonnable rela
tion of the Pleistocene gravels 
to the Tertiary beds. At this 

Re.ddish sands 
and ~ravels 

locality about 150 feet of roughly Whi~ friable conglom- ~ 
stratified gravels containing erate and sandstone ~ 

bowlders 3 . to 4 feet in diameter 
were 0 bserved resting unconform-
ably on a friable sandstone of Quartz-seric;:ite schist 

Kenai age. Above these grayels 
there is about 5 feet of gray sand FI-GURE 27.:-Section on Nenana River near the camp of August 22, showing the r!llation. 

of terrace gravels to Kenai formation and of Kenai formation to metamorphic rocks. 
and silt with a few pebbles up . 
to 2 inches in diameter. These gravels where exposed to weathering have a red color. The sec-· 
tion in figure 20 (p. 97) shows the relation of the gravels to. the faulted Kenai beds. · Along the, 
mountain front, at the contact with the metamorphic schists, these Pleistocene deposits dip north
ward at angles of 5° to 10°. This fact indicates that there has been uplift since their deposition~ 
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A. VIEW LOOKIN G UP NENANA VALLEY. 

T hree diffe ren t g rav e l t e rraces are shown. Nea r camp of August 22. 
See page 109. 

B. YANERT FORK, LOOKING UPSTREAM. 

Showin g flood-plain deposits in basin lowland s above canyon of Nenana River . 
From camp of August 18. See page 11 0. 
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Many of the valley walls in this part of the field are broken by a series of benches which 
represent deposits of a later date than those forming the main gravel sheet. _This is well 
illustrated in the sketch map of the upper Nenana (fig. 26, where the benches are diagram
matically indicated) and in Plate XII, A. At the locality shown in the view five terraces are 
clearly recognizable,. standing at altitudes estimated at 1,000 to 3,400 feet. The gravels of 
these terraces appear to be entirely undisturbed, resting horizontally on the upturned and 
eroded edges ·of the Kenai beds or on the older gravels. ·Their relations to the Kenai are shown 
in the accompanying section (fig. 27), which is reproduced from a field sketch. 

The Pleistocene g1'avel sheet above described occupies the southern part of the Tanana· 
lowhind. Its northern limit is marked by ~n escarpment which is roughly parallel to and from 

· 30 to 50 miles south of Tanana River. On the lower Tanana, beyond the area ·of the map, 
the Pleistocene sediments mantle a much larger part of the Tanana lowlan~, and at the mouth 
of Cosna River they reach within a few miles of the north wall of the Tanana Valley. Here 
the sedi1nents are notably finer, indicating deposition in quiet waters and transportation much 
farther than those described above. 

YUKON-TANANA UPLAND. 

The Pleistocene deposit~ of the Yukon-Tanana upland have been in part mapped and 
studied in some detail since 1902.. To the reports resulting from these investigations the reader 
is referred for details, for they·will here ori.ly be briefly summarized. 

Prindle and Katz 1 have mapped a fine gray silt which occurs as a terrace deposit in the 
Fairbanks placer distfict. The material forms a well-defined bench _at an altitude of· about 
1,000 feet. It appears that similar deposits occur in the Tolovana Basin, but less is known 
of thein. All these silts were probably deposited in sluggish streams or in standing water. 

Reference has been made to the possibility that some of the deep gravels of the Fairbanks 
district are as old as Pleistocene, if not even of Tertiary age. These gravels 2 vary from 3 to 
50 feet in thickness and are overlain by 10 to 160 feet of sandy clay and humus. They are 
all derived from the drainage basins in which they now occur. ·The gravels themselves are of 
undoubted fluviatile origin, but the overlying fine sediments are in part contributions from 
talus slopes and in part may be of lacustrine origin. 

A high bench gravel which occurs on the east side of l\1inook Creek valley, some 800 feet 
above the valley floor, has been described in some detail by Prindle and Hess.3 This deposit 
slopes down steeply toward the west till its height above the stream is only about 500 feet. 
The lower part is made up of coarse rounded gravels. The thickness of these gravels has 
nowhere been determined, but it is probably as a rule not over 50 feet. This peculiar deposit 
is unique in the district, though bench deposits at lower altitudes are not .uncommon, one 
occurring, for example, a few miles nodh of the town of Rampart, on the east side of the Yukon, 
where a bed of well-rounded gravel rests unconformably on the ·sandstone of the Kenai forma
tion, about 30 feet aLove the river. 

As shown on the geologic map (Pl. IX, in pocket) there is an extensive area of Pleistocene 
deposits along. the valley of Stephens Creek, a few miles southwest of Minook Creek. These . 
deposits define a well-marked bench some 400 feet above the river and are made. up essentially 
of fine buff-colored and yellow silt interstratified in places with a few beds of gravel. The silts 
are at least 200 feet thick. They are very like the silt deposits of the upper Yukon,4 which, 
howev-er, are believed to be closely related to the overwash deposits of the glacial epoch. 

There are some benches along the Yukon below the mouth of Stephens Creek, and these 
are probably covered with gravel, though they have not beeri. examined. On the west bank 
of the Yukon, opposite the mouth of the Tanana, there is a broad bench which extends inland 
for several miles and is covered with fine silt. These are similar to the deposits found on the 
lower Tanana and are probably extensions of them. 

1 Unpublished manuscript. 
2 Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. U.S. Geol. Survey No. 379, 1909, pp. 181-192. 
a Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U. S. Geol. Survey No. 280, 1906, pp. 30-31. 
f Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, 

pp. 309-310. 
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CORRELATION. 

The known fa~ts do not permit a definite correlation between all the deposits here described 
as Pleistocene. There seems to be little doubt that the terrace gravels found on the two 
sides of the range are. synchronous deposits/ but there is less certainty in the correlation of 
these gravels with the sHts of the Fairbanks region and Stephens Creek or the high gravels of 
Minook Creek. The silts which· occur along the Lewis. and Yukon valleys have been described 
by Spurr 2 as the remnants of a continuous deposit under the name Yukon silts. · Russell 8 

had previously referred these deposits to lacustrine origin, while Dawson 4 regarded them as 
estuarian. Spurr argued that they were in part estuarian, ·in part lacustrine. Some fr~sh
·water fossils have since been found at various localities, indicating that most of the ·silts are 
nvnmarine. In the opinion of the writer, most of these silts are overwash deposits laid down· 
by the· floo'ds which accompanied the ice retreat. This explanation is supported by the fact 
that the silts occur up the Lewis Valley only to the norther~ limit of glaciation. 

RECENT DEPOSITS. 

The Recent deposits consist· of the alluvial material along the present wat~rcourses (Pl .. 
XII, B), including some low benches, and ·also some beach sands along Cook Inlet. Many 
of these deposits are not sufficiently extensive to be represented on the accompanying map. 
In this subdivision must also be placed the recent ejectamenta of Redoubt Volcano which were 
found in the vicinity of Cook Inlet. In the Fairbanks district there are some extensive deposits 
of silt, clay, and humus, also of Recent age. · 

The alluvial deposits have no striking peculiarity that merits detailed description. · Near 
the mouths of the southward-flowing larger streaJl).s, like the Susitna, the flood plains consist 
chiefly of fine silts and muds. With these muds a!e found here and there bowlders and pebbles, 
some of which are clearly ice borne and were evidently deposited during the freshets which 
accompanie<;l the spring break-up. In an upstre~m direction the flood-plain deposits gradually· 
become coarser, and along the smaller tributaries they consist chiefly of heavy wash. On the 
streams having glacial sources there is a large percentage of glacial bowlders in the fluviatile 
matter. All the southward-flowing streams .of the· region are overloaded and are building 
up their flood plain~. 

The upper parts of the tributaries to the Kuskokwim all have steep gradients, and their 
flood plains are made up of coarse gravels and a large proportion of glacial bowlders. From 
the best information available it appears that all these streams change their character before 
they join the Kuskokwim, becoming more or less sluggish watercourses with only fine material 
in the'flood plains. 

The flood plains of the tributaries of the. Tanana· are of two types. The rivers flowing 
from the south have steep gradients and their deposits are chiefly C<?arse gravel. Moreover, 
they are turbulent muddy streams which are rapidly aggrading. The northern tributaries 
of the Tanana, on the other hand, are sluggish clear-water streams whose flood plains are 
built up largely of fine sediments almost to the sources o,f the small tributaries. It has been 
shown that this· fine material also goes to considerable depths and that the bed-rock floors 
of the valleys lie far below the present s11rface. 

The subject of ground ice is worthy of mention. It appears that on the south side of 
the Alaska Range the ground thaws out to bed rock every seaf;lon. North of the range ground 
ice is nearly everywhere present under 1 to 2 feet of soil and burnous matter. This layer remains 
frozen throughout the year. Usually where the alluvial material is undrained the permanent 
frost extends to bed rock, in one place 318 feet of frost having been measured. Locally, however,, 
where loose gravels ar~ encountered, the material is not frozen. 

1 Recent studies_ of S. R. Cappsbave raised the question whether the heavy gravels on the south side of the Tanana are of postglacial age. 
If they are preglacial the heavy gravels on the two sides of the range may not be synchronous deposits. 

2Spurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S."Geol. Survey, pt. 3, 1898, pp. 200-221. 
a Russell, I. C., Notes on the surface geology of Alaska: Bull. Geol. .Soc. America, vol. 1, 1889, p. 146. 
4 Dawson, G. M., On the later physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, sec. 4, 1891, 

p.43. 
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The white tuff already referred to is the result of an eruption from Redoubt Volcano, 60 
miles southwest of Tyonek, which took place January 18, 1902. This deposit, which appears 
to be of andesitic character according to local report, accumulated to a depth of about one 
thirty-second of an inch. It was observed by the w.riter as far north as Skwentna River and 
is said to have been carried as far to the northeast as the Matanuska. This would make the 
most distant deposit about 150 miles from the center of eruption. Near the periphery of the 
deposit the material was little more than an impalpable dust which could be seen only on .the 
foliage. · · 

STRUCTURE. 

The structure of· each stratigraphic unit represented in the Mount McKinley province 
has been described in the discussion of the geologic sequence. It remains to consider the 
interrelation of these structures and, so far as the data permit, to present the salient tectonic 
features of the province as a whole, as well as to trace the sequence of diastrophic. events. · 

Attention is here again directeq to the marked parallelism of the major structural axes 
of central Alaska to one another and to the crescentic sweep of the southern coast line. This 
parallelism of structural lines holds not only for central Alaska· but als<? for the entire north
western part of the continent. It finds topographic expression in the crest lines of the principal 
ranges of both the Pacific and the Rocky Mountain systems. Variations from· the general 
trend, which occur here and there, serve but to emphasize the general tecto'nic law of the prov
ince, which is in effect that east of a line bisecting mainland Alaska the major structures trend 
northwest and southeast, while west of such a line they trend northeast and southwest. 1 The 
former trend is but an extension of the structures of the western part of the North American 
,continent; the latter is Asiatic in direction. 

In Kenai Peninsula and west of Cook Inlet the dominant strike lines range from N. 10° E: 
to N .. 20° E. These trends curve eastward, and at about the one hundred and fifty-second 
:n;teridian the strike is N. 60° E. and at the one hundred and forty-eighth meridian nearly east 
and west. From thence it gradually curves to the southeast, so that near the one hundred 
and forty-sixth nteridian the strike lines trend N. 60° vV. 

These strikes. are typical of the Mount McKinley province, which includes the western 
paTt of what is ·here termed central Alaska. The trend of the great synclinorium of the Alaska 
Range is the most striking example of the direction of the dominating structural lines, but 
this is paralleled by the strike lines of the Paleozoic and metamorphic rocks of the Tanana· 
upland, as well as by the folds in the Tertiary beds of the Matanuska Valley. There is some 
divergence from these general trends around the flanks of the Talkeetna l\1ountains, due both 
to the disturbances caused at the time of the intrusion, when the mountains were formed, and · 
to the physical effect of the great mass of igneous rocks, during the -subsequent deformation. 
Another .markedly discordant element in the strike lines has been produced by an east
west fault, which was noted near the intersection of the ·one hundred and fifty-third 'meridian 
with latitude 63° 30'. More detailed studies will probably develop inany other divergencies 
from the normal strike lines, but these are not likely to affect the truth of the statement as 
to the direction of the major structural features. The stratified and schistose rocks of the 
Mount McKinley ~egion, where closely folded, most commonly dip to the east, southeast, and 
south. There are, however, many variations from this direction. In the closely folded rocks 
of the Chugach l\1ountains southeasterly dips prevail, but northwesterly dips are not uncommon. 
In the Matanuska and Talkeetna regions the folds are in part open and the dips vary in direction 
from place to place. The faults along the southern margin of the Talke~tna l\1ountains dip 
toward the north. 

East of the central axis oi the Alaska Range synclinorium the strata in many places dip 
toward the major axis of the folding. Along the inland front of the range the dips are almost 
universally to the southeast, and-perhaps a more significant fact-the fault planes also dip 
in the same direction. In the Ta-::tana upland southeasterly dips prevail, but northwesterly_ 
dips have also been noted. 

! Brooks, A. H., The geography and g2ology of Alaska: Prof. Paper U.S. Geol. Survey No. 45, 1906, Pl. XXI. 

66897°-ll-8 
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Seven_ tectonic subdivisions have been ;made of the Mount McKinley region. Named 
from south to north, they are (1) the Chugach zone of close folding, (2) the Matanuska 1 and 
Susitna province of open folding, (3) the Alaska Range synclinorium, (4) the piedmont zone 
of overturned folds and thrust faulting, (5) the Tanana Valley province of gentle folding, (6) 
the Birch Creek schist area of intens·e defo:r:mation, and (7) the Paleozoic area of close folding. 
Each of these subdivisions, as indicated by the designations, is characterized by structural types 
differing from those of the adjacent provinces. As will be shown, these differences can only 
in part be accounted for by the effects of the pre-Mesozoic epochs of diastrophism. The facts 
in hand clearly indicate that these tectonic provinces are in a large measure the result of dif
ferential post-Paleozoic deformation, which was to a considerable extent localized along certain 
well.:.defined zones. 

Only the western part of the Chugach Mountains is here considered, where the component 
strata are known to be closely folded, with dips ranging from 40° to 90°.2 The monoclinal 
succession of steeply dipping strata is interpreted as due to repetitions by close folding. Moffit, 3 

in describing the southern extension of this belt, notes the presence of many faults, though he 
was unable to determine their magnitude. 

The Mesozoic and Tertiary beds of the :Matanuska and Talkeetna basins, which lie in the 
second tectonic province, are, with exceptions of those lying adjacent to granite batholite 
of the Talkeetna Mountains, only gently folded, and hence fl,re in strong contrast to the intensely 
deformed rocks to the southeast._ Some of the coal-bearing rocks of this area, however, have 
suffered greater deformation, which has manifested itself chiefly in the presence of nu;merou.s 
faults. 4 It was undoubtedly the massive character of the conglomerate involved in these 
movements (see p. 96) which caused the compressive stresses to be taken up by dislocations 
rather than by folding. (See fig. 21, p. 98.) The Tertiary rocks of the Susitna basin, here 
included in the same tectonic province, are but little disturbed. 

The Ala:Ska Range synclinorium includes a broad belt of closely folded rocks, in which, 
however, the synclines and anticlines are recognizable. (See section A-B, Pl. IX, in pocket.) 
:Many minor faults and some of considerable throw were observed in the heart of the range, 
but· no measure of the amount of the displacement was made. There are also so ;me local irregu
larities, caused by the presence of large stocks of intrusive rock, but on the whole these masses 
of igneous rocks appear to have had little effect on the structure. 
• As already indicated, the piedmont zone of faulting, ·which extends along the western 
base of the Alaska Range, is a locus of most intense crustal disturbances. (See Pl. X, B, p. 70.) 
In this zone practically all the folds are overturned toward the west, and hence the dips 
are to the southeast. In the less resistant beds the deformation has been such that it is in 
few places possible to make out details of structure, but the dominating type is that of thrust 
faulting. The older Paleozoic rocks are thrust up on the Kenai formation, indicating displace
ment which must be measured in thousands of feet, if not in miles. It is not impossible that the 
entire front of the range between the Kuskokwim and McKinley Fork of the Kantishna is a zone 
of overthrust where the older rocks have risen over younger series. This overthrusting has been 
accompanied h:.y some cross faulting, and there is a suggestion that these zo_nes of cross faulting 
are lines of weakness -to erosional agencies and are marked by topographic scarps. At Farewell 
Mountain (see Pl. IX) and in the r-egion adjacent to the east there is a well-defined northeast
ward-trending scarp=, which from the stratigraphic evidence appears to lie in a line of movement. 
Similar topographic features have been observed that may a:lso mark cross faulting, of which 
there'is in places some stratigraphic evidence. In the whole belt the only rocks that appear 
to have resisted the intense deforl!lation are the massive conglomerates. of the Cantwell forma-

1 Since the above was written Martin has found a zone of close folding and overthrust faulting extending along the northern margin of the 
Matanuska Valley; · This·was probably caused by the thrusting of the ·sediments against the buttress formed by the Talkeetna Mountain intensive 
rocks. 
. 2Paige, Sidney, alld lUlopf, Adolph, Geologic reconnaissance in .the Talkeetna and Matanuska basins, Alaska: Bull. U. S. Geol. Survey 
No. a21, ·19o7, p. ts. · - · · - · · · · · 

BMoffit, F. H., Gold fields of the Turnagain Arm region: Bull. U.S. Geol. Survey No. 277, 190G, p. 18. 
4Paige, Sidney, a:d Kn:l;Jf, Adolph, Geologic reconnaissance in the Matan,uska and Talkeetna basins, Alaska: Bull. U.S. Geol. Survey. 

No.327,1937,p.41:: ... :'.. .i· 
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tion, which, where it :finds .its full development, has been thrown up .into easily recognizable 
anticlines and synclines. The folding of all the older rocks, which are made up chiefly of less 
massive beds than the Cantwell, has been so intense that the details of structure will defy 
analysis except after very minute studies. 

The I{enai beds of the Tanana Valley, constituting the fifth tectonic province, ·are only 
gently folded and faulted; indeed, in some places they are practically undisturbed. The sig
nificance of this fact will be made clearer if it is remembered that if the stratigraphic correla
tions ·are correct. the Kenai rocks are also involved in the intense .movements of the _piedmont 
zone of faulting. 

The area of Birch Creek schist adjacent to the Tanana on tlie north forms the sixth tectonic . 
province. These rocks have been deformed to such an extent that in many places all evidence 
of bedding is destroyed. The quartzites of this series are broken by faults and closely folded 
and the less massive schists have been fairly kneaded; as a result there are an infinite number of 
minor flexures. The strike lines trend uniformly to the northeast, but the planes of schistosity 
usually dip to the southeast. · 

The Paleozoic rocks lying adjacent to and northwest of the schists and forming the seventh 
tectonic province are also intricately folded and faulted. The deformation, however, has not 
been so intense as to obscure the larger structural features. Although closed folds with south-· 
easterly dip predominate, some more open structures with northwesterly dips have been noted. 
The strike lines are prevailingly to the northeast, but there are some exceptions. 

It is shown in the next chapter that the structures· of the Mount McKinley province are 
the result of recurrent epochs of diastrophism during a period extending from pre-Ordovician 
to Tertiary time. The parallelism of the structural lines is therefore of greater significance than 
if they were the result of. only one epoch of mountain building. Of equal importance to the 
tectonic history is the peculiar distributio·n of the zones of intense deformation, separated, as 
they are, by zones characterized by only moderate 'folding. With regard to the older rocks, 
such as those of the Chugach l\1ountains and the Birch Creek schist, this can be explained by 
the fact that the deformation took place before the younger rocks ·nO¥{ occupying the inter
vening areas were laid down. Such an explanation can not be given for the extreme 'deforma
tion along the inland front of the Alaska Range as compared with the gently folded belts ly.ing to 

_ the north and south, for in this belt the same Mesozoic and Tertiary beds are involved in both 
types of structure. The structures indicate that the thrust which caused these deformations 
came from the direction of the· Pacific, and it appears that along certain zones of weakness, 
which appear to have been loci of previous deformation, the strata were intensely disturbed. 
One such zone of folding would be easy to account for, but where there are 'two or more parallel 
and separate zones, as there appear to be in the Mount McKinley region, it is difficult to con-
ceive how the thrust could have been transmitted.. , 

The explanation of these phenomena must be so.ught in the fundamental concepts bearing 
on the evolution of the northwestern part of the continent. At present there is no adequate 
background of facts to warrant any final analysis of these problems. · 

GEOLOGIC HISTORY. 

Means of interpretation.-The descriptive geology of the Mount McKinley region indicates 
the lack of many data essential to a fundamental analysis of the evolution of the province. 
It seems worth while, however, to utiJize the evidence in hand for a discussion of. the geologic 
history and to present in ,outline at least what is believed to be the sequence of events by which 
this part of the continent was formed. In doing this many assumptions will have to be made, 
and many ideas that are advanced can be regarded as little more than speculation. To simplify 
the presentation it will be necessary to accept as definitely proved certain interpretations of 
the kno·wn facts on the correlations, structure, and stratigraphy that have been advanced in 
the foregoing descriptions solely as suggestions. 

The stratigraphic subdivisions presented and the correlations suggested in the foregoing 
pages have been based chiefly on the evidence of lithology, sequence ?f beds, and fossils; in 
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other words, the discussion has. been primarily an interpretation. of the sedimentary. recm;d. 
Relatively less weight has been given to the subdivisions of geologic time marked by crustal 
disturbances and consequent epochs of e~osion: A time scale determined by periods of diastro
phism, though it may not always lead to the same subdivisions as one based on the evidence 
of sedimentation and of organic life, takes into account phenomena of first in1portance to an 
understanding of the geologic history-the ultimate aim of all geologic investigations. Geologic 
science has perhaps not yet advanced far enough to determine to which line of evidence shall 
be given greatest weight in attempting a r,ational subdivision of the ,geologic time scale, but 
it is certain that the paleogeographer can not afford to ignore either the sedimentary and pale
ontologic record, on the one hand, or the epochs of diastrophism and erosion, on the other .. 

Tabular statement.-On page 55 the salient features of the geologic sequence of Mount 
1\1cKinley region have been summarized in tabular form. This summary is amplified and 
supplemented by the subjoined statement of the chief events of the dynamic history as well 
as the record of sedimentation. As it is the time scale and not the sequence of strata which 
is here presented, the table begins with the oldest records. For the sake of making this section 
complete the entire geologic history will here be considered. A more detailed disctission of 
the post-Cretaceous history, however, will be found in the account of the geomorphology 
(pp. 118-137). 

Statement of geologic history of Mount McKinley province. 

1. Pre-Ordovician sedimentation (Birch Creek schist). Deposition of great thickness of arenaceous ·and a1·gillaceous 
sediments, with some calcareous material and igneous rocks. 

2. Pre-Ordovician diastrophism. Intense deformation under heavy cover, accompanied by some intrusion. 
3. Ordovician sedimentation (Tatina group). Deposition of several thousand feet of argillaceous and calcareous mate-

rial, with much carbonaceous matter. · ' 
4. Silurian (?) and Devonian(?) deposition. Sedimentation on a siJtking sea floor, first of argillaceous ~.terial (Tatina 

group), followed by cherty and calcareous material (Middle Devonian), the whole series measUJ.-ing several 
thousand feet in thickness. In the Yukon region calcareous deposition accompanied by extravasation of a 
large amount of a'ndesitic and basaltic volcanic material. · · ' 

5. Pre-late Devonianfolding. Epoch of folding, possibly followed by period of erosion. 
6. Late Devonian and early Carboniferous sedimentation. An unbroken period of sedimentation on a lowering sea 

floor:. Earliest deposits argillaceous, followed by deposition of calcareous material. These sediments on the 
·Yukon aggregate some 2,000 feet in thickness, but have not been recognized in the Mount MclGnley province. 

7. Middle Carboniferous erosion and sedimentation. A period of erosion followed by deposition of coarse arenaceous 
material, with some argillaceous material (Cantwell formation). Aggregate thickness at least. 2,000 feet. In 
the Alaska Range there was an outburst of volcanoes during this epoch. 

8: Late Carboniferous and early Triassic deposition. A rapid depression followed by deep-sea sedimentation of cal
careous material. Sedimentation continued unbroken from Carboniferous into Triassic time. No deposits 
of this epoch have been found in the Mount McKinley region. 

9. Early Middle Jurassic volcanism. Extensive extravasation of volcanic material in southeastern part of Mount 
McKinley province (Skwentna group). . 

10. Middle Jurassic sedimentation.· Accumulation of several thousand feet of coarse arenaceous sediments, with some 
argillaceous and calcareous material (Tordrillo formation). 

11. Post-Middle Jurassic diastrophism. Widespread crustal disturbances accompanied by the intrusion of large amount 
of granitic and dioritic material. As a result a laml mass was exposed and erosion followed. 

12. Late Jurassic and early Cretaceous sedimentation . . Deposition of probably several thousand feet of conglomerates, 
sandstones, arkoses, and volcanic rocks in the southern half of the province. During late Cretaceous time 
c;leep-sea conditions prevailed in the eastern part of the Matanuska region; but elsewhere in the province 
the deposits of this period were chiefly of terrestrl.al origin. ' 

13. Post-early Cretaceous folding. Intense crustal disturbances throughout the province, accompanied by some 
intrusion. A land mass was probably revealed at the end of this epoch and erosion followed. 

14. Late Cretaceous sedimentation. A part of the Mount McKinley province was submerged and, locally at. least, 
arenaceous sediments were deposited. 

15. Eocene erosion and deposition. An uplift inaugurated a cycle of erosion which was of sufficiently long duration to 
permit the development of an extensive drainage system. Deposition of fluviatile deposits was widespread 
during this cycle (Kenai formation). · -

16. Post-Eocene deformation and subsequent erosion and uplift. A widespread crustal movement during which the 
entire province was elevated several thousand feet and intense local deformation took place along the zones 
marked by the high ranges. This was followed by erosion and then by renewed uplift. 
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Pre-Ordovician sedimentation._:_ The oldest record of sedimentation in the Mount ·McKinley 
province is contained in the metamorphosed rocks termed the Birch Creek schist, here assigned 
to pre-Ordovician· time.. The rocks of this formation in the province are chiefly argillaceous 
and fine arenaceous sediments, with a little calcareous matter and some igneous rocks.· it has 
been suggested that the amount of calcareous matter increases farther east, but this has not 
been proved. It has been shown that similar rocks extend southeastward into Yukon Terri.: 
tory and that the same horizon has been recognized on Porcupine River in a series of quartzite 
slates, with some limestone. This horizon may also be represented by the Kigluaik group of 
Seward Peninsula, 1 which includes a considerable thickness of limestone as well as schists and 
gneisses. There is some evidence that the Kigluaik group is pre-Cambrian. These facts point 
to the conclusion that deposition was widespread during this epoch, and it seems probable tha·t 
the sea in which these sediments were laid down covered a large part of central Alaska and 
adjacent portions of Canada. 

· There is only slight evidence as to the thickness of these strata, but it must be measured in 
thousands of feet. If this terrane or any part of it is found to be of Cambrian age, the body of 
water in which it was laid down may have been coextensive with the Cambrian sea of southern 
British Columbia. All these facts go to show that in pre-Ordovician and possibly in pre
Cambrian time there was an extensive body of water in the northwestern part of the continent. 
The character of the sediments laid down in the Yukon-Tanana region indicates that there 
were also some land masses not remotely distant. Beyond these facts there is little clue to 
the geologic history of this epoch. Whether deposition went on continuously until.this whole 
great mass of strata was laid down or whether it was interrupted by periods of elevation and 
erosion can not be determined from the facts at hand. · 

It should be noted that there is a possibility that the metamorphic rocks forming the 
Chugach Mountains and occurring in the upper part of the Susitna basin may in part be con
temporaneous with the Birch Creek deposits. If this is the case, it suggests that there was 
a land mass in this direction, as these rocks contain a f_ar greater amount of fragmental 
material than the typical Birch Creek schist. 

J?re-Ordovician diastrophism.-The rocks here assigned to pre-Ordovician time are charac
terized by intense deformation and metamorphism and are thus strongly contrasted to those 
which are definitely known to be of Paleozoic age. The metamorphism is of such a character 
as to indicate that the rocks were under a heavy _cover when they were subjected to deforma-. 
tion and alteration.' This crustal disturbance was accompanied by the intrusion of igneous 
rocks. There is no criterion as to when it took place, but ~twas probably before the deposition 
of the Ordovician sediments. . 

It seems quite probable that thiE\ epoch of mountain building resulted in elevating the 
province above the sea and that a period of erosion followed. The Ordovician beds have, 
however, not been found in contact with the metamorphic rocks, so that 'the stratigraphic 
relations have not been established. As indicated, however, the metamorphic rocks are so 
much more highly altered than the later sediments as to indicate that their history was widely 
different from that of the recognized Paleozoic rocks. It is fair to assume, therefore, that they 
were folded and altered before Ordovician time. 

. Ordovician sedimentation.-Sedimentation began again in the !1ount McKinley province 
some time during the Ordovician period and continued until several thousand feet of limestone 
cherts and argillaceous sediments (Tatina group) were accumulated. The sequence of beds, 
so far as known, indicates that deep-sea conditions were followed by .those of shallower water, 
when finer detrital material was laid down. If the Ordovician of the Mount McKinley region 
is the same as that of the Porcupine and of Seward Peninsula, it indicates widespread ~arine 
conditions. It appears possible that the Tatina sedimentation may have been interrupted by 
elevation and erosion, or perhaps by some folding. This, however, is in doubt, as there is ·no 

1 Collier, A. J., Hess, F. L., Smith, P. S., and Brooks, A. H., The gold placers of parts of Seward Peninsula·, Alaska: Bull. U.s. Geol. 
Survey No. 328, 1908, pp. 66-69. Smith, P. S., Geology and mineral resources of the Solomon and Casadepaga quadrangles, Seward Peninsula, 
Alaska: Bull. U.S. Geol. Survey No. 433, 1910, pp. 19-22. 
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positive evidence in this province of an unconformity b~tween the Ordovician Tatina group 
and the succeeding Silurian or Devonian Tonzona group. · ' 

Silurian (·~)and Devonian ( ~) deposition.-A long period of sedimentation began during late 
Silurian or early Devonian time and appears to have continued unbroken into the Middl~ 
Devonian. The deposits of this age seem to have been laid down on a sinking sea floor, the 
land sediments (Tonzona group) of the first part of the epoch being followed, apparently with
put break, by limestone know.n to be of Middle Devonian age. Deposition continued until at 
least several thousand feet of strata were accumulated. In the Yukon-Tanana region the later 
part of this epoch was characterized by volcanic outbursts. 

. Limestones of Middle Devonian age, which are widely distributed over Alaska, are charac
terized both by marked lithologic similarity and by the same faunas. This indicates similarity 
of physical conditions and suggests that most of the northwest~rn part of the continent was 
submerged during Middle Devonian time. Locally, as indicated, there was extensive extrava
sation of volcanic material, which is intimately associated with the limestones of this epoch.· 

Devonianfolding.-In the Yukon Valley there is evidence that Middle Devonian was sepa
rated from late Devonian time by an epocli of deformation, probably followed by a period of 
erosion. In general it may be said that the Middle Devonian limestone, so widely distributed 
in Alaska, is sharply differentiated from the later sediments both by degree of metamorphism 
and by unconformity, and similar conditions may have prevailed in the Mount McKinley 
province, though of this there is no direct evidence. 

Late Devonian and early Carboniferous sedimentation.-On the upper Yukon there is evi
dence of an unbroken sedimentary record extending from late Devonian to early Carbon
iferous time. This record began with the laying down of at least 1,000 feet of fine terrestrial 
sediments, that toward the top gradually became more calcareous and finally passed into a 
limestone and shale ser.ies (Calico Bluff formation) which accumulated to an unknown thick
ness-at 'least 1,000 feet. The increase of calcareous matter was .accompanied by the invasion 
of a ·carboniferous fauna. This formation has not been recognized in the Mount McKinley 
province. Its absence may be due to erosion in the period which followed, for it appears that 
marine conditions prevailed in much of Alaska during early Carboniferous time. · 

~Middle Carboniferous erosion and sedimentation.-On the Yukon there is an abrupt change 
in character of sediments from the Calico Bluff formation to the Nation River formation. The 
former is made up of rocks which originated as deep-sea and offshore deposits; the latter is 
composed of conglomerates and sands strongly sugg~stive of fluviatile origin. In the Alaska 
Range the middle Carboniferous is represented by the Cantwell formation, which is similar 

· to the Nation Riv.er in lithologic character. A period of erosion is known to have preceded the 
deposition of the Cantwell and is believed to have preceded that of the Nation River. The 
beds in other parts of Alaska that are provisionally correlated with these two formations all 
bear unconformable relations to the rocks which they overlie. Moreover, the sediments are as 
a rule of a continental character and the included conglomerates are made up of well-washed 
quartz pebbles. The character of these rocks indicates that they originated after a long epoch 
of subaerial denudation. · 

It is fair to assume, therefore, that after the deposition of the early Carboniferous limestones 
there was a crustal movement by which much of central Alaska was laid bare to the agencies 
of denudation. There is some evidence that during a long period of erosion much of the land · 
was reduced to a surface of low relief and that during this period or after a second uplift which 

·revived erosion extensive fluviatile deposits were laid down. These fluviatile sediments were 
accumulated in some localities to a thickness of at least 4,000 feet. In the Alaska Range this 
sedimentation was accompanied by volcanic outbursts, and extensive lava flows were poured out. 

Late Carboniferous and Triassic.deposition.-On the Yukon the Nation River formation 
is succeeded by heavy limestones of upper Carboniferous age, which in turn are overlain by 
Triassic limestones. The abrupt transition from the conglomerate an_d sandstone of the Nation 
River to shale and limestone suggests that there was an important earth movement in late 
Carboniferous time. Although there is no direct evidence of structural unconformity between 
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the two formations, there must have been a marked change in physical conditions from <:>ne: 
to the other. The facts may be accounted for by a rapid lowering of the land and the bringing 
about of deep-sea conditions, which appear to have prevailed without break into Triassic time. 
In the :Mount :McKinley province the Paleozoic record of sedimentation closed with the deposi
tion of the Cantwell formation, and the Triassic is also lacking. Hence there .is no evidence 
as to the conditions which prevailed in this province during late Carboniferous and early Triassic· 
time. . 

In the upper Copper' basin, east of the l\1ount McKinley province, there are some 7,000 
feet of upper Carboniferous sediments, chiefly limestones and volcanic rocks, and. in the south
eastern part of the Copper basin there are about. 6,000 feet of Triassic limestones and shales 
resting on a great thickness of volcanic rocks (Nikolai greenstone), which may be of Carboniferous 
age. These facts point to the conclusion that during late Carboniferous and early Triassic 
time n1arine conditions prevailed over m·uch of Alaska. The Carboniferous deposition of· 
calcareous rock and shale was locally accompanied by the extrusion of lavas and tuffs. 

},{i.ddle Jurassic volcanism.-Volcanism began in the southern part of the Mount :McKinley 
province during early Jurassic time, or possibly as early as the Triassic, and continued until 

. a great complex of lavas and tuffs (Skwentna group). was accumulated. Contemporary with. 
the outpoui'ing of these :rocks was some normal seclimentatiqn. Some folding and possibly .. 
erosion apparently followed, but of this there is little direct evidence. It seems probable that: 
during this epoch the northern part of the province was above Water, though this is little lllOre 
than a supposition. . . 

Middle Jurass~c sedimentation.-H.owever the cycle of volcanism may have.termi~ate~:t,·. 
whether by the beginning· of deformation or of erosion, it W!1S followed by an epoch of Iittorat 
deposits, when the material of conglomerates, sandstones, and slates was laid down to a thick
ness of 2,000 feet or more. Oscillations of the sea floor or adjacent land masses during this 
epoch are suggested by abrupt changes of material. Some limestones. are found among. the 
deposits of this age. These secli~ents have been recognizecl only in the southern. part of the. 
province-a fact which suggests that at this time the northern part was above the sea. , 

Post-l.1iddle Jurassic diastrophism.-Sometime after the l\1icldle Jurassic period there was a· 
widespread crustal movement which was accompanied in certain areas by the intrusion of large. 
masses of igneous rocks. It was chiefly during this epoch that the great batholiths of the Coast. 
and Alaska ranges and the Talkeetna :Mountains we1e inj ectecl. l\1any of the granitic and clio-. 
ritic rocks of other parts of Alaska are believed to\ belong· to this epoch also. Although it is 
known that intrusions of rocks of this type continued locally until late Cretaceous time, most. 
of the intrusions are believed to have taken place ciuring th]s epoch. 

· Deformation at this time was .in~ensifiecl along the axes of the present mountain ranges. 
In fact, this epoch of folding can ·he considered the beginning of the modern clynan1ic history. 
Later earth movements appear to have followed the zones of weakness which became well 
established during this epoch: 

These disturbances probably laid bare to erosion much of the province, especially near 
the centers of maximum intensity. Erosion follmvecl, but there is no means of determining its 
duration or the extent of the land mass exposed. · 

Late Jurassic and· early Cretaceous sedimentation.-A w1despread inundation followed the 
cycle of disturbance just described and sedimentation began again over much of Alaska. 
l\1ost of the sediments· of this epoch include enough detrital material to suggest the proximity 
of land masses. Probably the most logical interpretation of the facts at hand indicates an 
a;rchipelago or a .deeply fiorcled coast li:pe over what is now Alaska. In some parts of the province 
sedimentation appears to have continued unbroken from Jurassic to early Cretaceous time. 
During the early Cretaceous marine deposits were laid clown in the l\1atanuska and Kuskokwim · 
regions, indicating deep-sea conditions, but in the rest of Alaska the sediments of this period 
are chiefly fragmental, indicating near-by land masses. 

Post-early Cretaceous folding.-The sedimentation cycle was closed by a period of folding, 
locally accompanied by. intrusions. This. cru~tal p1ovement was. h9th widespread and intense . 
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It was the last disturbance in which any considerable metamorphism took place. There is 
some reason to believe that it was followed by a period of erosion. 

Late Cretaceous sedimentation.-In late Cretaceous time a general subsidence took place 
in the region west of the one-hundred and fiftieth meridian, accompanied by an invasion of the 
sea. It is not possible to trace the shore line of this epoch from the evidence in hand. It is 
known that sedimentation was going on over Alaska Peninsula and on the Yukon as far as 
Rampart. It seems probable that the northeastern part of the Mount l\1ciGnley province 
was not submerged at this time. .Sedimentation was .closed, in this province at least, by an 
uplift accompanied by local folding and intrusion of granitic rocks. This movement appears 
to have resulted in elevating the entire province above the sea. 

Eocene erosion and deposition.--'-Erosion, begun after the crustal disturbances which followed 
the Upper Cretaceous sedimentation, continued for a long period of time, extending into the 
Eocene. An extensive system of valleys was then developed, and in these valleys a large 
amount of fluviatile deposits (Kenai formation) was laid down. 

Post-Eocene deformation and subsequent erosion and elevation.-The period of diastrophism 
which followed Eocene deposition was the last one of intense folding. It has already been 
·shown in the discussion of structure (pp. 111-113) that the later epochs of folding were most 
intense along certain zones now marked by the mol_Jntain ranges. This is especially true of 
the post-Kenai deformation. ' 

As a result of these Inovements the whole province was uplifted far above sea level, and 
then stability was maintained for a sufficiently long time. to permit the peneplanation of eiten
sive areas. Differential uplift followed and the present drainage system' was carved out. 
This later history is discussed in greater detail in the section devoted to geomorphology. 

GEOJ\fORPHOLOGY. 

The sequence of stratigraphic events, inore especially with reference to the history up .to 
the close of the Lower Cretaceous, has been presented above. It remains to consider in more 
detail that part of the geologic history which has left its impress on the present topography. 
For this purpose it is necessary to describe the land forms with reference to their ·origin 
and in greater detail than was done in the section devoted to general geography (pp. 42-48). 
Therefore a genetic classification of the land forms is attempted, followed by a statement 
of the period of glaciation, which has been one of the most important agencies .in· molding the 
surface. This forms the. introduction to a statement, as systematic as the data in hand 
permits, of the sequence of events by which the present topography was evo.lved. 

GENETIC CLASSIFICATION OF LAND FORMS. 

MOUNTAINS. 

Ranges of two types have been recognized in this province. Those of one were carved 
out of masses of deformed rocks, in which the major structural lines have determined, to a· 
very large extent, the·present topography. Those of the other were formed by the dissection 
of uplifted crustal blocks whose surfaces represent old peneplains. In the second class erosion 
has been controlled primarily by drainage inherited ·from previous erosion cycles and only 
secondarily by bed-rock structure. 

The Alaska Range is the best example of the first class. Its component strata have been 
thrown up into a broad synclinorium prof<;mndly faulted on the west side. (See sections, Pl. IX, 
in pocket.) The range has a well-defined crest line, which varies from 6,000 to 8,000 feet in height 
and is traceable with but few breaks for several hundred miles. Numerous peaks, composed 

·chiefly of the relatively more resistant intrusive masses, tower above the crest line, with alti
tudes of 9,000 to over 20,000 feet. On the northwest the range for 200 miles falls off by an 
abrupt descent to the piedmont plateau, only 3,000 feet in altitude. On the inland slope the 

. distance from the crest line to the front of the range is only 3 to 10 miles, and foothills are 
almost entirely absent. The coastal slope is far less abrupt, for here the crest line is separated 
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from the mountain front by a number of subordinate ranges and foothills, together forming a. 
rugged area some 20 to 40 miles wide. This asymmetrical cross section is due in part to the 
character of the crustal movement by which the western area of the syncliile was uplifted 
higher than the eastern area and in part ·to subsequent dissection. The· coastward-flowing 
streams, because of the greater precipitation, had the advantage over the inland-flowing 

. strefl,ms. For the same reason glacial erosion was· also greater on the coastal side. 
Certain topographic features suggest that a part of the southeastern frontal margin of the 

range may have once been peneplaned. On the upper Skwentna there is a marked accordance 
of summit levels at altitudes 'of about 5,500 feet. Similar features have been noted to the 
northeast, in the Y entna basin. The evidence is far from conclusive, but it seems possible 
that the peneplanation of the Kenai and Talkeetna mountains (see p. 132) may have beveled 
the southeastern part of the Alaska Range also. This feature is in marked contrast to the 
main crest line of the range, where the variation in altitude is from 6,000 to 20,000 feet. 

Little is known of the structure or topography of tha mountains which form the backbone 
of I(enai Peninsula (see Pl. II, p. 42), and these, like the Alaska Range, may be predominatingly 
of structural origin. In these mountains, however, a marked accordance of summit levels at 
altitudes of about 5,000 feet has been interpreted by Gilbert, Moffit, and Atwood as evidence 
of peneplanation. Even less is known of the Chugach Mountains, whose west ·end lies close 
to the Mount McKinley province. . They appear to be made up of an irregular aggregate of 
p~aks and connecting ridges, with a very sinuous crest line, but farther east a peneplain has 
been recognized by Spencer and others in the accordance of summit levels of the Chugach 
Range. · 

The Talkeetna Mountains aff9rd the best example of a range whose topography has been 
controll(3d primarily by the erosional features of a previous cycle, modified by differential 
uplift, the influences of bed-rock structure having been only of secondary importance. This 
highland mass is made up of a roughly circular rugged group of mountains from 5,000 to 6,000 
feet in altitude, above which tower some individual peaks that reach·7,000 to 9,000 feet. The 
Talkeetna Mountains have no well-de:fin'ed axial cres't, owing probably in large part to their 
genesis but also to the uniformity of their component rocks, which are largely granitic intrusives. 
Paige and Knopf 1 have described these mountains as having been carved out of an uplifted 
peneplain, remnants of which are still recognizable. The old peneplain, which is in part capped 
by basalt, falls off to the east and appears to dip under the Quaternary gravel sheet of the 
Copper Rivei· Plateau. 

PLATEAUS. 

There are two types of plateaus in the l\1ount :McKinley region-(1) those formed by 
deposition and uplift and (2) those which are uplifted plains of erosion. The gravel sheets 
of Pleistocene age that fringe the high ranges are the most extensive and numerous examples 
of the 'first type. With thi~? type must also be classed some small basalt-capped plateaus or 
mesas in the eastern part of the Talkeetna :Mountains. 

The gravel plateaus have been fully described in the account of the Pleistocene sediments. 
It has been shoWn that they stretch i:p.land from wave-cut escarpments. on both shores of Cook 
Inlet, sloping up to the bases of the high mountains at a grade of about 50 feet to the mile 
(Pl. IV, p. 44) .. In the Susitna Valley occurs a gravel sheet which is similar to these but 
has been n1ore dissected. The surfaces of these plateaus also sJope p·erceptibly toward the 
central axis of the depression. The Copper River Plateau, which is of a similar character, lies 
to the east of the area here under discussion. (See Pl. II, p. 42.) · 

The piedmont plateau along the· inland front· of the Alaska Range is of the same genetic 
type (Pl. VI, B, p. 46). Near the mountains its surface slopes away from the highlands at an angle 
of about 5°, but this grade decreases until, at a distance of 10 or 15 miles, the angle of slope is 
in1perceptible to the eye. Whatever may be the form of the bed-rock floor underneath the 
gravels, the present plateau surface is clearly clue to the deposition of gravel. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 38-3(}. · 
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The area here described as the Yukon-Tanana upland (p. 48) forms a part of the great Yukon 
Plateau-a feature generally interpreted as an uplifted and dissected peneplain. At the inter
national boundary the plateau surface has ·an altitude of about 4,000 feet, but toward the west 
it falls o:I and in the Fairbanks region (see topographic map, Pl. III, in pocket) is only 1,200 to 
2,000 feet in altitude. The plateau region as a whole is characterized by remarkably fiat-topped 
ridges and irregular interstream areas, some of which do not vary more than 200 feet .in altitude 
for 20 miles. This summit level truncates the bed-rock. structures, which are in . the main 
nearly vertical. :Many fiat-topped interstream areas embracing several square miles appear 
absolutely smooth and level to the eye. Broad drainage channels traverse the. plateau, and 
many domes and sorne sharp peaks and isolated mountain masses rise above the general level. 
As a rule, the plateau sun1mit level falls off toward the axis of the larger watercourses, whose 
valleys therefore possibly occupy positions inherited from the previous cycle. 

Near the town of Fairbanks the old plateau surface has an altitude of about 1,200 to 1,400 
feet, and 15 miles to the north it rises to 2,000 feet. 1 In this region the old erosion surface 
deGlines toward the wide drainage channels. This is shown by fiat-topped sloping spurs which 
make out from the main ridges. From the ends of these spurs the fall is abrupt to the valley 
bottom. These facts suggest that the present drainage channels, in part at least, occupy 
valleys whose positions were deternlined by the previous peneplain conditions. 

The uplifted peneplain surface continues westward at aqout the same altitude to the vicinity 
of the Yukon near Rampart. I-Ie~:e it is less distinctly recorded.but appears to rise to an altitude 
of over 3,000 feet, and above this level stand some high rugged masses, such as Wolverine 
l\1ountain (Pl. VII, B, p. 48), reaching 4,600 feet. 2 Near the junction of the Tanana and the 
Yukon the peneplain surface appears to be recorded in fiat-topped ridges 1,200 to 1,400 feet high. 

The peneplain level has not been recognized south of the Tanana, where the Alaska Range 
falls off directly to the Pleistocene gravel-floored plateau, and hence in this part of the province 
the relations of the peneplain to the mountains are not established. Farther to the sou_theast 
what is believed to be the same peneplain abuts directly against the escarpment that marks 
the inland front of the St. Elias Range. 3 

In most of the area the upland surface bevels the edges of complexly folded rocks, and 
therefore can not be explained as a structural feature of the bed rock. As the surface cuts 
across both the hard and the soft rocks, no appeal can be made to lithologic uniformity or equality 
of resistance to weathering to account for the plain. The plateau surface is typically developed 
in a region where .neither relief nor structure permits any explanation of this feature by a theory 
of block adjustment,· to which ·the subequality of summit level in some of the high ranges has 
been ascribed. The plateau is found both above and below timber line, and therefore timber 
line c;1n have nothing to do with its development. As it occurs in a region which has never 
been affected by ice action, the theory of planation by ice or glacial sapping is equally untenable. 
There is no evidence of marine invasion in any part of this province since Upper Cretaceous 
'time, and the plateau is therefore not a plain of marine denudation. It thus appears that 
subaerial denudation alone can be suggested to account for this feature. 

There must have been a long cycle of stability .during which erosion reduced the land to 
low relief. The local inegularities of the surface of the plateau indicate that this erosion stopped 
far short of base-level, for there are variations in relief believed to be of erosional origin amount
ing to hundreds and possibly a thousand feet. At the close of this cycle there were, without 
doubt, ridges rising at least several hundred feet above the broad valley floors and having gentle 
.slopes. Ther~ were· also peaks and· mountains which, either because of their position .relative 
to watercourses or because they were formed of more res.istant rocks, were left standing high 
above the lowland. · 

This cycle of erosion was closed by di:fferential'uplift, the amount of which is in places to 
be measured in thousands of feet. There is· some evidence that this uplift was intermittent 

1 See Fairbanks special map,. U. S. Geol. Survey, Alaska sheet No, 642A. · 
2 See map of Rampart quadrangle, U.S. Geol. Survey, Alaska sheet No. 643; map of Fairbanks quadrangle, Alaska sheet No. 642. 
a Brooks, A. H.;A reconnaissance from Pyramid Harbor to Eagle City, Alaska:· Twenty-first Ann. Rept. U.S. Geol. Survey, pt. 2, 1900, p. 347. 
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A. FOOTHILLS AT INLAND FRONT OF ALASKA RANGE, 
IN UPPER TONZONA RIVER BASIN. 

Near camp of J u ly 24. See page 128. 

B. GLACIAL CIRQUES AT HEAD OF EAST FORK OF TONZON A RIVER. 

Nea r earn p of J u ly 25 . See page 126. 
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and that the present altitude of the plateau "'·as reached by series of uplifts interrupted by 
periods of stability during which there was some stream cutting. The evidence at hand is not 
suffi~ient, however, to correlate definitely certain flat-topped spurs and benches which may 
represent stream erosion. It is possible that many of these could be accounted for by differen
tial uplift. 

It has been shown that near Rampart the old peneplain was elevated several thousand 
feet. higher than in the region to the east. This local doming brought the plateau level to 
such an altitude that its character has been almost destroyed by subsequent erosion. Few 
details of this uplift are yet known, but it is pretty definitely established that the old surface was 
more or less warped. It seems probable, however, that the position of watercourses on the 
plateau surface was determined in a large measure by the drainage systems of the previous 
cycle rather than by the warping. 

During this new cycle the streams cut broad valleys and over much of the area a large 
part of the plateau was destroyed. A rough measurement in the Fairbanks district, 1 which is 
the only region mapped in detail, indicates that only 10 per cent of the area of the old peneplain 
in that district is still preserved. In the region adjacent to Rampart the area of the peneplain 
remnants probably forms a still smaller percentage of the whole. On the other hand, in the 
~ukon Plateau region as a whole probably at least 20 per cent of the old peneplain can still be 
recognized. 

In the description of the Talkeetna Mountains (p. 119) mention has been made of the pene
plain preserved as a summit level and dipping off under the Copper River Plateau. It has also 
been shown that, according to Paige and Knopf, there are conglomerates filling channels in this 
plain and that these are provisionally correlated with a conglomerate resting conformably on the 
Kenai plant-bearing beds (pp. 103-104). This indicates that the peneplain is of post-Kenai age. 
In the Yukon region the peneplain bevels Kenai beds and can therefore be provisionally cor
related with the Talkeetna summit level. In the Cook Inlet· region Atwood 2 recognizes two 

.peneplains-an older one, marked by the summit of the Kenai Mountains and of pre-Kenai age, 
and a lower one, which is of post-Kenai age. He also presents facts pointing to three peneplains 
in the Yukon region-one marked by the summit of the Coast E,ange, one by the plateau level 
here described, and a third which has only a local development. 

Dawson, 8 the first to describe the inland plateau region, recognized one extensive epoch 
of base-leveling. This took place after the folding of the "Laramie." This "Laramie" has 
already been correlated with the Alaskan ICenai (p. 103), so that Dawson's peneplain can be 
provisionally correlated with the one here described. 

LOWLANDS. 

The only two extensive lowland areas of the Mount :McKinley province are those of the lower 
Susitna and lower Tanana valleys, which have many features in common. Both have a roughly 
wedge-shaped outline, with the apex of the angle upstream. The Susitna lowland is .bounded 
on both sides by broad gravel terraces sloping up to high ranges; the Tanana lowland has a 
similar feature on the south, but· on the north abuts against the escarpment which marks the 
southern edge of the highlands. (See Pl. XIII, A.) 

The surface of the Susitna lowland slopes toward Cook Inlet at a grade of 5 or 6 feet to 
the mile. There is also a somewhat steeper slope from the bounding escarpments toward the 
axis of the basin, which is approximately the position occupied by Susitna River. The gradient 
of the Tanana lowland between the gravel escarpment on the south and the base of the upland 
on the north is about 10 feet to the mile, while its downstream slope toward the Yukon is less 
t~1an 2 feet to the mile. As a consequence Tanana River closely hugs the north wall of the 
valley and its southerly· tributaries are madly rushing, overloaded streams, while those from 
the north are sluggish and dear. · 

J See Fairbanks special map, U. S. Geol. Survey, Alaska sheet No. 642A:. 
2 Atwood, W. W., Working hypothesis on the physiography of Alaska: Science, new ser., vol. 27, 1908, p. 730. 
s Dawson, G. M., On the later physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, sec. 4, 1891, 

p.ll. . 
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Both these lowlands appear to occupy broad basins of the soft Kenai sediments. Although 
it has not been established, the Kenai formation probably underlies the alluvium in the central 
parts of the lowlands. These Tertiary sediments are of lacustrine, estuarian, or fluviatile origin. 
The erosion of the basins must therefore be assigned to Tertiary time, and they were then partly 
filled with Kenai sediments. These rocks, being relatively soft, were later in part removed by 
subaerial and glacial. erosion and then replaced to some extent by Pleistocene or Recent allu
VIum. 

There is reason to believe that the Susitna basin has been more or less scoured by glacial 
ice. Its bed-rock floor is undoubtedly a continuation of that of the Cook Inlet depression. There. 
is no positive evidence that the entire Tanana lowland was ever occupied by ice, but it is undoubt
edly true that during the period of maximum glaciation some of the glaciers of the northern 
slope of the Alaska Range reached completely across the Tanana Valley. ~h~re is no evidence. 
as to whether or not such glaciers had any considerable effect on the bed-rock floor of the valley, 
but as only the margin of the ice sheet extended into the lowland its excavating power must 
have been relatively small. 

SHORE LINE. 

The :Mount McKinley province touches tidewater only at Cook Inlet, which exhibits shore: 
topography of two types. .A-long both shores of the main inlet gravel bluffs face the sea, and 
from their bases broad gravel beaches slope down gently toward the water (Pl. IV, B). This, 
slope is continued out from the shore, thus forming a broad marginal shelf of shallow water. 
As a result, there are broad tidal flats, and these are very extensive at the wide delta of Susitna. 
River. In strong contrast to this shore line are the steep rock walls and deep waters which 
characterize Turnagain Arm. Here gravel terraces and beaches are lacking and the land. 
rises to considerable· altitudes directly from the water. Turnagain Arm is essentially a fiord. 

The origin of these two types of topography has not been worked out in detail. The general 
features of the inlet indicate that the most recent movement has been downward and that an. 
invasion of the sea has taken place. Submarine glacial erosion may in part account for the; 
drowned character of the inlet, but it will be shown that there is no reason to believe that. a. 
large amount of erosion was accomplished in this province by ice action. There can be no 
doubt that the sea has transgressed on the land and that the estuary marks an old river valley. 
The presence of the terraces suggests that there may have been a recent uplift. · 

Like the Susitna lowland lying to the north, Cook Inlet occupies a Tertiary basin. The
easily eroded Kenai sediments have in part been removed and reveal a pre-Tertiary topography 
which has subsequently been scoured by a large glacier from the north. Preceding or during· 
the glacial epoch there were a marked subsidence of the land and an accompanying invasion of 
the sea, since whic-h there may have been some differentia~ uplift. 

The receding glaciers deposited an enormous amount of debris and filled in the ~epres-· 
sion to an unknown depth. The well-marked terrace ·along the shore of the inlet (see Pl. IV, B,. 
p. 4·4) may mark a recent elevation or may be a marginal glacial deposit. · 

DRAINAGE . 

. Most of the drainage of the province is received by four rivers-the Susitna and Matanuska, 
flowing into Cook Inlet, the East Fork of the Kuskokwim, and the Tanana, the largest tribu-·' 
tary of the Yukon. These rivers and all their tributaries except those joining the Tanana. 
from the north are overloaded with sediments and have swift, often torrential, currents. The
streams of the coastal slope have steeper gradients than those tributary to the Kuskokwim 
and the Tanana. . 

The Susitna, which rises in an unsurveyed part of the Copper River Plateau, traverses a 
mountainous belt by a westerly·~ourse, here flowing, it is said, through a narrow, steep-walled, 
rocky canyon, and then bends sharply to the south. Below this bend its valley gradually widens 
out and finally, 60 miles from tidewater, merges with the Susitna lowland. The mouth of 
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the river is marked by a broad delta with extensive tidal flats. The silt-laden waters of the 
Susitna are rapidly extending this delta into Cook Inlet. 

The genesis of the lower Susitna Valley, which occupies a basin carved out in Tertiary 
time, has already been described. The canyon above the lowland is probably a very recently 
incised trench. Data are lacking to determine whether this is an entirely new course for the 
river or whether it is a canyon cut in an older valley floor. Its similarity to the Matanuska 
Valley makes it probable that the latter explanation is the true· one. 

The Talkeetna, the largest easterly tributary of the Susitna, flows round the north end of 
t4e Talkeetna :Mountains: Its valley is glaciated throughout and in most places steep walled. 
A number of smaller tributaries to the Susitna have their sources in the same high mountain 
1n:ass. These are turbulent streams to points within a few miles of the main valley, where their 
gradients abruptly flatten and their courses become winding. These flats are coextensive with 
the surface of the gravel terrace which fringes the eastern margin of the Susitna Valley. Below 
these flats the streams descend by abrupt slopes to the Susitna Valley level. 

The Chulitna, the largest westerly tributary of the Susitna, rises on the southern slope of 
Broad Pass and flows in part through canyons, ip. part through a wide valley. Broad Pass, 
which is about 5 miles in width and stands some 2,000 feet above sea level, forms the water
shed between the Cook Inlet drainage on the south and that of the Tanana on the north. Jack 
River, a tributary of the Nenana, which joins the Tanana, lies just northeast of Broad Pass 
and appears formerly to have flowe~ into the Chulitna. This stream diversion was probably 
caused by some phase of glaciation. The Chulitna receives a large unnamed tributary from 
the west which is said to rise near the western front of the Alaska Range and to flow through 
a narrow rock-walled canyon for the lower 20 miles of its course. 

:Most· of the westerly tributaries of the Susitna have glacial sources within the Alaska 
Range. Their valleys are prohably all steep-walled and glacier-scoured. Toward the mouths 
of these streams glacial benching is noticeable along the valley walls. 
· The topography of a part of the upper basin of Yentna River, tributary to the Susitna 
fr01n the west, is quite different from that described above. While most of the other streams 
flowing from the Alaska Range head in high snow-covered divides, some of the branches of the· 
Yentna are separated by only low passes from Kuskokwim waters. Thus the Kichatna heads 
in Simpson Pass, only about 4,000 feet high. Still lower are the passes through the range at · 
the head of the Skwentna. Rainy Pass, at the head of Happy River, traversed by the expedi
tion, though a rather narrow defile, is only about 2,800 feet high. The broadest gap in the 
range, at the head of Portage Creek, discovered by Spurr in 1898, is about 3,000 feet in altitude. 

Matanuska River rises near the western margin of the Copper ·River Plateau and flows 
through a depression 4 to 5 miles in width 'rhich separates the Talkeetna Mountains on the 
north from the Chugach Mountains on the south. Throughout much· of its course the :Mata
nuska flows in a canyon whose steep walls rise 300 to 400 feet above the present water level to 
the broad floor of an older valley .. This older valley floor has a steeper gradient toward the sea 
than the pr~sent river dissecting it-a fact which, as Mendenhall points· out, indicates a tilting 
of the ·land toward the sea. 

A part of the l\1atanuska trench is occupied by Kenai sediments, and it seems probable that 
this depression, in part at least, is due to erosion of the comparatively soft Tertiary rocks. It is 
probable that during Kenai time a large river occupied approximately the position of the present 
l\1atanuska Valley. As the Kenai sediments are closely folded, however, it is not likely that 
the present valley is an inheritance from Tertiary time. Erosion r~moved much of the Ter
tiary deposits, and later glaciation has played a part in sculpturing the valley. Recent elevation 
.and accompanying dissection are indicated by the old valley floor already described. 

The tributaries of the East Fork of the Kuskokwim in this province emerge from the 
:inland front of the Alaska Range through U-shaped gravel-floored valleys. ·Beyond the moun
tain front these valleys are incised in the Quaternary gravel sheet, but in few of them has the 
.incision gone deep enough to uncover bed rock. The gradients of all these streams decrease as 
they· approach the· East Fork. 
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The main .Kuskokwim, below the mouth of Hartman River, meanders through a broad 
gravel-filled valley with steep slopes broken to heights of about 200 feet by alluvial terraces. 
For some 5 miles above the mouth of Hartman River the Kuskokwim traverses a box canyon. 
The river has not been explored above this canyon, but seems to follow a rather broad north
south· valley and probably has its source near Lake Clark. Hartman River occupies an 
extension of the main valley of the Kuskokwim below the canyon. This . valley is broad and 
flat, with gentle slopes, and seems to be separated by only a low divide from waters flowing 
southward. 

Knowledge of the topography of the southern part of the Alaska Range is meager but indi
cates that there are in that area a number of old north-south valleys. With this system may be 
classed those of the Skwentna above Portage Creek, the Kuskokwim Valley above the canyon, 
and its northern extension, the Ptarmigan Creek valley, also the I-Iartman-Kuskokwim valley. 
Big River, which enters the Kuskokwim just below the main forks, also has· a north-south 

. valley. These valleys are all parallel to the main structural lines, and the Kuskokwim below 
the canyon follows an anticlinal axis. The valleys of the north and south are connected by 
some broad passes like that at the head of Ptarmigan Creek, which are evidently part of an 
old topography, and also by recently cut canyons, such as that of the Kuskokwim above the 
·mouth of Hartman River. 

The Tanana rises in the Wrangell Mountains, far to the east of the area under discussion. 
Its two chief headwater' streams traverse the Nutzotin :Mountains through narrow valleys and 
debouch on a broad lowland, where they unite to form the Tanana. Below this junction the· 
valley walls gradually contract, and as far -clown as tlie mouth of Delta River the Tanana flows 
through a series ·of connected steep-walled basins having a rectangular outline. Below the 
Delta the south wall of the Tanana Valley rapidly recedes, and thence to the Yukon the river 
traverses the broad lowland already described. 

The Delta has its source in the northern margin of the Copper River Plateau ·and traverses 
the Alaska Range to join the Tanana. It is separated from the Copper River drainage b~si:ri 
by a broad gravel-filled gap some 3,600 feet high. 'Within the n1ountains it has a broad steep-

· walled valley, with some glacial terraces. Nenana River, also a tributary of the Tanana, has 
a valley similar to that of the Delta, for one of its forks rises in Broad Pass, south of the Alaska 
Range.· It flmvs through the mountains in a narrow rock-walled canyon 200 to 400 feet deep, 
above which is the remnant of an older valley floor. North of the mountains the Nenana has 
deeply dissected the Quaternary gravel sheet (fig. 26, p. 108) and exposed the Tertiary rocks 
lying below (fig. 27; Pl. XII,. A, p. 108). Along this part of its course there are numerous 
gravel benches. 

. The probable development of the broad. depression occupied by the lower Tanana in Tertiary 
time has already been discussed. A similar history is probable for the lowland of the upper 
Tanana, a ·region which lies beyond the province here discussed. The narrower and steeper
walled parts of the Tanana Valley are believed to .be of more recent date, .but t~ere is little 
evidence of this. · The broad gaps through the Alaska Range, such as Mentasta Pass and the 
Delta and Nenana valleys, are also believed to have been largely cut during Tertiary tin1e. 

The northern tributaries of the Tanana, including the Chena, Tolovana, and Baker Creek, 
all·flow through broad valleys deeply filled with alluvium. The topography of these valleys, 
with their gentle slopes and broad floors, is in sharp contrast to the sharply cut valleys of the· 
streams· entering the Tanana from the south. 

The tributaries of the Yukon here included are mostly small streams deserving no special 
mention. Worthy. of note is the remarkably straight and steep-walled. valley occupied by 
Minook Creek. The high bench on this stream has already been described (p. 109). It appears 
probable that the many large drainage features of the Tanana upland are inheritances from the 
previous cycle, during which peneplanation took place. It is not impossible, however, that 
some may have a history similar to that of the Tanana Valley and represent the result of erosion 
along former Tertiary drainage channels. . 
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GLACIATION. 

Although during Pleistocene time probably over two-thirds. of the area lying south of the 
Tanana was covered by ice, glaciers are now confined to the high ranges and valleys within 
the mountains, where they are fed by the perennial snow fields. (See Pl. XIII, B, p. 120.) 
A rough estimate indicates that less than 1 per cent of the area formerly covered by ice still 
remains buried under glaciers and perpetual snow. The present glaciers appear to !>e rapidly 
retreating and represent the lingering remnants of the larger Pleistocene ice sheets. 

PRESENT GLACIERS. 

The glaciers of the region all occur within three areas of high relief-the Chugach Moun
tains, the Talkeetna Mountains, and the _Alaska Range. (See Pis. III, XV, in pocket.) All the 
ice streams are.of an alpine character and, _compared with the glaciers of the seaward slope of 
the St. Elias Range, are small. Here, as in pther parts of Alaska, there is a striking contrast 
in the extent of the glaciers between the coastal slope of the mountains, with its abundant 
precipitation, and the inland slope, where .drier conditions prevail. On the coastal slope some 
glaciers discharge at tide water and the fronts of many are only 200 to 800 feet above the sea, 
but no glacier of the inland slope reaches a lower altitude than 2,500 feet. The distribution 
of the perennial snow, though less well known, appears to be similar. For example, on, the 
Susitna slope of the Talkeetna Mountains the snow line is between 6,500 and 7,000 feet above 
the sea, but on the inland slope of the Alaska Range it lies between 8,000 and 8,500 feet. 

· The only considerable glacier in that part of the Chugach ~1ountains here described is one 
· drained by Knik River, and only the front of this has been mapped. This glacier fills a broad, 
fia.t valley some 4 miles in width~ Its front is only 15 miles fron1 the coast and less than 200 
feet above sea .level. Some smaller glaciers which discharge into Port Wells, an arm of Prince 
William Sound, are included within the area of the map (Pl. III). ~1atanuska River springs -
from a glacier of the same name whose front has an elevation of about 1,800 feet above sea 
level. A survey of the Chugach :Mountains would undoubtedly reveal many other glaciers as 
well as extensive neve fields. 

The central unsurveyed part of the Talkeetna Mountains is known to be occupied by 
extensive snow fields and glaciers. These glaciers discharge at altitudes between 4,200 and 
5,000 feet along the periphery of the mountain group. 

The largest glaciers of the Alaska Range are on its southern slope, which is exposed to the 
moisture-laden winds of the Pacific. On the Pacific side of the crest line a number of glaciers 
are known which are 20 to 30 miles in length, but the largest glacier on the inland side is only 
about 12 miles long. The largest glaciers of the Pacific slope lie ill the basins of Yentna and Chu
litna rivers, which drain the highest parts· of the range. (See Pl. XV, in pocket.) These 
glaciers occupy steep-walled valleys, and most of them have their sources in the unexplored 
snow fields in the heart of the range. Prominent among these is the Kahiltna Glacier, meas~r
ing some 4Iniles at its front, standing 600 feet above the sea, and having a length of at least 15 
miles. Two large glaciers discharge into the Tokichitna, a westerly tributary of the Chulitna, 
at an altitude of about 800 feet. The western o~ these has a frontal width of about 2 miles 
and has been traced into the mountains for about 2.0 miles. The eastern glacier expands to 
some 4 miles at its mouth anti is said to fill. a winding valley extending far back toward the 
crest line of the range and to receive· a tributary glacier from the coastal slope of Mount McKin
ley. Its length must therefore be over 30 miles. 

All the largest northward-flowing glaciers of the Alaska Range rise on the slopes of Mount. 
~1cKinley and Mount Foraker (Pis. I, p. 11; VI, A, p. 46). Of these the largest are the Herron, 
having its source in the neve fields of Mount Foraker; the Peters, which encircles the north .. 
west end of Mount McKinley; and the Muldrow, whose front is about 15 miles northeast of 
Mount McKinley and whose source is in the unsurveyed heart of the range. · The fronts of all 
these glaciers for a distance of one-fourth to one-half a mile are deeply buried in rock debris. 
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Along the crest line there are numerous smaller glaciers, including many of the hanging type. 
Both slopes of Mount McKinley and Mount Foraker are ice-covered. On the north slope these 
glaciers override the ridges above an altitude of 7,000 feet. The ,photographs reproduced in 
Plate XIV showing glaciers of this type were taken on the ridge between Peters Glacier and 
the front of the range, near the camp of August 3-4. On the south slope, of Mount McKinley 
the glaciers are said to come down much lower. 

The glaciers that came under the observation of the writer all appeared to be receding 
rapidly. There is, however, little proof of the rate of recession. Spruce trees about 6 inches 
in diameter were seen in .the old path of the Muldrow Glacier about 5 miles from the present 
ice front. If the age of these trees is estimated at fifty years, this fact, so. far as it goes, indicates 
an average annual recession of about one-tenth of a mile. 

On· the inland ftont but little morainic material is left along the old tracks of the glaciers, 
and it appears that most of the frontal debris is removed by the streams as fast as it is laid 
down. Such. a process would be accelerated in this northern latitude by the freshets which 
accompany the spring break-up. The glaciers are as a rule not badly crevassed and many 
of them afford, beyond the frontal lobes? excellent routes of travel. 

PAST GLACIATION. 

Most of the valleys· and lowlands lying so1,1th of the Tanana were during Pleistocene time 
filled with glacial ice. This ice also overrode some of the lower foothills, while in the high 
ranges were the extensive neve fields which fed the ice streams. 

There were three centers of ice accumulation from which glaciers· radiated into the valleys 
and lowlands. The neve fields of the Chugach Mountains were the soJrce of ice which on the 

· . south filled Prince William Sound and on the north.and west flowed into the Matanuska Valley, 
Knik Arm, and Turnagain Arm. These northerly and westerly ice streams united with other 
glaciers to fill Cook Inlet. From the Talkeetna Mountains the ice flowed into the Copper River 
basin and the Matanuska and Susitna valleys. The southern slope of the Alaska Range was 
the gathering ground for the most extensive ice sheet of the province. Innumerable glaciers 
filled the southerly valleys and coalesced into one great ice sheet which moved over the Susitna 
lowland and far down the Cook Inlet depression. This ice sheet was augmented by the glaciers 
which had their source on the west slope of the Kenai Mountains. The inland slope of the 
Alaska Range was also the collecting ground for many glaciers. These, though not comparable 
in size to those of the Pacific slope, moved far out into the lowland. The position of the northern 
front of the ice in the Kuskokwim basin has not been determined, but there is reason to believe 
that it extended as far as Lake Minchumina, or about 30 miles beyond the mountain front. 
In the Tanana Valley also the exact limit of glaciation is not known but was in places probably 
15 to 20 miles :o.orth of the mountain, and it is not impossible that much of the lowland above 
the mouth of the Nenana was filled with ice. 

The upper limit of glaciation in the main valleys along the route of travel on.the southern 
margin of the Alaska Range was found. to be about 2,400 feet. It rises toward the heart of the 
range and along Happy Valley was found to be as high as 3,600 feet. Toward the .western margin 
of the range, near,the Kuskokwim, the main valleys appear to have been filled with ice only to 
a height of about 2,600 feet. Farther to the northeast, where the range attains its maximum 
altitude, the upper limit of glacial action lies at an elevation of about 3,000 feet. (See Pl. 
XIII, B, p. 120.) In the upper Nen~na basin the valleys have been glacier-filled only to 
about 2,500 feet. 

The figures just .given refer only to the main valleys. The smaller tributary valleys which 
head in the high ranges bear evidence of having been ice-filled throughout their extent. · In 
fact, many of them still carry small glaciers. It goes without saying that, except for individual 
peaks, the high mountain masses were entirely buried in snow and ice during the glacial period. · 

Glaciation in the other mountain ranges was of a similar character. In Kenai Peninsula 
Moffit found evidence of glaciation ill the main valleys as high as 1,200 to 1,400 feet above sea 
level. In the tributary valleys and high up on the slopes of the ranges ~hich formed the centers 
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A . GLACIER OVERRIDING RIDGE OF ALASKA RANGE 9 MILES NORTHWEST 
OF MOUNT McKIN LEY 

Near camp of August 4. See page 126. 

B. GLACIER-COVERED RIDGE BETWEEN PETERS GLACIER AND MOUNTAIN 
FRONT, 9 MILES NORTHWEST OF MOUNT McKINLEY. 

Near camp of August 4. See page 126. 
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of ice accun1ulation the glaciation we~t very much higher. In the Matanuska and Talkeetna 
region Paige and I{nopf observed evidences of glaciation as high as 2,500 feet . 

Direct evidences of glaciation are relatively rare in this province. For a region so much · 
of which has been covered by ice within recent time there is a remarkable absence of glacial 
grooving and moraines, till, and other typical glacial features. The upper limit of the valley 
glaciers is usually marked by irregular gravel terra({es, and the former distribution of the ice has 
been largely determined by these features. In the high ranges, however, cirques are abundant. 

It appears probable that only in the larger valleys was the ice thick enough to exert the 
pressure necessary for deep rock grooving. As n~arly all the bed-rock floors of these valleys 
are deeply buried in gravels, whatever striations may exist are not now exposed. The lesser 
ice scorings which may have been produced at higher levels are not likely to have been pre
served, because they lay in .the zone of rapid rock disintegration. The absence of strire has 
not prevented the determination of the general direction of ice movement, which, as already 
set forth, is lmown to have followed the present drainage system. 

41 

The present studies also indicate that· englacial a·nd superglacial deposits are not at all 
abundant. Some glacial till has been found along the shores of Cook Inlet and some morainic 
deposits occur in the Tanana Valley, but aside from these little is left of the deposits of the ice 
invasion except those of extraglacial origin. The deposits left by the ice have either been 
swept away by the floods resulting from the recession of the glaciers or now lie deeply buried 
in the alluviun1-filled valleys. 

Glacial erratic material is relatively abundant on the south side of the range and has fur
nished valuable confirmatory evidence of the direction of ice movement. For example, large 
angular bowlders of the granitic rock typical of the Talkeetna Mountains occur along both shores 
of Cook Inlet as far south as Kenai. These indicate at least one source of the ice stream 
which filled Cook Inlet. Many of the erratic bowlders are, ho~ever, so intimately associated 
with the extraglacial deposits as to indicate the probability of their having been carried by 
floating rather than by glacial ice. . . . 

The most characteristic features of the glaciated portion of the Yentna basin are the ter
races and benches along the Kichatna Valley, near the camp of July 8. ·Here the uppermost 
terrace, which is the best developed, ha~ an altitude of about 2,400 feet and marks the upper 
lin1it of the glacier formerly occupying the valley. This terrace can be traced along both sides 
of th~ Kichatna and is bounded by steep talus slopes.. Below the talus the' valley slope is 
broken by a nun1ber of grass-covered terraces, which are, however, irregular and can be traced 
for no great distance. All these terraces slope with the present valley floor and, where wide 
enough to permit a determination, also fall off toward the axis of the valley. 

Similar features are pr01ninently developed on the east side of the upper part of Happy 
Valley, near the camp of July 13, 1909. At this place half a dozen terraces can be traced along 
the valley wall, the highest of which, about 3,600 feet above the sea, marks the upper limit of 
glaciation. Some of these terraces are well defined for nearly a mile, but most of them fade 
away within 200 to 300 yards. Their surfaces have only a general parallelism, but all slope 
downstrean1. One measurement was made of a terrace which sloped at an angle of 5°. These 
terraces occur irregularly one above another along the valley wall. For example, one can be 
traced 'unbroken for a quarter of a mile, ending abruptly at that level, being continued by 
another perhaps 50 fe·et lower, which in turn fades away.. It was found impossible to trace 
any one bench level for any considerable distance or even to recognize it on opposite sides of 
a valley, as would be the case if these were no:r;mal stream terraces. The outer margins of the 
terraces toward the axis of the valley are in many places. irregular and broken and present 
none of the features of. regularity usually found in stream terraces. 1 There was little oppor
tunity to exan1ine the m~terial of which these terraces -were formed, but it appears that they 
are built up chiefly of gravels with a good deal of glacial erratic material.· Some appear to be rock
cut benches with very little g:J?avel on them. These terrace~ are believed to have been formed 

1 Spurr (A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, p. 249) ascribes these features 
of Pleasant Valley to marine benching-a theory which the facts presented above appear to make untenable. 

66SiJ7°-ll-. 9 
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by streams which flowed along the n1argins of the ice ir;t the glacier-filled valleys. The upper
most is usually the best preserved and indicates a longer condition of stability than the later 
terraces formed at lower levels during the different stages of the ice retreat. As already stated, 
these terraces are too irregular to be of the normal stream, type, and, furthern1ore, th~y occur 
only in the glaciated parts of the valleys. Similar terraces in process of formation have come 
under the observation of the writer along some of the present Alaskan glaciers. 

Lateral terraces are also present· in some of the valleys on the north side of the Alaska 
Range, but their glacial origin is not so well marked. An example of one of these is shown in 
Plate XIII, A (p. 120), reproduced from a photograph taken in the upper part of the Tonzona 
basin. 

Tli~ fluvioglacial terraces of this type are not to be confounded with the stream terraces. 
which have been so extensively produced in the province as the result of the dissection by 
streams of the alluvium deposited during the recession of the ice. Terraces of the latter type 
are very widely distributed 'in the province but are especjally well developed in the Nenana 
basin. (See p. ·108.) The great Pleistocene gravel sheets have been fully described (pp. 
105-109) and are believed to .represent the extragladal deposits laid down chiefly during the 

-recession of the ice. Detailed surveys will probably indicate that the recession was interrupted 
by some advances. Evidence of this has been found in the occurrence of glacial till overlying 
fluviatile glacial material on Cook Inlet and by moraines in the Tanana basin formed after the 
deposition of the terrace gravels. 

. It will be evident from the above description that the former ice sheet of the province was 
essentially a system of Alpin~ glaciers which in the lowlands expanded to large piedmont 
glaciers. While some of these glaciers overrode hills of considerable altitude, the ice streams 
were confined chiefly to the valleys and the higher mountain slopes, and even during the max
imum extension of the ice there was probably one-third of the area which was not co.vered. 
There is a striking contrast in the topography of the glaciated Tegion south of the Tanana and 
that of the unglaciated region lying to the north.· This is due not so much to the degradation 
·of ice, which is believed to have been relatively slight, but to the absence of products of weath
ering and to the extensive deposits of extraglacial gravels in the glaciated areas. These occur 
also in the valleys beyond the limit of glaciation, but are most prominent in the areas reached 
by the ice. · 

This system of glaciers differs, then, very markedly from the great Cordilleran, Keewatin, 
and Labrador Ice sheets. Although it is reasonable to suppose that the accumulation of ice 
in Alaska was contemporaneous with that ip. other parts of the continent, ·yet the evidence 
indicates that the recession of the glaciers is a comparatively recent phenomenon. It has been 
shown that the present glaciers are but the remnants of the former larger ice streams. If the 
rate of recession in the past is comparable to that of the present, the time of maximum exten
sion may not have been more than a few centuries and can not have been more than a few 
thousand years ago. It is quite probable, however, that the rate of recession has not been 
uniform and may have been very lnuch accelerated in recent times. There is some reason to 
believe th~t there were two or more advances of the ice. Therefore the measurements of the 
present rate ?f recession of the glaciers may have no bearing on the tin1e interval which has 
elapsed since Pleistocene glaciation. 

RECENT GEOLOGIC HISTORY. 

OUTLINE. 

The close of the Lower Cretaceous epoch has been chosen as the beginning of the recent 
'geologic history for the purpose of discussing the genesis of the t~,pography. Such a line of 
demarcation between recent and ancient history must of course fie more or less arbitrary. 
Sedimentation, volcanism, and diastrophism~ even of the earliest epoch, inust necessarily have 
had some influence on the present ·topography in determining the relative ·susceptibility of the 
rocks to erosi~:m, either through differences in lithology or through lines of. weakness due to 

• 

.. · 
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::;tructure. These forces have, however, had a subordinate effect on the land sculpturing com
pared :with the more recent ·geologic agencies, especially those of elevation _and depression. 
Obviously, therefore, a genetic discussion of the land forms can be complete only if it is ba~ed 
on a comprehensive knowledge of all the facts of the geologic history. Such a groundwork 
is.of course lacking for the :Mount :McKinley region, so that only the larger features of the 
geomorphology can be considered and ·many of the conclusions must be ·regarded as tentative. 
It appears that in the present relief there are certainly no remnants of any topographic forms 
older than the crustal disturbances which. followed the deposition of the Lower Cretaceous 
sediments. · lienee this period of diastrophism can be conveniently chosen as the datum for 
the discussion of the geomorphology. The chief events of the recent geologic history may 
be outlined as follows: 

1. Early Cretace~us sedimentation was closed by widespread crustal movements which· 
deforined the strata and elevated the entire province above the sea. A long period of _erosion 
followed. 

· 2. Depression in late Cretaceous time brought about an invasion of the sea and marine 
sedimentation was begun. The shore line of this sea-probably irregular and believed to 
have lain within or Close to the Mount l\1c:K;:inley region-has not been traced. 

3. In early Eocene time, marine sedimentation was closed by a gradual uplift, which 
finally brought the entire province above the sea .. A long period of erosion and fluviatile 
deposition followed. During this period an extensive river system was developed and the 
Kenai sediments were laid down. 

4. l(enai sedimentation was closed by a period of diastrophism whose intensity differed· 
greatly in different parts of the province. During this epoch there was extensive folding and 
faulting. ~n certain zones now marked by the high ranges anq. the whole region was uplifted 
many thousand feet·. There followed a long period of erosion, during which the Tanana 
upland and probably a part at least of the mountains .to the south were ·reduced to a peneplain. 

5. Differential uplift by a series. of elevations amounting in all to at least 4,000 feet 
renewed the activities of the rivers. The carving out of the present drainage system followed. 

6. Next came probably. a period of general elevation. Ice and snow then, accumulated 
on the high ranges and glaciers moved down the valleys and far into some of the lowlands. 

7. After what was probably a long period of time the glaciers receded and the accom
panying floods spread an extensive gravel sheet over the lowlands .. There were probably· 
some ice advances since the disappearance of the main .ice sheet. 

8. The disappearance of most of the glacial ice renewed the eroding power of the streams, 
which began the dissection of the Pleistocene gr~vel sheet-a process that is still going on. 

CONDITIONS ANTERIOR TO LATE CRETACEOUS SEDIMENTATION. 

It has been shown that the diastrophism which followed the deposition of the Lower 
Cretaceous beds was widespread in Alaska, locally produced considerable metamorphism, and 
was accompanied by some intrusions of holocrystalline rocks. All this indicates that the 
Lower Cretaceous sediments, now exposed, were buried by considerable thicknesses ·of strata 
duri~g this period of deformation. 

This crustal disturbance probably brought the entire an~a above sea level, and it is to be 
supposed that the land presented many irregularities of contour and had a strong· relief. Be 
that as it may, a period of erosion followed that was long enough to remove the strata to the 
depth of at least several thousand feet. There are no facts to indicate the character of the 
land mass at the close of this period. The axes of the present mountains were the scene of' 
the most intense folding during all of ·Mesozoic time and probably during late Paleozoic time. 

· It seems probable that these mountains were elevated above the general level by the folding, 
but they may have been planated during the cycle of erosion which followed.· 
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LATE CRETACEOUS SEDIMENTATION. 

The cycle of erosion was terminated by a depression which carried much of the land 
below the sea. In the Yukon basin this invasion of the sea extended as far as Rampart, where 
slates and sand~tones carrying an Upper Cretaceous fauna hav.e been found. (See p. 97.) 
The character of these sediments indicates littoral deposits and suggests that the shore line 
was not far distant. There appears to have been no marked aeepening of the sea from this 
point toward the lowe-r Yukon, for near Nulato 1 the Upper Cretaceous b~ds include shales 
carrying marine fossils, sandstones, arkoses, and conglomerates. Similar Upper Cretaceous 
rocks occur on Alaska Peninsula, 2 all of which suggests that during late Cretaceous time 
the continental margin may have been broken by deep embayments or that there may have 
b~en an archipelago in this region. 

The Cretaceous sediments at Rampart are cut by large granite stocks, indicating that 
there was formerly a considerable covering of beds that have since been removed and that 
these surface strata were probably also Upper Cretaceous. This goes to show that much the 
larger part of the Upper Cretaceous has been removed ana that these beds may have originally 
been spread over much of the region. 

EOCENE EROSION AND SEDIMENTATION. 

~arine sedimentation was closed in lat,e Cretaceous or early Eocene time by elevation, 
- since which· time there has been no invasion of the province by ·the sea. As a result of this 

movement the sea receded westward 3 and probably southward. Erosion began on the newly 
-exposed land and was accelerated by upward movements which continued for a long period 
·of time. These movements may have been continuous or intermittent; they may h_ave· been 
interrupted by depressions; but the algebraic sum of all the oscillations was an elevation of· 
-.the land above the sea amounting to thousands anq possibly to tens of thousands of feet. 

This upward movement was differential, and it appears probable that the present moun
tain ranges were then, as in the other periods of diastrophism1 the loci of maximum uplift. 
Such at least seems to be the most plausible explanation for the drainage adjustments of the 
period. The sediments derived from this period of erosion were for the most part carried 
far beyond the area here under discussion and are probably to be sought in what-is now the 
Pacific Ocean and Beri,ng Sea. . ' 

There is no criterion to determine the time' of maximum uplift, but as the _Kenai sedi
mentation immediately followed, it probably occurred near the beginning of the Eocene. This 
·epoch of deposition marked the 9ommencement of a general depression of the land.· Here 
:again the movement was p:r:obably intermittent and may have been interrupted by minor 
·uplifts. All that can be definitely stated is that there was an epoch of fluviatile deposition 
:long _enough. to permit the accumulation of strata which, locally at least, aggregated over 
10,000 feet in thickness. 

This change from degradation to aggradation by the watercourses was gradual and, because 
-of differential movement, was not synchronous throughout the area. With the depression of 
the hind near the sea, flood-plain deposition went on while headwater erosion continued. In 
this way there was a gradual headwater growth of the flood plains, until eventually fluviatile 
-deposits hundreds of miles in their longer dimensions and thousands of feet in t.hickness we!e 
.accumu~at~d. 

The Kenai drainage has by no means been traced out, 4· but the facts in ·hand are possibly 
sufficient to indicate some of its larger features. It seems likely that there was a system of 
.southward-flowing streams which united in a large river near what is now the head of 

1 Collier, A. J., The coal resources of the Yukon: Bull. U. S. Geol. Survey No. 218, 1903, p. 15. 
2 Atwood, ,V. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 3.79, 1909, p. 113. 
a On the lower Yukon there seems to have been no interruption to sedimentation between the Cretaceous and the Eocene. 
f Martin's subdivision of the Matanuska Tertiary into three formations, the uppermost of which is a conglomerate, suggests that the drainage 

:system here described was developed near the close of Tertiary time. If such proves to be the case, the early Tertiary history of the province may 
have been quite different from that here postulated. 
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Cook Inlet. This river discharged into the sea· south of what is now the entrance to Cook 
Inlet and probably as far south as Kodiak Island. 1 Its largest tributar:y is believed to have 
been fr01n the east, probably paralleling and possibly in part following the present course of 
the :Matanuska Valley, and this river may have drained a large part of the Copper River basin. 
Another of the Eocene rivers probably followed about the present course of the lower Su~itna; 
but its headwaters have not been traced. . . 

It appears probable that the divide hetween the southward and the inland flowing waters 
was, in Eocene time as now, formed by a h~ghland mass similar to the pr~sent Alaska Range. 
Unless they are. valleys o_f Tertiary watercourses no explanation has been found . of the wide 
passes which now break the range at the heads of. the Sk:wentn~ and the Chulitna, flowing into 
the Susitna, and Delta River, a tributary of the Tanana. In view of the extensive deformation 
that has taken place along the axis of the range since Tertiary time,_ it is hard to believe that 
these rivers would have maintained their courses across the zones of the disturbance. 

The remnants 0f the Kenai fluviat~le deposits in that part of the Kuskokwim basin which 
is here described are· too fragmentary to permit the tracing of the drainage system they repre
sent. Coal-bearing rocks are reported by W. E. Priestly 2 to occur adjacent to and west of the 
molmtains which bound the upper I{uskokwim. The occurrence of this coal and of the Kenai 
formation to the northeast suggest~· that a Tertiary river may have flowed ·parallel to the 
inland front of the Alaska Range. As a part of this belt of. Kenai rocks lies in a zone of 
extreme deformation, however, it is··improbable that the,course of this river can be traced. 

There can be no que~tion that the basin now occupied by the Tanana lowland was in part 
eroded during Tertiary time, but the heavy alluvial filling makes it impossible to trace the 
actual drainage lines. In the opinion of the writer, this trench and that occupied by the upper 
Tanana and upper White rivers, as well as the series of old northwest-southeast valley systems 

- of adjacent parts of Canada, were all eroded during the Tertiary period. This opinion is borne 
out by .McConnell's interpretation of the coal-bearing sediments of the Finlay River region. 3 

Some remnants 'of the deposits of the Tertiary river system occur along the Yukon above the 
mouth of the Tanana, and what may be an extension of the same old drainage channel has been 
described as paralleling the upper Yukonfrom Circle to the international boundary.4 

· The above outline indicates sqmething of the distribution of the Tertiary drainage lines, 
but it will require much more investigation to work out the details. The plant remains of this 
period indicate that the climate then was more equable than that which prevails at present in 
the region and far milder than that of the glacial epoch which followed, and this suggests th~t 
there have been extensive movements of the land mass since these conditions prevailed. The 
milder Tertiary climate may have been due to the nonexistence of the Aleutian barrier, so that the 
warm waters of the Pacific swept up into Bering Sea. These warm. ocean waters may have pene-· 
trated along an embayment which then occupied the lower Yukon Valley as far up as the mouth 
of the Tanana. · 

In speculating on the geographic conditions which may have existed in Eocene time, it is 
necessary. to take into account the fact.that the Kenai plant-bearing beds have been found along 
the shores of the polar sea as far north as Wainwright Inlet, on Colville River to the east, and at 
many places inland north of the Arctic Circle. It seems likely, therefore, that the warm waters 
of the Pacific then penetrated into the Arctic o Ocean. If wider passages then existed 
through the Aleutian Islands and at Bering Strait, and northern Bering Sea was deeper, such a 
deflection of the Pacific warm-water current might have taken place. If such ,warm waters of 
the Pacific flowed into the Bering Sea and the Arctic Ocean and the crest line of the coastal 
barrier of mountains stood below the line of perennial snow, much of northern Alaska would 
have had a higher precipitation and a higher mean annual temperature. · 

t No marine fossils have been found in the Kenai except on Alaska Peninsula, where they are associated with fresh-water plant-bearing beds. 
See Atwood, ,V. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, pp. 108-160. 

2 Information kindly furnished by Mr. Priestly, who visited this region during the winter of 1909. 
a McConnell, R. G., Report on an exploration of the Finlay and Omenica rivers: Anp. Rept. Geol. Survey Canada, new ser., vol. 7, 1896, 

p. 3GC. 
4 Brooks, A. II., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1908, 

pp. 307-309. 
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. POST-KENAI FOLDING AND EROSION. 

The diastrophism which closed Kenai sedimentation was charac.terized by broad conti
nental uplifts as well as by. intense local deformation. Marked orogenic disturbances assigned 
to this period have been recognized along the western front of the Alaska Range and the 
southern base of the Talkeetna l\1ountains. (Seep. 112.) In both these zones the post-Kenai 
folding was accompanied by extensive faulting. On the other hand, in the Susitna and Tanana 
lowlands the Kenai beds are only gently folded and in some places entirely undisturbed. 

As a result of this movement the entire region was ·elevated to an unknown height above 
sea level. There is no measure of the amount of elevation, but ~he· resulting land surface must 
have been one of rather strong relief, on which the Alaska Range and some other mountain 
masses were probably conspicuous features. · 

The relations of land and sea established by this uplift were maintained long enough to 
allow much of the region to be reduced to a gently rolling plain. It has already been shown that 
the summit levels of the Yukon-Tanana region mark a peneplain, which has been correlated with 
the peneplain in Yukon Territory and British Columbia described by Dawson and others. 
Both these peneplains bevel the coal-bearing series (the Kenai and the Canadian ''Laramie;" 
seep. 103). . · 

There is little definite evidence on the interrelation of the Yukon peneplain and those which 
have been recognized by va~ious observe~s i.n the summit levels of some .of the ranges of ~he 
Pacific mountain system. Spencer, 1 'who was the :first to at~empt a systematic genetic classi
fication of the larger physiographic features of Alaska, suggested the correlation of the peneplains 
of the Chugach and Coast rangeS' with the. Yukon plateau summit level, accounting for the 
differences of altitude by warping and faulting. The writer 2 has been inclined to accept this cor
relation, while Schrader 3 and Atwood 4 have maintained that there were two or more epochs of 
planation. Mendenhall, though he does not agree with all of Spencer's conclusions bearing on 
the history of the Copper River region, recognized only one epoch of base-leveling. Gilbert 5 

described three peneplain remnants which he noted at several localities along the Pacific sea
board of Alaska. Moffit 6 ascribed the accordance of summit levels in the Kenai Mountains to· 
peneplanation but did not definitely determine its age relations to Kenai sedimentation. 

Martin's analysis of the topography of the Controller Bay region 7 includes an account of 
ten "distinct ep~chs of erosion, .but only a few of these were of sufficient duration to planate any 
considerable areas. According to Tarr, 8 there is a subequality of summit levels in the Brabazon 
Mountains of the Yakutat Bay region, but he does not accept this as evide~ce of peneplanation. 

The peneplain described by Paige and Knopf 9 as truncating the Talkeetna Mountains is 
, the only one in Aiaska of which sedimentary as well as topographic evidence has been found. 
The sedimentary record consists of some fluviatile dep_osits which are b~lieved to mark the posi
tion of river channels on the old land surface. These channel gravels are correlated with the 
heavy conglomerate forming the topmost member of .the Kenai formation. It is signtficant 
that the deformation of this conglomerate has here been assigned to post-Kenai diastrophism. 
If this assignment is correct, the peneplain, which is older than the conglomerate, can not be 
correlated with the Yukon epoch of base-leveling, which is helieved to be post-Kenai. 

The Talkeetna peneplain falls off geniJy· to the east and appears to pass underneath the 
Quaternary deposits of the Copper River Plateau. This fact lends supp.ort to Mendenhall's 
theory that the Copper River basin is a depressed area, or'' graben," and that its bed-rock sur
face is to be correlated with the peneplain marking the summit level of the Chugach l\1ountains. 

1 Spencer, A. C., Pacific mountain system in British Columbia and Alaska: Bull. Geol. Soc. America, vol. 14, 1903, pp. 117-:-132. 
2 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U.S. Geol. Survey No. 45, 1906, pp. 286-290; 
a Schrader, F. C., A reconnaissance in northern Alaska: Prof. Paper U.S. Geol. Survey No. 20, 1904, pp. 42-45. 
4 Atwood, W. W., Working hypothesis on the physiography of Alaska: Science, new ser., vol. 27, 1908, p. 730. 
5 Gilbert, G. K., Alaska-Glaciers ana glaciation: Harriman Alaska Expedition, vol. 3, New York, 1904, pp. 166-186. 
a Moffit, F. H., Gold fields of the Turnagain Arm region: Bull. U.S. Geol. Survey No. 277, 1906, pp. 28-31. 
7 Martin, G. C., Geology and mineral resources of the Controller Bay region, Alaska: Bull. U.S. Geol. Survey No. 335, 1908, pp. 64-65 .. 
sTarr, R. S., The Yakutat Bay region, Alaska: Prof. Paper U.S. Geol. Survey No. 64,1909, pp. 28-29. · 
9 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Tal];ceetna basins, Alaska: Bull. U. S. Geol. Survey 

No. 327, 1907, pp. 38-39. 
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It is evident, then, that it is impossible to harmonize the numerous interpretations of 
Alaskan topography. This is emphasized by the fact that there are a number of later investi
gators in this field who are disinclined to accept the subequality of summit level in the Pacific 
ranges as proof of former planation . 

. However the accordance of summit levels in the high ranges may have originated, the 
Yukon Plateau appear$ to be one of the best examples of a dissected peneplain which has been 
recorded in geologic literature. This does not preclude the possibility that there was an older 
peneplain in this province, as suggested by Atwood. ·. 

If the Alaska Range was a~so base-leveled at this trme, there IS no record of such an event 
. in the existing topography. It appears more likely that an area of considerable relief separated 

the inland peneplain from the Pacific slope. In all probability other parts of the province were 
reduced to areas of low relief during this long cycle of erosion. It will, however, require further 
investigation to establish definitely the relations between the . peneplains recognized in the 
Pacific mountains and those of the interior. 

ELEVATION AND EROSION. 

The post-Kenai cycle of erosion was closed by a general elevation amounting to at least 
4,000 feet in the Yukon basin and probably many times that in the bordering mountain ranges. 
As indicated, this uplift was differential and had its maximum effect along the mountain axes, 
then long established in geologic time as loci of the most intense diastrophism. Atwood's 
recognition of a peneplain below the summit level of the Yukon Plateau indicates that this 
uplift had at least two stages, and it is quite possible that more detailed study will discover 
other periods of stability which interrupted the general elevation. 

The high gravels of the Minook Creek region (seep. 109) may mark an interruption to the 
general uplift. These gravels are extensive enough to suggest that they belong to a well
developed river system, and they are certainly younger than the Kenai sediments. No deposits 
which could be correlated with them have been found in other parts of the province. 

The -differential character of this uplift, though emphasized in the mountain ranges, is 
recognizable throughout the plateau region, where the warping has produced many domes and 
basins. It is probable that the Yukon basin as a whole was marked by a long depression·which 
extended from Bering Sea northeast and then southeast far into British Columbia. In addi
tion to these irregularities resulting from warping, there must also have been shallow valleys of 
the drainage system on the old land surface of the previous cycle. Within the Pacific moun
tains there may have been broad areas which remained at low altitudes while the surrounding 
mountains were uplifted. · 

On this land surface thus exposed to active ·erosion the positions of the main drainage. 
channels were detern1ined by the constructional topography. In fact, many of the major 
watercourses followed the old l(enai valleys which had been almost obliterated during the pre
vious cycle of planation. This was due in part to the·fact that many of the areas covered by . 
Tertiary fluv:iatile deposits seem'to have been loci of minimum uplift, b_ut also to the fact that 
certain of the drainage lines of previous cycles seem to have maintainedthemselves along these 
zones of relatively softer material. 

In any event many of the larger rivers follow antecedent courses·, their cutting power hav
ing been rejuv:enated by uplift. As erosion continued the waterways that were incised along 
the old Tertiary valleys had the advantage over other streams because they we~e working on 
the friable congl01nerates and sandstones and soft shales which make up a large part of the 
Kenai formation. Even where the .upwarps were transverse to the drainage lines of the former 
cycles, certain streams have maintained their old courses, cutting steep-walled trenches. Such 
appears to have been the history of the Ramparts of the Yukon, between the flats and the mouth 
of the Tanana. Here the river has cut its valley across one of the highest domes in the deformed 
peneplain, arid there has been a depressed area to the north, now the basin lowland known as 
'the Yukon Flats. 
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If this is the history of the Yukon Flats, it is analogous to the probable genesis of the,Cop
per · River basin as described by Mendenhall. According to Spencer, however, the Copper 
Rivei· depression may owe its origin to headwater er~sion by an antecedent stream during a 
succession of uplifts. He also suggests that headw:ater erosion may have been accelerated 
because of the presence of softer materials. This theory is borne out by what is known of the 
distribution of the Tertiary beds. (See p. 94.) If such is the origin of the broad depression 
including the Copper River Plateau, it is probable that Delta River played an in1portant part 
in the erosion. This strearri appears to have maintained its course through the Alaska Range 
during the uplift. There may also have been an ancestor of the present Nenana -flowing north
ward through Broad Pass; whose headwater tributaries also helped to erode ·the Copper River 
basin in soft Tertiary beds. These explanations, in the absence of exact information, must be 
regarded only as working hypotheses. 

While these various:streanl acljustn1ents were going on in the region of less relief erosion 
was still :more active in the high ranges. Here the conditions were exceptionally favorable for 
rapid degradation. Elevation in these areas was far more rapid than erosion. A measure 
of its extent is to be found in the present relief of the mountains, though these have been :much 
reduced by erosion. It is probable that although the lithologic character of Mount Foraker, 
Mount McKinley, and certain of the Talkeetna Mountains, which are composed of a hard granitic 
rock, has had :much to do with the present altitude of these high peaks7 yet ·they also represent 
points of maximum elevation. . . " 

At the close of this cycle the configuration of the land surface was probably very similar 
to what it would be to-day if the Pleistocene sediments were removed. The present drain
age system was established and the mountain ranges had :much of their present rugged character. 
Glaciation, which followed, simply modified to a small degree the older topography, deepening 
the valleys and cutting extensive cirques in the high ranges _and rounding and smoothing off 
other areas of lesser relief. 

It is evident from the above discussion that· the data in hand do not permit an entirely 
consistent interpretation of the present drainage system. The fact that. there is so :me evidence 
of a Tertiary formation younger than the Kenai (see p. 103) may account for a part of the 
apparent discrepancies. It is possible that the Tertiary drainage system, remnants of which have 
been described, may be of post-Kenai age al}d that the fluviatile deposits of these rivers :may 
be later than the epoch of diastrophisn1 which defonned the I Kenai of th~ Matanuska Valley 
and of the inland front of the Alaska Range. If this is so, the extensive erosion represented 
by the Matanuska trench, the Copper River basin, the valleys of Delta River and the lower 
Tanana, and other valleys, passes, and lowlands may have occurred in post-Kenai Tertiary 
time. Under such an hypothesis it wilfremain to determine what the age of this cycle of ero
sion is relative to the Yukon peneplain. These suggestions are made to indicate clearly that 
the final word on the recent history of this region must be deferred until far more detailed infor
mation is available. 

ICE ACCUMULATION AND ADVANCE. 

The causes of ice accun1ulation in this province are obscure. It is fair to suppose that the 
land, or at least the mountain ranges, stood at considerably higher altitudes than they, now 
do and than they did at the close of the previous cycle of erosion. It would not take :much of an 
elevation to produce a marked climatic effect on the areas of high relief, and yet .such an eleva
tion of the coastal barrier should increase the aridity of the inland province to the extent of 
preventing any considerable accumulation of ice .. It is possible, however, that if at tllis tin1e 
Bering Sea and the Pacific Ocean were one body of water the uplift might increase the precipi
tation on the inland slopes of the :mountains sufficiently .to account for the glacial accumula-

. tion. On the other hand, the presence of the warmer waters of the Pacific :might raise the 
:mean annual temperature to such a point as to prevent the accumulation of ice. It is an inter
esting fact, however, that even at the present time ice which lasts nearly all sun1mer often accu
mulates along the .strean1s of inland Alaska and Seward Peninsula. It appears, therefore, that 
it would require no great change frqm the present conditions to cause the formation of ice 

;l 
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fields in favored localities. It is also tru,e that the present precipitation in Seward Peninsub 
is not sufficient, even with a lowering of the mean summer ten1perature, to ·account for the 
glaciers which formerly existed in this part of the province. ·Paradoxical as it may seem, there- · 
fore, the ,absence of the Aleutian chain may have been one of the important causes of the gla
ciation, as it possibly was also of the temperate conditions of the Kenai epoch. (Seep. 131.) 
The governing factor would appear to be the altitude of the coastal barrier. 

In sumn1ing up the evidence it ·seen1s ~ecessary to conclude that parts of the region, ii not 
· the whole, stood higher during the ice advance than they do now. This ·theory also receives 
support fr~In the fact that there is evidence of glacial erosion throughout the length of Cook 
Inlet, indicating that this <;]_epression'wasthen probably a river valley and not an arm of the sea. 
The reason for this conclusion lies in the probable depth, far below the present sea level, of the 
bed-rock floor of Cook Inlet and its tributary streams. Although Gilbert and others have 
shown that glacial degradation below sea level has taken place along the Pacific seaboard, 
such work was probably not done by the Cook Inlet glacier. There is no reason to suppose 
that this glacier at Kenai, for example, was more than a few thousand feet thick, and such an 
ice sheet would not exert pressure enough to counteract the buoyancy of the water and also 
do any considerable scouring, nor would it excavate the tributary valleys. On the whole, 
therefore, it seems to be a reasonable assumption that during the glaciation the Cook Inlet 
region was higher than now, possibly as much as a thousand feet hjgher. It can not be too 
strongly .emphasized, however, that Alaska as a whole has been the scene of many earth n1ove
n1ents since Tertiary time and that these m<;>vements have been differential. While, therefore, 
the Cook Inlet province may have been higher than at present, some parts of the adjacent 
regions may have been lower. 

As the epoch of glaciati9n has been fully described, it will be necessary here only to call 
attention to some of its larger effects. The ice masses which radiated from the highland were, 
as has been shown, by no means of the same magnitude. The coastal slopes have been much 
more extensively degraded by ice than the inland slopes. The ice mass from the Alaska Range, 
uniting with that of the Talkeetna, Chugach, and Kenai mountains, covered all the Pacific 
drainage basins below altitudes of 2,500 to 3,000 feet. On the inland slope, however, only the 
cirques and their draining valleys were ice-filled, though some large piedmont glaciers stretched 
out across the Kuskokwim and Tanana lowlands. 1 

There is little evidence of the amount of erosion effected by these ice sheets, but it is 
believed to have been relatively small. There was no such concentration of ice action as took 
place along the :fiorded coast of southeastern Alaska, nor was there any such bulk of ice and 
snow back of the glaciers as existed in the neve fields of the St. Elias and Coast ranges. No 
deep grooving like that along the steep slopes of Portland Canal has been found in the Mount 
McKinley region. The chief work ·of these glaciers ·was the rem~val of the loose material 
accumulated during the long epoch of subaerial erosion which h~d immediately preceded. In 
other words, the Pleistocene glaciers followed the valley systems established in the previous 
cycle and probably deepened them to a certain extent. 

ICE RETREAT ANp DEPOSITION. 
() 

The causes of the retreat of the ice are as obscure as those-which brought about the advance. 
If the changing of ocean currents and elevation of n1ountain barriers were the chief factors 
which brought about the ice advance, crustal movements of similar n1agnitude probably 
brought about the retreat. In any event the cycle of retreat is practically that of the present 
day, for the recession of.the present glaciers is but a continuation of the recession of the Pleis
tocene ice sheet. 

The chief influence on land forms brought about by this recession is the sedimentation 
accon1plishecl by the accompanying floods. These sediments, as has been shown, were deposited 
as exten·sive gravel sheets 1 throughout the area south of the Tanana. vVith them can be· grouped 

1 The recent studies by S. R. Capps along tho northern margin of the Alaska.Range have led him to the opinion that these heavy gravels are 
of preglacial ago. This opinion is of course not in accord with the theories sot forth in the text of this report. 
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also the gravel terraces that occur along many of the valley slopes. These are in part remnants 
of a dissected valley filling, in part the result of deposition along the margin of glaciers. The 
first class are for the most part of later date than the second,. but the two can be differentiated 
only after detailed surveys. 

PRESENT EPOCH OF EROSION. 

With the disappearance of the ice sheet the watercourses gradually lost their overloaded 
character and erosion took the place of deposition. The sheet of Pleistocene gravels was 
rapidly dissected and much of it has been removed. This process of dissection was accelerated 
to a certain extent by uplift.' In the. Cook Inlet region the top of the gravel sheet is 100 to 200 
feet above sea level, suggesting an uplift, though this may be a marginal deposit along a glacier. 
It does not seem likely, however, that a central tongue of ice was preserved long enough for the 
deposition of this gravel sheet. In the Tanana Valley the Pleistocene gravels have .a.percep
tible dip to the north, and there must have been here_ an uplift of several· hundred feet along 
the front of the range. In the Tanana upland there are some silt terraces which indicate 
recerit uplift in this area. It is, however, impossible to correlate them·.with the glacial gravels 
to the south. This cycle of erosion is the one of the present. The rivers are still continuing . 
the work of removing the Pleistocene gravels and in the mountain valleys are working on bed 
rock. Grades have not yet been established. · 

There is evidence that some of the glaciers have made a considerable advance sin·ce the 
dissection of the gravel sheet and later retreated to their present positions. This movement is 
believed by the writer to have been comparatively local, however, and in no sense comparable 
to that of the Pleistocene ice sheet. · 

IGNEOUS ROCKS. 

. By L: M. PRINDLE. 

INTRODUCTORY STATEMENT. 

The facts observed and material collected during the journey here recorded were neces
sarily of a fragmentary character. There was little opportunity for the study of contacts, and 
material was often obtained in intervals sn~tched from other duties. With the ever-present 
in1possibility of visiting many localities, stream gravels and talus slopes were carefully scanned, 
and the results indicate the kind of material occurring in the area but give scant information 
regarding its areal distribution and· geologic relations. They have qualitative rather than 
quantitative value. The following report, therefore, by no means represents a minute petro
graphic investigation. It is unsupported by detailed field evidence or by chemical analyses 
and includes only what seem to be th~ m·ost salient facts regarding the lithologic character, 
distribution, and general relations of the igneous rocks of this province. 

A part of the. area was traversed by Spurr 1 in 1898 and a detailed classification and descrip-
tiqn of the rocks observed by him appear in his report. · 

' Igneous rocks constitute a large part of the bed rock in the region traversed by the party. 
They ·are found in discontinuous masses from Cook Inlet to the Alaska Range, throughout that 
range, and in the Rafnpart region. They include intrusive and volcanic rocks and some of 
then1 are highly metamorphosed. 

The phenomena of intrusion are manifested on a most extensive scale. There are large 
masses cutting the inclosing rocks, penetrating them with a fringe· of apophyses, and in many 
places inducing contact metamorphism, and there are many small dikes remote from the large 
masses and not ·referable directly to any parent body. These rocks, as a rule, contrast strongly 
in form and color with the sedimentary rocks and largely make up the most prominent moun
tains, .including Mount Foraker and Mount McKinley. 

No volcanoes, either active or extin~t, were observed along the route· of travel. There is 
n1uch volcanic material, however, and float in many streams bore witness to the presence of 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: 'l'wentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 188-234. 
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volcanic rocks in areas not covered by the party. Volcanic rocks occur in great abundance in 
the n1ountains north of Skwentna River and along the western base of· the Alaska Range, 
particularly between Mount Foraker and Mount· McKinley and between Muldrow Glacier and 
Nenana River. There are small areas of them in the northern foothills of the Alaska Range; 
and they are· also present in the Rampart region. 

In composition the igneous rocks show a wide range of variation. At one extreme are 
rocks high· in silica and the alkalies and so low in iron, magnesia, and lime as to. contain rela
tively sn1all amounts of plagioclase ap.d negligible amounts of the ferro magnesian minerals; 
at the other extreme are a few rocks composed mostly of ferromagnesian minerals. Some 
individual types also exhibit a wide variation in the proportions of their essential constituents. 
The region in general is characterized by siliceous rocks of intermediate co.mposition, and, 
although there are variations in both the acidic and the basic directions, the number of extreme 
types is small, and quantitatively also these form but a small proportion of the whole assemblage. 

The granular intrusive rocks include essentially granitic, monzonitic, and dioritic .rocks, 
with isolated occurrences of more basic types and a considerable amount of coarse ·diabase. 
There are many .gradational types between acidic granites and quartz diorites and from quartz 
monzonites through olivine-pyroxene monzonite to basic rocks. Porphyritic rocks are common 
either in close association with the large masses of granular rocks or as independent masses of 
considerable extent or dikes of minor importance, and these are described in connection with 
the groups to which they aTe most closely related. The volcanic rocks include rhyolites, 
andesite$, and basalts, and these, like the intrusive rocks, merge into one another through 
gradational types. Tuffaceous rocks are associated with the volcanic rocks. . 

Most of the igneous rocks are unmetamorphosed, but some of them have beensubjected 
to metamorphism and have become gneisses. Moreover,- there are zones in the sedimentary 
roeks on the composition of which the igneous rocks have exerted' a modifying influence, with 
the production of metamorphic minerals. · 

The rocks are in general similar throughou.t the region and are not separable into provinces 
distinctly different in petrographic character. They are of different ages and form the con
tinuation of the masses which extend throughout the western part of the United States and 
Canada into Alaska. · 

INTRUSIVE ROCKS. 

GRANITIC ROCKS. 

ALAS KITE. 

This province contains rocks similar to those of adjacent areas, described by Spurr 1 

under the term alaskite. These ~;tre granitic rocks composed essentially of quartz and feldspar 
and characterized most commonly by the graphic texture. The ferromagnesian minerals 
are present in these rocks only as accessory constituents. 

The most common type is light gray or pinkish and ranges from a finely granular rock to 
one with a diameter of grain averaging about 2 millimeters. Small miarolitic cavities con
taining quartz and feldspar crystals and pyrit.e more or less altered to limonite are common 
in this rock at some localities. The rock is composed of quartz, alkali feldspar,· and soda-lime 
feldspar. Biotite occurs in some specimens. Zircon is a common accessory, and here and 
there are needles of apatite. Fine grains of. iron mineral, pres~mably magnetite, are scattered 
through the. rock, and epidote and chlorite are among the· alteration products. The quartz 
has many liquid inclusions, some of them 0.2 millimeter in diameter. Many of these contain 
movable bubbles and small cubic crystals. Some of the cavities in basal sections of quartz' 
are hexagonal in outline. The feldspar is mostly orthoclase and microcline; both are much 
altered and contain in perthitic intergrowth considerable soda-lime feldspar. The soda-lime 
feldspar occurs to a n1inor extent also as automorphic individuals slightly zoned, with extinc
tions on sections cut parallel tb the plane 010, ranging from -4° in the interior to + 12° in 

• Spurr, J. E., A reconnaissance in southwestern .Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 189, 195-196. 
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the outermost zones, indicating an oligoclase. The biotite, where present, is mostly altered, and' 
.rows of magnetite grains indicate its former distribution. There are porphyritic varieties of · 
the rock containing a few scattered alkali feldspar phenocrysts up to 5 millimeters in diamete~· 
in a fine groundmass of quartz and feldspar mostly in tlw graphic relation. \. · 

The most prominent textural charact~ristic of these rocks is the graphic intergrowth. It. 
is visible in some hand spe'cimens but ·in other rocks is so minutely developed ras to require 
the higher powers of the microscope. This texture and the perthitic character of the feldspar·, 
which suggests a larger proportion of· soda-lime feldspar than is present as individuals, are 
somewhat indicative of the chemical composition of these rocks. 

These acidic granitic rocks occupy a considerable area in the eastern foothills of the Alask~ 
Range south of Skwentna River. They have been glaciated and have furnished a large pro
portion of the glacial bowlders scattered over the greenstones of these hills. 

Dikes of ·similar composition, ranging in thickness from a few inches to 100 feet or more~ 
occur at widely scatteJ'·ed localities in the Alaska Range, either in close association with granitic 
or diori~ic rocks or isolated in the sedimentary rocks. They are conspicuously light colored 
{rom the absence of ferromagnesian minerals, and where altered are i:o. many places of a chalky 
whiteness. They are composed of quartz, alkali feldspar, and soda-lime feldspar, mostly 
oligoclase. Some of them are very pure examples of quartz-feldspar rocks. Locally they 
contain considerable muscovite. The rocks are in many places porphyritic, quartz and both 
feldspars appearing as phenocrysts. The prevailing texture ·is granular. 

· Dikes of this character are common in the Jurassic slates along Kichatna River, and the 
moraines along the west side of the range abound in material illustrating the intrusive nature 
of the alaskite in the granitic and dioritic rocks. Transitional rocks to muscovite granite and 
to biotite granite are common. 

. MUSCOVITE GRANITE. 

The moraine material derived from the western base of ¥ount l\1cKinley contains fragments 
of muscovite granite. The rock is composed esS'entially of. quartz, much alkali feldspar, a small 
amount 0.f soda-~ime feldspar, and considerable muscovite. 

BIOTIT~ GRANITE. 

The most common granite in the region is light gray in color, flecked with black. Quartz, 
feldspar, and biotite are visible in the hand specimen, and the first two minerals predominate. 
The rock is generally of an uneven grain, being in places a finely granular mass of the con
stituent minerals with a slight interstitial development of the graphic texture and in places a 
rather coarse rock in which the feldspars attain a diameter of 1 centimeter. The observed 
constituents are quartz, alkali feldspar, plagioclase, biotite, zircon, and magnetite. The 
abundant quartz is medium to fine grained "and is in places colored with lines of inclusions. 
The feldspar occurs in larger grains than the quartz; in some localities it is mostly orthoclase, 
but at others microcline is more abundant. Perthitic intergrowths are common. Soda-lime 
feldspar is rather abundant and many of the zoned individuals contain cores of andesine. The 
proportion of biotite is generally smJtll; it is pale brown, occurs i1;1 irregular patches and 
slivers, and is generally fresh; at some localities, however, it is largely chloritized. l\1agnetite 
and zircon are present in about the usual proportions. The composition of the rock is fairly 
uniform. · . 

This rock occurs at widely scattered localities. :Mount Susitna is in part composed of 
it, and there are scattered areas of it between Cook Inlet and the hill country to the west. 
Small dikes of it cut the volcanic rocks in the hills south of Skwentna River. The same rock 
forms a large part. of the morainal material derived from sharp precipitous peaks at the head of 
the Kichatna and strewn for miles along the stream and high on the sides of the valley.· It is 
found also on the west side of the Alaska Range, in the morainal material coming from Mount 
Foraker and Mount l\1cKinley, and forms perhaps a large part of these peaks. 

Wherever the contact relations were observed the rock was found to be intrusive, and 
some of the occurrences at least are probably intrusive in rocks_ as young as the Jurassic. 

,i.., 
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AMPHIBOLE GRANITE. 

A yellowish-gray medium-grained granite occurs abundantly in the hills near the camp of 
August 8. It is composed of quartz, alkali and soda-lime feldspars, hornblende, biotite, apatite, 
magnetite, and zircon. The quartz occurs intergrown with the alkali feldspar, which is per
thitic and mostly·kaolinized~ and is present in much larger quantity than the plagioclase. The 
plagioclase exhibits albite and Carlsbad twinning and zonal deve~opment. One section studied 
cut parallel t_p the 010 plane showed an interior of basic labradorite inclosed by a broad zone 
of andesine and a narrow exterior of oligoclase. The rock contains considerable biotite and a 
somewhat larger amount of greenish-brown, strongly pleochroic hornblende. Magnetite and 
apatite are p!entiful. 

PYROXENE GRA~ITE. 

A granite that occurs in the Rampart region in Wolverine :Mountain_ and vicinity is com
posed of quartz, much alkali feldspar, soda-lime feldspar, and a small proportion of dark con
stituents of which biotite is the most abundant. The biotite is accompanie~ by a small amount 
of hornblende and diopsidic pyroxene. 

MONZONITIC ROCKS. 

The mo:p.zonitic rocks of this province have so wide a range of variation that at one extreme 
they are closely related to granitic rocks and at the other are with difficulty separable from 
.gabbros. The series of gradational rocks may be grouped about three types-quartz mon
zonite and associated porphyries, quartz-pyroxene monzonite, and olivine-pyroxene monzonite. 

QUARTZ MONZONITE. 

The Shell Hills are composed partly of a rather coarse, uneven-grained rock showing in 
the hand specimen all the essential constituents. These are pink feldspar, white feldspar, 
.quartz, and hornblende. The pink alkali feldspar is the most abundant constituent. It attains 
a diameter of '1 centimeter and is largely kaolinized. There is much soda-lime feldspar, which 
is fresher and attains a diameter of 2 millimeters. It is in places poikilitic in the alkali feldspar, 
several individuals of the plagioclase occurring in one of the 'other feldspar. It is twinned 
according to both albite and Carlsbad laws and is locally zoned. In composition it ranges from 
labradorite to oligoclase. Alteration has produced considerable secondary quartz and epidote. 
The primary quartz is distributed in minor quantity irregularly through the secti_on. The color 
range of the hornblende is from a dull yellowish green to brown. There is considerable of it 
present and in some of the. rock it crystallized subsequently to the plagioclase. It is somewhat 
chloritized. Magnetite is abundant, and in places considerable pale-brown titanite is associated 
with it. Some apatite is partly included in the hornblende. 

An estimate of the mineral and chemical composition of this rock based on Rosiwal's 
method of linear measurell(ent 1 and reduction to weight percentages and on the methods set 
forth in the "Quantitative classification of igneous rocks," by Cross, Iddings, Pirsson, and 
Washington, is as follows: 

Approximate mineral and chemical composition of quartz monzonite from the Shell Hills. 

Quartz........................................... 19.00 Si02•••••••••••••••••••••••••••••••••••••••••••• 65.00 
Orthoclase....................................... 38. 00 Al20 3 ••••••••••••••• :........................... 16. 00 
Plagioclase ............................. ,....... 30.00 Fe20 3 ••••••••••••••••••••••••••••••••••••••••••• 2. 50 
Hornblende..................................... 8. 00 FeO ........ :.................................. 1. 75 
1fagnetite...................................... 3. 00 MgO ................. · ........ ~.................. 1:00 
Titanite......................................... 1. 50 CaO ............. ·.· ........ .- ...... ·................ 4. 00 
.Apatite ............................ ~........... . 25 Na20 ........................................... · 2. 25 

99. 75 K20 ...... _..................................... 7. 00 
Ti02 •••••••••••••••••••••••••••••••••••••••••••• • 75 
P20s············................................ . 20 

100.45 

1 Rosiwal, ·A., Verhandl. Wien. geol: Reichsanstalt, vol. 32, 1898, pp. 143 et seq. 
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A specimen taken from a point 4 miles distant contains the same constituents, but the 
proportions are reversed. There is considerably more plagioclase in the rock than orthoclase. 
In composition the rock apparently ranges both ways from one ·containing a nearly . equal 
amount of both feldspars, approaching the granites in one direction and the granodiorites in 
the other. 

A porphyritic rock of similar composition occurs in the same general area in the hills south 
of the Skwentna. It is a light-gray medium-grained rock showing in the hand spe~imen slightly 
porphyritic pinkish feldspars, white feldspars, quartz, and hornblende. Under the microscope 
the rock exhibits a well-~efined porphyritic character, with phenocrysts up to 3 millimeters 
in diameter and a size of grain in the groundmass of about 0.06 millimeter. The phenocrysts 
are feldspar, hornblende, and quartz. A granular mass of quartz and altered feldspar, with 
perhaps a greater proportion of feldspar, make up the · groundmass. The quartz occurs in 
angular somewhat corroded grains up to 5 millimeters in diameter and contains many liquid 
inclusions with movable bubbles. The feldspar is largely altered. It generally shows zonal 
development and albite twinning. The composition varies from that of andesine to that. of a 
feldspar which gives a lower index of refraction than the balsam and which in places shows 
albite twinning. A section was observed nearly normal to the positive bisectrix which gave 
an extinction angle. of 17° to 19°; this would indicate albite. The hqrnblende is yellowish green 
to brown in color. It occurs in stout, irregularly· terminated forms up to 4 millimeters in 
length and is largely altered. Magnetite is present in grains of considerable size and abundance. · 

. Chlorite and epidote are abunda~t secondary constituents. . 
North of Tanana River, in the hills near the headwaters of the Tolovana, occurs a similar· 

rather coarse, unevenly grained rock, with porphyritic alkali feldspars over a centimeter in 
length. The rock consists of these larger alkali feldspars, whicp. are mostly kaolinized; plagio
clase nearly equal in amount to the alkali feldspar; quartz, hornblende, biotite, apatite, 
magnetite, and zircon. The alkali feldspar appears to have been uniform in composition and 
was probably orthoclase. The plagioclase is up to 2.5 millimeters in length, is twinned according 
to both Carlsbad and albite laws, is somewhat zoned, an'd ranges in composition from a basic 
andesine to oligoclase. The quartz is subordinate in amount, filling the spaces between the 
feldspars. The dark constituents, hornblende and biotite, make up a large proportion of the 
rock. The hornblende is strongly pleochroic, varying from bluish green to yellowish brown. 
It reaches 3 millimeters in length. The clear-yellow biotite is less abundant than the horn
blende and occurs in foils of variable size up to 2 millimeters' in length, some of them inclosing 
hornblende. Considerable apatite is generally associated with the biotite and hornblende. 
In composition this rock is similar to th.at of the Shell Hills,. but it differs .in the presence of 
biotite ·and in an apparently greater proportion of hornblende. 

QUARTZ-PYROXENE MONZONITE. 

In close association with the rock of th~ Shell Hills is a dark-gray fine-grained rock composed 
of an unevenly' grained hypautomorphic mass of quartz, feldspar, biotite, and diopsidic pyroxene. 
The quartz is abundant and occurs in irregular grains' up to half a millimeter in diameter .. The 
orthoclase is interstitial. between automorphic plagioclase which exhibits albite and t9 a lesser 
degree Carlsbad twinning. A section normal to the negative bisectrix gave an extinction 
angle of 76° and one normal to the positive bisectrix 2°, indicating the composition of an acidic 
andesine. The biotite occurs ·in small quantity and is much interrupted in its development; 

I the same cleavage and extinction may persist through rather widely separated fr~gments. It. 
, shows only a slight alteration to a chloritic substance. The pyroxene is of a pale-green color and 
is very abundant. It occurs in irregular xeriomorphic fragments ranging in size from individuals. 
as large as the other constituents to minute grains. The largest diagnostic angle of extinction 
observed on the plane 010 was 37°. Magne,tite is present in considerable quantity, as well 
as some apatite and here and there a small crystal of zircon. Chlorit~ and pyrite are among 
the secondary products. 

.l. 
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In the Rampart region n,.ear Wolverine Mountain is a gray porphyritic rock with tabular 
feldspar phenocrysts 2 centimeters or more in diameter. The rock contains abundant quartz 
and soda-lime feldspar, alkali feldspar, and a large proportion of brown biotite a~d diopsidic 
pyroxene. The quartz is interstitial in the other minerals. The alkali feldspar forms the 
largest phenocrysts. The plagioclase is automorphic, is zoned, and ranges in composition from 
labradorite to oligoclase. The pyroxene is nearly colorless, automorphic, with prismatic develop
ment, and htrgely altered. The rock is transitional in that region to pyroxene granite . 

. OLIVINE-PYROXENE MONZONITE. 

A rock similar to those from .other regions described as olivine monzonite, kentallenite, 
shonkinite, gabbro-syenite, etc., 1 occurs at several places in this province. The essential 
constituents are alkali and soda-lime feldspar, biotite, monoclinic pyroxene, and olivine. 
I-Iypersthene is present in places and there is some apatite and considerable magnetite. The 
constituents vary greatly in proportion in different varieties of the rock and the most basic 
type is composed almost entirely of pyroxene. The relationship of the rock to the quartz
pyroxene monzonites is very close, and at some of the localities a single thin section will show 
small amounts of primary quartz and olivine. 

The 1nost extensive body of this rock observed in the eastern foothills of the Ala;ska Range 
is nearthe head of the IGchatna Valley, where it forms a massive reddish-weathering intrusion in 
the Jurassic slates. It is clark gray, with an oily lu~ter and a greenish or reddish tinge.· It is 
hard and tough and of an uneven medium to fine. grain. The finer varieties have a conchoidal 
fracture. Biotite in plates of interrupted continuity 15 ·millimeters or more in diameter, 
distributed irregularly through the rock, pre~ents a striking appearance. The material collected 
is r~mghly divisible into four varieties. The geologic relations between them are not known. 
Orie variety is a medium-grained rock of greenish-gray color mottled with a few large flakes of 
the brown biotite. Under the microscope are seen thickly crowded phenocrysts of olivine and' 
pyroxene and some biotite in a mass.of alkali and soda-lime feldspar in which the other constit
uents are poikilitically embedded. The alkali feldspar has a lower index of refraction than the 
balsam, shows no twinning of any kind, and on a section nearly normal to the negative bisectrix 
gave an angle for the plane of the optic axes to the 010 cleavage of about 87°. The composition 
is not unifonn. The mineral presents a watery appearance and under the higher powers shows 
a peculiar intergrowth of another substance in a manner similar to that of the graphic texture. 
A difference of composition is also shown by alternating irregular layers similar to perthitic 
intergrowths. The feldsp~r is in places considerably altered. Lines of serpentinous substances 
run out into it from the olivine, connect with other olivine individuals or here and there with 
pyroxene, and give to the feldspar a streaky and finally a ·yellowish-green opaque appearance. 
In some feldspars the alteration proceeds along the cleavage planes. There is but little plagio- · 
clase (labradorite) and it occurs in the automorphic relation to the alkali feldspar. The pyroxene 
occurs interstitially between olivine grains and also as automorphic, stout, nearly colorless 
prisms up to 2 millimeters in diameter. It shows some twinning parallel to the 'plane 100, 
a slight parting to 010, and a basal parting. The largest angle of extinction observed was 42°. 
Many of the prisms inclose small olivine grains and some biotite. The olivine occurs in rounded 
forms, attaining a diameter of 1.5 millimeters. Magnetite is rather abundant along the fractures, 
but otherwise there is little alteration. A small. amount of a bright bluish-green substance is 
present along some of the fractures, and a~so a substance with high birefringence, like.that of talc. 
The biotite occurs in splintery foils up to 2 millimeters in length. It is very fresh and of a deep 
reddish-brown color. Little magnetite is present except in the olivine. There is a small amount 

1 Brogger, 'IV. C., Die Eruptivgestcine des Kristianiagebietes, pt. 2, 1895, p. 21. 
Teall, J. J. H., British petrography, 1888, Pl. XVI, fig. 1; Ann. Rept. Geol. Survey Great Britain, 1898, pp. 22, 23. 
Hill, J. B., and Kynaston, H., On kentallenite and its relations to other igneous rocks in Argyllshire: Quart. Jour. Geol. Soc. London, vol. 5G, 

1900, pp. 531-558. 
Plrsson, L. V., Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, pp. 479-488. 
'l'arassenko, B., Ueber die Gesteine der Gabbrofamilie in den Kreisen Radomysl u. Gitomier der Go~v. Kiew u. Volhynien, 1895. 
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of apatite. A rough approximation ·?f the mineral composition, based on linear measurement, 
is as follows: · 

Miner_al composition of olivine-pyroxene monzonite from Kichatna Valley (No. 1). 

Alkali feldspar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Soda-lime feldspar ............ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . . 
Pyroxene ........... _. ............ , ........ · .................. .- ... , . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Olivine .............................................. ,..................................... ~7 

Biotite .............................................................................. ·_........ 9 

100 

· Another variety is intimately associated with this rock and contains similar large biotite 
plates. The grain is uneven, with phenocrysts of the same mineral as were f~und in the 
other rock, in a fmely granular mass of feldspar .and pyroxene. Both alkali and soda-lime 
feldspar are present. The former occurs in xenomorphic grains up to 0 . .5 millimeter in 
diameter. It is very fresh and limpid, shows no twinning, and has a lower index or refraction 
than the balsam. Sections nearly normal to the positive bisectrix gave angles of 6°, 9°, and 
12° to the basal cleavage. Almost invariably this feldspar shows a peculiar faint striation 
visible only under the higher powers of the microscope and an· intergrowth of another material 
having a slightly higher index of refraction, which occurs as faint finger-like proeesses spreading 
out into the substance of the feldspar. Some grain~ are full of this material, which gives rise to a 
texture resembling the graphic texture. This texture is espe.cially well developed in some 
places where the ends of the soda-lime feldspar individuals come into contact with the alkali 
feldspar. Besides this intergrowth, there are minute crystals of a soda-lime feldspar embedded 
in the alkali feldspar. The finger-like processes are probably soda-lime feldspar. Black hairlike 
inclusions are very. common. These range in length up to 0.10 millimeter and in places the clear 
feldspar substance is almost entirely filled with them. Besides the inclusions above mentioned, 
which are characteristic constituents of this feldspar, there are inany poikilitic grains of 
pyroxene. The composition of the feldspar was assumed to· be that of a soda orthoclase with 
a proportion of orthoclase to albite of 1 :I. The soda-lime feldspar occurs in automorphic 
ip.dividuals with tabular development parallel to the· plane 010 and 2 millimeters or more in 
thickness. It is twinned according to the albite, Carlsbad, and pericline laws, and zones are 
prominently developed. Study of the albite and Carlsbad t-\vinning combinations and 010 

, sections with zonal development showed a composition ranging from that of basic labradorite 
to that of oligoclase. The soda-lime feldspar is free from the inclusions and intergrowths so 
common in the alkali feldspar. The ferromagnesian constituents are biotite, pyroxene, and 
olivine. The biotite occurs in plates up to a centimeter in diameter. It shows a skeleton
like development and is in many places discontinuous, with the same orientation, however, 
throughout the disconnected areas. It is stro;ngly pleochroic, the color varying from a pale 
straw to a deep reddish brown. There are phenocrysts of pyroxene like that of the rock 
variety first described up to about 1.5 millimeters in diameter, but automorphic development 
is not so common as in the other variety. The pyroxene crystals are generally irregular in 

·shape, with frayed, ragged edges and detached gr~ins .. Around the edges of many of these 
monoclinic pyroxenes are to be found small prisms of hypersthene. The olivine is not so 
abundant as in the other rock. It is very clear and fresh and has an irregular outline ·bor
dered by granular pyroxene. There is little magnetite in the rock aside from that along the 
fractures of ·the. olivine. A small proportion of apatite is present. 

The quantitative mineral composition of this rock is approximately as follows: 

Mineral composition of oliv?me-pyroxene monzonite from Kichatna Valley (No.2). 

Alkali feldspar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Soda-lime feldspar ......................... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 . 
Pyroxene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Biotite...................................................................................... 14 
Olivine .............................. : ................................................ _..... 3 
Apatite and magnetite:..................................................................... 1 

100 

.l. 
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The third variety is a porphyritic rock containing phenocrysts of olivine, monoclinic 
pyroxene, and beautiful skeleton forms of biotite, like those of the rock just described but 
more delicately developed. The groundmass is composed of finely granular pyroxene and 
feldspar. There are forms transitionai to the second variety, the olivine decreasing and the 
biotite losing its prominence and being dispersed in minute flakes throughout the rock . 

.The fourth, ~ost basic variety contains· phenocrysts of the nearly colorless monoclinic 
pyroxene, many. of which are bordered with biotite in a finely granular mass composed mostly 
of rounded. pyroxene grains. Some of the pyroxene phenocrysts have become a granular 
mass containing in places spongy pyrite. · 

In the first variety described the rather coarsely granular texture resulting from crys.tal
lization is perfectly preserved. All the other varieties have suffered deformation and recrys
tallization. Deformation has manifested itself most prominently· in the granulation of the 
pyroxene, automorphic individuals becoming broken, bordered with granular pyroxene, and 
finally reduced to a granular mass. . . 

Composition was calculated from measured sections, one of which represented an acidic 
type and the other a more basic type. The average of both analyses 'is given below: 

Approximate chemical composition of olivine-pyroxene monzonite from Kichatna Valley. 

Si02 .......................................... . 
Al20a .. · ................ · ..... · ......... · · · ········ 
Fe20a ................................... ···· ··· 
FeO ............................................ . 
:UfgO ...•.............. , ....................... . 
CaO .......................................... . 
Na20 ......................................... . 
K110 .........•.................................. 

52.50 
10,. 50 
2.00 
6.00 

14.00 
7.50 
3.00 
3. 50 

~:g+}······················: ....... : ......... 0.70 
Ti02............................................ . 60 
P20:;............................................ .20 
C02 .................. ·........................... .10 

100.60 

Similar rocks occur· in the Rampart region but do not show so wide 8: range of composition. 
They are found in Lynx Mountain and in the hills at the head of Glenn· Creek, a tributary of 
Baker Creek. The proportion of olivine is less, some sections containing none, and a few 
grains of primary quartz are present. The texture is essentially the same a.s in the rock of the 
IGchatna Valley and the biotite has an equally prominent development. . 

In association with these rocks east· and southeast of Little Minook Creek are a few dikes, 
ranging up to 20 feet in thickness, Qf a dark-gray medium-grained rock with large individuals 
of biotite ·and pyroxene in a mass of small biotites and inter~titial feldspar. The rock is 
generally much decomposed. The feldspar forms a comparatively small proportion of the 
rock and in one section was found to be orthoclase. The biotite is very abundant in laths up 
to 4 millimeters in length, most of them.bordered by dar~ rims ana many having faded interiors. 
It is largely altered to chlorite and locally includes many minute rutile needles. The. color
less pyroxene occurs in forms up to 2.5 millimeters long and 0.75 millimeter wide and has 
undergone considerable alteration peripherally and along fractures. l\1uch chlorite, kaolin, and 
calcite and some quartz are alteration products, and here and there pyrite is present in consid
erable quantity. 

DIORITIC ROCKS. 

The dioritic rocks of the Mount McKinley r~gion are separable into granodiorite and quartz 
diorite, of which the latt~r is the more common. 

GRANODIORITE. 

In the hills west of Mount Susitna is a medium-grained rock containing quartz, alkali 
feldspar, plagioclase, .biotite, a little hornblende, magnetite, apatite, zircon, and titanite. Quartz · 
and plagioclase are the ·most abundant constituents. The plagioclase occurs in more or less . 
automorphic individuals up to 4 millimeters in length. Zonal development is common, and in· 
composition the mineral ranges from andesine within to ~ narrow zone of albite on the 

66897°--11----10 
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. . . 
outside. The proportion of alkali feldspar present is rather small. The' section studied had the 
composition of granodiorite, and the rock is an intermediate type between the granite -of Mount 
Susitna and the head of the Kichatna and the quartz diorite of the Alaska Range. 

QUARTZ DIORITE. 

·The numerous moraines which protrude from the valleys along the western base of the 
Alaska Range a;e composed largely of intrusive material from the peaks within the range, and 
most of it is granitic in appearance. This material, so far as it is represented by the frag
mentary collections, is separable into granite and quartz diorite, and the latter is the more 
abundant. Associated with these granular rocks are porphyries of about the same composi
tioll' occurring as apophyses or as independent masses of considerable prominence. The n1ost 
general characteristic of all these rocks is the presence of abundant q~artz and the predominance 
of soda-lime feldspar. The rock is composed essentially of quartz, alkali feldspar, soda-lime 
f~l~spar, biotite, and hornblende, with apatite, magnetite, zircon, and rarely allanite as acces
sories. There is a greater proportion of the salie constituents. The biotite and hornblende 
generally occur in close association, forming masses 12 millimeters in diameter, which gives the 
rock a somewhat patchy appearance. The largest size of grain observed was 10 millimeters . 

. Fine-grained varieties occur but are not abundant. The composition varies with the proportion 
of dark constituents, and these vary with respect to one another, giving rise to dark-gray rocks 
with much biotite and little or no hornblende and those in which hornblende is the most abun-
dant ferromagnesian mineral. The material is separable into three varieties. . 

An example of the first and most common variety was collected from the moraine about 5 
miles southeast of the camp of August 5, opposite the base of Mount McKinley. In texture 
and composition it agrees with the description already given. The quartz is clear, contains 
minute liquid inclusions, some of w:hich are arranged in lines, and occurs in interlocking areas 
and in irregular grains between the feldspars. Undulatory extinction is common and some 
of the quartz has been somewhat crushed .. The rock contains a .few fragments of altered ortho
clase. The plagioclase occurs in stout, lath-shaped, more or less automorphic forms up to 3.5 
millimeters in diameter. It is comparatively fresh and clear, containing minute dustlike inclu
~ions and showing a fine development of zonal growth. Inclusions of various nature are espe
cially abundant between successive zones. Twinning is common according to both the Carlsbad 
and· the albite laws and in. some places according to the pericline law. In composition the 
plagioclase ranges from labradorite to oligoclase. The average composition was assumed to 
be Ab3An2 • There is but little alteration. Some of the i.p.teriors have become a more or less 
opaque mass which seems to contain some sericite n1ixed probably with calcite and kaolin. The 
biotite occurs in foils up to 1.5 millimeters in diameter, varies in pleochroism from a olear yellow 
to brownish black, and has suffered considerable alteration to chlorite. The lamellre are com
monly bent and in places faulted, showing that the rock has undergone some deformation. 
The hornblende is black in the hand specimen and dark green "in the section, varying in pleo
chroism to a greenish brown. It ranges in diameter up to 1.5 millimeters, is partly automorphic, 
and is generally in close association with the biotite. Apatite occurs in small crystals and 
much of it is inclosed· in the biotite foils. There is little magnetite and zircon. 

A specimen collected from an intrusive rri.ass on the western slope of the ridge at the western 
base of Mount McKinley, about 6 miles southeast of camp No. 56, is a rather fine, evenly grained 
r<?ck containing only a few grains exceeding 1 millimeter in diameter. .In the hand specimen the 
rock is light gray, showing a ·greater proportion of light constituents. The essential minerals 
are quartz, soda-lime feldspar, and biotite,. with possibly a little alkali feldspar. There is a 

· little apatite and zircon and secondary chlorite, kaolin, sericite, and epidote. The quartz con..: 
tains many minute inclusions, fills the spaces between the feldspars, and locally forms large 
masses of granular quartz. ·The individual grains attain a diameter of 2 millimeters. A little 
:filling material of a doubtful 'character is present in many places between the plagioclase grains, 

.~ 
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and this was considered to be alkali feldspar. The soda-lime feldspar occurs in more or less 
autqmorphic equidin1ensional forms up to 1.5 millimeters in diameter. · Its most prominent 
feature is the zonal development. Sections cut parallel to the plane 010 exhibited a range of 
composition from basic labradorite with an extinction of -31 to an acidic oligoclase with an 
extinction of + 13. In the sections studied the interiors were more basic than the outer zones, 
but there were numerous alternations of composition toward the surface. The average 
cmnposition was taken to be Ab3An2 • The feldspar is twinned according to the Carlsbad, 
albite, and pericline laws. The biotite is similar to that already described. It is considerably 
chloritized and there is some epidote. The rock also contains apatite and zircon. · 

Half a mile above camp No. 54 is the termination of a: moraine composed of material part 
of which has probably been derived from Mount Foraker. A specimen taken from this moraine 
is a dark-gray,· fine, evenly grained .rock containing a large proportion of dark constituents. 
The essential constituents are quartz, sodn-lime feldspar, biotite, and hornblende. There is 
possibly a little alkali feldspar. ~he rock contains considerable apatite, magnetite, and pyrite 
and, a little . zircon. Chlorite, kaolin, muscovite, and epidote are secondary products. The 
quartz fills the spaces between the other minerals, contains the usual inclusions, a.nd in the 
larger individuals contains poikilitic feldspar laths. Few of the grains exceed 0. 7 millimeter 
in diameter. The soda-lime feldspar occurs mostly as more or less automorphic lath-shaped 
crystals about"1 millimeter long, twinned according to the Carlsbad, albite, and pericline laws. 
Zonal development is very prominent .. A study of 010 sections showed a variation in com-' 
position from basic labradorite to oligoclase. The contacts between the feldspar and quartz 
are generally sharp. The feldspar is not only poikilitic in the quartz but here and there has 
the same relation to biotite. The biotite is clear yellow to brown in color and occurs in foils 
up to 1 millimeter in diameter. The plates are locally bent and broken. It shows only a 
slight alteration to chlorite. The hornblende occurs in more or less automorphic forms, varying 
in size from fragments of 0.5 millimeter to minute,grains, scattered irregularly throughout the 
section. In color it varies from brown to green. It is in places closely .intergrown with the 
biotite. Apatite is abundant, the crystals attaining a diameter of 0.07 millimeter. 

By using ·the composition of the biotite from the granodiorite of El Capitan, Yosemite 
Valley, 1 and of the hornblende from _a quartz diorite 4.6 miles south of Table Mountain, Cali
fornia, 2 chemical analyses were calculated for each of the three varieties above described and an 
average for the series. The soda-lime feldspar was considered as AbgAn2 and doubtful material 
in the measurements was distributed equally between that and orthoclase, giving perhaps a 
greater percentage of orthoclase than is really present in the rock. 

A comparison of the approxin1ate mineral and chemical composition is given in th~ follow
ing ·table, in which the numbers 1, 2, and 3 represent the three varieties in the order of the 
foregoing descriptions: 

Approximate mineral and chemical composition of quartz diorite of the Alaska Range . . . 
1. 2. 3. 1. 2. 3. 

---,-JJ------------1---- ---. ----

Quartz................................... 27. 00 · 32. 00 
Alkali feldspar........................... 4. 50 5. 00 
Soda-lime feldspar........................ 47.00 52.00 
Biotite................................... 9. 00 10.00 
Hornblende.............................. 11.00 ......... . 

¥;i~l~~~~~:::::::::::::::::::::::::::::::: ..... : ~ ~~. ::::::: ~~: 
Zircon.................................... . 20 .10 

100.10 99.30 

u:oo 
. 1.30 

56.00 
13.00 
16.00 
. 1.30 

. 40 

. 10 

. 10 

99.20 

1 Am. Jour. Sci., 4th ser., vol. 7, 1899, pp. 294-295. 

Si02 ......................... : .......... . 
AbOa.·-·····'··························· 
Fe20a .... : .............................. . 
FeO ......................... · ........... . 

~;3.:::::::::::::::::::::::::::::::::::: 
Na20 ................................... . 
K20 .................................... . 
Ti02 ................................... . 
P20o ................................... . 
MnO ................................... , 

66.00 
16.00 
1.50 
2.50 
2. 75 
5. 50 
3.50 
1. 60 
.20 
.30 
.10 

70.00 
17.00 

.50 
1. 50 
1. 00 
4.50 

. 3. 75 
1.80 
.10 
.10 
.10 

58.00 
19.00 
1.50 
3.00 
4.00 
7.00 
4.25 
1.50 
.30 
.50 
.20 

99. 95 100. 35 99. 25 

2 Bull. U. S. Geol. Survey No. 168, 1900, p. 190. · 
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QUARTZ DIORITE PORPHYRY. 

The quartz diorite near the contact and the dikes from the parent mass are gray porphyritic 
rocks composed of quartz, plagioclase, biotite, and hornblende phenocrysts 3 to 4 millimeters in 
diameter in a quartz-feldspar groundmass with an average grain of about 0.04 millimeter. 
The quartz occurs as a few rounded and corroded. ph~nocrysts, many of which show embay
ment, and as an abundant constituent of the groundmass. The stout, sharply defined crystals 
of plagioclase are fresh, attain a length of 2 millimeters, and are generally tabular after the form .. 
010. They exhibit albite, Carlsbad, and pericline twinning and zonal development. In compo
sition the plagioclase ranges from an interior of basic labradorite to an outermost zone of acidic 
oligoclase. The biotite occurs in foils up to 0.5 millimeter in diameter, many of them having 
frayed edges from magmatic resorption. It varies from clear yellow to broWnish black in 
pleochroism and is intimately associated with the hornblende. The hornblende is pale green 
to colorless and shows but little pleochroism. It occurs in stout prisms up to a ·millimeter in 
length. There is considerable apatite, magnetite, and zircon. Chloritic material is abundant 
and other products of alteration are present in minor quantities. Small dikes of a similar 
character, generally much altered, were observed in the country rock (diabase). Many of these 
dikes are very finely granular and, close to the contact with the wall rock, aphanitic, with some 
traces of fluidal texture. 

The talus slopes at the foot of the conspicuous, sharply terminated mountain about 2 rnfles 
from the camp of August 18, on Nenana River, are composed of a medium to fine grained por
phyritic rock varying in. color from gray to brown. Brown is the prevalent color and gives the 
mountain as seen from a distance a rather striking dark appearance. In the hand speeimen 
of this roek are seen quartz and unaltered feldspars with scattering fine prisms of a black mineral 
in a fine-grained gray to brown groundmass. The rock contains quartz, plagioclase, hornblende, 
and pyroxene, with apatite and considerable magnetite as accessories. The phenocrysts are 
up to 3:5 millimeters in size and the grains of the groundmass i·ange from 0.15 to about 0.03 
millimeters. Quartz occurs sparingly as phenocrysts but is abundant as a constituent of the 
groundmass. It is present in both angular and rounded forms and attains a diameter of 2.5 milli-

. meters .. The plagioclase feldspar is the most abundant phenocryst. It contains many inclusions, 
shows albite, Carlsbad, and pericline twinning and beautiful zonal development, and occurs -in 
equidimensional individuals up to 3.5 by 1.3 millimeters. A study of zoneson010sectionsshowed 
a variation in composition from basic labradorite with an· extinction of -25 to acidic oligoclase 
with an extinction of + 12. .Generally the interiors were found to be more basic, but in some 
sections intermediate zones more basic than the central portions were observed. The feldspar 
of the groundmass is_similarly twinned and zoned. It occurs in more or less auto-morphic pris
matic forms flattened parallel to 010, and its composition is such as t·o give an extinction of 
-14 within and of + 12 on the outer zone. The hornblende occurs in prisms up to 1 millimeter 
in length and 0.15 millimeter in width. In pleochroism it varies from nearly colorless to a pale 
reddish brown. It is largely ~ltered to a yellowish-brown opaque substance. The -pyroxene 
occurs also in irregularly terminated, nearly colorless prisms up to 1.25. millimeters in length 
and 0.26 millimeter in width·. The largest angle of extinction observed was 44°. A cross 
parting is common and alteration has taken place along the- parting planes and fractures, giving 

. rise to a greenish substance which separates the crystal into grains. · The end result of the alter
ation of both hornblende and pyroxene is the production of much' yellowish-brown ferruginous 
substance, probably limonite, which imparts the color to the rock. 

The material of this mountain is similar to that of the western slope of the ridge at the 
. western base of Mount :McKinley, near tlie contact of the intrusive with the inclosing rock. 

The most genei·al characteristic of the dioritic rocks is the predominance in both the granu
lar and the porphyritic forms of those m_embers which contain a large proportion of quartz in 
association with soda-lime feldspar. · 
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DIABASIC AND GABBROIC ROCKS. 

One of the common igneous rocks is a diabase. varying in color from dark greenish gray to 
black and in grain from a porphyritic rock containing narrow feldspar prisms up to 2 centim.eters 
lo~g in a 1nediun1-grained grounclmass to a rock so fine in grain as to appear aph~nitic in the 
hand specimen. This rock occurs abundantly along the northwestm~n base of the Alaska 
Range, where it expresses itself in the topography as a series of rough, dark-colored minor 
peaks and ridges in strong contrast with t~e sedimentary rocks. It is found also in the 
eastern foothills ·of -the Alaska Range and in the Rampart region. It includes probably -both 
intrusive and extrusive rocks. Some of them are fresh and some are largely altered. :Mineral
ogically they are divisible into diabase, quartz diabase, and olivine diabase. · 

A dad~-colored hill at the western base of the ridge west of Mount McKinley, about 5 miles 
south of the camp of Augilst 5, is a type of the diabase. The rock is greenish black in color and 
of n1ediun1 to fine grain; in the hand specimen it is apparently composed of a greenish-gray 
n1ineral and a black mineral in about equal proportions. Under the microscope it resolves' 
itself into an ophitic fabric of plagioclase and pyroxene, with abundant accessory ilmenite. 
The plagioclase occurs in forms tabular after the plane 010 with a length of edge up to .2.5 
millin1eters and a thickness across the twinning of 0.3 millimeter. It is twinned according 
to the albite and Carlsbad laws and shows zonal development. A study of the twinning combi
nations and of zones on the face 010 shows a variation in composition from that of a basic 
labradorite to that of a basic oligoclase. It is partly altered and the white opaque patches of 
alteration product which form locally in the crystal contrast with the clear feldspar substance 
about them and produce a mottled appearance. The interspaces are filled with areas of brownish 
augite up to 2 millimeters in diameter. Some of the augite is twinned and here and there it 
shows a basal parting. There is some alteration to a serpentinous substance mixed with secondary . 
quartz. The ilmenite ~occurs in granular masses up to 5 millimeters in diameter and in plates 
a millimeter in width. It is partly altered to leucoxene and contains pyrite in small grains 
scattered thickly through it. 

· The rock at tlus locality is in close relation with the intrusive quartz diorite already 
described, and many porphyritic dikes of the diorite penetrate the diabase, becoming very fine 
grained to aphanitic where they come into contact with it. Both.rocks are cut by small dikes 
of a fine-grained diabase composed of predominant feldspar, pyroxene, interstitial quart~, and 
iln1enite. The feldspar is twinned and zoned and in composition ranges from ba~ic labra
dorite to oligoclase. An even more acidic feldspar is also present. One section studied con
tains considerable interstitial feldspar with a lower index of refraction than the balsam and 
an extinction angle on a section normal to the positive bisectrix of 10°. In many crystals 
the basic interior is deqomposed, leaving only .the outer acidic zone. The quartz is of primary 
origin and fills the interstices of the feldspar. The pyroxene is· a limpid rose-colored augite 
with greenish border. It occurs in the angles between the feldspar and in places has a some
what automorphic development. The rock contains considerable green chloritic substance, 
secondary quartz, and calcite. Some of the ilmenite is altered externally to leucoxene. 

The hill about a mile east of the camp of July 30 is composed mostly of successive ridges of 
diabase with a northeasterly trend separated by sedimentary rocks. The rock varies in grain 

· from coarse to fme and weathers to a reddish color. Under the microscope it is seen to be 
porphyritic in texture and to be composed mostly of feldspar and a brownish augite, both 
prisn1atically developed. The interstices are filled with a fine graphic intergrowth of quart'z 
and feldspar, pr:obably orthoclase. The plagioclase attains a length of 3 millimeters and has 
a nearly square section of 0.5 millimeter. It is mostly decomposed to a mass of kaolin showing 
only traces of the albite twinning. The prismatic augite attains a length of 2 millimeters and 
n. diameter of 0.5 millimeter and shows generally automorphic development. A parting is 
con1mon, parallel to the basal plane. Much of the augite is altered along the axis of the prism' 
to serpentine. There is abundant ilmenite partly altered to leucoxene. 
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The above descriptions of the augite and quartz diabase apply to the rock occurring at numer
ous localities along the base of the range. In many places there is much uralite and brownish 
hornblende of secondary origin; epidote, quartz, and. ca.lcite are common alteration productE. 
The feldspars generally yield to alteration before the pyroxene. Sections were found showing 
masses of comparatively fresh pinkish augite with sharply angular outlines in an opaque mtLss 
of alteration products. In some localities biotite occurs in considerable proportion. Ilmenite 
is generally present as an abundant accessory and here arid there is so abundant as to form 
an in1portant constituent of the rock. · Along the contact with the sedimentary rocks the 
diabase is very fine grained and of a dark-green color. In one place, at a contact with lime
stone, the diabase includes fragments and slabs of the limestone altered to a mass of calcite and 
serpentine. 

A similar diabase occurs east of the Alaska Range near the camp of June 11. Along the 
trail there are large outcrops of a grayish-green medium-grained rock composed of .a feldspar 
with development similar to that described above and a composition ranging from that of 
labradorite to th_at.of oligoclase, a little quartz in the angles .of the feldspar, much brownish 
augite, and accessory ilmenite and apatite. The rock contains a considerable quantity of a 
chloritic alteration product. Closely associated with this rock is a dark grayish-green fine
grained rock with plagioclase and green hornblende which is in the ophitic relation to the greatly 
altered feldspars and has probably been derived from 'the augite. 

In the small stream opposite the camp of August 11 were found many bowlders of a hard 
tough rock. A specimen collected from one of them proved to be an olivine diabase. It is a~ 
even-grained rock of a dark color flecked with green and white and composed of olivine, pyroxene, 
and plagioclase, with a little biotite and accessory magnetite. The feldspar is a basic labra
dorite twinned according to the Carlsbad and albite laws and partly altered to a mixture of the 
usual dec<;>mposition products. Here and there it is seen in the ophitic relation with the pyrox-

. ene. The proportion of feldspar is small compared with that of the other constituents. · A 
little biotite is present, in many places forming rims around the magnetite grains. The bulk of 
the rock is composed of a nearly colorless, slightly pleochroic pyroxene and olivine in about equal 
proportions. The pyroxene has an angle of extinction as high as 40° on 010, locally shows 
twinning, and varies in pleochroism from a pale green to a reddish tinge like that of hypersthene. 
It is automorphic in character and fills many of the spaces between the olivine grains. The 
olivine o,ccurs in somewhat rounded forms up to 3 millimeters in diameter. It is comparatively 
fresh, showing only dark lines of magnetite grains along the fractures. The rock contains some 
apatite and magnetite. A greenish substance and a small amount of brownish hornblende are 
among the alteration products. 

The stream gravels indicate that highly altered gabbro occurs locally in connection with 
the diabase. These rocks are composed of basic feldspar, diallage, and olivine, all in an advanced 
stage of alteration. Fragments occur also that were originally composed mostly of olivine ·and 
are now a mass of serpentine, tremolite, talc, magnetite, and pyrite. 

EXTRUSIVE ROCKS. 

RHYOLITIC ROCKS. 

In the foothills along the northwestern base of the Alaska Range, northeast of the camp 
of August 17, are extensive outcrops of a gray porphyritic rock containing many phenocrysts 
of feldspar up to 7 millimeters in diameter and fewer of quartz somewhat smaller in size in an 
aphanitic dark groundmass. The quartz is somewhat fractured and clouded with minute 
opaque inclusions. The feldspar is mostly kaolinized but includes both orthoclase and plagi
oclase. A small amount of biotite is scattered irregularly through the section, which shows 
also considerable magnetite and a little zircon. This rock has appar~ntly a wide distribution 
in the area. 

About 2 miles north of the camp of August 1 volcanic material occurs in the stream gravels. 
One specimen found contains numerous porphyritic white feldspar phenocrysts 8 millimeters in 
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. length and about 4 millimeters in width and smaller quartz phenocrysts embedded in a dark
red apbanitic groundmass. The quartz occurs in forms with both prism and termination and 
in rounded and corroded grains, many of which show embayment. It is considerably fractured. 
The feldspar is mostly decomposed. In one section it proved to be orthoclase. The ground
mass is in the main aphanitic and contains much finely disseminated iron ore, chiefly limonite. 

Three miles east· of the camp of August 2, in the talus slopes, occur fragments of a dark
gray aphanitic rock made up of a few small, rounded phenocrysts of quartz and feldspar in a 
finely granular to aphanitic groundmass. Flow structure is prominently developed, being 
marked by the arrangement of minute opaque particles along the lines of flow. Branching tufts 
of crystallites are abundant and a chloritic or micaceous mineral is disseminated in minute 
particles through the section. Both magnetite and limonite are abundant. Bowlders of the 
rock containing inclusions of the quartz· diorite were observed in the stream gravels. Some 
specimens contain, besides the ph~nocrysts of quartz and feldspar, fragments of brown volcanic 
glass. The groundmass is a yellowish perlitic glass with many microlites. 

Rhyolitic rocks occur also in the schists south of Healy Creek, a tributary of Nenana River. 
They have broken through the schists to the surface, forming conspicuous white towering 
masses with some associated volcanic glass. Along their margins fragments of the schist are 
included. Andesitic types are associated with them at thislocality. · 

METAMORPHOSED RHYOLITIC ROCKS. 

Large areas of porphyritic schists of igneous origin, with some cherts, occur in the northern 
·foothills of the Alaska Range, overlying Paleozoic carbonaceous slates and quartzites. They 
form prominent east-west ridges over an area about 25 miles wide, rising 1,500 to 2,000 feet 
above the valleys. The color of the rocks ranges from clark gray to white. The prevailing 
tone is whitish from the weathering of the large amount of feldspar that the rock contains, 
and much kaolinic material has been contributed by it to the Tertiary deposits which occupy 
large areas in the intervening valleys. These schists have in most localities steep dips to the 
north and strike northeast and southwest. 

The rock is composed essentially of angular quartz and perthitic orthoclase· grains in a 
finely granular mass of quartz, feldspar, and sericite. It contains a few small grains of plagio
clase (albite), apatite, zircon, magnetite, limonite, chloritic material, and some specimens show 
considerable carbonaceous matter. 

There are in general three varieties-a coarse-grained variety with feldspars up to 4 centi
meters in diameter, a medium-grained variety (the .most common) with feldspars 2 to 5 milli
meters or more in diameter, and a fine-grained variety, which is a glistening sericite schist 
containing only a few isolated grains of quartz and feldspar. At all localities the rock exhibits 
a greater or less degree of schistosity, but this is due rather to the arrangement of the fine mate
rial than to that of the quartz and feldspar phenocrysts, some of which are conspicuously 
oriented with their longer diameters nearly at right angles to the general structure. The 
sinuous lin<::s of fine material wind irregularly among the grains in directions goyerned by their 
presence. At some localities the coarse feldspars have, through weathering, been released from 
the grotmdmass and their crystal forms and edges are well preserved. Under the microscope 
the same is found to be true of much of the quartz, and both quartz and feldspar exhibit many 
cases of en1bayment; In the least altered rocks the phenocrysts are still in the original relation .. 
to the groundmass and the structure of the groundmass is preserved; it is microgranitic, grano
phyric, or flow structure. In the rocks showing flow structure· protoclastic phenomena are 
COlllmOn. 

In the process of metamorphism the quartz and orthoclase have been fractured, and in 
every sp~cimen observed where this had happened with the two in contact the quartz had · 
yielded to the feldspar. Both quartz and feldspar have in ma:o.y places been converted into 
augen by the physical and chemical shifting and deposition of material about their margins. 
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A striking characteristic of these rocks is the· universal presence of quartz-feldspar. and feld
spathic veins. Some of these are a foot or more thick, but most commonly they are but a 
few inches thick and of small extent. The minutest gash veins cutting the rock in various 
directions are of the same character. One such vein in thin section proved to be composed 
for the greater part of its length of feldspar alone. Toward the termination of the vein, how
ever, the feldspar is limited to the margins of the vein, from which automorphic forms extend 
toward the middle of the vein, where they become embedded in granular quartz. The feldspar 
is perfectly fresh, has a lower iJ.?.dex of refraction than balsam, and on sections cut at right 
angles to the positive bisectrix gave angles of 5° to 7° to the basal cleavage. No evidence of 
twinning was observed, and in composition it is probably a nearly pure potash feldspar. So 

. far ·as noted there is no· indication that these feldspathic veins are connected with intrusion, 
and their material has .apparently been derived from the rocks in which they occur. They are 
unmetamorphosed. In the lack of detailed observations and studies of these veins any explana
tion can have but a tentative value, but it would seem that the inciting ·cause is to be found in 
the process of metamorphism to which these rocks have been subjected. 

·So far as the evidence is available, this assemblage of gneisses and feldspathic schists com
prises highly metamorphosed rhyolitic rocks, presumably .flows, with possibly some associated 
tuffs and quartz-feldspar sediments. 

ANDESITIC ROCKS • 

. The andesitic rocks are roughly separable into dacite, hornblende andesite, augite andesite •. 
and hypersthene andesite. 

A large area in the mountainous country south of Skwentna River is occupied by volcanic 
rocks with associated breccias and tuffs. These form a complex, heterogeneous mass of rocks 
with a wide range of composition and texture. In composition they range from augite andesite 
to rhyolitic types; in texture from rocks that are ·holocrystalline to those composed almost 
entirely of volcanic glass. They show changes in composition within narrow limits and the 
relations of the different rocks have not been determined. They occur probably as alternating 

· sheets of varied composition. 
The most common rock is gray, brown, or black in color and contains abundant plagioclase 

and s(~attered quartz phenocrysts in an aphanitic groundmass. There is a little biotite in the 
rock, apatite and magnetite are· the common accessories, and chlorite is the most abundant 
alteration product. Much of the quartz is automorphic, but some of it is much corroded, and 
locally it shows embayment. The plagioclase occurs in stout prisms up to 2 millimeters long 
in places thickly crowded in the glassy groundmass. It is twinned according to the albite, 
Carlsbad, and pericline laws and ranges in composition from andesine to oligoclase. :Many of 
t_he crystals are bent and broken by the motion of the grou'ndmass before solidification. The 
groundmass as a rule exhibits flow structure. and contains many microlites. 

The holocrystalline variety is porphyritic, containing numerous phenocrysts of plagioclase 
of the same composition as the other in a spherulitic and granophyric groundmass of feldspar 
and some quartz. This variety also contains a little· biotite and decomposed hornblende. 
Magnetite and apatite are present as accessories, and chlorite and epidote are the most abundant 
alteration products.. · 

.. Interbedded with these rocks are bands composed almost entirely of volcanic glass or of 
glass containing zones of the plagioclase crystals or other zones containing much qu~rtz. 

The most ba~ic andesitic rock observed in this area is an augite andesite containing basic 
labradorite and augite phenocrysts in a g~oundmass composed of feldspar microhtes, magnetite, 
and glass. Flow structure is pron1inently developed, and the rock has rounded cavities filled 
with chloritic substance. 

Associated with these intermediate rocks are volcanic breccias and tuffs of widely varying. 
composition within the limits of the rocks from which they have been derived. 

About 3 miles southeast of the camp of August 11 is anisolated knob of hornblende andesite 
occurring in sandstone and conglomerate. The rock has a splintery fracture, is of a bluish-
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gray color, and contains numerous brilliant brownish-black hornblende prisn1s up to 5 milJi- · 
meters by 1 millimeter in an aphanitic groundmass. A closer· exan1ination reveals many 
glistening cleavage surfaces of small feldspar phenocrysts. The feldspar is an automorphic 
plagioclase occurring in all sizes from phenocrysts 1 by 0.5 millimeter and tabular aft~r the 
face 010 to the minute feldspar microlites of the groundmass. It .is twinned according to the 
albite, Carlsbad, and Baveno laws and shows a fine zonal development. In composition it 
ranges generally from a basic labradorite to an acidic andesine. One section .parallel to the 
face 010 showed an interior of a composition which gave an extinction of -32° and an outer 
zone with an extinction of -22°; another gave an extinction of -23° for the central portion 
and -7° for the outer zone. The combinations of Carlsbad and albite twins gave nearly 
symmetrical extinctions of 28°. and 29° in one ·member and an extinction of 40° in the other. 
This is the most basic feldspar observed among the twinning combinations and its composition 
approaches that of anorthite. Inclusions of a yellowish substance are numerous and are 
generally arranged with reference to zones. Here and there. decomposition has attacked the 

· interiors and in many places a shell of clear feldspar incloses a porous mass of inclusions and 
products ,of decompo~ition. The hornblende varies in size from the irregularly terminated 
prisms a few n1illimeters in length and having sharply defined automorphic cros·s sections to 
angular fragments and minute grains. In color it ranges from a pale transparent brown to a 
dark opaque brown. The borders are generally resorbed. The rock holds numerous prisms 
square in cros·s section and attaining a maximum length of nearly a millimeter. These p~isms 
are composed entirely of alteration products, probably from pyroxene, of which calcite is the 
most abundant. The rock contains also some apatite and considerable magnetite. The ground:
mass is composed of very minute feldspar crystals embedded in a feldspathic base. The propor
tion of phenocrysts is variable. In one section they are thickly crowded ; in another there is 
a greater proportion of groundmass. 

· I-Iornblende andesites occur also in Jumbo Dome, north of Lignite Creek, a tributary of 
the Nenana. The rock is predominantly black, being made up of brilliant hornblende pheno-· 
crysts up to a centimeter or more in length in afinely granulargroundn1ass flecked wYthplagio
clase phenocrysts. Unaer the microscope, in addition to these .two minerals, a few augite and 
olivine phenocrysts are observable. The hornblende is brown, with resorbed borders. The 
plagioclase is zoned, its·central portions approximating anorthite in composition and an outer
most border being basic oligoclase. The groundmass is predominantly feldspathic and contains 
also small prismatic augites. The mode of occurrence at this locality is probably that of a neck 
penetrating the schists. · 

About 6 miles northeast of· the camp of August 7 occurs a dark-reo rock composed of 
mediu:r;n-grained phenocrysts in an aphanitic base. The phenocrysts are plagioclase, hyp_er
sthene, and hornblende. The plagioclase occurs as fresh automorphic individuals up to 4 milli
meters in diameter tabular parallel to the face 010. It is twinned according to the albite and 
Carlsbad laws and shows pronounced zonal structure. In composition it ranges from basic 
labradorite to oligoclase, the central portions of the individuals giving extinctions to basal 
cleavage on sections parallel to 010 as high as -31°. · The pyroxene consists mostly of hyper
st~ene in prisms from 1.3 millimeters in length by 0.4 millimeter in width to 'small, slender forms 
in the groundmass. It shows the characteristic emergep.ce of the negative bisectrix on sections 
parallel to 100 and the pleochroic colors varying from a pale green to a yellowish tint. It 
commonly shows a cross parting. Here and there are prisms bounded by a narrow zone of 
augite. A small amount of hornblende is present. It occurs in prisms up to 1 millimeter in 
le.ngth by 2 millimeters in width, which consist mostly of a dense mass of magnetite grains 
inclosing a small quantity of the or~ginal substance~ It is strongly pleochroic, varying from a 
clear yellow to a deep reddish-'brown color. The groundmass is composed of plagioclase Jaths, 
much iron ore, mostly limonite, and some glass. :Many cavities are lined with concentric layers 
of quartz. This rock is similar in composition to andesites collected by :Mendenhall 1 in the 
l\tiount Wrangell region. 

1 Mendenhall, W. C., Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 41, 1906, pp. 57-62. 
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BASALTIC. ROCKS. 

The rocks near the camps of July ~3 and 24 are aphanitic dark-green rocks with phenocrysts 
of plagioclase in a fine-grained groundmass composed mostly of augite with scattering feldspar 
lath~. The rock is probably part of a basaltic flow. Volcanic rocks and. tuffs form a large 
part of the igneous material in the Rampart region and have been described by Spurr. 1 

Olivine basalt occurs sparingly at several localities in the Nenana Valley and the Rampart 
region and is probably present as bQth flows and dikes. The appearance, composition, and 
texture are for the most part uniform. The rock is dark gray to black, is composed of plagio
clase, augite, olivine, magnetite, and apatite, quantitatively present in the order given, and 
locally a small amount of ·biotite. Generally the proportion of plagioclase is suc:h that the 
augite is distributed through the section in small grains occupying angles between the feldspars. 
With a larger proportion of augite the ophitic texture becomes prominently developed .. Glass 
is present in some of th~ thin sections and here and there are amygdular cavities filled with 
limonite, calcite, and concentric layers of granular and chalcedonic quartz. 

The feldspar occurs in forms tabular parallel to the face 010 and a millimeter, thick. It 
shows albite, Carlsbad, and pericline twinning and zonal development. In composition it 
ranges from basic labradorite to oligoclase. The pyroxene is a rose-colored, probably titan
iferous augite. It occurs mostly in minute xenomorphic angular fragments filling the. spaces 
between the feldspars but has also less commonly a somewhat automorphic development to 
a diameter of 1.5 millimeters. Olivine occurs in grains about 1 millimeter in diameter, with 
irregular outline and a partial alteration to a reddish substance resembling. iddingsite. Biotite 
is present in irregular foils and borders some of the· magnetite grains. Granular magnetite is 
scattered throughout the rock. Apatite is locally present in considerable quantity. 

In the stream gravels near the camp of August 20 .were found fragments of a very fine grained 
grayish-black rock composed of orthorhombic and monoclinic pyroxene, plagioclase, olivine, 
glass, and much fine dust. The olivine occurs sparingly and only as phenocrysts. It reaches 
a diameter of 3 millimeters and is but slightly a1tered. The bulk of the rock is fresh ortho
rhombic pyroxene thickly crowded in prisms up to 1 millimeter in length by 0.1 millimeter 
in thickness, with a prismatic cleavage and cross partings. It is colorless, shows no pleochro
ism, and has .a parallel extinction and a low birefringence. Most of these prisms have a thin 
outer zone of monoclinic pyroxene with an extinction as high as 37°, higher relief, and higher 
interference 'colors. In some prism~ this outside layer is so thick as to leave but a slender axis 
of the orthorhombic pyroxene. Under crossed nicols the c~mtrast in birefringence between 
the interior with its low color and the exterior zone of monoclinic pyroxene with its bright
yellow or red color is very striking. A few entire prisms are of the monoclinic· variety. The 
plagioclase is present in moderate quantity and is crowded between the pyroxene in minute 
forms showing albite twinning and tabular development parallel to the plane 010. There is 
considerable transparent glass between the feldspars and the pyroxenes. This is crowded 

·with opaque globular bodies which ~re pr?bably magnetite. 

CONTACT ROCKS. 

The sedimentary rocks of the Alaska Range and of the Rampart region are largely black 
·.highly carbonaceous slates, and these have been altered at many localities by the igneous intru

sions to a black, tough, banded hornfels which rings under the hammer and has been s.ome
times called by the miners ~'iron rock." The abun~ance of this material in the stream gravels 
throughout the region indicates the extent of such alteration. There are many varieties of 
this rock, and doubtless detailed investigation would reveal the presence of rocks representing 
the yarious stages of metamorphism characteristic of typical localities where such contact 
phenomona have been studied. The two kinds most commonly found are characterized by 
the development of andalusite and cordierite. 

1 Spurr, J. E., Geology of Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, pp. 239-242. 
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A black heavy rock containing brilliant andalusite crystals resembles a potphyritic igneous 
rock. The andalusite occurs in crystals up to 6 millimeters long by 2 millimeters wide. It is 
colorless and exhibits no pleochroism and the exteriors of most of the sharply automorphic 
crystals are perfectly fresh. · The interiors are crowded with alteration products and inclusions, 
and in some places there are only elliptical spongy areas of the mineral. These are embedded 
in a mass of quartz grains and biotite flakes thickly strewn with ,grains of a black substance, 
much of which is probably carbonaceous matter. Pyrite is locally abundant. Float of this 
material was found in the gravels of streams near Tyonek, along the western base of the 
Alaska Range, and in the Rampart region, where it is in close relation with the intrusive granitic 
and monzonitic rocks. 

A similar rock containing cordierite in place of andalusite was found in the Alaska Range 
among the glacial bowlders derived from the mountains at the head of Caldwell Glacier and 
again neBLr the camp of August 5, in the grayels of the glacial stream which originates in Peters 
Glacier. The rock is a fine-grained brownish-black schist flecked with numerous small glisten
ing areas. In the thin sections these resolve themselves into rounded elliptical or hexagonal 
sections of cordierite formed by the interpenetration of three individ:uals. These areas contain 
much magnetite and other inclusions and merge gradually into the surrounding finely granular 
mass of quartz, biotite, and carbonaceous matter. Pyrite is abundant in the rock derived 
from Peters Glacier. 

SUMMARY. 

The granitic and dioritic rocks range in composition in the one direction through horn
blende granite, quartz-hornblende monzonite, and granodiorite to quartz dio.rite and in another· 
direction from granite through pyroxene monzonite to olivine-pyroxene monzonite~ Propor
tionally the quartz diorite and biotite granite are apparently the most abundant. . The pres
ence of the olivine:-pyroxene monzonite in the Alaska Range and in the Rampart region bears 
witness to the fact that the conditions for the formation of this rock were operative over widely 
separated areas, and its occurrence in other countries in similar association is further proof 
that this rock is one of the types to be looked for in areas of granitic and dioritic rocks. Through 
this rock there is a clqse relation of the granular and. dioritic rocks to gabbroid olivine diabase 
and thus to the diabases and basaltic rocks which are abundant in the Alaska Range and the 
Rampart region. 

The relationship of these rocks to o:rie another is further accentuated by. the distribution 
of the essential minerals. , Primary quartz occurs with great persistency not only in the mon
zonitic rocks, where it is found in a small amount even in some of the olivine-pyroxene monzo
nite, but also in the dioritic rocks, where it occurs abundantly. Its presence in some of the· 
volcanic rocks forms transitional types between the rhyolites and andesites. A single thin sec
tion showing olivine embedded in alkali feldspar is expressive of the wide range of composition 
throughout the region. ,. 

The dioritic and granitic rocks belong, for the most part at least, to the great mass of Meso
zoic intrusions, and the dioritic rocks appear to have preceded the granite. It is probable 
that the granitic and monzonitic rocks of the Rampart region were approximately contem~ 
poran~ous with those of the Alaska Range, and some of the Rampart. rocks cut Upper Cretaceous 
sandstones. 

The fresh basaltic rocks in the Rampart' region belong to a later date than the Tertiary 
rocks with which they are iri close association, and si~ilar rocks qf the Nenana Valley are 
perhaps to be correlated with them. · 

The Cook Inlet region is occupied largely by intrusive rocks belonging to granitic, dioritic, 
and monzonitic groups. Mount Susitna is composed in part of biotite granite, and in the hills 
to the west of Mount Susitna is granodiorite. The Shell Hills are composed of quartz monzo
nite and quartz-pyroxene monzbnite. and· in the surrounding flat country there are isolated 
rounded hills composed of the same material. Farther west is a zone of volcanic rocks, with 
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som·e intrusive rocks and sedimentary beds. The volcanic rocks ·include andesites, rhyolitic 
dacites, preccias, and tuffs. The whole forms a complex of great variety and is intruded by 
biotite granite and diabase. Other intrusive rocks present .in the area are alaskite and quartz 
monzonite, but the relations of these to ·the volcanic rocks were not observed. The volcanic 
rocks form prOJ.?.i~ent peaks of alpine character, and the snows of the higher points are frequently 
darkened by the volcanic dust carried by the wind to these older rocks from the active volcanoes 
far to the south. ' 

The-intrusive rocks of the Alaska Range are predominantly gray in color and contrast 
strongly with the dark-colored sedimentary rocks. They range from granite to quartz diorite. 
The olivine-pyr.oxene monzonite forms a dark intrusive mass near the head of Kichatna River 
and fragments were found here and there in streams draining the western slopes of the range. 
The intrusive masses have a mc:::-e or less linear arrangement extending in a northeast-southwest 
direction and their culminating points are Mount Foraker and Mount McKinley. The abun
dance of andalusite and cordierite schists in the gravels indicates a wide distribution of con£act 
phenomena in connection with these rocks. Father west, among the foothills, these· intrusive -
rocks are paralleled by the persistent masses of diabase, which form dark rugged peaks in the 
black slates. Volcanic and tuffaceous rocks are of common occurrence throughout the Alaska 
Range and are grouped especially in the area "between Mount Foraker and Mount McKinley, 

·where rhyolitic rocks form prominent brilli.antly colored hills, and in the region north of 
Muldrow Glacier, where there are extensive areas of rhyolite~ and andesites. Areas of olivine 
basalt, apparently of small extent, were observed in th.e Nenana Valley. . 

The igneous rocks of the Rampart region include essentially granitic ·and monzonitic rocks 
' and uralitized diabase with a small amount of fresh olivine basalt. The prominent group of hills 

in the vicinity of Rampart is composed of sedimentary beds intruded py igneous rocks. Granitic 
and Ul.Onzonitic rocks are present in Lyrix and ·Wolverine mountains, in the divide at the head 
of the Baker Creek drainage basin, and as small dikes scattered throughout the area. Many 
of these dikes are rich in biotite and are minette-like in character. They are probably associated 
with the larger areas of· intrusive rocks. Andalusite-bearing contact zones are developed 
along the margins of the sedimentary rocks. The greenstones are the most characteristic rocks 
of the region and include altered gabbro, diabase, basalt, and tuffaceous material. They form. 
the bed rock of' lower Minook Valley, a large part of the Little Minook Valley, and the hills 
close to the Yukon below Rampart. Olivine hasalt is in close association with Tertiary rocks 
near the mouth of Minook and Hunter creeks. The Rampart region may be characterized as 
'an area of sedimentary deposits containing old Intrusive and extrusive rock~ (the greenstones), 
~ubjected to a much later intrusion of granitic and monzonitic material which is of more recent. 
date than some of t_he Cretaceous rocks. . 

The igneous rocks are in their character~ associations, mode of occurrence; and age similar 
to roGks in the western pf1rt of the United States and Canada. They present an illustration 
of the uniformity of types} produced by differentiation in widely separated regions and also of 
the wide variation possible in individual types within small areas. Most of them are compara
tively fresh, but protoclasti.c phenomena are exhibited by some of the_ olivine-pyroxene monzo
nites, where the pyroxenes have been granulated to a greater or less extent before the final 
consolidation of the rock, and cataclastic phenomena are shown in the minute faulting arid par
tial granulation of the quartz in quartz diorites collected near Mount McKinley. The results 
of an advanced stage in t.he metamorphism pf an igneous r:ock are shown in the rhyolitic schists 
of the northern foothills of the ·Alaska Range.· The wide distribution of the igneous rocks, 
the great altitudes attained by many of them, and their occurrence at several geologic horizon8 
all bear witness to a great amo.un.t of igneous material, to long-continued igneous activity1 

and ·to the great structural influence of these rocks. 
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MINERAL RESOURCES. 

INTRODUCTION. 

Mineral deposits are widely distributed throughout the Mount McKinley province, but~nearly 
all. of those which have been developed lie outside of the area surveyed by the party in 1902. 
In fact, most of the important discoveries and developments, including Willow Creek lodes 
and the Yentna and Fairbanks placers and lodes, have been made since this survey. Besides 
the deposit~ above mentioned, gold ·placers have been mined on Willow and Valdez creeks 
and in the Bonni:field, Kantishna, Baker Creek, Rampart, and Gold Mountain districts, and 
auriferous gravels have been found in many other localities. Large quantities of high-grade 
bituminous coals occur in the Matanuska field and of lignitic coal in the Nenana field. Smaller 
areas of lignitic rocks are also widely ~istributed. These include all the mineral deposits of 
proved commercial importance, but auriferous lodes have been reported from a 11umber of 
other localities, notably in the Willow Creek district. Silver, copper, and antimony bearing ores 
have also been found~ 

It has been shown that the investigations of the expedition were confined to a narrow zone 
along the route of travel, much of which traversed a region which had up to that time seldom 
or never been visited by white men. The hasty field observations on the occurrence of useful 
minerals could therefore not be supplemented by information gleaned from the work of pros
pectors and miners. It is for this reason obviously impossible to make any complete statement 
of the mineral wealth of the province. . 

A brief summary will be presented of what is known of the occurrence and distribution of 
the mineral resources throughout the area c.overed by the geologic map (Pl. IX, in pocket). In 
so doing use will be made of the results of the surveys by Moffit, Atwood, Paige, Knopf, and 
Martin in the southern parts of the 'province and by Prindle in the Yukon-Tanana region. 

· Furthermore, the writer has drawn upon data based on his own investigations in the Fairbanks 
and Rampart districts during 1905, 1907, 1908, and 1909 and in the Matanuska region in 1910. 
This account will contain only a general outline of the salient features of the econon1ic geology, 
which it is hoped may serve a useful purpose, but for detailed statements regarding individual 
districts reference should be made to the original reports. 

HISTORY OF MINING. 

Alaska's great mining industry had its beginnings in Kenai Peninsula, for it was here that 
the first placer and coal mining was attempted, representing the only effort made by the Rus
sians to exploit the mineral wealth of their American colony. The Russian-American Company, 

·which absolutely controlled Alaska until its transfer to the United States, was organized and 
adn1i~stered solely for the fur trad~. For. the first half of the nineteenth century the profits 
from a rich harvest of sea otter and other furs poured a continuous stream of wealth into the 
coffers of the company. Indiscriminate slaughter of the sea otter gradually depleted the hunting 
grounds, so that the stockholders, seeking for new sources of revenue, finally turned their atten
tion to a search for mineral wealth. Another cause of the. decrease in revenues was the fact 

· that the governorship of the colony, at first in the hands of experienced traders, had by royal 
ukase (in 1831) been transferred to naval officers. ·Many of these officers, though able adminis
trators, were probably less interested in the success of the commercial ventures than their 
predecessors had been. · 

It appears also that the directors of the Russian company were influenced by the California 
gold discoveries to turn their attention to mining. Be this as it may, in 1849 a government· 
1nining engineer named Doroshin was dispatched to Sitka, and during .the following two years he 
made active efforts to find gold in the colony. Doroshin devoted.rp.ost of his attention to Kenai 
Peninsula and with a large force of laborers pro'spected Kaknu River. The labor of two seasons 
resulte.d in the extraction of only a few ounces of placer gold, and this meager return discouraged 
the fur company, though Doroshin's own opinion of the possibilities of mining auriferous deposits 
in Alaska appears to. have been favorable. These operations were the beginning of the plac~r
mining industry of Alaska. which now (1909) ani:mally yields in gold $15,000,000 or $16,000,000. 
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The only other mining venture of the Russian company was the exploitation of the coal 
deposits on Cook Inlet, which had long been knoWJ). and from which a small amount had been . 
taken for use in the company's shipyard at Sitka. The demand for coal in Cap.fornia and the 
desirability of having a supply of it for the company's vessels led, in 1854, to the systematic 
development of coal at Port Graham, on the east side of Cook Inlet. With the aid of American 
capital 1 a plant was installed and several thousand tons of coal were mined. It was found, 
however, upon shipment to California that, on account of its low grade, the coal commanded 
so small a price that the enterprise was continued only to supply the Russian stean1ers. 

One of the earliest mining enterprises in Alaska after the transfer of sovereignty was on 
Kachemak Bay, where some of the lignitic coal.seams were opened in 1888. These operations 
have continued spasmodically to the present day.2 There has also been some coal mining on 
Port Graham,"a few miles south of Kachemak Bay. 

The first place;r mining in the Cook Inlet region after Doroshin's efforts was done about 
1890, when some auriferous beach gravels were discovered near Anchor Point, on the east · 
side of Cook Inlet. These deposits appear to be of small extent and not very rich, but yielded 
some gold to hand methods. In 1890, 3 it is said, three men were engaged in this beach mining 
and obtained $7 worth oj gold each, a day. Since that time there has been occasional mining 
at this locality. · 

Placer 'gold was found on R'esurrection Creek, a southerly tributary of Turnagain Arm,4 
·about the same time. It does not appear, however, that there were any important ·mining 
developments until 1894, when placer gold was found on Bear and Palmer creeks; these were 
followed in the succeeding year by other discoveries. The news of these finds brought in many 
gold seekers in 1896, and since then mining has been continuous in this placer field, though its 
annual production has of late been declining. • 

Lo:q.g before the Cook Inlet placer fields had reached a productive stage auriferous gravel 
had .been found in the Yukon basin, first (1879) in the bars of Lewis River, on the Canadian 
side ·of the boundary, followed in 1887 by the discovery of gold in Fortymile River, on the Alaska 
side of the boundary. The notable yield of these placers during the suc.ceeding years led to 
ail influx of miners every spring over th~ Chilkoot Pass, and these men gradually extended the 
field of prospecting. Gold was found in the Rampart district about 1890 and important 
auriferous gravels were discovered in the Birch Creek district in 1893, but it was not until 
1896 that productive mining began in this field. The discovery of the Klondike started the 
great rush of .1897-98 into the interior and marked the transition from the pioneer conditions 
'o:ri the Yukon to those of the present epoch. 

Although the Klondike excitement took many of the active miners from the older camps 
on the Alaska side of the boundary, it also attracted so large a population that the field of 
prospecting was rapidly extended. Gold was first found at Fairbanks on Pedro Creek, in 1902, 
and though this discovery was of no great importance in itself, it attracted many prospectors 
and led to the further discoveries in the following two years which established Fairbanks as 
an important producer. The annual output of gold in this district increased rapidly and in 
1909 had a value of $9,650,000. . 

Between 1903 and 1906 the discoveries of gold placers in the Bonnifield district, which 
embraces the streams tributary to Nenana and Wood rivers, and the Kantishna district, also 
tributary to the Tanana, showed that an. auriferous belt extended along the foothills of the 
Alaska Range. The finding of placers on Willow Creek in 1898, in the Yentna basin in 1904, 
and in the upper Susitna basin (Valdez Creek) in 1906 established the presence of gold-bearing 
rocks south of the range. In 190i and 1908 important gold discoveries were also made in the 
southern part, of the Rampart district. 

The estimated production of the most important districts is given in the following table. 
These .figures are of necessity largely based on estimates, as up to four years ago no systematic 
collection of the figures showing the annual production of precious metals in Alaska ht~;d been 

1 A subsidiary company was organized whose chief purpose was to supply ice to California from Alaska glaciers. 
2 Stone, R. W., Coal fields of the Kachemak Bay region: Bull. U.S. Geol. Survey No. 277, 1906, pp. 54-55. 
a Report on population and resources of Alaska: Eleventh Census (1890), 1893, p. 69. 
4 Moffit, F. H., Gold fields of the Turnagain Arm region: Bull. U. S. Geol. Survey No. 277, 1906, pp. 8-9. 
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attempted, and even now the statistics obtained from th~ producers are far from being complete 
and have to be supplemented by estimates based on the best information available. To arrive 
at a total valuation of the gold output of the province, about _$250,000 should be added to 
the figures in the table for the production of the Kantishna, Bonnifield, and Gold Mountain 
districts. 

Estimated value fJj gold production of J.lfount McKinley province. 

Year. Fair hanks 
district. 

I Kenai Pe-l 
Rampart I :ninsula and Hot Springs 
district. Susitna district. 

I districts. 

------------------~--------------------------------1·------·l-------, 
1805 ....................................................................................................... . $50,000 ........... . 
1896 ............................................................ : ......................................... · .. 
1897 ....................................................................................................... . 
18~8 ....................................................................................................... . 
18\J9 ........ · ............................................................................................... . 
1900 ..................... ········ ......................... · ...................................... ····· ...... . 
1901 .......... ! ................................................. · ........................................... . 
1902 ....................................................................................................... . 
1903. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $40, 000 

~~~t:: :::::::::::::::::::::::::::::::::::::::::::::: :·::::: ::::::::::::::::::::::::::::::::::::: 6,g~~;~~~ . 
1906 ................................................................. ·............... ............. 9,000,000 
1907............................................................................................ 8, 000,000 
1908 ... ························ .. .............. ....... ..... .. ....... ............. .. ............. 9,200,000 
1909 ......................................................................... · ............... :... 9,650,000 

"'"·'()() I 

90,000 
80,000 

120,000 
125,000 
75,000 

100,000 

120,000 ........... . 
175,000 ........... . 
150,000 ........... . 
150,000 . ·' ........ . 
135,000 ........... . 
80,000 ........... . 

120,000 } $263,000 
100,000 
100,000 146,000 
100, 000 120, 000 
150, 000 180, 000 
125,000 175,000 
150, 000 150, 000 
185,000 325,000 

42,49o,ooo 1,206,000 I 1,990,000 1,359,000 

STRATIGRAPHIC DISTRIBUTION AND LITHOLOGIC ASSOCIATION OF MINERAL DEPOSITS 

lntroduction.-Mineral deposits should. be considered with regard to their lithologic and 
stratigraphic association as well as their areal distribution. This involves a study of the areal 
and stratigraphic geology, but as these subjects have been treated at length in a preceding 
section of this report (pp. 64-111), it remains simply to apply the conclusions already presented 
to the occurrence of the mineral deposits. 

The geologic map and sections (Pl..IX, in pocket) graphically illustrate the relations of the 
known mineral deposits to the various formations. These relations can therefore be interpreted 
in terms of economic geology. Known occurrences of commercially valuable mineral deposits 
are marked by symbols on the map, but the marking has been limited for the most part to 
those deposits which have been mined on a commercial scale. For alluvial gold two symbols 
are used, one marking placer mines or groups of placer mines and the other simply localities 
where placer gold is known to have been found. It is believed that the information conveyed 
by the second _symbol, incomplete as it is, may be of value to the prospector. AB there has 
been no coal mining in the area covered by the geologic map, the .symbols for coal mark the 
position of what are believed to be workable coal beds. · 

Birch Creek schist.-It has been shown that the oldest rocks of the province are comprised 
in the Birch Creek schist, which occupies large areas in the northern part of the province and 
forms the source of extensive gold placers. The schists of the Willow Creek region of thelower 
Susitna, also auriferous, are provisionally correlated with this formation. It. is made up of 
highly altered sediments, chiefly qua~tz and mica schist and quartzite, with some limestone, 
all of which have .been much sheared. In many places the· alteration has amounted to 
a complete recrystallization of the original minerals. In association with these altered sedi
ments are found many phases of igneous rock, in part massiv~ but n:;wre c~mmonly sheared 
and crushed and in many places entirely recrystallized. These altered igneous rocks now 
occur as greenstones and mica and chloritic schists. · 

The Birch Creek schist· is in many places seamed with quartz vell;ls, and these locally carry 
metalliferous Ininerals. This mineralization appears to follow zones of shearing, and recent 
developments near Fairbanks indicate that in some of these zones the gold values may be suffi
ciently localized to form commercial ore bodies. In any event it seems probable that the gold 
placers which occur in the Birch Creek schist have derived their metallic content from these 
quartz stringers and veins. The most extensive placer deposits of the Yukon region occur in 
association with rocks of this character and at or near the contact zones of massive intrusive 
gra:p.ite or diorite. 



158 THE MOU_NT McKINLEY REGION, ALASKA. 

Undifferentiated metamorphic rocks.-On the map are indicated som~ considerable areas 
of slate, phyllite, and graywacke, including some volcanic and in,trusive rocks east and south 
of the Alaska Range, which are classed as undifferentiated metamorphic sediments and are 
probably in the main of Paleozoic age. ·These rocks are all closely folded and as a rule both 
considerably fractured and locally altered. Quartz veining is not uncommon and some metal
'liferous veins which carry gold values have been found. 

The physical character of these. beds causes the fracturing to be more localized and per-· 
sistent than in the Birch Creek schist. For this reason it appears that the metallization is 
more likely to be concentrated in these rocks than in the schiE~s, where the planes of foliation 
are the lines .of movement and may afford channels for the dissemination of the mineral
bearing solutions. These conditions favor the occurrence of quartz veins. Auriferous veins 
have been found in the rocks here considered on Prmce William Sound, on Kenai Peninsula, 
and north of Turnagain Arni. · 

Though s~me alluvial gold occurs in association with rocks of this type, they do not 
appear to be the source of so extensive placer deposits as the Birch Creek schist. The infor
mation at hand would appear to indicate that the mineralization of the rocks of this class has 
not been as widespread as in the other schists. They form, however, the country rock of the 
Sunrise placer district and probably also of some of the placer districts of the Susitna River 
basin. · 

Paleozoic rocks.-The next higher group of -rocks stratigraphically comprises those of 
Paleozoic age occurring on both sides of the Alaska Range at horizons ranging from Ordovician 
to Devonian. In the Alaska Range. region these rocks are highly folded and faulted and in 
places considerably altered. Quartz veins are rather common, and it would appear that some 
of them are mineralized, though definite proof is wanting; but in any event it is known that 
some of the gravels derived from. these rocks are more or less auriferous. For example, the 
slates of the Yentna placer district probably belong to this group of sediments, as do also 
extensive areas of rocks in the Rampart region. There is, therefore, a possibility that these 
rocks niay be found to be aurifer.ous in other parts of the field. Spurr noted the presence of 
metalliferous veins cutting the Paleozoic slates in the upper Kuskokwim basin. (Seep. 169.) 

In the region lying south of the Tanana the Paleozoic rocks have been divided into three 
groups. The lowest of these, called the Tatina group, is of Ordovician age and is made up of 
cherts, slates; and graywackes, with some limestone. These rocks are as a rule· closely folded 
and locally metamorphosed. Quartz veins are not uncommon in them. This group so far 
has not proved to contain commercially valuable mineral deposits, but some of the streams 
traversing it carry some alluvial gold. 

The second Paleozoic group, here called the Tonzona, is made up of red, green, and black 
slates,-cherts, and graywackes. So far as the evidence in hand goes, this group is not favorable 
to the occurrence of any metalliferous deposits, though locally it contains quartz veins, some of 
which carry iron pyrite. In the Nenana basin, south of the Tanana, extensive areas of gneissoid 
rocks occur in association with the Tonzona sedim.ents. (See Pl. IX, in pocket.) These 
appear to be altered rhyolites and are locally mineralized. 

The third division, of Devonian age, consisting of heavy siliceous blue .limestone, appears 
to be barren of mineral wealth. In other parts of the Yukon region this same limestone is 
associated- with extensive c;ree:r:stone intrusive rocks that appear to ~arry some gold. 

Carboniferous rocks.-A heavy oonglomerate and sandstone and slate series, here called 
the Cantwell formation and assigned to the Carboniferous, stretches al0ng the northern front" 
of the Alaska Range and rests unconformably on the older rocks. This formation is not as 
intensely folded as the older rocks, nor have any quartz veins or mineralization been found 
in .it. It appears, therefore, to be somewhat definitely established that the formation is 
not likely to furnish any metalliferous deposits. With it were found a few coal beds, but these 
are comparatively thin and so far as observed of no commercial value. A more detailed 
study of the field, however, will be necessary before it can be definitely stated that there are 
no 'vorkable coal beds in this formation. 
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Skwentna group.-A grea~ mass of volcanic rocks, here. called the Skwentna group, of 
Middle or lower Middle Jurassic. ( n age, constitutes the next succeeding terrane. It is made 
up of. effusive rocks of many types cut by a large number of intrusive rocks. Though no 
quartz veining or o.ther mineralization suggesting the occurrence of gold in this group was 
seen, some alluvial gold was found.in the gravels of the streams cutting across it in the Yentna 
basin. :Moreover, Spurr 1 found that some mineralization had taken place along the contact of 
these volcanics and granitic rocks intruded in them. Paige and Knopf 2 found some minerali
zation of the volcanic rocks of the Matanuska basin, which are here correlated with the 
Skwentna group. This they describe .as follows: 

Though placers have not been found within the areas of older volcanic rocks, mineralization has occurred. West 
of Hicks Creek a large cropping of gossan about 100 feet wide was found. This red capping is due to the oxidation 
of finely<tlivided pyrite disseminated through a quartz porphyry. A sample selected for assay showed a trace of gold 
and no silver. 

For several miles the whole southern flank of Sheep Mountain at the head of Matanuska River is colored a strong 
reel from the oxidation of pyrite in the greenstones. At some points the sulphuric acid formed during the oxidation 
of the pyrite has bleached the greenstones to a pure white color. The rugged range thus tinted in vividly contrasting 
colors presents a marked scenic effect. Certain streams emerging from the range are so highly charged with iron salts 
as to color their gravels reel with oxide. The pyritization of the greenstones, which are here roughly schistose, has 
affected a great thickness of rocks but is of a diffused character. An assay of a sample selected as showing the maxi
mum mineralizati_on yielded only a trace of gold and no silver. 

It is perhaps significant that the ore body (gold) of the Apollo mine on Unga Island 
occurs in association with andesitic and daci~ic_lavas which are not unlike those of the Skwentna 
group. Becker, 3 to be sure, regarded the volcanic rocks on Unga Island as of Tertiary age, 
but both Martin 4 and Atwood, 5 who were very familiar with the geology of the adjacent 
region, have called in question this determination. Atwood described several localities on the 
Alaska Peninsula where mineralization of volcanic rocks has taken place. Similar phenomena 
have been observed by both Becker 6

- an<:\ Collier 7 ·on Unalaska Island, near Dutch Harbor . 
. Becker described a quartz vein which carried iron and copper pyrite and Collier a vein which· 
carried iron pyrite and a small-amount of gold. 

It is not possible to prove that the mineral deposits which hav~ been described occur in 
lavas of the same age. Be this as it J?ay, the facts pre~ented go to show that some of the 
volcanic rocks, chiefly of andesit~c and dacitic types, are more or less mineralized. To this 
class belong some of the rocks of the· Skwentna group, and this terrane is therefore worthy 
of careful investigation on the part of the prospector. 

Tordrillo formation.-The next higher formation is the Tordrillo (Middle Jurassic), which 
is made up of conglomerates, grits, sandstones, slates, and shales .. This formation does not 
appear .to be favorable for the occurrence of ore bodies and so far as known contains no coal. 
Some of the slates included with the rocks are partly altered and there is a little minerali
zation with .some quartz veins. There is no evidence, however, that any of these veins ar~ 
auriferous, though the occurrence of placer gold in the headwaters of Styx River is reported. 
If this formation is ore bearing, tP,e deposits probably occur at or near· the margin of the 
granitic intrusives. 

Upper Jurassic roclcs.-The series next younger than the Tordrillo formation, which includes 
2,000 feet. of shales, arkoses, an'd tuffs, with some coal beds, is of Upper Jurassic age and 
occurs in the upper part of the Matanuska basin. The coals are chiefly lignites, ·hut p·ossibly 
the semianthracites of the Matanuska field belong at this horizon. These c()als have not been 
sufficiently prospected to prove their commercial importance. The formation has been recog
nized only in the eastern part of the province,· but it is known to extend beyond the limit of 
the area represented on the accompanying map (Pl. IX, in pocket). 

1 Spurr, J: E., A reconnaissance in southwestern Alaska in 1898: T\ventieth Ann. Rept. U. S .. Geol. Survey, pt. 7, 1900, p. 259. 
2 Paige, Sidney, and Knopf, Adolph, Geologic rflconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 

No. 327, 1907, p. G5. • 
s Boeker, G. F., Reconnaissance of the gold fields of southern Alaska: E!.ghteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, p. 85. 
• Martin, G. C., Goltl deposits of the Shumagin Islands: Bull. U. S. Geol. Survey No. 259; 1905, pp. 100-101. 
u Atwood, W. 'N., Mineral resources of southwestern Alaska: Bull. U.S. Geol. Survey No. 379,1909, p. 150. 
"Becker, G. F., op. cit., p. 85. 
7 Collier, A. J., Gold mine on Unalaska Island: Bull. U. s.' Geol. Survey No. 259, 1905, pp. 102-103. 
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. Granitic intrusive rocks.-Large masses of intrusive granites and granodiorites cut the 
Tordrillo formation and older sedimentary rocks of the province. These intrusive rocks are 
believed to be for the most part of :Mesozoic age and were probably injected chiefly during the 
latter part of Jurassic time. Lithologica.lly and in time of intrusion they correspond to the 
great batholiths of granite which form the Coast Range of southeastern Alaska and British 
Columbia. It has been shown by Spencer/ the Wrights, 2 and others that in southeastern 
Alaska there is a close association and a genetic relation of the ore bodies and the granitic 
intrusive rocks. In that area the zones of mineralization are most commonly found near the 
contact of the granitic intrusive rocks, and similar relations probably prevail in other parts of 
Alaska.3 For example, on tracing the western margin of the Coast Range intrusive belt north
ward from Lynn Canal it is found to pass near the Porcupine placer field, through the Rainy 
I-Iollow copper district, and through the region where gold and copper deposits· have been 
found near Lake Kluane. T~e Chistochina placer districts; in the Copper River region, appear 
to be similarly located in reference to a granodiorite intrusion. It seems probable that similar 
relations may prevail in the Bonnifield, · Kantishna, Valdez Creek, and Y entna placer districts, 
though this supposition can not now be proved. 

As the granites of the Alaska Range are similar in character to those of the Coast Range of 
southeastern Alaska, it is plausible to consider that they also may be agencies of mineralization. 
In this connection it will be of interest to quote the observations of Spurr 4 in reference to min
eralization along the contact of the granit~ with the volcanic rocks of the Skwentna group, 
already referred to. It should be noted that the· siliceous dikes referred to the Eocene by Spurr 
are now believed to be of Jurassic age and to belong to the same epoch of intrusion as the granite. 

The rocks of the Skwentna series are frequently altered and slightly mineralized along the contact of the Eocene 
dike rocks, especially in the district between the second and third canyons. At the camp of June 24 a few small veins 
interstratified with the bedded rocks contained, in a calcite matrix, iron rust, peacock copper, and copper pyrite. The 

. greatest mineralization,· however, was noticed in the third canyon, where the stratified tuffs and basalts are cut by dikA 
rocks in great abundance. The dikes are sometimes well-defined and sometimes irregular bodies, which have in 
general a trend parallel with the strike of the beds and a mostly vertical dip. Along the contact of these intrusive 
bodies the rock is mineralized, being impregnated with sulphides of various kinds .. Figure 6 shows a sketch of an 
irregular body of g~anite which is surrounded by a zone of mineralization. The mineralized rock is weathered, brown, 
and crumbling and shows fresh sulphides only on broken surfaces where iron pyrite and chalcopyrite appear. An 
assay made from a sample of this by the Geological Survey showed 0.05 ounce of gold and 0.15 ounce of silver to the ton. 
Besides the mineralization of the wall rock along the contacts there are also many small quartz veins in the vicinity 
of the dikes; these, as well as the altered country rock in which they lie, carry sulphides. A sample of these rusty 
and cavernous veins fron:i. the lower end of the canyon was assayed· by the Survey and showed 0.1 ounce of gold and 0.25 
ounce of silver to the ton. A third manner in which the rock is mineralized is along certain zones not in exact contact 
with the dikes, although in their neighborhood. These zones are generally conformable to the stratification, following . 
porous strata, for there is very little shearing, and cons~quently few shear zones. 

In this locality the mineralization evidently depends directly upon the intrusive rock and has been brought about 
by solutions accompanying the intrusion and very likely separated from the intrusive magma at the time of cooling . 
. The gold-bearing and silver-bearing siliceous and ferruginous solutions have naturally affected the rock at the imme
diate contact with the igneous body most, although where z.ones favorable for c~culation were found they have 
penetrated along these and deposited their silica and their metals as sulphides. 

Spurr 5 states that he found quartz veins carrying iron and copper pyrite and a little g·alena, . 
with traces of gold, in the region adjacent to the upper Kuskokwim River, and. these he thinks 
are "undoubtedly connected with the dikes which cut the slates." He concludes also that the 
placer gold found by him on the Y entna and Skwentna is derived from pyritiferous quartz 
veins cutting the volcaniG rocks (Skwentna group). 

Jaggar 6 found evidence of mineralization along the margin of a granitic intrusive in volcanic 
rocks on Unalaska Island, near the east end of the Aleutian chain. These volcanic rocks are of 

1 Spencer, A,. C., The Juneau gold belt: Bull. U.S. Geol. Survey No. 287, 1906, pp. 21-38. 
2Wright,C. W., Lod13 mining in sout:Jeastcrn Alasl{a: Bull. U. S. Geol. Survey No. 314, 1907, pp. 81-86. Wright, F. E. and C. W., The 

Ketchikan and Wrangell mining districts, Alaska: Bull. U. S. Geol. Survey No. 347, 1908, pp. 77-ll3. 
3 Brooks, A. H., Distributi:m of Dincral resources in Alaska: Bull. U. S. Geol. Survey No. 345, 1908, pp. 27-29. 
4 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, p. 259. 
5 Op. cit., p. 259. . 
6 The geologic results of Professor Jaggar's exped_ition have not yet been published in full. A reference to this occurrence, however, is contained 

in the "Journal of the Technology expedition to the Aleutian Islands in 1907, by T. A .. Jaggar," reprinted from Tech. Review, vol.10,no.1,pp.17-19. 
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unknown age, but Jaggar suggests that they inay be Jurassic ·or Tertillry. · It seems possible 
that they are identical in age with the Skwel).tna group and that the mineralization noted by 
Jaggar is of the sam~ type as that described ·above by Spurr. Although Jaggar does not state 
that these zones of mineralization carry any precious metals, yet it has been shown that at least 
one auriferous vein occurs on Unalaska Island and that it is near the contact described by Jaggar. 

The great batholithic intrusions forming the Talkeetna :Mountains belong to the same period· 
of injection as those of the Alaska and Coast ranges. If, then, this granite has a mineralizing 
influence, it would be expected tlJ.at metalliferous deposits might occur along its contact zone. 
So far as known, however, the only ore deposits which have been discovered in the zone are 
those of Willow Creek, an easterly tributary of the lower Susitna. Placers have long been known: 
on this stream, and some promising auriferous lodes are.'said to have been found in 1906-7 in the 
granite close to the schist contact. 

Prindle 1 has shown that tl1e granite,s of the Yukon-Tanana region were ~truded at different 
tin1es up to the Upper Cretaceous. It seems probable that these intrusive rocks may be, in part· 
at least, of the same age as those of the Alaska Range, which have been correlated with those 
of southeastern Alaska. As regards the possible mineralizing influence of these granitic intrusive 
rocks, Prindle says: 

The influence of igneous intrusion is far reaching, especially in areas of such permeable rocks as siliceous schists, 
and in view of the widespread distribution of igneous rocks in the Yukon-Tanana region, both in space and time, and 
their relation to the facts at our disposal, it seems justifiable to ascribe to them the widespread mineralization of the· 
region ·and to refer a part at least of this mineralization to the close of the Mesozoic. · 

It is significant that most of the localities where metalliferous veins have been found in the 
Yukon-Tanana region lie in or near the contact zone of a granitic or dioritic intrusive. This is 
true on Chicken Creek, in the Fortymile region, and in. the Birch Creek r~gion, but i~ better 
shown by the recent discoveries of auriferous lodes in the Fairbanks district. 

All the observations here noted point to the conclusion that at least some of the granitic 
intrusive rocks have had a mineralizing influence on these contact zones and that these zones 
have been fourid to be the loci of metalliferous deposits. It does not follow that mineralization 
has taken place along all the intrusive contacts, for this is known not to be the case. The con
ditions which favor the formation of metall~ferous deposits along the contacts of the intrusive 
rocks of this province are not. sufficiently well understood to permit their being set forth. It is 
certain, however, that the occurrence of mineralization is as dependent on the character of the 
country rocks which have been intruded as on the igneous rock itself. The practical deductions 
from the evidence is that regions intruded by igneous stocks and dikes are favorable ·for the 
occurrence of Inetalliferous deposits, especially so in the contact zones. 

Cretaceous rocks.-The Cretaceous period is represented by two groups of rocks-one (Lower
Cretaceous) made up chiefly of limestone and occurring in the southeastern part of the area her~ 
under discussion, and the other (Upper Cretaceous) made up of sandstones and slates which 
are cut by granite, limited to small areas in· the northwestern part of the field. · In neither of 
these groups, so far as known, are there any commercially important minerals. 

Kenai formation.-The youngest of the hard-rock terranes is the Kenai formation (Eocene)'. 
This is of commercial importance because it includes valuable coals. Kenai rocks are widely dis
tributed in the province and vary greatly in physical character. In the I\::enai of the Matanuska 
basin, where the best coal has been found, the formation is made up of hard conglomerates and 
slates, with beds of bitul'll:inous, semibitun1inous, and lignitic coal. These rocks are also known 
to occur between the forks of the Susitna and the Chulitna, in about latitude 62° 30'. Here 
the coals seem to be chiefly lignitic, the prevailing type of the Kenai beds. Soft conglomerate, 
sandstones, and shales with lignitic coals, also of Kenai age,_ occur in the Cook Inlet region a·nd 
in the Susitna basin. 

Some Kenai beds, chiefly slates and sandstones,· are infolded with the older rocks along the 
inland front of the Alaska Range but appear to include very little coaJ. On 'Nenana River 
and In the adjacent region lignitic coal beds are abundant iri association with friable white 

' Prindle, L. M., Occui-rence of gold in the Yukon-Tanana region: Bull. U. S. Gaol. Survey ?;o. 345, 1908, pp.-184-186. 
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conglomerate, sandstone, and shale, all of Kenai age. The Kenai· beds with some lignite occur. 
in s1nall patches along the Yukon: 

Quaternary deposits.-The Quaternary deposits of the province include the widely dis
tributed gravels, sands, and silts that constitute the extensive Pleistocene bench gravels and 
the modern stream deposits. The commercial importance of these deposits depends on their 
gold content. So far no gold placers have been developed except in the alluvium· of the present 
streams. Gold has been found, however, in the high gravels of the Minook Valley and in the 
extensive bench gravels of the Bonnifield district, botb of which are regarded as of Pleistocene 
age. It will remain for the future to determine whether the gold in thesQ older gravels is suf~ 
ficient in quantity to permit extraction. 

Summary.-The Birch Creek schist, comprising the oldest rocks of the area, is locally 
mineralized and the alluvium derived from it carries valuable gold placers. Some promising 
auriferous quartz veins have also been found in these schists. The so-called undifferentiated 
metamorphic rocks are locally known to be· auriferous, and some of them carry auriferous 
lodes. The Paleozoic rocks which skirt both margins of the Alaska Range are locally mineral
ized, and those on the Yentna have yielded some commercial placers. Evidences of mineraliza
tion have been found in volcanic rocks of the Skwentna group, but up to the present time they 

, have yielded no commercial ore bodies. Mineralization .is known to occur in many places along 
the contacts of the granitic .and other igneous rocks with the sediments in which they have been 
intruded. The contact zone of these intrusive masses would appear to afford the most favorable 
localities in which to search for mineral deposits. The Tordrillo formatiop_ do.es not appear to 
be favorable ·for carrying gold, though in some places ev:idences of mineralization have been 

·observed· near the contact with intrusive rocks. Some coal has been found in the Upper 
Jurassic sediments, but its commercial value has not been established. The chief coal-bearing 
formation of the province is the Kenai, which in the Matanuska basin carries high-grade bitu
minous coal. Throughout most of the area, howev·er, the coals of tbis formation are chiefly 
of a,lignitic character. Gold placers are widely distributed in the Quaternary gravels, but as 
the region as a whole has been little prospected the 'distribution of the auriferous alluvium has 
not been determined. Some of the P~eistocene bench gravel is also known.to be auriferous. 

GEOGRAPHIC DISTRIBUTION OF MINERAL DEPOSITS. · 

METALS. 

It is proposed here to summarize briefly the information regarding the productive districts 
of the province, but for detailed statements recourse must be had to the special reports from 
which .the information presented was for the most part extracted. · The districts will. be con

-sidered in order from south to .north. 

COOK INLET. 

The gold placers of Kenai Peninsula 1 occur for the most part near its northern margin 
and in the region adjacent to .Turnagain Arm, in the so-called Sunrise district. Only the north 
end of this field is shown on the map (Pl. IX, in pocket). The most important streams of 
the Sunrise district so far as pr.oduction is· concerned are Resurrection Creek and Sixmile Creek, 
together with their tributaries,.lying south of Turnag~in Arm, and Glacier Creek, lying nor.th of 
Turnagain Arm. Some gold has also been mined on the tributaries of Kaknu River. The 
bed rock qf all these streams belongs to the slate and graywacke series, and there appears to be 
a marked absence of intrusive rocks. 

The alluvial deposits of this district include three general types-the deposits of the present 
streams, the· bench gravels, and glacial deposits which have been more or less worked over by 
water. }.1uch of the alluvium is characterized by an irregularity of occurrence to be expected 
in a region where the glacia1 deposits are ·so intimately associated with the fluViatile materials. 

1 Moffit, F, H., Gold fields of the .Yumagain Arm region.: Bull. U.S. Geol. Survey No. 277, 1906, pp. 1-52. 
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Large bowlders ar.e not uncommon and i:qcrease the co~t of mining operations, as they require 
special handling. It is said to be largely on account of the bowlders that the attempt to work 
the Resurrection Creek placers by means of a @].redge was abandoned Some of the bench 
gravels are favorably located for hydraulicking and the water supply is far more abundant 
than in most of the interior placer camps. Jn not all localities, however, is the water supply 
adequate to permit hydraulic mining throughout.th~ open sea~on. 

Most of the early mining was confin(3d to the.stream beds of the smaller tributaries of the 
creeks mentioned above. The gold contained in these ~tream beds is to a certain extent a con
centration from the bench gravels, which ar~ also auriferous. It is to be expected that the 
stream beds are richer in gold than. the benches! Later the benches were prospected and some 
were found to carry'lf,values which could be re<;overed a~ a profit where water under head was 
available. 'L . 

The early histolW: of the distri9t ~as one pf only very primitive methods of gold extraction, 
but in 1898 a number of hydraulic plants were installed. Unfortunately careful prospeCting 
of claims and detewminat"ion of water s~pply did not always. precede such iBstallations; con
sequently there have been many failures. The evidence at hand indicates that there are con
siderable bodies of gravel which carry from 6 to .40 cents in gold to the cubic yard. It would 
appear that some of these gravels ought to be profitably mined. It should be remembered, 
however, th.at the presence of large glacial bowlders in some of these gravels increases the 
difficulties of mining and that therefore, in spite of. the favorable location of the bench deposits, 
the cost of extraction of the gold may be considerable. During the last two or three years the 
gold production of tllis field has gradually decreased, and unless new deposits are discovered 
it will probably continue to decline until some of .th~ larger deposits of low-gold tenor are· 
exploited. Severaf large plants are now being installed. . 

· The occurre:nce of placer gold in the beach deposits at Anchor Point, already referred to 
(p. 156), !s worthy of note. This·gold must have heen concentrated by wave action, either from. 
the high gravels which rest upon the Kenai formation close to the beach or from the. Kenai· 
formation itself. Auriferous Kenai sediments occur in the Yukon basin. The Kenai at 
Anchor Point probably derived its material from metamorpllic rocks to the east, wllich are 
known to be auriferous, and it also may carry gold. It is probable, however, that the gold 
content is not sufficiently concentrated to have any commercial importance. 

The Anchor Point placers have yielded a little gold almost every year since they were dis
covered. The gold P,as been taken out with rockers.. An attempt made some years ago to 
install a large pla~t for working these deposits was a failure. It appears that the deposits are 
too small to warrant exploitation by machinery.· · 

Except for that at Anchor Point, the only placer gold known in the immediate vicinity of 
Cook Inlet is that on Beluga River. ·Fine gold has long been known to occur in the alluvium 
of this stream. In 1902 an attempt was made to mine it with the aid ·of a hydraulic plant, 
but this was soon abandoned. Operations in 1909 consisted in prospecting for dredging ground, 
but the results are not available for publication. This is one of the fields where large glacial 
bowlders may be found in the alluvium-a fact which should be taken into account in the choice 
of a n1ethod of mining. 

Moffit shows. that the gold of the Sunrise placers is probably derived from small quartz 
veins, which are not uncommon in the metamorphic rocks of Kenai Peninsula. He further 
notes that some of these quartz veins carry sulphide minerals, usually pyrite with arsenopyrite 
or chalcopyrite and in places zinc blende and galena. On Bear Creek a vein has been discovered 
which shows sphalerite, galena, pyrite, and arsenopyrite, together with a little free gold. The 
gangue is chiefly quartz containing some calcite. It is reported that the best ore at this locality 
is in a 16-inch vein included in mineralized rock 6 feet thick. On Sawmill Creek there is a 
gold-bearing quartz vein which has a maximum thickness of 4 feet but is very irregular. It is 
considerably faulted. The quartz carries values of $2 in gold to the ton, though· some shoots 
are very much richer. 
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Moffit also notes the presence of small nuggets of native copper with the placer gold on 
several creeks. On Lynx Creek a copper sulphide bearing ledge has been discovered. Paige 
and Knopf/ who visited this property in 1906, report that. the ore body occurs along a zone 
characterized by intense shearmg having a nearly vertical direction. The metallic minerals
chalcopyrite, pyrrhotite, and iron pyrite, wit~ a gangue of quartz-have been deposited along 
this zo.ne of shearing. The mineralized area is frorri 6 inches to 2 feet in thickness. Grant and 
Higgins 2 have described some auriferous lodes in that part of the Kenai Peninsula which is 
tributary to the town of Seward. The ore deposits are of two types-(1) auriferous quartz 
veins and (2) mineralized dikes of igneous rocks. Both cut the foliation and bedding of the 
country rock, which consists of closely folded slates and graywackes. Some quartz veins 1 to 
6 .feet ih width were noted and a mineralized dike over 10 feet· wide where exposed. The ores 
carry native gold, galena, pyrite, and arsenopyrite. A gold telluride is reported to occur in 
some of these ores. At the time of Grant and Higgins's visit in 1909 the most promising dis· 
:coveries were those in the so-called Moose Pass district and at False Creek. In 1910 many 
-other gold prospects were reported at various localities in ·Kenai P~nins.ula. A discovery was 
·also made at the head of Crow Creek, north of Turnagain ~l\..rn1. Most of the· ores collected by 
.prospectors show free gold and many are very rich. Current reports indicate that sufficient 
.work has been done. on some of these prospects to indicate that they will become producing 

, mines, and the outlook for further discoveries is encouraging. 
Paige and Knopf also report, on the authority of prospectors, the occurrence of copper in 

the high mountains between Knik and Matanuska rivers. This ore is said to be chalcopyrite 
·associated with pyrrhotite. It is significant, in considering this deposit, that the copper-bearing 
rocks of Prince William Sound are very similar in character to some of the bed rock of Kenai 
Peninsula and of the region between Knik Arn1 and Matanuska River. ·This suggests that 
these occurrences of copper may be .similar to those of Prince William Sound, arid if this proves 
to be the case it increases the chances of finding commercial ore bodies. Grant and Higgins 3 

.have described briefly some occu:r;rences of gold and copper bearing lodes in the vicinity of 

.Seward. The copper deposits resemble the occurrences on Prince William Sound and the gold 
·deposits ~re not unlike those described above. 

The open season for placer mining in the Kenai Penins1;1la and Cook Inlet region extends 
· from May until October. Deep mining could of course be carried on at all times. The har

bors on the east side of the peninsula are open to steamboat navigation throughout the year. 
Timber is abundant .. There are. some water powers which could be developed, and in many 
places water is available at high levels for hydraulic mining. Some of the .. auriferous gravels 
attain a thickness and have aposition that permit them to be mined at low cost. On the other 

'hand, in parts of the district the gold of the stream gravels is unevenly distributed and that of 
higher benches hn,s in only a few places been won at a profit. The discoveries of the auriferous 
lodes indicate that bed-rock n1ining ~ay yet becon1e an important industry in Kenai Peninsula. 

SUSITN A VALLEY. 

The work of Eldridge 4 and the reports of prospectors have shown that placer gold is widely 
distributed along the main valley of Susitna River: at least from the Yentna to Indian Creek. 
'Eldridge found only fine colors, but his opportunities· for examination were limited to the main 
~river. He noted that above the Chulitna the gold is coarser ·and seems to lie nearer its bed
rock source. These statements are borne out by those of others who have prospected the main 
river and some of its tributaries. Prospectors report that colors have been nearly everywhere 
found on the upper ri~er. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 314, 1907, pp. 124-125. 

2 Grant, U. S., and Higgins, D. F.,. Preliminary report ori the mineral resources of the southern part of the Kenai Peninsula: Bull. r. S. Geol. 
,Survey No. 442, 1910, pp. 1il-173. 

a Grant, U.S., and Higgins, D. F., Notes on the geology and mineral prospects in the vicinity of Seward, Kenai Peninsula: Bull. 'L. S. Geol. 
Survey No. 379, 1909, pp. 98-107. 

'Eldridge, G. H., A reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, 
pt~ 7, 1900, pp. 2D-21. 



MINE~AL R~SOURCES. 165 

According to Eldridge, this gold was derived from quartz stringers which occur in the 
metamorphic rocks termed the Susitna slate. :Many of these quartz stringers carry traces of 
pyrite and a few that were assayed showed traces of gold and silver. Eldridge states that few 
of the quartz seams exceed 8 inches in width and that most of them are less than 4 inches. He 
notes that certain areas where the rocks have been particularly deformed as a result of crushing 
are probably the most favorable localities for mineralization, and l,le observed one locality of 
this kind on the hills southeast of the Susitna, 2 miles below Indian Creek, and another on a 
tributary of Nenana River. Another was reported by prospectors on the Chunilna, a tributary 
of the Talkeetna from the north. All. this information indicates that the bed rock of the main 
Susitna Valley is more or less mineralized. 

Paige and Knopf have noted that the bars of the main river have been worked to a minor 
extent for gold and that fairly good prospects. were found on the Chunilna. Although this dis
trict would appear to be favorable for the occurrence of gold placers, it can not be denied that 
the results of the prospecting. on the main river. are not very encouraging. It is probable, 
therefore, that the gold in the bars. is derived .from tributary streams. In the basins of some 
of these, including Willow Creek, Valdez Creek, and the tributaries of the Y entnft, workable 
placers have been found. Of the easterly tributaries of the Susitna, Willow Creek alone has 
yielded commercial pl~cers. 

Gold placers were found on Grubstake Creek, a southerly tributary of Willow Creek, in 
1898 and have been worked since about 1900. The pay streak is said to average 200 feet in 
width and to have a depth of 2! to 3 feet, and most of the gold occurs on bed rock or in the 
crevices of the bed rock. 1 The source of this gold appears to .be in the quartz stringers which 
cut the mica schist. It should be noted that this mic~ schist is a rock of an entirely different 
type from that found to the north in the M;atanuska basin. It is far more crystalline, and 
reference to the map (Pl. IX, in pocket) will show'that it has been provisionally correlated with 
the Birch Creek schist. A hydraulic plant has been in operation on these deposits since 1904. 

In 1907 and 1909 gold-bearing quartz ledges which are said to carry high values were 
found on Willow Creek. Unfortunately it has been impossible so far for the Survey to investi
gate these deposits, but the following notes are based on data which are believed to be reliable. 
The district lies about 30 miles north of.Knik, with which it is connected by horse trail. Accord
ing to Paige and Knopf, 2 Willow Creek follows the contact between a quartz diorite and granite 
mass on the north and a, belt of garnetiferous mica schist and chlorite-albite schist on the 
south: The placer gold of this district, according to the same authors, 3 is derived from quartz 
stringers in the schists. Since they made their examination some auriferous quartz veins 
have been found in this district, and these are reported to occur chiefly in the granite. This 
occurrence may be due to the fact that the deformation of the regio~ may have opened ·well
defmed fissures in the massive granite, whereas in the schist the s.tresses may have produced 
zones of shattered rock. There is not enough evidence in. hand to make a definite statement, 
but it appears that the placer gold h~s been derived from the schists and that the gold-·quartz 
veins which have been opened occur chiefly in the granite. The quartz veins carry free gold, 
iron pyrite, arsenopyrite, and possibly chalcopyrite. High gold values but only very low 
silver values are reported. In one deposit which has been opened free-milling gold quartz was 
found at the surface and to a depth of 50 feet, where the lode gradually changed into a refractory 
ore. A 3-stamp mill was installed in this district in 1908 and a small prospecting mill in 1909; 
preparations were made to erect a third mill in 1910. Both these mills have made a small 
output and a number of other prospects have been opened. , 

In 1909 some prospecting was done on :Metal Creek, a tributary of Knik River. The results 
are said to have been encouraging, and plans for further development have been made. 

In 1910, after the above was written, F. J. Katz rnade a brief study of the occurrence of 
gold in the Willow Creek basin. The following notes are extracted from his report, which is 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Talkeetna and Matanuska basins, Alaska:' BUn. U. S. Geol. Survey 
No. 327, 1907, pp. G5-66. 

2 Idem, p. 10. 
a Idem, p. 66. 

.. .-: 
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now in course of preparation. 1 The cbuntry rock of the southern part of .the V\Tillow Creek 
basin is a highly foliate<! mica schist, cut by nu.n1erous quartz stringers. The schist is bounded 
on the north by an area of granodiorite, which forms a part of the Talkeetna l\fountain massive. 
A few sn1all basaltic a:g.d aplitic dikes cut this diorite. On the south these schists are separated 
from a belt of Tertiary sediments by a narrow band of granodiorite. The important gold-lode 
prospects thus far developed all lie north of Willow Creek and within the granodiorite; the placers 
occur to the south, within the schist area. Most of the ore bodies are quartz fillings in fissures, 
as a rule with sharply defined walls. The quartz is white and bluish gray, in many places 
banded and giving evidence of having.been broken and· recemented. The veins which have· 
been staked range from 16 inches to 4 feet in thickness and appear to follow regular fissures, 
some of which persist for several hundred feet.. There is little visible mineralization in the 
quartz, but it carries minute specks of pyrite and some of it high free-gold values. All ore 
mined up to J910 was taken either from' the surface or within 150 feet of the surface. 

Auriferous quartz is also said to occur on the head of Granite Creek, tributary to the 
Matanuska, and on Little Willow Creek, tributary to the Susitna. The information regarding 
most of these lodes is too incomplete to permit a statement regarding their future importance. 
It seems, however, to point to the conclusion that the marginal zone of the intrusive grano
diorites of the Talkeetna :Mountains is a locus of auriferous and possibly cupriferous mineral
ization. It has already been pointed out that in other parts of Alaska extensive mineralization 
has been found along the margins of intrusive granodiorites of the same age as those of the 
Talkeetna Mountains. The theoretical deductions, therefore, are on the whole favorable to the 
discovery of ore bodies. 

In 1908 to 1910 considerable lode prospecting was clone on other tributaries of the 
Susitna. · In 1909 Frank.Wells discovered a copper-bearing lode on Iron Creek, a ~ributary of 
the Susitna. This lode is reported to be 30 feet in width, to be well defined, to strike about 
north ·and south, and to occur at a contact between slate and greenstone. The ore consists of 
chalcopyrite and pyrite and is said to carry copper and gold values. 

YENTNA. DISTRICT. 

Place~ gold was found. in the headwater region of the Yentna, a westerly tributary of the 
Susitna, during 1904-5. Though this district has not been studied by geologists, considerable 
information about it is availabl13 from the reports of prospectors and of R. W. Porter, of the 
Cook expedition. The accompanying map (Pl. XV; in pocket), made by Mr. Porter, shows the 
topog~aphic character of the region. · 

The area within which auriferous gravels are known to occur includes a belt of foothills of 
th.e Alaska Range about 20 miles wide, stretching northeastward from N okochna River through 
to the Tokichitna Valley, a distance of some 50 miles. This region is characterized by broad 
alluvium-filled valleys trending northwestward, separated by wide flat-topped ridges that are 
made up chiefly of gravels. The placers so far developed have all been on the small streams 
with comparatively narrow valleys whic~ are tributary to those described above. 

The hard bed rock seems t<;> be chiefly slate, which is here correlated with that of theKichatna 
Valley, assigne_d to the Paleozoic. Prospectors report some porphyrydikes in this formation. 
Some Ilgnite-bearing friable conglomerates and sandstones have also been found in this district, 
and these probably belong to the Kenai formation. They are only slightly indurated arid are 
known to the prospectors as the "cement gravels" or "reel gravels." Overlying these are the 
Pleistocene gravels, which reach a thickness of several hundred feet and which, locally at least, 
contain many bowlders. · The recent stream gravels in which occur the placers that are thus ·far 
productive merit no special description. 

A little gold has been mined on the upper part of Nokochna River, near the mouth of Kellar 
Creek, at the west end of the.belt. Here the gravels are said to be about 20 feet thick and to 
rest on a slate bed rock. Considerable bodies of auriferous gravels are reported to have been 

1 Mr. Katz's statement will be published in Mineral resources of Alaska-report on·progress of investigations in 1910: Bull. U.S. Geol. Survey 
No. 480, 1911 (in preparation.) 
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found on E·agle and Independence creeks, tributaries to the west fork of the Skwentna. The 
values in these gravels are· said to be high enough to warrant the installation of a mining plant. 
There has also been productive mining on Wagner Creek and ·some other tributaries of Lake 

. Creek. These placers are said to be shallow and to rest on a slate bed rock. The most important 
developments have been in.the basins of Cache and Peters creeks, both tributary to the Kahiltna. 
The upper basins of these two streams are deeply incised in a heavy sheet of Pleistocene gravels 
which forms achigh terrace between Kahtltna and Tokichitna rivers. · The top of this terrace is 
nearly flat, with a gentle dip away from the mountains.· Cache Creek valley is incised to a 
depth of 200 to 300 feet below the surface of the terrace. Its walls are broken here and there 
by benches, marking former stream levels. Near the point where the river debouches on·the 
lowlands of Kahiltna River, Cache Creek flows through a narrow steep-walled canyon, but 
abov~ this point its valley floor widens to 1,000 or 1,200 feet. The placers. of the main Qache 
Creek valley rest on the "cement. bed rock"-that is, the lignite-bearing formation. Here 
the highest values occur in a red gravel 4 to 6 feet in thickness, above which there is a gray 
sand. All the gravels, including those of. the high terraces, are said to. carry some gold. On 
Nugget, Falls, and other northerly tributaries of Cache Creek considerable mining has been done 
in gravels which rest on a slate bed rock. Much mining has also been done in the upper basin of 
Peters Creek, where the conditions of occurrence are probably similar to those on Cache Creek. 

The Cache Creek gold is rather coarse, well rounded, and bright in color. ·Its v.alue is 
$17.80 an ounce. Very dark iron-stained gold is also said to occur in the district. The data at 
hand suggest at least that the Cache Creek. gold is in part derived by reconcentration from an 
older placer deposit and not directly· from a bed-rock source in the slate. This older placer 
may have been a high channel in the Pleistocene gravels or may have been· in the "cement" 
or Tertiary gravel. In any event the .facts at hand make it appear that auriferous gravels are 
rather widely distributed and that, locally at 'least, the values are sufficiently concentrated 
to warrant exploitation. The successful operation of the hydraulic plant on Cache Creek, 
installed in 1910, will probably encourage similar enterprises. The water supply available for 
mining is better than in many of the other Alaskan camps. ' 

The route to Yentna district is by way of Susitna River and its tributaries. River steamers 
connect at Beluga with vessels on Cook Inlet, and launches running up the Susitna connect· 
with the end of the railway on Turnagain Arm. Steamer~ can ascend the Yentna as far as the 
mouth of Lake Creek and launches as far as the West Fork. Fr.om the West Fork a trail· 
leads to Eagle and Indepe.ndence creeks. Another trail leads from the mouth of Lake Creek 
to the diggings on Cache Creek, a distance of about 50 miles. The Alaska road commission is 
now building a bridge across the Kahiltna at the trail crossing, which will make Cache Creek 
readily accessible in summer. Most of the supplies for this region have been hauled in winter 
from the mouth of Lake Creek or from Susitna station. · · · 

VALDEZ CREEK.1 

·By F. H. MoFFIT. 

Valdez Creek is one of the small headwater tributaries of Susitna River. (See PL III, in 
pocket.) It rises in the foothills of the Alaska Range and flows in a general southwesterly direction· 
for about 12 miles. It is approximately 160 miles north-northwest of Valdez or 120 miles directly 
south of Fairbanks. It lies in a region difficult of access and consequently not well known. 

Although the creek is a tributary of Susitna River, the trails most frequently used for 
reaching it approach the stream from the Copper River valley. Two trails are in use. One· 
l'eaves Copper River at the mouth of Gulkana River and follows that stream to the head of its 
western fork. Crossing the divide to the Susitna drainage hasin, it descends McLaren Cr~ek to 
Susitna· River and then turns northward, going up the river to the mouth of Valdez Creek. 
Tlll.s trail traverses a broad, flat area, swampy and dotted with lakes, so that traveling is difficult 

1 1'hese notes were obtained from prospectors who came from Valdez Creek in September, 1908. They are extracted from Bull. U.S. Geol. 
Survey No. 379, 1909, pp. 157-160. 
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at many places. The second trail follows the southern foothills of the Alaska Range westward. 
to Valdez Creek from Paxton's road house, between Gulkana and Summit lakes, on the Valdez
Fairbanks trail. This trail was used during htst summer (1908) and is said to offer mij,ny 
advantages over the more southern one. Food and mining equipment for Valdez Creek have 
usually been. taken in over the southern trail in winter, but in 1908 contracts were made for 
the delivery of freight by boat at the head of navigation on Susitna River, whence it was to be 
taken overland to Valdez Creek with horses. The trip from Valdez Creek to 'the mouth of 
Indian River in the fall of 1908 was made with horses in eleven days, the distance being approxi
mately 90 miles. Eldridge has stated 1 that Susitna River is probably navigable for light-draft 
stern-wheel steamers for a distance of 130 miles above its mouth, which would be to a point 

·near the mouth of Indian River. In July, 1898, the little steamer Duchany, drawing about 2 
feet of w~ter, ascended the Susitna to a point within 12 miles of Indian River. It is believed, 
J1owever, that this would not be possible later in the summer. A light steamer drawing 2 feet 
of water could probably reach the Talkeetna, 87 miles from Cook Inlet, at nearly all stages of 
open water, but it could traverse the remaining 35 miles to Indian River orily on high water. 
When once established, this more direct route will doubtless result in a great saving of both 
money and time. · 

The e;xcessive cost of freighting supplies into the region has hindered the development of 
mining and has prevented prospecting to a great degree.· The average cost of supplies under 
present conditions is not far from 50 cents a pound, and the price paid for labor is $1 an hour 
without board. · 

The present importance of Valdez Creek lies in its gold placers, discovered in 1903. It is 
estimated that these placers have produced between $175,000 and $200,000. Mining is pr~;tc
tically restricted to two localities on the creek-Lucky Gulch and the vicinity of Discovery 
claiin, at the mouth of Willow Creek. The productive area is a small one, and although a large 
number or claims have been staked, only a few have contributed to the estimated output given 
above. · 

Valdez Creek has cut its present channel through deep gravels and has intrenched itself in 
the underlying schist bed rock. On claim "No. 2 above" the ·bench bordering the creek has a 
height of 170 feet. The lower 60 feet is rock, leaving a thickness of 110 feet of gravel. · 

Gold is found in the creek gravels and in the bench gravels. A considerable portion of that 
in the creek is probably derived from the benches and is therefore a product of secondary concen
tration. · Gold is not distributed in paying quantity throughout the bench gravels, nor uniformly 
over the bed rock, b~t occurs in a well-defined pay streak-an old channel occupied by the stream 
before its present rock-walled channel was cut. The,two channels intersect each .other on claim 
'~No. 2 above," the old channel being 60 'feet above the present one. The portion of the pay 
streak or old channel on claim "No. 2 above" is exploited directly from the face of the bench1 

but the values of the Tommy claim are recovered through a tunnel starting from the bench face 
and crossing low-grade or barren ground of "No. 2 above." The entrances to these workings 
are of course 60 feet above the creek. Gold is found in paying quantities in the lower 5 feet of 
gravel and in the upper 2 feet of the schist bench on which the gravel rests. The average. width 
of the pay streak is 40 feet, and it has been exploited for a distance of about 400 feet from the 
face of the bench. · . 

A hydraulic plant was installed on Valdez Creek below Willow Creek in 1908, but until that 
time most of the .work of washing the gravels had been done by hand methods. This plant 
includes a pipe line with two giants and an elevator. For the most part Valdez Creek affords 
good· dumping ground for tailings, but unfortunately an elevator is required at the locality' 
where this plant is in operation. · 

The gravels of Lucky Gulch are shallow, averaging about 4~ feet in depth. There is much 
coarse gold in the product of this gulch, nuggets ranging from $5 to $50 being frequently 

1 Eldridge, G. H., A reconnaissance in the Sushitna Basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 
pt. 7, 1900, p. lQ. 
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obtained. The largest yet discovered had a value of $970. Lucky Gulch is reported to yield 
about $40 a day to the man. · 

In 1910, after the above was written, F. H. :Moffit made a reeonnaissance of the Valdez 
Creek region. The following statement is extracted from his report.1 The bed rock of V alclez. 
Creek is slate probably of :Mesozoic age, locally altered into schist and cut by granitic dikes. 
South of the slates is a large area of basalt, and to the north an area of granite. The slates are 
locally cut·by quartz veins which are in places auriferous and appear to be the source of the placer 
gold. The gravels in the creek bed which have been mined are from 3 to 8 feet thick. Placer 
gold has also been mined jn an old channel GO feet abovet~e present stream bed. 

UPPER KUSKOKWIM BASIN. 

Only the upper portion of the Kuskokwim basin is included' in the Mount McKinley province, 
and in this portion no productive mineral deposits have yet been.found. There is a possibility 
that the Birch Creek schist, which has yielded the placer gold in the Kantishna district, has a 
southwesterly extension paralleling the main range. If this proves to be the case, placer gold is 
likely to be found in the basin. The Paleozoic rocks ·in the foothill belt do not seem to be 
extensively mineralized, though a few colors have been obtained in the associated gravels. A 
few quartz veins have been discovered which carry metallic minerals. Spurr 2 found a few 
colors of gold in the gravels of the upper I(uskokwim, near the mouth of Styx River. In1907--:8 
a party of prospectors found coarse gold on a tributary of the upper Styx and :fine gold on the 
bars of I-Iartman River, in the same district. The location of this auriferous alluvium indicates 
that its bed-rock source was in the Torclrillo formation. It may have been derived from one 
of the contact zones of the granitic intrusive rocks. A gold-bearing quartz vein is reported to 
have beEm found in this vicinity. 

BONNIFIELD AND KANTISHNA DISTRICTS.3 

By L. M. PRINDLE. 

INTRODUCTION. 

The northern foothills of the Alaska Range have been 'widely traversed by prospectors 
since the establishment of Fairbanks as a permanent supply point. In 1903 gold-placer mining 
con1menced in the Bonnifield country, about 60 miles south of Fairbanks, and during 1906 
the I(antishna region, about 150 miles southwest of Fairbanks and 30 .miles north of Mount 
.Mcl(inley, was an area of considerable activity. These regions had produced, respectively, 
about $30,000 and $175,000 in placer gold. The writer and C. S. Blair, field assistant, were 
detailed to investigate the placers and also the deposits of lignitic coal of Nenana River, which 
were visited by the Brooks party in 1902. 

The sketch map (fig. 28), with the foot traverses of the party in the two regions added 
to the topographic map made by the Brooks party in 1902, shows the geographic relations . 

. The two most important geographic features of the entire area ·are the Alaska Range and the 
Tanana Flats. 

The Alaska Range in this part of Alaska trends round from the northeast toward the east 
and is composed of lofty alpine ridges, surmounted here and there by beautiful peaks. (See 
Pl. III, in pocket.) :Minor ridges flank the main range on the north, a:nd their outer members 
descend with more or less abruptness to the level of the Tanana Flats. All the drainage flows 
to the Tanana. The main drainage lines extend northward, transverse to the ridges., Many 
of the upper valleys are gorged with glaciers and the lower valleys are a succession of narrow 
canyons interrupted by east-west valleys parallel to the ridges. 

1 Mr. Moffit's preliminary report on this area will be published in Mineral resources of Alaska-report on progress of investigations in 1910. 
Bull. U.S. Geol. Survey No. 480, 1911 (in preparation). 

2 Spurr, J~ E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U.S. Geol. Survey, pt. 7, 1900, p. 260 
a Taken mainly frqm Bull. U. S. Geol. Survey No. 314, 1907, pp. 205-221. 

/ 
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The Tanana Flats extend northward from the base of the foothills to Tanana River. They 
have a ·width in the area under consideration of about 30 miles. ·They widen rapidly .toward 
the west, as the river flows northwest and the mountains recede to the southwest, and form an 
impressive foreground to the mountains. The flats absorb small streams from the foothills 

.· 
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FIGURE 28.-Sketch map of Bonnifield and Kantishna regions. 

and the surface is drained by swampy creeks, which cross them irregularly. The larger 
streams, a few miles after leaving the hills, meander sluggishly in no well-defined valleys and 
enter the Tanana with sloughlike inconspicuity. The surface is sparsely timbered with small 
spruce. ta~arack, birch, and aspen, with a larger growth near the· major streams and along 

I 
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A. KENAI ROCKS ON ADAMS CREEK, A TRIBUTARY OF THE 
TOTATLANIKA, AT NORTHERN FRONT OF ALASKA RANGE. 

Showing typical erosiona l fo rm s. See page 97. 

B. LIGNITIC COAL INTERBEDDED WITH WHITE SAN DSTONE AND CON
GLOMERATE ON HEALY FORK. 

See page 189. 
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t.he base of the foothills. Swampy areas .flecked with lakes are interspersed with patches of 
birch where the ground is bare and dry and the traveling therefore fairly good. Feed is good 
along the watercourses, but during the long hot days of summer there is scant relief for the 
pack animals from the horseflies and mosquitoes, which render an otherwise friendly area 
a place of almost constant torment. . 

The bedrock of the Bonni:field and Kantishna regions includes highly metamorphosed ancient 
rocks and loosely consolidated deposits of comparatively recent origin.· (See Pl. IX, in pocket.) 
The most common distiliction. made by the miners is tliat between ·hard and soft bed rock, 
and this distinction is warranted. by the. conditions. The ridges are formed for the most part 
of metamorphic schists and igneous rocks; the intervening longitudinal valleys, of deposits 
in the main unconsolidated but older than those of the present streams. The most important 
fact economically is the distinction between the two groups of hard and soft bed rock. 'rhe 
hard bed rock from south to north includes a belt of highly metamorphosed schists, predomi
nantly quartzitic schists with a small amount of interbedded crystalline limestone, and some 
carbonaceous schists; a belt of black slates with quartzite and .cherty beds; and a belt of 
metamorphosed porphyritic feldspathic rocks. The belt of quartz.ite schists forms most of the 
bed rock in the Kantishna region, crosses Nenana River just south of Healy Creek, and. 
extends northeastward to the south of the Bonni:field region; the slates occur in the high 
ridges at the head of the Totatlanika and the porphyritic feldspathic schists form the several 
ridges to the north. These porphyritic schists occupy large areas in the northern foothills 
of the Alaska Range. They were observed throughout the area between Nenana and Wood 
rivers. To the south they are interrelated with the black slates cont~ining quartzite beds that 
succeed the quartzite schists. To the north they form the outermost ridges overlooking the 
Tanana Flats. Throughout this area are· several prominent east-west ridges of these J.:Ocks 
rising 1 ;500 to 2,000 feet abov~ the valleys that separate them. The color ranges from dark 
gray to white. The prev~iling tone is whitish, from the weathering of the large amount of 
feldspar that the rock contains, and much kaolinic nlaterial has been contributed by this rock 
to the deposits that occupy large areas ~ the longitudinal valleys between the ridges. The 
rock ranges in character from a coarsely porphyritic sericitic variety with feldspars 4 centi
meters or more in diameter to a fine, evenly grained white or gray sericite schist with no grains 
visible to the eye. These rocks- are of igneous origin and comprise highly metamorphosed ' 
rhyolitic rocks .With probably some associated tuffs. 

The soft bed rock includes thick beds of slightly consolidated sands, clays, and fine gravels 
and many beds of lignite, all overlain by thick deposits of gravel. (See Pl. XVI, A.) Some 
of these deposits, at least, are of Tertiary age. 

BONNIFIELD PLACER REGION. 

GENERAL DESCRIPTION. 

The region known as the "Bonni:fisld country" is named for John E. Bonni:field, who was 
one of the first ~en to locate in this part of Alaska. The name referred originally to the region 
immediately west of Wood River, but as prospectors explored valleys farther west the name 
came to be used in a broader sense, and for the purposes of this report includes ·all areas of 
placer mining between Wood River .and the Nenana, 50 miles farther west. 

The region is difficult of access ill summer. ·The waterways .are not easily navigable, 
even for small boats, yet supplies are sometimes brought in them about 40 miles upstream to 
points a dozen miles or more from the hills, whence they are transported overland by man or · 
horse- power about. 20 miles to the creeks where they are to be used. · Pack trains are occa
sionally taken over the flats along the west side of Wood River, but this method is expensive. 
Most of the supplies are transported ·during the winter, when streams afford good traveling 
for dog ·or horse sleds and the time consumed from Fairbanks to the creeks where mining is in 
progress is but a few days. . 

· The region is delimite.d ,on the south about 20 miles south of. the flats by prominent 
eastward-trending ridges which overlook it. The area between _these 'ridges and the flats 
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contains several ridges approximately parallel, with altitudes of ·4,000 feet, arid intervening 
spaces a few miles in width at a level 2,000 feet below that of the ridges. Isolated promi
nences like Jumbo Dome form important landmarks and the area is one of diversity. 

THE CREEKS. 

The most striking 'characteristic of the drainage and one that finds explanation in the 
different conditions that once prevailed is the fact that tha streams in general have cut canyons 
in ridge after ridge in their northward progress toward the flats. 'rhese canyons are for the 
most part narrow,. and talus from the overtowering cliffs obstructs the streams. The inter
vening parts of the valleys are in general open, and gravel plains up to 1,000 feet or more in 
width have been developed .. The gravels include angular bowlders from the hard bed rock, 
finer material of the same nature, and a large proportion of well-washed gravels, in the main 
rather fine, which have been derived from the unconsolidated deposits that occupy large areas 
in the longitudinal valleys. 

The creeks on which ~ost work has been done are Totatlanika with its tributary !lome
stake; Grubstake, Roosevelt, and Hearst creeks, tributaries of the Tatlanika; and Gold King 
Creek, which flows independently out of the hills into the flats. 

Totatlanika Oreek.-Totatlanika Creek is comparable in size to streams of the Yukon
Tanana country like the Chatanika. It is formed by the union of se~eral tributaries which 
originate in a high schist ridge to the south. It flows northward toward the flats, cutting 
canyons in several ridges of the igneous schist,. and has developed in the intervening spaces 
tributaries that drain large areas in which the hardxocks are largely covered with coal-bearing 
deposits. 

:Mining was being done at scattered localities on the main creek along a distance of about 
6 miles and on I-Iomestake Creek, a small tributary. The conditions on the main creeks at 
all the localities are similar.· The ~tream flat attains a width in the more open parts of the 
valley of several hundred feet, and the grade of the valley is app~oximately 100 feet to the 
mile. The quantity of water varies greatly. At ordinary stages there are, on a rough estimate, 
perhaps a dozen sluice heads available, and for the most successful working, by the methods 
employed, a low stage of water is desirable. The .gravel bars at low water are n1ostly bare, 
and it is there and in the stream bed that the mining is being done. The bed rock includes 
hard, blocky porphyritic feldspathic schist with some associated carbonaceous schist and 
abundant quartz veins. A belt of andesitic rocks crosses above the mouth of Homestake 
Creek. The gravels are derived from these varieties of bed rock and from the unconsolidated 
coal-bearing deposits, which supply many vein-quartz and chert pebbles, pieces of lignitic 
coal, and a few large bowlders of the granite and greenstone that occur in the uppermost beds 
of these deposits. The thickness of the stream gravels where work is being done ranges from 
3 to 6 feet. 

The gold is found in most places scattered through the gravels, but in others is confined · 
to the surface of the bed rock, and where this is blocky is generally found to a depth of 3 feet 
or more within it. The gold is mainly flat and most of the pieces are less than a quarter inch 
in diameter. Occasionally pieces are found worth 25 cents, and a $2 piece was the largest 
noted. It is all well worn. Pay has been founa over widths of 50 to 100 feet, with values up 
to 1 t ounces a d.ay to the man, but too little work has been done to give definite inform~tion 
.regarding the average dimensions, values, or persi~tence of the pay streak. 

Mining is done by open cuts in combination with wing dams. The ground is for the most 
part free from frost, and the only trouble from this source has b~en experienced in constructing 
bed-rock drains. Wing dams. are used to deflect the water from the .ground that is being 
worked, and· water for sluicing is carried from the dam a distance of a few hundred feet to 
the sluice boxes. These are given a grade preferably of 9 inches to the box. There is• but 
little sediment in the gravels and no dump boxes are used. 

The timber available for sluice-box lumber in this part of the valley is limited, and lumber 
is packed 5 to 25 miles from the lower canyon in the winter. About a dozen men were working 
on the creek during the summer of 1906. 
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Homestake Oreek.-Homestake Creek is a small stream, about 4 miles long, which enters 
Totatlanika Creek in the uppermost canyon. 'Ehe valley consists of· two parts of differ~nt 
character. The upper part is open and flat-hardly more than a depression-in an undulating, 
well-nigh timberless area several miles wide that extends east and west between the ridges. 
The lower part is a deep canyon with vertical walls oof andesite that crowd the stream to a 
narrow, crooked course and burden it with great fragments. The grade of the upper valley 
is approximately 100 feet to the ~ile; that through the canyon is over 200 feet to the mile. 
The amount of water carried by- the stream is, during a dry season, insufficient for mining 
purposes. The bed rock of the upper valley is composed of unconsolidated clay and s·and of 
the coal-bearing formation; that of the lower valley is the ign~ous rock of the canyon. 

Most of the mining has been done at the upper end of the canyon and in the open part 
of the valley half a mile farther upstream. The deposits that are worked range from 2 to 6 
feet in thickness. Gold has been found in 2 to 3 feet of gravel, and part of it is coarser than 
that of Totatlanika Creek, one piece worth $15 having been found. All the gold apparently 
is well worn. The stream heads .in gravels and above the canyon has not yet cut down to 
hard bed rock, and it would seem that the gold has been derived from the gravels. 

There are but few trees in the upper valley. Sluice-box lumber and even firewood are 
pack~d from the main stream. Some of the ground prospects well, but so little work had . 
been done at the time of visit that the possibilities of the creek were not definitely known. 
Unlike those on the main stream, successful operations on Homestake Creek are dependent on 
abundant rainfall. · 

Tatlanilca basin.-About 10 miles east of Totatlanika Creek is the Tatlanika, formed by 
the union of Sheep and Last Chance creeks. This is a somewhat larger stream and has devel.:. 
oped for itself in the secti~m of the valley under consideration a grayel plain several hundred 
feet wide, with a grade of about 90 feet to the mile. A finely preserved bench 40 feet high 
and half a mile or more wide limits the stream on the west; and 3 miles to the west high gravel 
hills separate the· Tatlanika drainage basin from the headwaters of Buzzard Creek;· on the 
east are blunt terminations of low, broad ridges that separate the small tributaries entering 
from that side-Grubstake, Roosevelt, and Hearst creeks, on which most of the mining is 
being done: These enter in the downstream order given,"" the mouths being separated by 
distances -of 3 miles and 1 mile, respectively. The creeks are similar in size and character, 
and gold occurs on all of them under about the same conditions and with apparently. the same 
origin. The Tatlanika in this area has not yet cut .down to hard bed rock, .and these minor 
streams have cut narrow valleys for themselves in the unconsolidated gravels, clays, and 
sands of the coal-bearing deposits. ·- Grubstake Creek heads along the. contact of the schistose 
bed rock and the soft deposits and is the only one of the three that has the hard bed rock 
within its drainage basin. · 

Mining on Grubstake Creek is confined to a mile of the lower valley. The stream is 200 
to 300 feet below the steep inclosing slopes of soft material and the stream flat is 150 to 300 
feet wide. The grade is approximately 100 feet to the mile. At the lowest stage the creek 
carries approximately a sluice head of water. The bed rock is sticky clay, sand, and co~l, 
all three distinct fron1 the stream deposits. The thickness of the gravels that are being mined 

""ranges from a few inches to 6 feet. These gravels include both fine and coarse material, with 
a small proportion of bowlders. They are made up of schist, 'vitreous quartzite, compact. 
conglomerate con1posed largely ofchert pebbles, vein quartz, chert, granite, ·and diabase; the 
amount of sedi1nent in them is small.. · 

Gold is found scattered through about 2 feet of gravel or confined. mostly to the surface 
of the clay bed rock. The pay streak has a width of 25 to 75 feet, but outside of 25- feet is 
reported to be patchy. The coarsest piece found was· worth $1.43 and the gold is valued at 
$17.35 an ounce. · The common variety· is composed of small flat pieces, all well worn. Mining 
is done by open cuts. In some places a few feet of the top gravel is stripped off,_ but generally 
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all the material from surface to bed rock is shoveled in, and the character of gravel and bed 
rock is such that 6 cubic yards a day per man can be handled. The black sticky. clay which 
forms the bed rock, after being cleared of the stream gravels, contains considerable gold which 
})._as settled into its surface or been trodden into it in the progress of the work, and experience 
has shown that the best way of saving _this is to strip off a thin layer one-fourth inch or more 
thick, leave it in the sluice boxes overnight with a.small amount of .water running over it, 
and in the morning stir it with a sluice fork. The loosened mass then easily yields up its gold. 
The boxes are set on a grade of 8 or 9 inches to the box. The lumber for mining purposes is 
brought from the lower canyon of the Tatlanika, a distance of 1.4 miles.· Some mining was 
done during 1905 and half a dozen men were at work during 1906. 

The lower part of the valley of Roosevelt Creek is rather open and is covered with a light 
growth of small spruce. The mining area is about 2! miles above the mouth, where the valley 
is narrow. The bed· rock is sticky clay and yellowish sand that belong to the coal-bearing 
formation. The stream gravels are similar to those of Grubstake Creek and are derived from 
the 11hick bed of gravels that caps the sands and clays. They are shallow, and gold occurs 
in 1 to 1! feet of gravel over a width of 20 to 60 feet. The gold is small, flat, and well worn, 
the coarsest piece found being wortli about 45 cents. At the time the creek was visited there 

. was insufficient water for sluicing. The gold has most probably been concentrated ·tog~ther 
with the stream gravels out of the thick gravel deposits in which the creek originates. A 
point to be emphasized is that the soft clays and sands which form the· bed rock are just as 
truly bed rock to the stream gravels that overlie them and carry the gold as if they were hard 
rock. A thickness of several hundred feet of these unconsolidated deposits may overlie the 
hard bed rock, and any attempt to sink through ~hem to the solid formation would be not only 
a most difficult task, but, inasmuch as the only run of gold known overlies them, would be in 
all probability useless. 

The conditions on Hearst Creek are similar to those on the other two streams. In the 
lower part of the valley the creek meanders deeply iri. a narrow canyon, exposing sections 100 
feet thick of the unconsolidated light-colored cross-bedded sands and fine gravels of the coal
bearing formation. These deposits in places have been benched and capped with stream 
gravels. The upper :part of the valley is more open and the stream heads in the thick gravel 
beds that overlie the·sands and clays. The only work that has been done is at a point about 
2 miles above the mouth, where in 1905 a few thousand dollars'· worth of gold was rep.orted 
to have been mined. In 1906 this locality was being prospected. 

Gold King Oreek.-Gold King Creek is about 8 miles east of the Tatlanika. The stream 
heads in hard bed rock and flows through a V -shaped valley sunk to a depth of 1,200 feet below 
the inclosing gravel ridges. Long, ·flat, tonguelike spurs e;x:tend from these ridges into the 
narrow stream flat. The grade is about 100 feet to the mile, and the quantity of water at the 
lowest stage is approximately three sluice heads. The bed rock at points where mining is in 
progress is 1clay. The gravels include the same varieties as are found on -the other creeks, and 
the proportion of bowlders 3 feet or more in diameter is large. They lie scattered through the 
gravel and have acted as. efficient riffles in retaining the gold. The thickness of the gravels 
that are being mined ranges from 4 to 8 feet. In some places gold is found· in 4 to 5 -feet of 
gravel; in others it is mostly near the clay bed rock. Generally about 2 feet of overburden is 

·ground sluiced off, and from 1! to 4 feet shoveled into the boxes. The gold'is flat; there are 
many pieces over one-fourth inch in diameter, and the coarsest piece was worth $1.25. This 
gold is said to assay $17.82 to the ounce. Some of the ground is reported to yield about 1! 
ounces to the shovel. All the -mining is done by open cuts, and the presence of so many bowlders 
retards the work. Shoveling in can begin -in some seasons about the 1st of June. In 1906, 
however,, on account of the extent of glaciers in. the creek, work' did not begin until June 20. 
The gold, like that of the other creeks, probably originates in the high gravels, and these are 
reported to carry prospects in many places far above the creek and even on the surface of the 
high, flat ridges. About a dozen men were working on the creek in 1906, and wages were $6 
and board per day. · 
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SUl\fi\IARY. 

The creeks of the Bpnnifield region may be divided into two classes-those that have, in 
a part of their valleys at least, cut into hard bed rock, and those that are still cutting their valleys 
entirely in unconsolidated deposits,· including gravels, sands, clays, and coal beds. The greatest 
part of the gold has in all probability been derived from the thick gravels. The form of its 
occurrence in these thick deposits is unknown. It may be regularly distributed through them, 
it n1ay. be confined to son1e particular stratum in which it is spread broadly, or it may occur as 
a nlore or less clearly defined pay streak. The material of .the gravels is all found in the ranges 
to the south. The gravels were deposited under conditions· much different from those of the 
pre.sent time and are probably mixed in their upper part with some glacial ma'terial. 

The only general test of the values that these gravels may· contain thus far available is that 
afforded by the gold found in the gravels of the present. streams. Although fair pay has been 
found in places on some of the creeks, it would seen1 that if the high gravels carried noteworthy 
values the placers derived from them would be much richer than they have yet proved. . All 
the work has been accomplished on a small scale under adverse conditions. Most of the mining 
is being done above the timber line.· The work is hampered ana in some places brought to a 
standstill by lack of water. The soft nature of the bed rock in some of the creeks means· a 
prodigious amount of material that clogs the work and complicates the situation caused by 
lack of water. In general it may be said that the quantity of gold is not so great as to over
shadow the economic factors of water supply, character of bed. rock, presence or absence of 
bowlders in the gravels, timber resources, and transportation, but that these are everywhere 
the determining factors in the situation. 

KANTISHNA PLACER REGION. 

GENERAL DESCRIPTION. 

The rich shallow diggings discovered in the Kantishna region in 1905 were found to be 
of smaller extent than was at first supposed, and the results of 1906 were unequal to expecta
tion. During the fall of 1905 there was much travel by steamer froni Fairbanks. Pa~sengers 
and freight were carried at $40 apiece and $50 a ton, respectively, and landed at Roosevelt, 
on McKinley River, or at Diamond, 60 miles above the mouth of the Bearpaw. The town of 
Glacier also was established 12 miles from Diamond, at the mouth of Glacier Creek, about 
midway between the steamer landing at Diamond and the placers of Glacier Creek. During 
the winter of 1905-6 there was much travel between all these places and the creeks, a.nd the 
winter trail from Fairbanks up Nenana River to the road house at the crossing and thence 
overland was also used extensively. The month of February found many already on the back 
trail. During the summer of '1906 the town of Roosevelt, situated remote froin the creeks 
across an 18'-mile stretch of swampy tundra, became practically deserted, and ~n the fall the 
many empty cabins of Glacier and Diamond testified with depressing emphasis to the deca-
dence from the activities of the previous year. · 

The Kantishna placers, about 30 miles directly north of Mount McKinley, are in an out
lying ridge somewhat apart from the main range and separated from it by high bare hills, which 
form the foreground to this portion of the range. This ridge trends northeast and· southwest, 
and its most prominent summits have altitudes of 4,000 to 4, 700 feet. To the southwest it 
abuts against the foothills; to the northwest it descends abruptly to the level of long, flat slopes 
that extend for miles from the base of t.he hills into the extensive flats ofthe Kantishna Valley. 

The slopes are deeply furrowed by narrow V-shaped valleys. The drainage on the south 
runs into Moose Creek, a stream that heads far back in the foreground of the mountains, flows. 
close along the southern base of the ridge in a finely benched open valley, and finally cuts a 
canyon through the ridge to flow northward to the Bearpaw. The streams that drain the 
northern slopes have long lower valleys limited on either side by the edges of low tong~elike 
spurs. 

66897°--ll----12 
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The ·material of the ridge is for the most part a highly metamorphosed and closely folded 
qnartzitic schist, with garnetiferous quartz-mica schist, carbonaceous schist, a sm.1ll amount 
of interbedded crystalline limestone, and much greenstone, pa·rt of which at least is intrusive. 
This formation is like that at the canyon of Nenana River, south of Healy Creek, and is the 
same in. character as that of the Fairbanks region. The occurrence of gold also and the asso
ciated minerals is the same for the most part as in the Fairbanks region. The formation has 
in general a northeasterly strike. The foreground of the mountains to the east is formed of 
hornblende granite and granite porphyry and some dikes of granite porphyry cut the schists. 
Small areas of the coal-bearing rock occur in the region and coal from a fork of Moose Creek is 
utilized to some extent for blacksmithing purposes. The extension of the schist area to the· 
southwest has not been determined. Topographically it terminates apparently at McKinley 
River; to the northeast it is probably continuous with the schists of the Nenana Canyon. The 
rocks of the Alaska Range to the east are in general black slates partly altered by contact meta
morphism, greenstones, intrusive granitic rocks, and volcanic rocks. 

THE CREE~S. 

The creeks head in open V -shaped areas formed by the convergence of two or m~re ~mall 
tributaries. The lower parts of the valleys are narrow canyons. Where these join the main 
valleys benching is prominent, and their deposits merge into the immense body of gravels 
that has been spread far and wide from the Alaska Range. This material is for the most part 
easily distinguishable from the schistose gravels of the creeks. 

The creeks where mining has been done are located on both sides of the ridge. Named 
from east to west on the south side of the ridge, round the west end, and eastward along the 
northern slope, they are as follows: Spruce, Glen, Eureka, Friday, Glacier, and Caribou. 

Spruce Oreek.-Spruce Creek flows its last mile in the valley of :Moose Creek. ·Above this 
part of its course for about 1! miles the valley is narrowly V-shaped, ·but near the head it is 
more open. The grad(;) in the narrow part is about 350 feet to the mile and the amount of 
water carried at ordinary stages 'is about 2 sluice heads. The lower valley has a consider
able· growth of spruce in a narrow belt near the stream. The bed rock observ.ed is predomi
nantly quartzitic schist, with some carbonaceous and green schists. The only point where 
mining was being done is about 2! miles upstream, above timber line and about 700 feet above 
the level of Mo'ose Creek. The gravels at this poi!}t are about 3 feet thick and comprise quartz
itic schists with a small proportion of green schist, carbonaceous schist, crystalline limestone, 
and vein quartz. Pay is found over a width of about 12 feet; · The gold occurs mostly on bed 
rock and to a depth of 2 feet within it. Much of the gold is coarse, and the largest piece found 
was valued at $6.40. Some of it is rough and has quartz- attached, and there iseno reason to 
doubt its local origin. Three men were working at this locality. Their· sluice boxes were 
made of lumber packed from Glen Creek and were set on a 10-inch grade. 

Glen Oreek.-Glen Creek is somewhat larger than Spruce Creek and is more deeply cut 
below the spurs that rise nearly 1,000 feet above it ori either side. From the forks to the 
mouth, a distance of 3 miles, there is a grade of about 500 feet. The gravels are similar to 
those of Spruce Creek, being predominantly quartzitic schist, and where work is being done 
they range from a few inches to about 3 feet in thickness. In some places gold is found 
through 2 feet of gravel and at others it is all on or within bed rock. The width over which 
pay is found ranges from 30 to 150 feet, and values have been reported of $20 to $100 to the 
box length, or approximately. a maximum value of 65 cents to the square foot of bed rock, 
but their distribution is irregular. Much of the·gold is coarse; several $8 to $10 nuggets have 
been found, and the largest piece discovered weighed over 3 ounces. A few garnets are found 
associa~ed with the gold. At the time of visit most of the miners had left for the season and 
it was reported that only about 7 men would winter on the creek. 

Eureka Oreek.-Eureka Creek proved to be the best producer of the region. It is a small 
creek, only about 5 miles long, flows southwes.tward in a deeply cut valley, and enters Moose 
Creek just below the point where that stream has turned northward through the ridge. The 
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valley of :Moose Creek at this point is. a flat several hundred feet wide, and the creek itself, a 
powerful stream, swings round to the east and is cutting laterally into the bed rock just at the 
point where Eureka Creek enters. The valley of Eureka Creek has a grade of about 235 feet 
to the mile, and the smallest quantity of water flowing during the season of 1906 was r~ported 
to be 2 sluice heads. The bed rock is principally quartzitic schist, with some associated 
carbonaceous schist and greenstones. Small basaltic dikes were observed in a few places 
cutting the schists. Throughout most of the valley the stream gravels are composed of mat'3-
rial derived from the bed rock, but in the lower part of the creek these rather fine subangular 
schist gravels become mixed with material derived from the heavy :Moose Creek wash that 
rests on a bench over 150 feet vertically above Eureka Creek. In the process of downward 
cutting through which the drainage system has passed these bench gravels, comprising bowl
ders ·of granodiorite, greenstone, hard conglomerate containing chert pebbles, and metamorphic 
slates, all of these being materials mos.tly unlike those characteristic of the Eureka Valley but 
entirely similar to those of the Alaska Range, have become ip.timately mingled with the local 
·deposits. 

:Mining has been confined for the most part to 2 miles of the valley immediately above the 
mouth. The thickness of the deposits that are being worked ranges from 1 to 5 feet and the 
width is in most places that of the stream gravels, which is rarely more than 100 feet and in 
some places less than.20 feet. The gold is mostly on bed .rock or withi~ it to depths of 1 to 3 
feet, but all the gravel from surface to bed rock is· generally shoveled into the boxes. The 
richest ground was in the first half mile above the mouth, where many nuggets were found, the 
largest two of which were worth $186 and $678. Nuggets are not confined to this part of the 
creek, however, and some worth as high as $40 have been found 2 miles above the mouth. 
The nuggety gold is generally of a lighter color than the finer grade. The gold found in the 
upper part of the. valley is ·mostly rough and gritty. Average assay values were reported 
ranging from $15 to $16 an ounce. The proportion of black sand accompanying the gold is 
small. l-Ien~ and there pieces of stibnite occur in the gravels, and these have been derived, 
probably like similar occurrences on Caribou Creek, from v:eins in the sc~ists. The association 
in this respect is similar to that of the Fairbanks region. 

The reason for the richness of the gravels near the mouth has often been a subject of 
inquiry, and it might be supposed that a part of the gold at least was derived from. the heavy 
:Moose Creek bench gravels through which Eureka Creek P.as cut. So far as could be learned, 
however, these bench gravels are not known to carry profitable values, and the explanation is 
rather to be found in the riffle efficiency of large bowlders in retaining gold that would other
wise be carried out from the smaller valley along with the finer wash. A decrease of grade of 
the smaller stream near the mouth may also be a factor . 

. All the gravels are worked by the open-cut method. Boxes are given grades ranging 
frorn 7 to 9 inches to the box. There i~ but little sediment in the gravels and no dump boxes 
were employed. The flats of Moose Creek opposite the mouth of Eureka Creek are covered 
with a light growth of small spruce and· a few small spruce dot the steep slopes of the lower 
Eureka Valley, but lumber for mining purposes has to be brought from points 6 ·miles down 
the :Moose Creek valley. 

Gold was discovered on Eureka Creek in July, 1905.- The richness of the gravels justified 
to a great degree the f?tampede that followed. The richest ground that has been discovered 
was mostly exhausted during July and August, 1906, when there were 50 or more miners on 
the creek. Wages during the busiest time of the season, when shifts were working night and 
clay, were $1.25 an hour, paid in gold dust valued at $16 an ounce. There was a settlement 
of considerable size at that time on the flat of Moose Creek just above the mouth of Eureka 
Creek. A restaurant was in operation, with rates for board alone of $.{.50 a day, and there 
were small stores where supplies of various kinds were obtainable. About a doze~ men were 
working in August, 1906. Various estimates of the output were reported, ranging from 
·$150,000 to $160,000. 
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A small amount of work\,;as done quring the summer of 1906 in the canyon of :Moose Creek, 
about 5 n1iles below Eureka Creek, and some pay was reported. 
· Friday Oreelc.-'-Friday Creek is 2!- miles long and carries at the lowest stage about half a 

t sluice head of water. The valley is cut to a depth of 1,500 feet helow the inclosing ridges. 
The upper part, where small streams unite, is somewhat openly V-shaped; the lower part 
is very narrow and has a grade of over 400 feet to the mile. 

:Mining is confined to .about a mile of the creek above the point where it emerges into 
the valley of ·Moose Creek. The bed rock includes quartzite schist, carbonaceous schist, 
greenstone, crystalline limestone, and dikes of granite porphyry. · The gravels are formed 
mostly of these materials and are from 3 to 6 feet thick. Gold is found in 1! to 2 feet of 
gravel and about the same thickness of bed rock. The gravels are in some places limited to 
the narrow space of 1.2 feet between the bed-rock walls; in others they reach 100 feet in width. 
Both nuggets and fine gold are found. The nuggets range in value up to $29. Many of them 
contain much quartz and are very rough and some are rudely crystallized. Scattered pieces 
of galena several inches in diameter are found in the stream gravels, and one of these was 
assayed for the Survey and found to carry 184.76 ounces of silver and 0.20 ou~ce of gold to 
the ton. Only 6 men were working on the creek in 1906. ,. 

Glacier Oreelc.-It is about 8 miles around the base of the hills from Friday Creek to Glacier 
Creek. The latter is a 'larger stream than. the other creeks that have bee:b. described, heads 
against them, and after emerging from its deep V -shaped canyon flows for several miles 
between broad, level-topped ridges before it joins the Bearpaw. Cabins were built at intervals 
along the entire length of the creek during the winter of 1905-6, but the area that proved most 
productive is a section of the valley about a mile long where the creek emerges from the hills 
into the area of long gravel-covered ridges·. Near the· end of the season of 1906 it was reported 
that pay was being found also on Yellow Creek, a small tributary near the head. 

Glacier Creek, although considerably smaller than Moose Creek, is a powerful stream, and 
there has been no lack of water for mining purposes. The grade of the valley in the part that 
is being worked is approximately 130 feet to the mile. The bed rock observed comprised 
quartzite schists, greenstone schists,· and garnetiferous mica schists, with abundant quartz 
seams and lenses. The gravels are coarse and the proportion of bowlders is large. The thick
ness of the deposits in the working area ranges from 2 to 5 feet and the width in places is 250 
feet. The gold is mostly on bed rock. The creek mea:o.ders sharply at its point qf emergence 
from the hills, and the best pay is reported to have been fovnd just above the points of the 
meanders. Values have been found ranging from $75 to $200 to the box length, and the gold 
is reported to be worth $.16.40 an ounce. Many nuggets have been found, and the largest 
was valued at $365. · · 

At the point 'vhere the stream leaves the hills there is a bench about 75 feet above the creek, 
capped by 3 to 5 feet of gravel underlying 6 to 8 feet of muck. Gold occurs in about 18 inches 
of the gravel and is yellower and flatter than the creek gold. Several areas of the bench gravels 
were reported to prospect, but insufficient work had been done to determine their values defi
nitely. All the work was done by open cuts, and some of the lumber for sluice boxes was packe.d 
distances of 12 to 14 miles from Moose Creek. In the fall of 1906 there were approximately 
20 men on the creek. 

Caribou Oreek.-Caribou Creek is somewhat larger than Glacier Creek, but in other respects 
the conditions on it are similar. There is the same variety of bed rock and deposits, but up 
to 'the present time (1 907) no well-developed pay streak has been found. In the early part of 
the season of 1906 considerable work was done on Crevice Creek, a small tributary near the 
head. The gold was found to be rough and coarse, the larg8st piece being valued at $90. At 
the time Caribou Creek was visited by the Su.rvey party but few men were working. 

Sti"Qnite (antimony sulphide) occurs in the wash of Caribou Creek, and a ledge containing 
this mineral has been located a short distance above the point .where the creek emerges from the 
·hills into the benched area of the lower valley. The creek forks at this locality, and on the 
southern fork, which has been named Last Chance, the ledge is exposed. The vein is about 4 
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feet thick, and the vein matter ·in:cludes essentially quartz and stibnite. The quartz is··partly 
n1assive and partly in the fonn of sn1all crystals up to an inch in length. The antin1ony sulphide 
is in part a crystalline n1ass embedded in the spaces between the quartz crystals and in part 
a bluish-black, very fine-grained massive variety. The ledge strikes northeastward and dips 
75° N. The country rock is hornblende schis~, to the structure of which the vein conforms. 
A short distance upstrean1 the hornblende schist is structurally conforn1able to the quartzitic 
schist. A Slnall amount of work ";.as being done here in the hope that the ledge material would 
be found to carry values. Of three specimens from this locality assayed for the Survey two 
contained silver at the rate. of 4 and 2. 76 ounces to the ton and the latter carried in addition 
0.12 ounce of gold to the to~; the third specimen contained 0.12 ounces of gold but no silver. 
Too little· work had been done to give definite information regarding the proportion of the 
antin1ony sulphide in the vein, but pieces of nearly solid ore up to a foot in dian1eter were 
obtainable. 

SUMMARY. 

The Kantishna placers are in an area of crystalline schists. The gold-producing creeks. 
head near each other. The bed rock of all the creeks comprises practically the san1e kinds of 
rock and the gravels are shallow. The bulk of the gold has in all probability b.een derived 
fron1 'the valleys in which it is found. The occurrence is not confmed to any particular section 
of tne valleys, but is such as to suggest. a derivation fron1 different points along them .. The 
manner of its occurrence. in the bed rock is indicated by the many pieces found in most ·inti
Inate association with quart~, by a small, tlat nugget one-tenth of an inch thick attached to 
garnetiferous mica schist, and by the occurrence of silver and gold bearing galena and stibnite 
in the gravels of several creeks. Pieces of these sulphide ores a foot or more in diameter were 
observed in th~ gravels, and the fact that in one place high values in silver with some associated 
gold were carried by this material lends not only a qualitative interest to this occurrence but a 
quantitative one as well. The vein of stibnite on Caribou Creek, although carrying in the 
n1aterial tested no high values in silver or gold, illustrates the form of occurrence, and its 
interest is enhanced from the· fact that the nletal ahtimony, which forms about 70 per cent 
of the 1nineral stibnite, is at present (1907) in considerable demand. Regarding the question 
whether there is sufficient high-grade silver ore or stibnite to pay for working, nothing definite 
can be said. It is probable that both the lead and antimony sulphides and the small amount 
of iron pyrites associated with them occur as small veins scattered through the schists .. ·Although 
both stibnite and galena resen1ble each other to some extent, the former has often been. deter
Inined by n1iners through its character of fusing readily. in the candle flame. The coarser 
varieties can also be distinguished from galena by their lighter color and somewhat fibrous 
texture. The coarser varieties of galena break into little cubes. 

There is a great resemblance between the Kantishna and Fairbanks regions. The geologic 
environment and mineral associations are practically the· same. The essential difference i.s 
apparently one of physiogrp,phic development. The Kap.tishna region is jn a youthful stage. 
The valleys are narrow and have steep grades, and their deposits are consequently shallow and 
have undergone less shifting with the accompanying gravitative differentiation of the heavy 
constituents to. the vicinity of bed rock. 

The bulk of the production has con1e from Eureka Creek and most of the rema:inder ftofu 
O'lacier Creek. The cond.itions on Eureka Oreek probably fin~ an explanation in the fact that 
the heavy foreign wash derived fron1 the bench near the mouth, working in combination with 
a decrease in grade, checked to a greater or less exte.nt the removal of the gold that Was being 
brought down the valley of Eureka Creek while the canyon was being cut, and thus brought 
about an enrichment at this particular point. There is the possibility, too, that the bench gravels 
contributed a part of the gold. It is noteworthy in this connection that the richest ground on 
Glacier Creek is at the point where the valley emerges from the hills into the benched area 
that surrounds their base. 

There WitS no lack of water during 
creeks shrank below the economic lilnit. 

the summer of 1906, but in a dry season the small 
The timber resources in the vicinity of the hills are 
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scanty .. There is some fair timber along parts of the valley of Moose Creek and this increases 
in quantity toward the mouth, but in general the localities where mining is done are above the 
limits of good timber, and lumber has to1 be packed for several miles. The town sites of Glacier 
and Diamond are well timbered, and the valleys of the Bearpaw and Kantishna contain many 
sn1all areas of fine spruce. . · 

Steamer transportation during the summer of 1906 was very it;regular, and the accessibility 
. of the placers to the points where it is possible to land supplies 'from steamers is rendered difficult 

on account of swampy areas that in places well-nigh block the approaches to the hills. Up to 
the present time but little attempt has been made to construct summer. trails, as most of the 
transportation between the creeks and the local supply points has been done in winter. 

The auriferous gravels thus far discovered are adapted only for summer work, when sluicing 
can be done from about the 1st of June to th.e early part of September, and -the rich ground 
first discovered has been largely worked out; There is ground still remaining that is said to 
contain some pay, and about 50 men intended to remain during the winter of 1906-7 to prospect. 

NoTE.-Since the above account was written there ha§l been no material change in the 
KantisP,na district. Some engineers ·have examined the Bonnifield district with the view to 
deter:rn:W,e the economic possibility of exploiting some of the heavy gravel deposits. In 1909 
a hydraulic plant was installed on a tributary of Wood River. In 1909 also much interest was 
excited among mining men by the discovery of auriferous lodes near the northern base of the 
Alaska Range and in the Bonnifield placer district. These lodes lie about 40 miles south of 
Fairbanks and can be reached by a direct trail during the winter. In summer th~y ~re acces
sible only by long horse trails via either Little Delta or Nenana River. In 1910 this region 
was examined by S. R. Capps/ who reports that ·there have been no new discoveries of placers 
.since Prindle's investigations, except on Moose_ Creek, an easterly tributary of the Nenana, 
about 40 miles from. the Tanana. In 1909 and 1910 some gold was produced on this creek. 
The largest· enterprise in this district in 1910 was a hydraulic plal,lt installed on Gold King 
·Creek. In all about 12 miles of ditch have be~n constructed to sq'pply this plant. It is proposed 
to hydraulic the heavy bench gravels with this equipment. The future of this phase of mining 
in this district is dependent on the gold content of the gravels, which so far does not appear 
to have received very close attention. . 

Capps reports that the· gold of the district ·seems to have been derived from. schists which 
form the prevailing bed rock and suggests that its source is in the contact zones of granitic 
intrusives. On Chute Creek there is a complex series of schists cut by intrusive rocks. Some 
zones in the schists are heavily charged with pyrite and are reported to carry gold values. One 
zone of m,iner~lization, so far as can be determined, has a width of about a hundred feet. The 
owners of this property report it to carry about $9 i~ gold to the t~n, about half being free. 
If the assays made represent average samples, the value of the ore body seems to be assured. 
This ore body has been penetrated by a 30-foot tunnel, throughout the length of which the 
schist showed the same character. Capps also reports that a little work has been done on a 
mineralized zone on Kansas Creek, a tributary. of Wood River.-A. H. B. 

1 A preliniinary report· on Capps's investi~ations will be published in Mineral resources of Alaska-report on progress of investigations in !91B: 
Bull. U. S. Geol. Survey No. 480, 1911 (in preparation). 
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FAIRBANKS DISTRICT. 

By ALFRED H. BROOKS and L. M. PRINDLE. 

It is not intended to present here a detailed account of the Fairbanks district, for which 
the reader is referred to the published reports.1 As, however, the greater part of this district 
is covered by the accompanying maps (Pls. III ~nd •IX, in pocket) and as it forms the most 
important commercial center of the province, it seems desirable to present a brief summary 
account of its gold deposits. 

As defined by th~ gold discoveries· up to 1908, the aurif~rous zones of the Fairbanks dis
trict lie in an area including 350 to 400 square miles, which stretches from the Cripple Creek 
basin on the southwest to the ~ish Creek basin on the northeast, a distance of about 30 miles. 
This area has a width varying from 10 to 15 miles. As the same general geologic conditions 
are believed to prevail both to the northeast and t~ the southwest of this area, it is possible 
that further prospecting may show the presence of other mineral-bearing zones. 

On the northwest the district as defined is bounded by the broad alluvium-floored valley 
of Chatanika River and on the south by the lowlands of the Tanana. (See Pl. XVII.) The 
western half is interruptefl by the broad depression occupied by the valley of Goldstream Creek .. 
The topography is characterized by long, fiat-topped ridges broken by higher domes. The 
ridges are from 1,000 to 2,400 feet in elevation; the domes stand a few hundred feet higher. 
The streams throughout the district have broad, fiat valleys with very low gradients. This fact 
makes the disposal of tailings a difficult problem. Small tributaries of the larger creeks, how
ever, have steeper gradients with narrow valleys, and in places these valleys are cut to bed 
rock. All the larger streams flow on alluvial floors. 

The country rock throughout the district is chiefly quartzite, quartzite schist, and mica 
schist. (See Pl. XVII.) All these belong to the group which has been termed the Birch Creek 
schist (p. 56). Interbedded with these schists are lenses of crystalline limestone and some 
schistose greenstones. The limestone is in some places r~presented by metamorphic rocks made 
up· entirely of secondary minerals. Granitic and dioritic intrusive rocks occur as dikes and 
large stocks, many of the latter being expressed in the topography by domes. In addition to 
these there are some small dikes made up of a more basic rock. 

The region as a whole is almost lacking in bed-rock outcrops except along the crest lines 
.of the ridges, where the rock is deeply weathered. Studies of the bed-rock geology therefore 
have been exceedingly difficult.. In fact, in many areas the character of the bed rock was not 
ascertained until it was revealed by the operations of the placer miner. 

The alluvial deposits include gravel, sands, clay, and muck. The muck contains a large 
amount of vegetable matter, with a considerable percentage ·of clay and sand. The depth of 
the muck varies greatly on different creeks and also on the same creek, the minimum thickness 
being from 2 to 3 feet and the maximum 100 to 160 feet. The gravels rest on bed rock under
neath the muck and vary in thickness from 3 feet up to 135 feet. Most of the gravels are well 
rounded, but in places the lowest layer next to bed rock is subangular. The pebbles ar.e all 
from rocks outcropping within the stream basins. 

In addition to the alluvial material described above, there is a widely distributed deposit 
of fine silt, locally several hundred feet in thickness, which occurs as a terrace along the larger 
streams. 

I Brooks, A. H., Reconnaissance in the White and Tanana River basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 
1900, pp. 431-494; Placer-gold mining in Alaska in 1902: Bull. U.S. Geol. Survey No. 213, 1903, p. 47; Placer mining in Alaska in 1904: Bull. U.s. 
Geol. Survey No. 259, 1905, pp. 25-28; The mining industry In 1906: Bull. U.B. Geol. Survey No. 314,1907, pp. 33-37; The mining industry in 1907: 
Bull. U.S. Geol. Survey No. 345, 1908, pp. 38-43. 

Prindle, L. M., Gold placers of the Fairbanks district, Alaska: Bull. U.S. Geol. Survey No. 225, 1904, pp. 64-73; The gold placers of the Forty
mile, Birch Creek, and Fairbanks regions, Alaska: Bull. u.·s. Geol. Survey No. 251, 1905, pp. 66-84; The Yukon pW.cer fields: Bull. U.S. Geol. 
Survey No. 284, 1906, pp. 110-123; Th:e Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U. S. Geol. Survey No. 337, 
1908, pp. 1-63. . 

Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. U.S. Geol. Survey No. 379,1909, pp. 181-200. 
In addition to the maps contained in the above-named reports, there have also been published the Fairbanks special map, scale 1 mile to the 

inch, with 25-foot contours. and the map of the Fairbanks quadrangle, scale 4 miles to the inch, with 20D-foot contours. 
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The bed rock of the valleys, on which the gravels rest, in most places has a gentle slope 
parallel to that of the present alluvial floors. Here and there, however, a sharp drop in the bed
rock floor has been noted. Much of the .bed rock is covered by a layer of clay, evidently of 
residual origin. 

As the gold placers of the Fairbanks district rest on bed rock, they are from 10 to 300 feet 
. below the present stream levels and are therefore mined chiefly by underground methods. 
The pay streak ranges from a few inches up to 12 feet or more in thickness and everywhere 
includes a considerable portion of the underlying bed rock. As a rule it occupies only a part 
of the stream valley and ranges from 30 feet to 800 feet in width. As at present mined, the gravels 
carrying values average probably 200 feet in width. The pay streaks usually wind from one 
side of the valley floor to the other, except where the valley is narrow. Many of the streams 
have a steep wall on the west or north side and a gentle slope on the other. Such creeks usually 

. follow the steep walls of the valleys. 
The total length of pay streak, including that which has been mine4 out, developed by the 

mining operations up to 1908 measures roughly about 50 miles. The values in the pay streaks vary 
greatly. In the early days of. the camp it was probably impossible· to recover at a profit values 

. of less than $10 to the cubic yard, but with improvement of methods the average is about $5 
to the cubic yard. This does not mean that· there may not be some pay streaks as rich as those 
already mined, but rather that, the cost of mining having been reduced, it is possible to work 
the lower-grade deposits, and this reduces the average gold co11tent of the material mined. The 
cost of mining being estimated at $3.50 to $4.50 a cubic yard (1908), it is evident that there 
must be much ground of a lower grade which can not now be exploited. As much of the richest 
gravel has been mined, the future of the camp depends on a decrease in the cost of operating. 
This can be brought about only by better transportation facilities and an improvement in the 
methods of extracting the gold-bearing gravels. In 1908 the placers of Cleary, Fairbanks. 
Dome, Vault, Ester, and Goldstrealll creeks and their tributaries were the chief producers of 
the district. 

Auriferous quartz veins have been found at many localities in the Fairbanks district, the 
richest of them in valleys that have proved large producers of placer gold. These veins are 
located in the schist, in some places in proximity to intrusive granitic rocks. They range from 
small stringers to veins 12 to 15 feet thick. They crosscut the schist, run parallel with the main 
structure of the schist, or have been deposited along joint planes and shear zones. In places 
they have been faulted, sh!1ttered, and even brecciated. Quartz has been reintroduced, and the 
present quartz veins embody the result of a sequence of events, one of the last of which for 
some of the veins has been the introduction of gold and sulphides. 

The metallic minerals that have been found in the quartz veins are iron pyrites and its altera
tion products, stibnite, arsenopyrite, galena, sphalerite, and gold; those found in the gravels 
are cassiterite, wolframite, and bismuth. Much of the gold of the quartz veins is free and visible, 
occurring as Sl!lall flakes and grains in. the, quartz or embedded in limonitized crystals of iron 
pyrites. Its most common associates in the richest veins are stibnite and arsenopyrite. Veins 
composed of the sulphides alone, however, have been found to carry but little gold. Values 
found in the rock showing free gold are naturally high an·d help raise the average values over a 
width of several feet; in some places to about $50 a ton. 

The introduction of gold in the quartz veins has been an event closely related to that of the 
sulphides. No auriferous quartz veins have been recognized in the granitic rocks,' but there are 
several localities where the granite is abundantly pyritized, and some placer gold has been found 
which was derived evidently from such pyritized. granite. The facts at present available 
indicate a genetic relati0n between the gold with its associated sulphides and the granitic 
intrusions. The ttansportation of the auriferous after-:-products of intrusion from deep-lying 
sources to a zone of accessibility is believed to have been greatly facilitated by the extensive 
shattering which the rocks of the Fairbanks district have undergone. 

Only the superficial portions of the ore ·had ·been· exposed and insufficient work had been 
done in 1909 to determine with definiteness changes in the character or value of ore with increase 
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in depth. In a few places a decrease in the values of free gold at greater depth had been noted. 
It has been demonstrated that there are some auriferous veins of such climensions and values 
as to be possible producers. In 1910 considerable progress was made on some of the quartz 
n1ines near Fairbanks. Several of the mines were put· on a productive basis, but the total 
lode-gold output of the camp had a v3Jue of less than $50,000~ · 

RAMPART REGION. 

The Rampart district includes the tributaries of Minook Creek, which flows into the Yukon, 
and those streams 1 lying to the south which flow into Baker Creek, tributary to the Tanan~. 
The geology and mineral resources of this district were investigated by Prindle and Hess 2 in 
1904, and to their reports the reader is referred for details of the placer deposits. 

The northern part of the Rampart region is one of strong relief, the ridges and domes rising 
to altitudes of 4,000 to 5,000 feet and many of the valleys being sharply cut. (See Pl. III, in 
pocket.) In strong contrast to this topography is that of the southern part of the region, where 
the broad depression occupied by Baker Creek and its tributaries slopes gently to ridges rising 
not over 1,000 to 2,000 feet above the sea. The north side of the Baker Creek valley rises 
gradually to a sloping gravel-floored bench wJ:!ich forms one of the important. sources of the 
placer gold of the district. A gravel-floored bench skirts the east side of the Minook Creek 
valley about 600 feet above the floor. This bench falls off by a precipitous slope to the gravel 
floor of Minook Creek. It is in strong contrast to the bench north of Baker Creek, which slopes 
gently to the main stream. · 
· The developed placers are of two types-those of the present strearo. bed and the bench 

· deposits. Although the high bench along Minook Creek is known to carry gold, its placers 
have not been developed because of the difficulty of working them. The benches on the north 
side of the Baker Creek valley have been very productive: The first mining in this valley 
was on the streams that cut across these benches and have reconcentrated the gold, but during 
the last two years the bench gravels themselves have been worked on a considerable scale .. 
Throughout the district the gravels are usually shallow, 5 or 6 feet being probably the average, 
though 10 to 20 feet of gravel is not uncommon, and in a few places thicknesses of 100 feet have 
been found. . 

The productive creeks of the district up to 1907 included Minook Creek and its tributaries, 
chiefly those that enter i~ ·from the east and cut across the high bench gravel, but workable 
placers have also been found on Quail Creek, a tributary of Troublesome Creek, which flows into 
Hess Creek. Gold-bearing gravels, though not known to carry commercial,values, also occur 
in other parts of the Minook Creek basin. A number of streams tributary to B·aker Creek carry 
values. The chief of these are the strea:r;ns tributary to Pioneer, Rhode Island, Omega, and 
Thanksgiving creeks, all of which cut the bench deposit which has been described. In 1907 
gold was discovered on Patterson Creek, which lies to the south of Baker Creek and flows directly 
into the Tanana. Sin,ce then some valuable placers have been opened in this part of the field. 
The gold-bearing region, as roughly outlined by the mining operations, includes about 200 
square miles in the Baker and Patterson creek basins and about 100 square miles drained by 
:Minook and Hess creeks. It is not intended to' imply that these entire areas are gold bearing, 
for the placers have been found only in certain creeks. 

The geology of the Rampart district is varied. (See Pl. IX.) The region includes a small 
area of highly altered schists, here correlated with the Birch Creek schist, and succeeding forma
tions 1nade up of chert, slates, graywackes,_, and some limestones provisionally assigned to the 
Silurian, together with some smaller areas of blue. siliceous limestones assigned to the Devonian 
(p. 81). In addition to these rocks, intrusive masses of granite are not uncommon. It is a 
significant fact that a large part of the Rampart placers derive their gold from rocks which are 

1 Now included in the Hot Springs district. 
2Prindle, L. M., and Hess, F. L., Th~ Rampart gold-placer.region, 'Alaska: Ball. U. S. Geol. Survey No. 280,1906. Prindle, L. M., The 

Fairbanks· and Rampart quadrangles, Yukon-Tanana region, Alaska, with a section on the Rampart placers by F. L. Hess and a paper on the 
water supply of the Fairbanks region by C. C. Covert: Bull. U. S. Gebl. Scrvey No. 337, ·1908. Besides the maps included. in these reports, the 
Survey has also issued the map of the Rampart quadrangle. · 
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younger than the Birch Creek schist. This mode of occurrence of placer gold is exceptional 
in the Yukon-Tanana province but is known at other localities in Alaska. No lode deposits 
have been found in the Rampart district, though many of the quartz stringers occurring in the 
various rocks associated with the placers are mineralized. The statement-s i.n regard to the 
source of the gold which have.been made about the Fairbanks district (p. 182) probably apply 
to the Rampart district also. 

GOLD HILL DISTRICT. 

Placer gold has been found on several creeks tributary to the Yukon between Rampart and 
a point 20 miles below the Tanana, but at only two places in this area has any gold been ex
tracted. One of these is near the mouth of Homestake Creek, a confluent of Morelock Creek. 
About this occurrence little is known. 

The placers near Gold Hill have been briefly described by Maddren 1 on the basis of a hasty 
examination made in 1908, and from his report the following notes are extracted. The bed 
rock .of the district is the Birch Creek schist, characterized by considerable quartz veining. 
The quartz stringers are in many places iron stained and some of them are known to carry gold. 

Placer gold has been found on Grant, Illinois, and Mason creeks, tributaries of the Yukon, 
as well as on· a number of tributaries flowing northward into the Melozitna. The gravels are 
shallow and in part unfrozen. Though many claims have been staked in this district, there 
has been relatively little prospecting and the production has· been small. 

The first attempt to open a lode mine on the Yukon was at Gold Hill, where an adit ·was 
driven on a quartz vein for about 100 feet in 1890. A surface cropping of iron-stained quartz 
2 to 3 feet in thickness was the incentive for this attempt at mining. Though the quartz carried 
some gold and silver, the operations were not a success and were long ago abandoned. 

COAL. 

INTRODUCTION:· 

It has be~n shown (pp. 159, 161) that there are two coal-beariilg formations in this field-the 
Kenai (Eocene) ,Z which includes all the coals of proved value, and the Middle Jurassic, which also 
carrie~ coal but whose commercial importance has not been established. All the mapped areas of 
the Kenai (Pl. IX, in pocket) carry some coal except those on the inland front of the Alaska Range. 
Except in the Matanuska VaHey, all the Kenai coal is of a lignitic character. So far as known, 
tP:e Jurassic coals are limited to the upper part of the Matanuska Valley and are probably for 
the most part lignitic. The Matanuska field includes a large quantity of high-grade bituminous 
coal, much of which will coke, and this field shares with the B~ring River field preeminence in 
the Alaska fuel reserves. . 

Estimates of areas of coal fields which are based only on reconnaissance surveys have no 
lasting importance, for detailed examinations are necessary to determine the presence or absence 
of workable coal beds. Such estimates may, however, serve as approximate measures of the 
importance of the fuel resources. · 

In the following table the areal data bearing on each of the three grades of coal are grouped 
under three headings. In the first are placed the known coal lands. These comprise the areas 
about which sufficient is known to warrant the conclusion that they are underlain by beds of 
coal at such depth and of such quality and thickness as to make it certain that if they c~n find 

·a market they can be profitably exploited. There has been no mining in these fields and but 
little prospecting; hence these estimates are based solely on the information gleaned from the 
surface outcrops. In the second column are given the total known areas of the coal-bearing 
formations, parts of which undoubtedly include commercial coal beds. These areas were 
determined by measurements on the map of the known outcrops of the coal-bearing rocks. In 

1 Maddren, A. G., Placers of the Gold Hill district: Buli. U. S. Geol. Survey No. 379, 1909, pp. 234-237; Bull. U. S. Geol. Survey No. 410, HllO. 
pp. 80-85. . . . 

2 It should be noted that it has not been definitely determined that all the Tertiary coals belong to the Kenai formation. The rocks mapped 
as Kenai in the Matanuska Valley may include some that are older, and the Tertiary of the Nenana Valley may include some that are younger. 
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the third column are conservative estimates of the possible total areas of coal-bearing rocks. 
In this are included (1) areas of known coal-bearing rocks, as in the second column; (2) areas of 
supposed coal-bearing rocks covered by younger formations of no great thickness, and (3) an~ 
estimate of the area of coal-bearing rocks in regions which have not been actually surveyed. 
This third column can be regarded as a rough estimate of the possible extent of the coal fields 
here under consideration. · 

Areas of coal fields of Mount ~McKinley region. 1 

(In square miles.) 

Character of coal. 
Known coal Known areas Es~~b~:\~~£os-

lands. of co:~~~~~ring areas of coal-. 
bearing rocks. 

Anthracite and sernianthracite ................................................................... . 
Bituminous and sernibiturninous ................................................................. . 4~: g · · · · · · · · · · · · 26o · · · · · · · · · · · · · · 9oo 
Lignite ............................................................................................ . 90.0 1, 086 1, 660 

1 See geologic reconnaissance map, Pl. IX. 

. As considerable weight may be given to quantitative estimates of mineral wealth published 
in official reports, it should be the aim of such reports to err, if anything, on the conservative 
side. This aim is expressed.in the foregoing table, and for this reason the extent of the possible 
coal fields may be many times what is here estimated, especially that of the lignite-bearing 
format~ons. The lower Susitna basin is so heavily mantled by Quaternary gravels that ther~ 
is little clue. to the underlying bed rocks. Kenai rocks have, however, been found along both 
margins of the basin, and it is not impossible that they may underlie the entire lowland at 
no great depths. The Tanana. Valley also contains heavy gravel deposits which may cover 
extensive areas of Kenai formation. All this makes it possible that there may be many thou
sand square miles of lignitic formations within the Mount McKinley province. 

There are few data on which to bas~ tonnage estimates for these coal fields. However, 
some rough computations of certain parts of the Matanuska field indicate that the recoverable 
coal ranges from 10,000 to 60,000 tons to the acre. A few sections measured in the Nenana 
field show a coal content of 5,000 to 50,000 tons to the· acre. 

· Most of the coal of the province is of a lignitic character, with 30 to 35 per cent of fixed 
carbon. Tb,e coal classed as bituminous includes both subbituminous coal, with about 50 per 
cent of fixed carbon, and semi bituminous, with 6.5 per cent of fixed carbon. It appears probable 
that in the Matanuska field the higher grade of bituminous coal dominates, but more detailed. 
work will have to be done to determine this point. There is also some anthracite coal in the 
region, but up to the present time (1908) it has been found only in one small area.··· A-sample of 
this coal yielded 84 per cent of fixed carbon. 

If the extent and accessibility of the fields and the quality of the coal are taken into account, 
the bituminous areas are by far of the greatest commercial importance. These, so far as known, 
are all confined to the basin of Matanuska River. Lignites are. very widely distributed, and 
some .of these will in time have local value. This is especially true of the lignites north of the 
Alaska Range, which can be utilized for the placer districts, where the advancement of the 
mining industry and the rapid consumption of th~ more accessible timber will' cause a growing 
demand for fuel. 

MATANUSKA COAL FIELD. 

The writer has visited only a part of the Matanuska coal field, and the following summary 
is based almost entirely on the work of Martin 1 and of Paige and Knopf, 2 to whose reports the 
reader is referred for detailed information. · 

1 Martin, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey No. 289, 1906; also unpublished data 
derived from surveys of 1910. · 

2 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna" basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907. · 
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This field lies in the basin of Matanuska River, a tributary to Knik Arin and a swift-flowing 
muddy stream, with a fall of probably 20 to 25 feet to the mile. Its valley is bounded on' the 
south by the rugged Chugach Mountains, some 6,000 to 8,000 feet in height, and on the north 
by the Talkeetna Mountains, of even greater ruggedness and about the same altitude. 

Two coal-bearing terranes have been recognized. The upper includes the Tertiary shales, 
sandstones, and conglomerates assigned to the Kenai formation, which contains valuable bitu
:tninous coal beds and has a thickness of about 3,000 feet. 1 A series of shales, sandstones, tuffs, 
conglomerates, and arkose, with some lignitic beds (Upper Jur·assic), forms the lower of the two 
coal-bearing terranes and has a thickness probably of 2,000 feet. The Tertiary coal measures 
occur in several detached areas in the lowet part of the Matanuska Valley and on. Chickaloon 
Creek, a northerly tributary of the. Matanuska. The Upper Jurassic lignite-bearing rocks lie to 
the east of the Tertiary basin and ate known to extend beyond the area shown on the geologic 
map (Pl. IX, in pocket). Toward the west end of the field the bituminous coals of the Tertiary. 
grade into lignite. 

The known area of coal-bearing rocks of Tertiary age is about 260 square miles, 2 but there 
may be a much greater area underneath the Quaternary gravels. Of this area about 42 square 
miles. is known to be underlain by coal beds which vary from 5 to 30 feet in thickness. These 
Tertiary beds are thrown up into broad, open folds which are considerably faulted and cut by 
stocks and. dikes of igneous rocks. Up to 1908 anthracite had been found at only one locality
along Anthracite Ridge, which is east of the area here considered, between Boulde:r; and Hicks 
creeks. The _extent of this deposit is unknown; but it is estimated that at least 4 s_quare miles 
is underlain by coal. The age of this anthracite is not definitely determined, but Paige and 
Knopf are inclined to the opinion that it may belong to Tertiary beds infold~d with the 
Mesozoic. · · 

The coal-bearing rocks of Upper Jurassic age underlie an area of 268 miles within the limits 
of the area shown on Plate IX, and probably the coal field as mapped might be regarded as at 
least 300 square miles, while it is known to extend east of the mapped area. These coals appear 
to be mostly lignitic and are therefore of much less value than those of the Tertiary horizon. 
They do not exceed 3. or 4 feet in thickness. . 

The Matanuska coal field was first known to prospectors about 1898, but it was several 
years before its importance was recognized. Since 1903 there has been considerable prospecting 
of these coals. Many claims have been located· and surveys made for patent. In the aggre

, gate not. more than a few hundred feet of rqck work has been done. The quality of the coal of 
this field is indicated by the subjoined analyses: 

Proximate analyses of Matanuska coal. 

Kind of coal. Moisture. 

Anthracite, 1 analysis................................................................ 2. 55 
Semi bituminous coking, average ofl6 analyses ..... ,................................. 2. 71 
Sub bituminous, average of 4 analyses................................................ 6. 56 

Volatile 
matter. 

7.08 
20.23 
31.14 

COOK INLET AND SUSITN A BASIN COAL FIELDS. 

Fixed Ash. Sulphur. carbon. 

84.32 6.05 0.57 
65.39 11.60 .57 
,49. 44 8.57 .37 

All the coals of the fields adjacent to Cook Inlet, as well as those of the Susitna basin, are 
of lignitic character and occur in sof~ sandstone interbedd,ed with conglomerate and shales of 
the Kenai formation, which .are as a rule but little disturbed. The known Tertiary rocks of 
this region underlie only 130 square miles; but i.t is estimated that the total area of Tertiary 
rocks.may be 500 square miles. Of the known 130 square miles only about 32 square miles are 
known to be underlain by coal beds. 

1 Martin's surveys of 1910 indicate a thickness of over 5,000 feet. 
2 Martin's survey shows that a part of the rocks mapped as 'rertiary are Mesozoic. 
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These lignitic coals have been mined at only two localities-Tyonek, on the west· shore of 
Cook Inlet, and Point Camp bell, on the southeast side of Knik Arm. In both places operations 
were confined to the surface croppings with the pu:rpose of obtaining coal for local use. 

The largest areas of coal occur in three separ~te localities. One of these covers the north
west end of Kenai Peninsula· and. lies along the eastern margin of Cook Inlet. Here the coal
bearing.rocks are mantled, for the most part," by a gravel sheet, outcropping only in a low bluff 
near the sea; but no workable coal beds are known to have been found. 

A second area of coal is exposed for several miles along the' beach near Tyonek (fig. 29), 
and what appears to be· an extension of the same coal belt is traversed by Chuit and Beluga 
rivers. This field, examined by Eldridge in 1898 and by the writer in 1902, was studied in far 
greater detail by Atwood 1 in 1.907, and from his report most of the data here giv.en are taken. 
Though the coal exposures in the Tyonek field are confined practically to. the sea cliffs along Cook 
Inlet, it is probable that coal beds underlie the extensive gravel sheets to the northeast.. The 
total surveyed area .of coal-bearing rocks is 85 square miles, of ' 
which only '1.0 square miles are known to be underlain by coal. 

The section south of Tyonek shows a thickness of 500 to 600 
feet of friable sandstone and a little fine conglomerate, shales, and 
lignite, which are upturned, clipping to the north at angles vary
ing from 15° to 60°. (See fig. 1.9, p. 95.) The edges of these coal
bearing rocks have been planed off and are covered by 50 to 60 
feet of Quaternary gravels. About twenty seams of lignite are 
exposed varying in thickness from a few inches up to 20 feet, the 
average being 4 to 6 feet. No coal bed more than 5 or 6 feet in 
thickness, however, was found which was not interrupted by 
bone partings or sandy layers. Atwood estimates the total thick
ness of workable coal at about 50 feet. ~1uch of the Tyonek coal 
is fibrous, having a well-marked woody texture. It is brown to 
black in color and much of it 'seemingly of low grade. It has, how
ever, been successfully used on local steamers on the inlet. 

The average of five analyses of coals from this field is as 
follows: 

Average analysis of coal from Tyonek field. 

Moisture .............................................. 21. 50 
Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37. 28 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30. 60 
Ash .................................................. 10.63 
Sulphur............................................. . 57 

Of the inland extension of the Tyonek coal field Atwood 2 says: 

N 

l 
Glacial depo5its 

EJ 
Coal croppines 

FIGURE 29.-Sketch map showing distribu
tion of coal along beach near Tyonek, 
Cook Inlet. By W. W. Atwood. 

Northwest of Tyonek, in the area where Beluga River crosses the coal field, the beds in general continue to dip to 
the northeast, and in following the valley upstream the entire section may be ·examined. From, these exposures it is 
evident that the lignite seams in the upper portion of the section are of much poorer grade than those near the base. The 
strike varies from N. 17° E. toN. 22° ,V., and the average dip is about 55°. The sediments ·are of the same character 
as those exposed along the beach south of Tyonek, consisting of loose sands, sandstones, clays, shales, conglomerates, 
and seams of lignite. Near the base of the section there are two seams of lignite 10 and 12 feet thick, which are more 

·brittle and harder and appear to be of much better grade than any exposed elsewhere in the field. They outcrop 10 
miles above the mouth of the Beluga, measured along the stream, and about 2 miles above a belt of dangerous rapids. 

A small area of the Kenai formation at Point Campbell, near the entrance to Knik Arm, 
is described by Martin 3 as follows: 

There is an area of lignite at or near Point Campbell, at the juncture of Knik and Turnagain arms, which has been 
used to a limited extent as local domestic fuel. The coal seen by the writer had been picked up at the outcrop and 

I Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey· No. 379, 1909, pp. 117-121. 
2 Op. cit., p. 120. 
a Martin, G. C., A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U.S. Geol. Survey No. 289, 1906, p. 25. 
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was a lignite of rather poor quality. It may be that the coal from this bed would be better were it not so badly 
weathered, or that there are more valuable seams in the vicinity. 

A belt of iignitic coal-bearing rocks is reported to stretch northward from the :Matanuska 
along the eastern.margin of the Susitna Valley. These rocks probably belong to the same hori
zon as the Tertiary coals of the Matanuska Valley, but the connection of the two areas has not 
been traced and the field is known only through the reports of prospectors. If this belt extends 
northward, it may be coextensive with some Kenai coal-bearing rocks which occur near the 
junction of t~e Susitna and Chulitna and of which Eldridge 1 says; 

The third coal field along the main river, 4 to 10 miles above the Chulitna, appears in outcrop for a distance of 6 or 
7 miles and is perhaps the exposed portion of an extensive area. The strata form bluffs 100 to 300 feet high and consist· 
of clays and sandstones, the former predominating, with coal seams from 6 inches to 6 feet thick. There are perhaps 
ten or fifteen coal beds expos~d in the entire length of the outcrop. Their general dip is 5° to 10° SSE., with un<:}u
lations. The thickness of the series exposed is perhaps 500 feet. 

Lignitic coal-bearing rocks of a similar character were found by Spurr 2 in the Skwentna 
Valley at tlie mouth of Hayes River. (See Pl. IX, in. pocket.) Some of the coals seemed· to 
be a lignite of fairly good grade. Similar rocks occurring in th.e Kichatna Valley include some 
thin fibrous brown lignitic beds. Considerable lignitic coal has been found by prospectors in 
the Yentna placer districts northeast of the Kichatna Valley. Beds 10 and 15 feet in thickness 
are reported. Coal-bearing rocks are said to occur also in considerable ·areas n~ar the head of 
the Chulitna, 5 to 15 miles east of Broad Pass. 

It has been pointed out that the coal-bearing Kenai formation has been found along both 
margins -of the Cook Inlet and Susitna lowland. This suggests that the entire lowland may be 
undarlain by these beds. If this is th~ case, these coal fields may include an area of 10,000 
square miles. However, as there is no measure of the thickness of the Quaternary beds which 
form the surface terrane of this lowland, there is no evidence at what depth the coal would be 
found. In any event the fragmentary evidence above given indicates that the Tertiary rocks 
underlie considerable areas in the region along the margi:J;ls of Cook Inlet and the Susitna basin 
and that, locally at least, they carry beds of lignitic coal. The rocks are as a rule compara
tively little disturbed, and some of the coal beds, where accessible, are thick enough for exploita
tion. Owing to the proximity of the high-grade coal of the Matanuska basin, however, an.d to 
tha fact that the same !ignitic coals occur on a good harbor at Kachemak Bay, in the southern 
part of Kenai Peninsula, it is not likely. that these fields have any immediate prospective value 
except for a very local market. 

KUSKOKWIM BASIN. 

So far as known, no coal of com1nercial value occurs in that part of the Kuskokwim basin 
which was explored by the writer. Beds of lignitic coal have, however, been found by W. E. 
Priestly 3 in the region lying immediately southwest of th~ junction of the two forks of the 
Kuskokwim. In the valley of Big River; Mr. Priestly reports, there is considerable coal, some 
of which is in thick beds. A specimen of this coal indicates that it is a lignite of good grade. 

NENANA COAL FIELD.~ 

By ALFRED H. BROOKS and L. M. PRINDLE. 

The Nenana coal basin embraces a roughly quadrangular area drained by Nenana, Tat
lanika, and Wood rivers, all t~ibutary to the Tanana from the south (Pl. ~II, in pocket; fig. 28, 
p. 170). These rivers rise in the Alaska Range, which they leave through narrow valleys cut 
into metamorphic rocks. Between this belt of meta~norphic rocks and the alluvial flooring of 

1 Elfuidge, G. H., A reconnaissance in the Sushitna basin and adjacent territory, Alaska, i~ 1898: T•wentieth Ann. Rept. U.S. Geol. Survey, 
pt. 7, 1900, p. 22. 

2 Spurr, J. E., A reconnaissance iri southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, p. 262. 
a Mr. Priestly made a winter trip from the Innoko to.Seward in 1909, and kindly furnished the writer with some notes on the region traversed 

by hhn. In the course of this journey he explored the lower part of the Big River basin, where he found the coal. 
4 Brooks, A. H., Cantwell River, in The coal resources of the Yukon, Alaska, by A. J. Collier: Bull. U.S. Geol. Survey No. 218, 1903, pp. 44-46. 

Prindle, L. M., The Bonnifield and Kantishna regions: Bull. U.S. Geol. Survey No. 314, 1907, pp. 223-226. 
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the Tanana Valley is a foothill belt, much·of which is underlain by Tertiary deposits broken by 
islands of the older rocks and in part buried by a heavy mantle of Quaternary gravel. The 
gravel sheet forms a plateau in which the streams have incised sharp channels, along whose 
valleys the coal beds outcrop. The coals are associated with friable sandstone of almost snow
white color, with some intercalated conglomerate and shale strata (Pl. XV1,B, p.170). A heavy 
conglomerate forms the basal bed. The rocks are for the most p~rt but slightly consolidated 
and have been thrown up into open folds with dips of '30° to 35° and in places 90°. Faulting 
is not uncommon in these beds. (See fig. 20.) The coal-beating strata comprise a thickness· 
of 500 to 1,500 feet, and these are succ.eecled by about 800 to 2,000_ feet of yellowish and 
reddish gravel. The upper gravels contain a gooq many bowlders of the various types of 
metamorphic and igneous rocks found in the Alaska Range. 

Fossil leaves have been found in association with the coal-bearing rocks~ and on the basis 
of this evidence they have been referred to the Kenai (Eocene) and therefore represent the 
formation that is so widely distributed both in the Yukon basin and on the south side of the 
Alaska Range (p. 94) .. .It is of interest to note that the gravels associated with these deposits 
are in places auriferous and appear to be the immediate source of the gold found in some of the 
placers of the Bonnifield region. (Seep. 171.) It has not been determined whether this gold 
came from the upper heavy gravel or from the lower part of the series in which the coal is found. 
Kenai beds have been found to be auriferous in other parts of the Yukon basin. The total area 
of the coal-bearing strata exposed is about 600 square miles, of whicP, 66 square miles is known 
to be underlain by coal. The total area of the coal field, however, including that covered by 
the later gravels, is probably much more than 600 square miles. (See Pl. IX, in pocket.) 
Moreover, the coal field is known to extend into the unmapped area on the east. 1 , 

The coal beds, which measure from a few inches up to 20 feet in thickness, are very numer
ous at some places, as will be shown in the following sections. The formation is well exposed 
along Healy Creek, an easterly tributary of the Nenana. Here the beds strike about east and 
west anci dip from 10° to 20° N., resting unconformably on the older metamorphic rocks. The 
following section was measured on t~e north side of the valley about 2 miles above the mouth of 
Healy Creek, a mile above the camp of August 21. (See Pl. IX.) · 

I 
Section of coal-bearing rocks on north side of Healy Creek, about 2 miles above the mouth. 

Reddish gravel, with some sandy layers.· ... : ........................................... . 
VVhite gravel and sand ............................................................... . 
Clay shale ............................................................................ . 
Gravel and sandy layers ............................................................... . 
Blue clay shale, in part indurated ..................................................... . 
VVhi te sand and gravel ............................................................... . 
Carbonaceous shale ............................... ~ ................................... . 
Clay shale ........................................................ , ................... . 
Carbonaceous shale ................................................................... . 
Clay shale ............................................................................ . 
Sand, with some layers of graveL ....................................................... . 
Shaly lignitic coal ................................................................... . 
Sand, gravel, and clay, with some small layers of lignitic coal ........................... . 
Impure shaly lignitic coal. ..................................................... · ...... . 
Sandy clay shale, carbonaceous ............................... .' ........................ : 
Impure lignitic coal .................................................................. . 
Sandy clay ............... : .......................................................... . 
Impure shaly-ligni tic coal ... · ......................................................... . 
Sandy clay shale, with some carbonaceous layers ........................................ . 
Carbonaceous and clay shale ........................ ~ ........... : .................... .. 
Shaly lignitic coal ................................................................... . 
Sandy clay ........................................................................... . 

Feet. 
2,000± 

100 
10 

100± 
40 

100 
2 
6 
3 

10 
100 

4 
30 

4 
30 
1 

10 
2 

10 
3 
2 

15 

1 Investigations made by S. R. Capps in 1910 indicate that the coal-bearing formations may underlie the heavy gravels as far east as Delta 
ruvu. · 
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Shaly lignite .... · .................................................................... . 
Clay and sandy shale .......... _· ....................................................... ·. 
Sand, with gravel layers ............. ; ................................................ . 

~!~~i~i~l~~a!h~ie~~~~-~~~~~ ~ --- ·_ ~:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Friable fine sandstone ................................................................. . 
Shaly lignitic coal .................................................................... . 
Sandy clay shale ...................................................................... . 
Lignitic coaL ................................................................... • ..... . 
Sandy clay shale ... : ........ ; .......................... : .............................. . 

~~~~/~1:~t~~~loe~l_._ ~ ~ .·. ~ ~::::::::::::::::::::::::::::::::: ~:::::::::::::::::::::::::::: 
Friable fine sandstone ................................................................. . 
Lignitic coal .......... · ................................................................ . 
Sandy shale ......................................................................... . 
Lignitic coal .......................................................................... . 
Sanely and carbonaceous black shales ................................................... . 
Fine friable·sandstone ................................................................ . 
Ligni tic coal ........................................................................... . 
Sandy clay shale ...................................... : ............................... . 

. Shaly lignitic coal ......................................................... · .......... . 
Sandy clayshale ............... _· ...................................................... . 
'Vhi te sand ........................................................................... . 
Lignitic coal ..... ; .................................................................... . 
Sandy clay shale ..................................................... , ................ . 
Friable fine sandstone and graveL ...................................................... . 
Shaly lignite ........................................... · ............................. . 
Clay shale ............................................................................. · 

i~~:~~7c :::1~~~~-s-t~~~---_-_·_· ~:::::::::::::::::::::::::::::::::::::: ~::::::::::::::::::::: 
Friable sandstone ........................................................ : ........... . 
Lignitic coaL ....... ~ ................................................................. . 

i~~:~~7c s:~~~~~~~--- ·_:: ::: : ::: :::: :: :::: :::: :::: : ::::::: ·: :::::::: :: : : : : :::.: :: : : : : :: : :: : : 
Friable sap.dstone and conglomerate, loosely cemented ................................... . 
Conglomerate resting on metamorphic rocks. 

Feet. 
2 

20 
40 
15 
6 

40 
4 
4 
3 
5 
6 

10 
60 
1 
5 
2 
6 

30 
4 
6 

20 
20 
10 
15 
10 
40 
15 
2 

10 
20 
50 
5 
3 

20 
.220± 

3, 311 

The coal of the entire section aggregated about 125 feet in thickness, contained in about 
fifteen beds. Of this coal probably 60 feet was a lignite of fairly good grade. The heaviest 
bed is 20 feet thick, but includes some bone· and shale. In character the coal varies from a 
fibrous impure lignite, probably entirely worthless, to a better grade of lignite that has com
mercial value. The better-grade lignite of this section appears to be near the bottom of the 
series and has a lustrous black color and conchoidal fracture. 

As there has been no mining, the coal beds were aqcessible only along the outcrop, where 
they are made· up of noncoherent lignite. A sample taken almost at random from one of the 
larger beds was analyzed by E. T. Allen in the Geological Survey laboratory, with the results 
given below. The sample was not sealed and was analyzed several months after being collected. 

Analysis of coal from Healy Creek. 

Moisture: ......................... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 13. 02 
Volatile matter ................................ -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48. 81 
Fixed carbon .......... · ............................................................ ·. . . . . 32. 40 
Ash................................................................................... 5. 77 

100.00 
SuJphur .....•..... _ ................ _.................................................... . 16 

In considering this analysis it should be borne in mind that owing to the short time given 
to the examination of the locality it 1s quite possible that coal beds of better grade were 
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overlooked. In any event it would require considerable excavation below the zone of surface 
weathering to determine the quality of the coal. · 

Coal beds were also found on Lignite Creek, a few miles north of IIealy Creek, but, so far 
as determined, they are of no. be.tter quality than the Healy Creek coals. North of Lignite 
Creek and apparently higher in the series seams of fibrous and impure lignite, with carbonaceous 
shales, are not uncommonly found interbedded in sandstone. "It does not seem likely that any 
of these beds have any prospective commercial value. In the opinion of the writers, the best 
coals are near the base of the sandstone series. 

In the valleY of Lignite Creek, where the space between the hard-rock ridges is wider than 
in the I-Iealy Creek valley, the coal deposits extend from the schist ridge that limits the valley 
on the south, to the base of Jumbo Dome, a distance of about 3 mHes, and on the east extend 
to the schist ridge at the head of the creek. The series has here been incised to a depth of 1,000 
feet or more by the many tributaries of Lignite Creek, which have steep grades and form:, where 
they cross the resistant coal beds, waterfalls about 30 feet in height. These narrow cuts are 
clogged with masses of detrital sandy beds that break away in great blocks from the steep 
·bluffs above to form sand heaps at ,the bottom and contain blocks of coal 20 feet or more in 
diameter. The following two sections were measured in this part of the field: 

Section on Lignite Creek, 6 miles above the :nouth. 

Gravel, thickness undetermined. . Feet. 
Thin beds of coal alternating with "Sands and clays.: ....... .".: ............................... 250 
Ligni tic coal. _ ..... ·_ .................................... "_ ........... · ................... , . . 18 
Sands ....... : . .......................................................... ·. . . . . . . . . . . . . . . . . 10 

~~~~il~~e~::l~~~d _- .- .·::::::::::: :·:::::::: ~::::: ~::: .· _-:: ~ ~ ~ ~ ~ ~ ~ ~·~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Cross-bedded sands ............... · ...... · .................... ~ ........... · ............ · ....... . 
Ligniticcoal ........ ·. ················,·········~---······································· 
Sands ........................................................................... · ........ . 
Lignitic coal ..... , ..... , ..................................... ~ ..... ~ ....... _. ............. . 

1 
10 

100 
16 

100 
8 

, Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5 
Lignitic coaL ..... ." .................................................... ·.................. 32 
Sandy clay ........................... ~ . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Lignitic coaL............................................................................. 10 
Sand· ....................... - . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Ligni tic coal ............................................................................. . 20 
Coal, thickness undetermined. . 

The total COiJ,l in this section is 129 feet in beds from i to 20 feet in thickness. 

Section near head of Lignite ·creek. 

Gravel, thickness undetermined. Feet. 

~~~Z, 1~r~1~~i-c _ ~o_a_l: _. _ ._ ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5~ 
Lignitic coal. ...................................................... ·...................... 6 

~!::iti~ ~~~i~ ~ ~::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::: ri~ 
Sand, thickness undetermined. 
Ligni tic coal ....................... · ..................................................... . 
Gray sand and gravel, :with some argillaceous matter ................................. ~ ...... . 
Ligni tic coal .................................................................. · .......... . 
Friable clays ............ · ~ .................... : ........................................ . 
Clean sand ................................... · ......................................... . 

1 
40 
1! 

10 
20 

Lignitic coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sandy clays ...... , .................................................. ._ . . . . . . . . . . . . . . . . . . . 2 
Cross-bedded gray sands and fine gravel ............ : ............ · ... : . . . . . . . . . . . . . . . . . . . . . 50 
Soft sandstone ....................... : ....................... : ...... :. . . . . . . . . . . . . . . . . . . 2 
Lignitic coal............................................................................. 6 
Thin-bedded sands .......................................................... _·_ ......... · .. 100 
Lignitic coal .............................. · ...................... ,...... ... . . . . . . . . . . . . . . . 10 
Plastic clay ............................... : ............. : .............................. _. 25. 

66897°-ll-13 
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The tot_al coal in this section aggregates 45 feet and the valleys in this part of the field 
appear to contain a large amount of coal. 

In the area east of that described the coal-bearing beds are exposed wherever the gravel 
deposits have been eroded. Coals have been found on Coal Creek, a small tributary of Totat
lanika Creek, where they have a. small local use among the miners, on the Tatlanika, and on 
Mystic Cree~ about 2 miles from Wood River, where two beds 20 feet and 12 feet thick are 
exposed in a section· 80 feet high. _They are also reported to occur east of Wood River as far 
as Delta River. It,see:ms probable that the coal..,bearing series is continued west of Nenana 
River, and there :may be considerable coal between the Nenana and the Toklat, but this coal 
has not been include_d in estimating the size of the Nenana coal field, for the region is unmapped. 
Lignitic coal also occurs farther southwest in small basins in some of the streams tributary to the 
Kantishna. Of significance is the reported discovery of lignitic coal on the north side of the 
Tanana Flats near Salchaket River. This suggests that much of the Tanana lowland :may be 
underlain by Kenai formation .. It is doubtful, however, whether lignitic co.als occurring below 
the surface-water level an~ underneath an undetermined thickness of gravels have any value 
that can now be foreseen. 

The Nenana field is the largest known coal-bearing area of the Yukon basin. Its coal beds 
appear to be somewhat thicker than those in other parts of inland Alaska. The coals, so far 
as known; are of poorer quality than those of the lower Yukon, some of which are subbitu:minous. 
The Nenana coals, however, ar~ geographically so located that for use of the placer fields they 
would not come into competition with any other fuels of a higher grade. 

The possible :market for these coals is in the gold fields of the Yukon-Tanana region. It 
is estimated that in 1907 the Fairbanks district alone consumed about 35,000 cords of wood. 
This consumption is making a serious drain on the accessible timber, which is far from abundant. 
In addition to the legitimate use of the forests for cord wood and lumber, large areas are annually 
destroyed by fire. Unless these inroads are stopped, the accessible forests will probably be 
destroyed before the placers are :mined out. Even under favorable. conditions the price of 
cord wood will undouotedly increase. Therefore it seems· possible that the Nenana coal field 
may become an important element in the industrial advancement of the Fairbanks and 
adjacent districts. 

There appear to be two ways in which this coal can be utilized. One is by the construction 
of a railway from Fairbanks, a distance of about 65 :miles. In this connection it should be 
noted that the proposed route of the Alaska Northern Railway to Fairbanks passes through 
the Nenana coal field. Another pla_n is to install a plant in the' coal field and transmit electric 
·power to the mining districts. A transmission line of 50 or 60 miles would reach all the. 
developed parts of the Fairbanks district and a 100-:mile line would reach the Baker Creek 
fields. It :must be left to engineers to decide whether such a plan would be economically feasible. 
A factor of importance to the scheme is the insufficiency of water supply under head in the 
placer camps to carry on mining operations. There are large bodies of gravel which can 
not be exploited under the present expensive system of mining but which :might be worked 
if cheap power were available. Such power :might be used for pumping water, for ;mechan
ical elevators, or for dredges. In planning the utilization of this coal in a central plant the 
possibilities of competition w:ith water power should be carefully considered. 

YUKON COAL FIELDS. 

It is not worth while here to'~ consider the various coals which occur on the Yukon, as. 
only a small part of these fall-within the Mount McKinley province, and they have been fully 
described by Collier.1 A white friable sandstone carrying a few lignitic seams and closely 

, resembling· the beds. of the Nenana field occurs near Rampart, above the mouth of. Minook 
Creek. Some attempt has been made to mine these seams, but work on them has been aban
doned. Kenai beds also occur on the north bank of the Yukon just above the :mouth of the 
Tanana, but, so far as known, do not carry any considerable seams of lignite. 

1 Collier, A. J:,.The coal resources of the Yukon, Alas}!:a: Bull. U. S. Geol. Survey Nq. 218, 1903 .. 
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SUMMARY~ 

It has been shown that placer-gold mining is by far the most important present industry 
·of the province. The very wide distribution of_ auriferous gravels makes it certain that alluvial 
mining will continue long after the bonanzas now being exploited have been exhausted. Much 
of the Susitna basin and the Yukon-Tanana region is still almost ~rgin ground to the gravel 
prospector, and there is therefore no reason to believe that new deposits will not be. found 
which can be profitabiy mined by simple methods. However this may be, the most promising 
field for placer mining is in the expioitation of· the extensive bodies of auriferous gravels whose 
gold tenor is. too iow to permit economic recovery by hand methods. :Much of this kind of 
mining will have to be deferred until railways and wagon roads render this region more accessible. 
The future discovery of rich placer deposits can not. be definitely expected, but the_ exten
sive bodies of auriferous gravels carrying low values in the Y entna, Valdez Creek, Bonnifield, 
Fairbanks, and Rampart districts form a visible asset which, needs only the capitalist and 

.engineer to assure long continuation of the placer-mining industry. 
Less definite sta~ements can as yet be made of auriferous lode mining. The discoveries 

of gold-bearing quartz in many parts of the province and the beginnings of _lode mini.ng that 
have been made on Willow Creek and at Fairbanks encourage the belief that thi_s industry 
may yet become important. · 

The extensive coal deposits of the province are untouched, yet these form one of the most 
valuable of its known mineral resources. The high-grade ·steaming and coking coals of the 
Matanuska Valley have, so far as known, no equal in the Pacific States .except in the Bering 
River field. This. :Matanuska coal will of course be at some disadvantage in comparison 
with the Bering. River coal because of the longer haul to tidewater. As the demand for these 
high-grade fuels will constantly increase, however, there is no reason to doubt that the Matanuska 
coal will in time also find a market. 1 · 

The Nenana coal field is the most extensive of those lying on the inland side of the coastal 
barrier. Its future utility depends on the advance of the gold-mining industry of the YukoJ?.
Tanana region, by which a market for fuel and power will be created. Take it all in all, the 
:Mount McKinley province as here defined is one of the richest parts of Alaska.· It only :needs 
better means of communication and more capital for large enterprises to continue the prosperity 
which it has had in the past. Such advancement will attract a population which in turn will 
make a local market for the farmer and assure a development of the agricultural resources, 
which are of no mean proportions. 

CLIMATE. 

GENERAL FEATURES. 

There is a de_arth of meteorologic data about most of the :Mount l\1cKinley region. Some 
records have been kept at several stations on Cook Inlet and on the Yukon, but few of these 
cover a period of more than two or three years and they can at best furnish only a general 
guide to climatic conditions. The only records available for the region between Cook Inlet 
and the Tanana are notes of exploration parties, and these, being taken at many different localities, 
have little-value. The data contained in the accompanying tables are mostly derived originally 
from records of the United States Weather Bureau and based on the work of volunteer observers. 
As here given, however, they are in the main assembled from previous compilations published 
in several reports. 

Climatically the Mount l\1cKinley region as here defined is divisible into two general 
provinces, separated by the Alaska Range. On the inland side of the range the climate is 
characterized by short, comparatively warm summers and long, cold winters, with a low prec~pita
tion. The area draining into the Pacific enjoys more equable conditions, the summers being 
longer and cooler and the winters warmer than in the interior, while the precipitation is very 

1 Tho writer has recently discussed the market for these coals in an article entitled" Alaska coal and its utilization" (Bull. U.S. Geol. Survey 
No. 442, 1910, pp. 47-100). 
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much greater. Within these two general provinces there is infinite local variation, especially 
in the coastal province. For example, such records as exist show ·marked difference in the 
meteorologic conditions on the two sides of Cook Inlet. These in turn contrast strongly 
with those prevailing on Turnagain Arm. Farther from the coast there are probably still 
greater variations due to the irregular topography and the influence of mountain barriers, 
such. as the Talkeetna :Mountains. Elevation, too, is everywhere a modifying factor,. as is 
also distance from the sea. · · 

It seems probable that local variation is not so marked in the inland province, though 
here again the records are inadequate for any generalization. In the Yukon basin as a whol~ 
there is a notable increase in precipitation westward and southwestward from the international 
boundary toward Bering Sea, and there appears to be a corresponding increase in mean anrmal 
temperature. The mean an:nual temperature of the. coastal. province is probably between 
30° and 40° F. and the precipitation ranges locally from 16. to 40 inches. In three summer 
months the average temperature is 50° to 55° F. and in the three winter months 10° to 20°. 
In the inland province the mean annual temperature is probably between 18° and 22°; the 
mean of the three summer months i~ about 55° and that of the three winter· months - 10° to 
-15° F. The annual precipitation .is 12 to 14 inches. 

·PACIFIC SLOPE. 

At foqr stations-Kenai, Tyonek, Sunrise, and Kodiak-meteorologic observations have 
been taken for some years. These observ~tions are summ&,rized in the accompanying table, 
which affords a fair example of the great local variations which characterize the climate of 
the southern province. The mean annual temperature at Kenai is about '31 o; at Tyonek, 
just across the bay, it is probably 7° or 8° higher. The precipitation at Tyonek-is about 24 
inches, while at Kenai it is only 18 inches. At Sunrise the mean annual temperature is 33° 
and the precipitation is ·about 37 inches. 

Extreme and mean temperatures (0 F'.) in the Cook Inlet region. 

-------------------------------l-----------------------·l--su_n_ri_se_.ii __ Ty_o_n_ek_. -1-{e_n_ai. __ K_o_di-ak_. 

January .................. : .................................... . 1faximum ............................ . 
1finimum ............................ . 

February ........................ : .................. · ........... . R~k~:~l::::::::::::::::::::::::::: 
Minimum ......... , .................. . 

March ..................................... · .................••. :. Sr~~1~r~::: :.:::::::::::::::::::::: 
April. ... ---'······································'············ R!~k~:~.--:::::::::::::::::::::::::: 

Minimum ................... · ... · ...... . 

May ........................................................... . 
Daily mean .......................... . 
Maximum ............................ . 
Minimum ............................ . 

June ................................ · ...... : .. : .... : ............ . R~~:~~:::::::::::::::::::::::::: 
M:inimum ............................ . 

July ........................................................... . 
Daily mean .......................... . 

~ftti~~-·:::::::::::::::::::::::::::: 
Daily mean .......................... . 

August ....................................................... .. Maximum ........................... . 
Minimum ............................ . 
Daily mean .......................... . 

September .................................................... . 1faximum ............................ . 
Minimum ............................ . 
Daily mean .......................... . 

. October ..................... : ............................... · .. . Maximum ............................ . 
Minimum ............................ . 

November ....................... · ............................. . R!~k~:~ ~:::::::::::::::::::::::::: 
Minimum ............................ . 

December ................ : .................................... . 
Daily mean .......................... . 
Maximum ............................ . 
Minimum ............................ . 
Daily mean .......................... . 

I 
Length of record (years) ............................................................................... . 

44 
-29 

8 
51 

-24 
18 
58 

-11 
25 
57 
6 

35 
76 
25 
47 
76 
31· 
51 
75 
34 
53 
76 
31 
52 
70 
20 
44 
54· 
8 

36 
50 

-11 
23 
48 

-14 
19 

38 
-27 

11 
49 

-21 
21 

. 58 
-9 

25 
59 

- 1 
34 
68 
22 
38 
91 
33 
47 
83 
38 
57 
76 
31 
54 

• 70 
29 
49 
61 
10 
34 
44 

-13 
20 
49 

-21 
17 

49 
-36 

10 
45 

-46 
18 
52 

-34 
20 
59 

-17 
32 
64 
21 
45 
87 
29 
51 
80 
30 
53 
75 
29 
53 
65 
16 
46 
60 

-10 
32 
42 

-27 
18 
45 

-43 
16 

51 
- 1 

30 
52 

-10 
28 
64 
11 
33 
61 
20 
36 
62 
20 
43 
76 
34 
49 
82 
40 
55 
75 
.41 
55 
68 
36 
50 
59 
30 
42 
53 

. 15 
34 
50 

-6 
30 

======== 
4 5 4 8 
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Mean precipitation in inches, including· melted snow, and mean number of rainy and snowy days in· ike f:ook Inlet region. 

Sunrise. Tyonek. Kenai. Kodiak. 

-------------------------------------ll-----------------------1------l------~-----

January._······················································· . ~:lc~pitatio~:::::::::::::::::::::::::: ~- 01 ~:52 5: ~5 1~. 8Z 
February ...................................... · ................ Days.................................. 7. 5 5.8 5.4 14 

·March.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t~e;!~.i~~~~~~::::::::: :: : : : : : : : : : : : : :: : ~: g7 !: ~ 5: ~6 1i· 
44 

ApriL ..................... , .................................... D~:aa:Y~ss::_-_-:_~:_-.~:_::_-:_-_:_:_: __ :_: _:_: _: _: _:_: __ :_: _:_: _:_: _: _: _: _: _: _: _: _: _: 1g: ~ 4: ~: 4: ~ · 1i: ~:. 
!l:fay............................................................ 13.5 3.4 6 14 

June .................................... _ .............. · ........ t~e;!~.i~~~~~~::::::: ::::::::::::::::::: 1!:~8 6J
9 1:r . ~- 9

T 

· Novmnbcr .................................................... . 

Dcceu1bcr ..................................................... . 

it~~:;::~~ :n : : : :1:1: :lT :i:~ . :~·= 
t~e;!~.i~~~~~~:::::::: ~: :.::::::::::::::: 1~: ~! lf: ~7 1fJ

2 1~· 95
' 

f~~:;~~:::: :: 0: : J;: J~ ,!:f, J;~. 
Precipitation.......................... 37.29 . 23.59 17.74 4q == 

July ........................................................... . 

August ........................................................ . 

ScptCJnbcr ...................... : . .......... : ................. . 

October ........... ··., .................................. ---------

Mean annual. ............................................ ------

Length of record (years) ........................................................... :. . . . . . . . . . . . . . . . . . . . 4 8 9 1 

In 1904 :Moffit spent 140 days on I{enai Pe:p_insula, chiefly on the Cook Inlet side of the~ 
divide, and on 79 of these days it rained, but this number is nearly twice as great as 

. was recorded by R. E. Oldham on Crow Creek during the same period of the previous year. 
Moffit also reports that during the wi:t;1ter of 1903-4 a temperature of ....:. 2° was reached only 
once at Seward, on the east side of Kenai Peninsula, and the same was true of Seldovia, on the 
west side. As a rule, however, the climate of the west ·and north sides of the peninsula is 
colder ai1d drier than that of the Pacific seaboar~. Moffit noted a great variation in tem
perature throughout the northern half of the peninsula·, Sunrise, for instance, being as much 
as 10° warmer than some of the neighboring creeks. The snowfall at Kenai is 4 or 5 feet,. 
and in 'the high ranges it is somewhat greater. At. Kenai the months of July, August, and 
September show· the largest number of rainy days and the greatest precipitation. The highest. 
recorded temperature· in this locality is 80° and the lowest -43°. . 

The upper part of Cook Inlet is usually closed by ice from early November till about the. 
middle of April. Resurrection Bay is· free from ice throughout 'the year. Sluicing operations 
in the Sunrise placer district begin between the first and middle of :May and are continued. 
·till the first or middle of October. 

If any complete records of the'r region farther inland were available, they would undoubt
edly show still greater variations in local climatic conditions. The observations of the Survey 
parties indicate that the Susitna basin has a lower precipitation than Cook Inlet, though this. 
probably does not hold true of that part of the basin lying-immediately· adjacent to ~he high 
ranges. Eldridge's observations in 1898 show 32 rainy days for the months of :May to Septem
ber, inclusive, while .the average for Tyonek for the sall?-e period is about 50 rainy clays. The 
observations of ovr own expedition in 1902 indicated that the months of May and June were 
clear and dry on the south side of the range. :Martin, in 1904, reported that the l\1atanuska 
Valley is colder and has less rain than Cook Inlet. On. the other hand, Paige and Knopf, in· 
1906, encountered almost co'ntinuous rainy weather during the months of July, August, and 
September in the l\1atanuska and Talkeetna basins. 1 Fragmentary records show that the ice 
on the ·Susitna breaks between l\1ay 15' and June 1, and· the river probably remains open 
until about October. The ice is not strong enough for sleighing until about a month later. 

In the absence of ·complete records for the region adjacent to and north of Cook Inlet 
it has seetned worth while to publish the following table of observations made at Chickaloon, 

1 Systematic meteorologic records were begun at Chickaloon, Matanuska Valley, in March, 1910,. by Harry Hicks, volunteer ol:Jserver for the 
Weather Dureau. Mr. Hicks informed the writer that from March to August, inclusive, the total precipitation recorded by him was only about 
3 inches. 
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which is about 40 miles ·northeast of the head of Kilik Arm. This record has been kindly 
furnished by Mr. Frank Watson. 

1907: 
October 25 ............ -~ ..... . 

26 .• ------ _______ ·_ ----
. 27.----------- .. ------

28 .• ------------------
29.--.----------------
30.-. ·----------------
31 .. ------------ _,----

November L .... , ........... · 
2 ... --. -----------
3.---.------------
4 .. -------- •• -----
5.--.-------------
6 .. --.------------
7 .. -.-. ---. ·- -----
8.----------------
9.--- .. -----------

10.-.--.------------
11.---- -·-----------
12.--- .. -.---------
13 ... -.------------
14.--.-.-----------
15.---.-.----------
16.-.--.-----------
17.-----.-.---.----
18.- :'.-. -----------
19.------.---------
20.----.-----------
21. ...........•.... 
22 ... ----- _______ ·_-
23 ... --------------
24.----.-----------
25.-- ..•. - ·--------
26.----- ..•.. -.----
27 ......... - •.••.. -
28 ..• - .• ·-·- -------
29 ..• -- ••• ---------
30.--.-------------

Dece:nber 1. ................ . 
2 .•. ------ ·----- ---
3.-----------------
4.-----------------
5.-----------------6 _____________ -. ---

7 ..... -. -----------
8.-----------------
9 •. --:-------------

10.-----------------
11.-------. ·--.-----
12.--.--------------
13.-. ·--------------
14.-----------------
15. ·-- --------------
16.-----.-----------
17.-.---------------
18. ·--------- -------
19.------- .. - .. -----
20. ----··------··---
21.------ .• ---------
22.--- -----·------ --
23 ........ ·····- -----
24.-----------------
25.-------------- ·--
26. ------ -· ---------
27.---.--- '·--------
28 ....... -----------
29 ••.......•........ 
30 .. ·. -----------.---
31. ................ . 

1908. 
January 1. .................. . 

2 .... -·-···-------- --
3 ................. ---
4.-------------------
5 ................... -
6.---- ·-·-·-·----- ---
7 .. ------- ·-----·----8.------------ ___ · ___ -
9.-------------------

10.-------------------
11.-.------.-.-.-.-.--
12.--:--- -·----- ------
13.--------.-.---.-.--
14. ---·-··------------
15. ·-- ------.---------
16 .... -- --· -----------
17.-- .... ·- .......... . 
18 .... - ........... - .. -
19 ...... - .. - .. - ... - .. . 

Meteorologic observations at Chickaloon. 

Temperature (°F.). 

6a.m. 

28 
32 
22 
36 
28 
32 
10 
8 

10 
6 

10 
4 
2 

14 
6 

28 
30 
14 
28 
28 
30 
34 
25 
17 
28 
28 
1S 
6 

-1 
-·2 
-3 

5 
10 
1S 
20 
13 
16 
16 
22 
6 
4 

13 
-5 

5 
22 
22 
24 
26 
12 
9 

16 
22 
26 
25 
32 
36 
14 
11 
14 
14 
2· 

-10 
-20 
-4 
-30 
-24 
-26 
-11 

-16 
-6 

10 
14 
4 

24 
4 

10 
20 
10· 

-17 
12 
4 

12 
17 
30 
22 
2 

-12 

Noon. 

Cloudy. 
Do. 

Fine a. m., cloudy p. m. 
Cloudy. 
Snow a.m., 1! inches. 

Remarks. 

37 
36 
42 
40 
30 
22 
17 
1S 
21 
14 
1S 
14 
10 
20 
18 
34 
3S 
32 
32 
35 
36 
40 
2S 
30 
32 
30 
28 

Snow, 2 inches; temperature at 6 p.m., 16°. 
Snow, V, inches; high east wind; temperature at 6 p.m., 13°. 
Fair, with brisk easterly wind; temperature at 6 p.m., 14°. 
Light northeasterly wind; temperature ~t 6 p.m., 13°. , 
Fair, with easterly wind. 

3 
17 ·s 
10 
14 
10 
22 
25 
18 
18 
22 
26 
6 

13 
5 
s 

18 
24 
24 
24 
2S 
10 

7 
12 
28 
31 
22 

-30 
32 
20 
10 
20 

- 1 
4 

-13 
-2 
-12 
-2S 
-26 
-25 
- 6 

Sno-.v a.m., clear p.m.; temperature at 5 p.m., S0
• 

Clear, easterly wind; temperature at 5 p.m., 5°. 
Cloudy. ' 
Clear, with wind. 
Clear; snow last night. 
Snow and rain. 
Snow and rain; earthquake shock last night. 
Clear. 
Cloudy. 

Do. 
Clear. 
Cloudy. 
Clear. 
Cloudy. 
Clear. 
Cloudy. 
Clear. 
Clear; temperature at S p.m., 10°. 
Clear. 

Do. 
Do. 

Cloudy., 
Cloudy and wind. 
Cloudy; snow in night. 
Cloudy. 

Do. 
Clear. 

Do. 
Clear and windy. 
Clear. 

Do. 
Clear; temperature at S p. m., 6°. 
Clear. 

Do. 
Cloudy. 
Cloudy and windy. 
Clear. 
Cloudy; snow a. m. · 
Clear; temperature at 4 p.m., 4°. 
Cloudy. 

Do. 
Do. 
Do. 

Clear. 
Cloudy. 

Do. 
Clear. 

Do. 
Spitting snow .. 
9lear; temperature at 6 p.m., S0

; at s p.m., -10°. 

Clear; temperature at 9 p.m., -S0
• 

Clear;. temperature at 9 p.m., -20°. 
Light snow. 
Clear. 

Do. 
Do. 
Do. 

-15 Do. 
0 Clear and windy. 

14 Clear. 
17 Cloudy. 
10 Do. 
26 Snow, 4 inches. 
16 Cloudy. 
16 Do. 
24 Snowing and wind. 
12 Clear;. temperature at 6 p. m., -4°. 

-12 Clear. 
18 Cloudy. 
12 Clear. 
1S Cloudy; snowing. 
24 Cloudy. 
30 Snow a.m., cloudy p.m. 
26 Cloudy, with light snow. 
12 Cloudy. 
10 Light snow. 



1908. 

January1~~: ::::::::::::::::::: 
22 ................... . 
23 ................... . 
24 .......•............ 
25 •................... 
26. ········ .......... . 
27 ................... . 
28 •.•.... ············· 
29 .•.................. 
30 •.... ············ .. . 
31. .................. . 

February 1 ................. . 
2 •••..•.......•.... 
3 ................ .. 
4 ....... ··········. 
5 ................. . 
6 .................. . 
7 ................. . 
8 ....... ········ .. . 
9 .. ·.· •.. ········ .. . 

10 ................. . 
11. ................ . 
12 ................. . 
13 ................. . 
14 ...•.............. 
15 .......... ; ...... . 
16 ................. . 
17 ................ .. 
18 ................. . 
19 ....... ··········· 
20 ....... ··········· 
21. ................ . 
22 ..•..•............ 
23. ······· .•........ 
24 .•...•.... ········ 
25 ............... · .. . 
26 ......•....•...... 
27 ................. . 
28 .•••••. ····•····•· 
29 ...........•...... 

March !. .................... . 
2 ............. ········· 
3 ..................... . 
4 .• : • .•••••••.•.•.•.•.• 
5 ...... ····· .......... . 
6 ..................... . 
7 ..................... . 
8 ... ··················· 
9 .................. · ... . 

10 ..................... . 
11. .................... . 
12 ..................... . 
13 ..................... . 
14 ..................... . 
15 ..................... . 
16 ..................... . 
17 .................... • .. 
18 ..................... . 
19 ..................... . 
20 ..................... . 
21. .................... . 
22 ••.••.....••.•. ··•·•·• 
23 .•••.......••..•.....• 
24 ..................... . 
25 .. · ................... . 
26 ..................... . 
27 ..................... . 
28 ..................... . 
29 ....... ··············· 
30 ..••................•. 
31. .................... . 

April !. .................... .. 
2 .••.•.................. 
3 .............. ······ .. . 
4 .•••....•..•.•..•..••.• 
5 ...................... . 
6 ...................... . 
7 ...................... . 
8 ...................... . 
9 ..•.......... ····· .... . 

10 ..•.................... 
11. ..................... . 
12 ..•.................... 
13 ...................... . 
14 ....................... . 
15 ...................... . 
16. ·•····· .............. . 
17 ........ : ............. . 
18 ..•.................... 
19 ..•.................... 
20 ..•..... : . ............ . 
21 ..•...........•........ 
22 ..•.......•...•.•...... 
23 ...................... . 

CLIMATE. 

Meteorologic observations at Chickaloon-Continued. 

Temperature (°F.). 

6a.m. 

-26 
-10 
-20 

16 
24 
29 
22 
18 
18 
18 
13 
0 
0 
3 
1 
5 

-16 
-20 
-21 
- 4 

18 
15 

4 
16 
24 
8 

18 
24 
26 
14 
26 
32 
32 
32 
5 

20 
20 
8 

-6 
-10 

4 
0 
7 

20 
23 
30 
10 
26 
28 
28 
14 
12 
12 

2 
- 3 

4 
6 

16 
14 
28 
18 
28 
10 

-2 
4 
0 
2 

18 
22 
8 

22 
23 
30 
32 
28 
8 

22 
24 
26 
8 

24 
30 
24 
26 
22 
28 
26 
30 
28 
27 
36 
38 
36 
36 
26 

Noon. 

-4 
3 

-12 
. 24 

30 
26, 
25 
15 
24 
28 
26 
16 
20 
22 
24 
22 
1 

-1 
-6 

17 
26 
26 
26 
30 
26 
29 
24 
28 
36 
30 
36 
36 
40 
46 
30 
36 
30 
30 
27 
26 
24 
30 
28 
34 
38 
42 
40 
36 
40 
30 
36 
30 
25 
10 
10 
24 
22 
34 
29 
30 
35 
39 
25 
35 
33 
42 
40 
40 
43 
38 
32 
32 
45 
36 
42 
41 
40 
40 
36 
40 
38 
44 
46 
45 
44 
44 
42 
44 
44 
46 
44 
50 
43 
48 
42 

Clear. 
Clear, light easterly wind. 
Snow. 
Cloudy. 
Cloudy; snowing p. m. 
Cloudy. 

Clear. 
Cloudy. 
Clear. 

Do. 
Do. 

Cloudy. 

Remarks. 

Clear; first sunshine in south window of cook house. 
Clear. · 

Do. 
Do. 
Do. 
Do. 

Cloudy .. 
Do. 

Clear and sunshine. 
Clear. 
Cloudy. 
Clear. 

Do. 
Snowing. 
Cloudy. 
Clear. 
Snowing. 

Do. 
Snow and rain. 
Cloudy, w'ith snow. 
Cloudy. 
Partly cloudy. 
Clear a.m., cloudy p.m. 
Snowing. 
Clear. 
Clear a.m., cloudy p.m. 
Clear. 

Do. 
Do. 
Do. 

Cloudy. 
Do. 

Snow. 
Snow; clear a. m., cloudy p.m. 
Snow. 

Do. 
Snowing a.m., blowingp. m. 
Clear; east wind. 

Do. 
Clear; strong east wind. 

Do. 
Clear; east wind. 

Do. 
Clear; light east wind. 

Do. 
Cloudy. 
Snowing; west wind. 
Cloudy. 
Snowing. 
Snowing a.m., clear p.m. 
Clear. 
Cloudy a.m., wind p. in. 
Clear. 

Do. 
Cloudy. 
Clear. 

Do. 
Cloudy. 

Do. 
Do. 

Snowing. · 
Partly cloudy. 
Clear. 

Do. 
Cloudy. 
Snowing. 
Clear. 
Clear a.m., windy and cloudy p. m. 
Clear. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Cloudy. 
Clear a.m., cloudy p.m.; .snow, i inch. 
Clear. 

Do. 
Do. 

197 
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1908. 

April ~t::::::::: :-:::::::::::: 
26 ...................... . 
27 •..... ------------------
28 .......... -------------29 ________________ -------
30 ...... - ----------------

~fay 1. _ ..................... . 
2 .......... --------------
3 ... ------- ____ _._ --------
4 ... - --------------------
5.-----------------------
6.---------.--------------
7.-----------------------
8 ....... ------------ --·--. 
9 ... ---------------------

10.-----------------------
11. ...................... . 
12.-----------------------
13.-----------------------
14.-----------------------
15.-----------------------
16.------------------ _·_---
17.-----------------------
18.-----------------------
19.-----------------------
20 ... - --------------------
21. ....•.................. 
22.-----------------------
23 ... ---------------------
24 .. ----------------------
25 ... -------------------.: 26 _________________ -------

27.-----------------------
28 .....• ------------------
29.-----------------------
30 ... ---------------------
31.------------ -·----------

June L-----------------------
2 ............ ------------
3.----------------------
4 .. -~--------------------
5 ..... -------------------
(i ___________ -------------

7 ..... -------------------
8 .... ----------- ~--------
9 ....... -----------------

10 .... --------------------11. ______________________ _ 

12 •••• --------------------
13 ..•. --------------------
14 .... --------------------
15 .... --------------------
HL ......... : ............ . 
17 ..... ·.------------------
18 ...• --------------------
19 .•.. --------------------
20 ..... -------------------21. ______________________ _ 

22 ........ -----------------
23 ...•......... - ----------
24 ...•..... ---------------25 _______________________ _ 

THE MOUNT McKINLEY REGION, ALASKA. 

Meteorologic observations at CMckaloon-Continued. 

Temperature (°F.). 

Ga. m. Noon. 

28 
30 
36 
36 
34 
42 
34 
40 
36 
32 
36 
40 
39 
45 
38 
44 
44 
42 
40 
42 
40 
44 
40 
44 
40 
44 
40 
44 
38 
46 
44 
44 
44 
42 
42 
48 
44 
50 
56 
54 
48 
48 
44 
46 
44 
47 
57 
52 
51 
56 
48 
46 
56 
52 
50. 
50 
53 
50 
56 
58 
58 
62 
58 

48 
43 
46 
52 
49 
52 
52 
50 
52 
56 
48 
48 
51 
51 
56 
52 
53 
52 
46 
48 
GO 
58 
GO 
60 
64 
60 
56 
56 

' 56 
54 
54 
54 
56 
52 
54 
GO 
56 
GO 
66 
58 
GO 
50 
50 
50 

• 55 
GO 
G2 
GO 
58 
56 
58' 
GO 
GG 
62 
58 
68 
65 
66 
66 
68 
70 

78 

Clear a. rn., cloudy .with light snow p. in. 
Clear. 

Do. 
Do. 

Cloudy. 
Clear. 

Do. 
Do. 

Cloudy. 
Clear. 

Do. 
Cloudy. 

Do. 
Clear. 
Clear a.m., cloudy p. rn. 
Clear. 
Cloudy. 
Clear. 
Cloudy with light rain p. m. 
Cloudyp. m. 

Do.· 
Clear, light east wind. 
Clear. 

Do. 
Do. 
Do. 

Clear a.m., cloudy with light rain p.m. 
Cloudy; light rain. 
Clear. 
Cloudy. 

Do. 
Partly cloudy. 
Cloudy. 

Do. 
Clear. 

Do. 
Cloudy. 
Clear. . 
Clear a. rn., cloudy p. m. 
Cloudy. 

Do. 
Do. 
Do. 
Do. 

Clear. 

Cloudy and clear by spells. 
Clear a.m., cloudy p.m. 

Do. 1 

Clear. 
Do. 
Do.· 
Do. 
Do. 

Cloudy. 
Clear and cloudy by spells. 
Clear. 

Do. . 
Clear a. rn., cloudy p.m. 
Clear. 

Do. 
Do. 
Do. 

'J.llonthly snowfall at Chickaloon. 

Remarks. 

_, 

. Inches. 
October, 1907 ................. _·_ ................................................ --........... 9! 
November, 1907 ......................... .- ............... · ..................... - - - - - . - ; . . . . . . 13! 
December, 1907 .......................................... : ................... -............. 9! 
January, 1908 ........ _. ____ ....... _ ..... _ ..................... ~ ............................ 23! 
February, 1908 .............................................. - ........ - ....... -------.-..... 8! 
March, 1908 ... _ . _ ......... _ .... ·_ ........................ ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
April, 1908 ................. : ..................................................... _-......... 4-! 

99! 
March 23, 1908, 3 feet 4 inches of snow ori the level; April 14, 1908, 2 feet 6 inches of snow on the level. 

INLAND PROVINCE. 

In dis~ussing the climate on the inland side of the range one can only abide by such generali
zations as are applic~ble to the Yukon basin as a whole, for the records of stations within this area 
are ~s yet too meager to carry any weight. This inland province, separated as it is by high 
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mountain barriers from the humid winds of the Pacific, is conti:q.ental in character_:_semiarid, 
with great extremes of heat and cold. While the coastal belt of Bering Sea is relatively humid, 
the air becomes drier toward the upper Yukon. The mouth of the Tanana has a rainfall between 
12 and 14 inches, as compared with about 10 inches at the international boundary. The rainfall 
data of the Yukon-Tanana region are summarized in the following table: 

Mean pr~cipitation at stations in Yukon-Tanana region. 

[Compiled from records of United States Weather Bureau by F. F. Henshaw.] 

Station. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Annual. Length 
I of record. 

--------------------------
Yrs. mos. 

Central. ............... 0.80 0.24 1. 31 0.70 o. 73 3.56 3.11 1. 85 0.52 0. 70 0.80 0.35 14.67 1 7 
Circle ................. 1. 05 .29 .52 .67 .83 .54 1.77 2.33 1. ()9 1.15 .30 . 51 11.65 1 22 
Fairbanks ............. 1. 99 .58 .93 .11 .36 1. 26 2.16 1. 98 1. 56 1. 37 .92 .88 14.10 1 18 
J~ort Egbart ........... 1. 01 .39 1.37 .18 .66 I. 23 1. 98 1.73 I. 95 I. 93 . 72 .38 13.53 37 
Fort Gibbon .......... .54 .49 .46 .10 .50 . 74 2.80 3.04 I. 05 .85 .52 .50 11.59 1 33 
Kechumstuk .......... .46 .11 .12 .22 I. 24 I. 51 I. 87 1.77 I. 20 .62 .22 .21 9.55 2 18 
North Fork ........... . 70 .39 .18 .40 1. 66 2.33 2.13 2.04 I. 52 .42 .52 .29 12.58 1 13 
Rampart ........... ~ .. .90 .26 .67 .03 .42 1. 04 2.04 2.66 1. GO .82 1.19 .33 11.96 1 17 
Dawson ............... I. 01 .67 .46 .54 .97 .86 1. 85 1.77 1. 82 1.60 1.12 1.10 13.77 5 18 

~ 

NOTE.-Values for the ditierent months are averages of all observations for that month. In the column headed" Annual'' is given the total 
or thesa averages. Amounts given for the winter months, October to March, represent melted snow, aud as a rule are taken as one-tenth of the 
snowfall. 'l'he number of years given under" Length of record" indicates the. time covered by continuous observations. 

The average winter te:r;nperature iri this province is -5° to -10°, with a minimum of -65° 
to -76°; for the summer months of June, July, and August t~1e mean is 50° to 60° and the 
recorded maximum 90°. Sn.owfall records indicate depths varying from 3 to 5 feet. As many 
of the snowstorms are accompanied by wind, however, accurate measurements are almost 
impossible, and the estimate probably exceeds the actual snowfall. In this general field the 
summer is usually dry from the 1st of :May till about the 20th of July: when the rains begin. 
August and September always have some clear weather but are frequently characterized by 
steady, though light rains. Spurr reports similar conditions on the Kuskokwim during the expe
dition of 1898. The estimated rainfall during these drizzles is not great. Incomplete records 
show an average of 80 to 90 days annually on which there is some precipitation. Fragmentary 
records indicate that the lower Tanana is warmer·than other parts of the Yukon basin, but this is 
by no means established. The aridity of the climate makes the winter cold easy to bear. Trav
eling by clog team or horse sled in winter is always possible,· even under extrem~ cold, unless the 
wind is blowing. The journey from Chitina or Valdez to Fairbanks by stage is now made at 
all times during the winter by meh and often by women and children. 

Ice usually begins to run on the Yukon between the first and middle of October, but the 
delta closes to navigation one or two weeks earlier. In the spring the ice breaks at the mouth 
of the Tanana abou.t May 10 to 15. So far as the records show, the Tanana breaks a-little sooner 
in the spring and closes a little later in the fall than the Yukon. A few records on the Kusko
kwim indicate that the river is open to navigation from the early part of May to the first or 
middle of October. It is probable, however,. that the ice does not go out .of the delta of the 
Kuskokwim until sometime in June and forms again by the end of September. The sluicing 
season in the Fairbanks district usually extends from about l\1ay 10 to the middle or end of 
September. There are records of cr~eks opening as early as the middle of April, ·and ill 1907 
most. of the waterways remained 1open until the end of October. In the Rampart region the 
conditions are abou.t the same. 

METEOROLOGIC NOTES OF 1902 EXPEDITION. 

The following table by Mr. Prindle is of. interest as indicating the climatic conditions 
along the route. of travel in 1902. The temperatures we:r;e taken with a Green self-registering 
maximun1 and minimum Fahrenheit thermometer. Under the conditions of constant travel 
it was :possible to obtain but few records of maximum temperature. For location of points of 
observation see Plate III (in pocket). 

. . 
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Minimum 
Aa~fll~~~ofte 

Date. tempera- ca~p~ where 
ture above mm1mum 
zero (°F.). temperature 

was taken 
(feet). 

June 35 0 

2 .. -... -- "4:3" 0 
3 0 
4 41 0 
5 35 0 
6 39 0 
7 38 0 
8 38 200 
9 42 1,000 

10 42 1,000 

11 43 1,000 
12 42 1,ooo· 
13 34 1,200 
14 39 1,200 
1.5 36 1,200 
16 42 900 
17 42 800 
18 ------------ 200 
19 41) 200 
20 41 200 
21 34 200 
22 40 200 
23 49 200 
24 -·········-- 150 
25 43 150 
26 53 150 
27 52 150 
28 42 150 
29 55 150 
30 ------------ 150 

July 1 42 200 
2 43 1,000 
3 -----------· 800 
4 47 GOO 
5 41 800 
6 37 800 
7 45 1,000 
8 33 1,000 
9 4!i 1,200 

10 49 1,000 
11 50 2,200 
12 .................... 2,000 
13 44 2,000 
14 41 2,400 
15 46 2,100 
16 47 1,800 
17 51 1. 400 
18 50 (200 
19 50 1,000 
20 34 1,000 
21 49 1,200 
22 49 1,500 
23 45 2,.800 
24 41 3,200 
25 37 3,000 
26 40 3,000 
27 .................... 3,000 
28 38 2,000 
2!) 44 2,600 
33 42 2,500 
31 .................... 2,800 

Aug. 1 41 2,800 
2 41 2,600 
3 44 2,600 
4 . 38 2,600 
5 35 2,400 
6 40 2,000 
7 34 2,600 
8 31 3,800 
9 33 3,000 

10 37 3,000 
11 36 2,800 
12 .................... 2,800 
13 32 3,000 
14 43 3,000 
15 34 2,400 
16 42 '1, 700 
17 43 1,800 
18 35 2,100 
19 36 2,800 
20 39 2,000 
21 36 LSOO 
22 26 1,200 
23 2\) 1,200 
24 35 1,400 
25 ....................... 1,400 
26 ..................... 2,000 
':..7 34 600 
28 41 400 
29 35 400 

THE MOUNT McKINLEY REGION, ALASKA. 

Meteorologic record of expedition of 1902. 

Notes. 

Clear; light clouds near horizon; light breeze from southwest; local thunder showers; maximum tempera-
ture 72°. · 

Sun about two hnurs high at 5 a.m.; clear and warm; northwest breeze. 
Cloudless sky; light breeze, north to northwest. 
Slightly cloudy early in day, clearing later. 
Day very warm; slightly rloudy toward night; light southeast wind. . 
Rather cloudy; wind southeast; light breeze early in day; strong at 4 p.m.; maximum temperature about 78°. 
Clear morning; cloudy afternoon; light breeze from southeast; maximum temperature 71°. 
Light cumulus clouds from the north. 
Rained in early morning; clear afternoon; thunder storm over Mount Susitna. 
Rained intermittently preceding night; cloudy morning; clouds from the south; sunshine in afternoon; max 

imum tem"perature 66°. 
Cloudy all day; at times during morning rather cold southerly wind; warmer in afternoon. 
Cloudy, foggy; rain in afternoon; clear toward sunset; maximum temperature 65°. 
Clear skv; fresh breeze from southeast. 
Clear and warm; light breeze from north. . 
Morning clear and warm; rain in afternoon; cool and cloudy at sunset; fresh breeze from. the north. 
Clear; north wind. 
Clear; fresh breeze from north. 
Clear and warm. 
Rained a little during the night; morning cloudy; afternoon sun and clouds, thunder. 
Morning cloudy; afternoon clear and warm. 
Clear and warm. 
Morning clear; short thunder shower; afternoon cloudy. 
Morning clear; night of 23d warm and showery. · 
Morning clear; thunder storm during evening. 
Morning clear; thunder showers during afternoon. 
Rained during night; morning clear; light rain in afternoon; beautiful sunset. 
Rainy morning; cleared before sunset. 
Morn'ing beautiful, clear; afternoon cloudy; wind southeast. · 
Cloudy all day; rain during morning. 
Clear afternoon and evening. 
Morning clear; afternoon cloudy; southeast breeze. 
Cloud and sunshine: pleasant. . . 
Morning clear; cloudy toward evening; sun hot at noon. 
Rain most of the day. 
Cloudy all day. 
Cloudy morning: clear at noon. 
Rained during night and part of morning. 
Clear day. 
Morning clear; afternoon cloudy. 
Morning clear; afternoon and evening cloudy. 
Cloudy; west wind; afternoon rainy. 
Rained during night and morning; afternoon clear; northwest breeze. 
Clear early; later somewhat cloudy; northwest breeze. 
Increasing cloudiness all day; evening rain; northwest breeze. 
Rainy most of the day. dearing toward evening. 
Cloudy; sunshine at intervals. 
Cloudy most of day; sunshine at inten'als. 
Cloudy most of the day. 
Cloudy early morning; most of clay clear and vrarm. . 
Clear morning: afternoon cloudy; light rain between 5 and 6 p.m. 
Cloudy; thunder storm at 3 p; m. 
Fine rain all clay; mist hanging over bills. 
Cloudy most of day. 
Sunshine and clouds; thunder shower 6 r. m.; rain during evening; cool, variable wind. 
Morning cloudy; bright sunshine at noon; afternoon showery; clear sunset. 
Morning cloudy; afternoon rainy; mist hangin~ about the hills. 
Morning clear; afternoon cloudy; northwest wmd. 
Clear most of th(' clay. 
Cloudy; strong southerly wind. 
Cloudy; east wind during afternoon. 
Clear dav . 
Morning clear; rained in afternoon about an hour; beautiful sunset. 
Clear morning; cloudy afternoon with thunder shower about 3 p, m. 
Rain, clearing during afternoon. 

Cloudy all day. · 
Cloudy; rain and thunder about noon. 
Morning cloudy. 
Clear till noon. clouds working up from the south; wind from south. 
Cloudy; rained about three hours in evening. 
Cloudy early; very rlear most of day; southerly wind. 
Cloudy early; wind from sonth; afternoon clear. 
Morning cloudy; wind from southeast. 
Clouds and sunshine alternating; day warm; rain during night. 
Rain. 
Clear morning; cloudy afternoon. 
Cloudy most of the day. 
Rained during preceding night. 
Early morning and evening clear; middle of clay cloudy; slight rain. 
Rained intermittently during day; stearlily during evening. 
Cloudy; afternoon rainy; cold wind. 
Morning cloudy; evening clear. 
Frost; clear; light breeze from northwest. · 
Slightly r.Ioudy; east wind, strong during forenoon. 
Clear; evening and night rainy. · 
Cloudy; rainy about half the day. 
Cloudy early, clearing later; clear sunset. 
Clear morning; strong southeast breeze. 
Dry morning; no dew; cloudy most of day. 
Cloudy morning; afternoon sunshine; warm. 
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Meteorologic record of expedition of 1902-Continued. 

Approximate .. 
MinimUlll altitude of 
tempera- camps where 

Notes Date. minimum ture above temperature zero (°F.). was taken 
(feet) . 

. 
Aug. 30 44 500 Rained at intervals during night; alternately clear and cloudy; warm. 

31 33 400 
Sept. 1 ............. 400 

2 37 400 Morning clear; sprinkle during afternoon; breeze from north, changing to northeast. 
3 41 400 Clear. 
4 33 400 Clear. 
5 41 400 Morning clear; thunder shower during afternoon. 
(j 40 400 
7 ............. GOO Clear. 
8 2!) 600 Somewhat cloudy; rain during evening. 
!) 40 1,200 Drizzly, rainy day, clearing at sunset. 

10 24 1, 4()0 Frosty mormng; dull, gray sky. 
11 38 1,000 Rain; southeast wind changing to northwest; clear evening; frost during night. 
12 24 1,200 Clear, frosty morning. 
13 30 1,000 
14 ................ ........................ 
15 ................. ................ 
16 :n 400 

VEGETATION AND ANIMAL LIFE. 

INTRODUCTION. 

As there was. no trained naturalist in the party, biologic study was necessarily confined to 
random observations on some of the more striking features of the animal and vegetable life of 
the region. The notes of a layman on an unexplored region ar~, however, probably of sufficient 
interest to the naturalist and traveler to justify their publieation. In any event they may 
serve to supplement the biologic investigations made by Osgood 1 and others in adjacent regions· 
having similar faunas and floras. · 

Though a botanist would probably find great contrasts in the floras of the different provinces 
traversed by the expedition, yet to the layman, except for variations due to altitude, the vege
tation of the coastal and interior belts appears very similar. White and black spruces, poplars, 
white birches, and a number of varieties of willow are widely distributed throughout the province. 
Sitka spruce and hemlock are found, however, only in the coastal region. Alder grow.s in 
profusion on the Pacific side of the divide above timber line and along the watercourses in the 
inland province. In the mountainous region' 'buneh grasses'' are abundant, and other varieties 
of grasses grow at lower altitudes. Blueberries and dwarf birches grow at and above timber 
line on both sides of the Alaska Range. Among other wild fr-uits of this region are cranberries, 
saln1on berries, and currants. Wild flowers are abundant in the open glades of the timbered 
areas and in the region lying above timber. Among these many of the familiar flowers of the 
States appear to be recognizable, though they differ specifically. Something of the areal 
distribution and varieties of these flowering plants is established through the small collection 
made during the expedition. This collection was kindly determined by Mr. F. V. Coville, of the 
Department of Agriculture. (See pp. 208-211.) · 

· The notes on the animal life of the region were mostly devoted to the game. Moose and 
large brown bear were encountered on the Cook Inlet side o~ the divide, white sheep along 
the northern foothills of the Alaska Range, and moose and caribou in the inland plateau region 
as well as in some of_ the tributary valleys. But one black bear was seen-in the Kuskokwim 
Valley-but these animals are known to exist··in the Cook Inlet region. No large game was 

I . 

seen north of the Tanana, though there was evidence of the' presence of moose, and migratory 
caribou are known to be abundant in this region in some years. 

1 Osgood, W. H., Results of a biological reconnaissance of the Yukon RiYer region, with annotated lists of birds by Louis G. Bishop: North 
Am. Fauna No. 19, U. S. Dept. Agr.; Natural history of the Cook Inlet region, Alaska: Idem, No. 21, 1901; A. biological reconnaissance of the base 
of the Alaska Peninsula: Idem, No. 24, 1904. 

Dan, W. H., Alaska and its resources, Boston, 1870. 
Sud worth, G. B., Forest trees of the Pacific slope, Forest Service, U. S. Dept. Agr.~ 1908. 
See also reports of Harriman A..Jaska Expedition, vols. 1, 2. 

• 



I 

. 202 . THE MOUNT McKINLEY REGION, ALASKA. 

No wolves were seen by the party, though the tracks of the timber wolf wer~ foun<;l on both. 
sides of the range. The wolverine is lmown to be present on both sides of the Alaska Range
and is one of the fur-bearing animals hunted by the natives. Beaver appear to be scarce, .as 
but few fresh cuttings were observed by the party. They are, however, known on both sides. 
of the range. Both the Cook Inlet region and the Kuskokwim and Tanana region have been. 
important sources of mink and marten skins to the fur trader. Red foxes are observed through-
out the provincE;) and other varieties are caught by the ·natives. The large snowshoe rabbit. 
or hare was seen on the Cook Inlet side of the divide and also in the Tanana Valley. The small. 
whistling marmot was found widely distributed in the areas lying above the timber line through-· 
out the province. 

Of the game birds,' species of grouse were found in the Cook Inlet region and also north of the· 
Tanana Valley. In the flats northwest of Beluga River there is an abundance of sand-hill 
cranes and clucks, and geese and swan are known to inhabit the larger rivers close at hand. 
Ducks ancL geese are also abundant on the Tanana and some of its tributaries. The ptarmigan, 
the typica~ Alaska game bird, was found to be very plentiful above timber line throughout the, 
province. 

The salmon fisheries of Cook Inlet are important locally, though there are no can~eries in. 
this part of Alaska. A number of species of salmon occur in that district. In the spring the· 
cancllefish is very abundant. The sea otter, which was formerly hunted by the Russians in 
the Cook Inlet region, has long· since disappeared. Of the fresh-water fish, Alaska· grayling
was noted in most of the clear-water streams throughout the region. Whitefish and a species. 
of pickerel also occur in the Tanana waters. Rainbow trout 'yere found by Sidney Paige in the, 
small streams tributary to Knik Arm but were not seen along the route of the expedition. 

NOTES ALONG ROUTE OF TRAVEL. 

On :May 29, when the party landed at Tyonek, the natives and some white fishennen. 
already had their traps and seines out for the king salmon, for which.the salteries were paying· 
15 cents apiece. They were also catching a few reel sahnon. The only other salt-water fish · 
which came under the observation of the party was cancllefish, which on June 4 were. running up· 
Beluga River in great schools. The name Beluga is derived from the Russian bieluga, white 
whale, which is common in the upper part of Cook Inlet. According to the traders, the chief 
furs of the Cook Inlet district are the marten, mink, beaver, reel fox, bear, lynx, and wolverine. 
The catch for the winter of 1901-2 also included a few silver-gray foxes. 

The gravel plateau stretching inland from Tyonek is covered with an open growth of forest. 
in which birch appears t.o predominate, but there is also much poplar and sOme spruce, together
with alder, along the watercourses (Pl. IV, A, p. 44) ... Here some "devil's club" was observed, and. 
this shrub was also seen on the lower slope of Mount Susitna but not elsewhere in the region. 
Osgood reports the occurrence of hemlock on Turnagain Arm, but this tre~ was not observed. 
on the west side of Cook Inlet. Osgood also recognized three varieties of spruce· ~ this generaL 
region_:_the white, the black, and the Sitka-together with the aspen and the balsam poplar. 
The largest trees noted near Cook Inlet (chiefly white birches) have a·climneter of 12 to 24 inches. 
(Pl. XVIII, B). In these forests some spruce hen or grouse were observed, which were nesting· 
about the first of June. On June 5 three brown bear were seen near· Beluga Riv;er, 5 miles from. 
the coast. 

The lower eastern slope ·of :Mount Susitna is clothed with ~n open forest, compose.cl chiefly· 
of deciduous trees, broken by glades of grass. This type of vegetation continues up to about. 
1,000 feet above the sea,· where it gradually merges into a zone covered with grass interrupted 
by dense willow and alder thickets. A few birches are found up to an altitude of 1,500 feet, 
which is practically the limit of vegetat,ion except for mosses and flowers. The south slope of 
Mount Susitna· is covered chiefly with deciduous trees, but coniferous trees predominate on the 
northern slope. The alluvial floor of the -valley of the· Susitna, as seen from the mountain of the~ 
same name, is well. ti~berecl. . 
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A . GRASS AND TIMBER ON NIN RIDGE, KICHATNA VALLEY. 

Near camp of July 2. See page 212 . 

B. COTTONWOOD TIMBER ON BELUGA RIVER. 

Nea r camp of J une 6. See page 202. 
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The gravel plateau ·crossed between tidewater and the mountains is covered with an open 
forest of spruce (Pl. IV, A, p. 44), with some birch and poplar, and includes some large swaJVps. 
:Many ducks and sand-hill cranes and some geese were seen on the small lakes of this region, 
also many old beaver dams, at one of which fresh beaver cuttings were observed. On the high 
ridge east of the camp of June 9 (see Pl. III, in pocket) spruce, birch, and poplar forests reach 
an altitude of about J,600 feet and aider extends up to about 2,000 feet.· Toward the foothills 
of the range the timber becomes gradually more scattering and disappears at altitudes of 1,600 
to 1,800 feet, but thick groves of alder and willow were found above these altitudes along the 
watercourses. Some currant bushes were noted in tlll.s part of the province. Grass was fairly 
abi1ndant in the open and drier parts of tills area, but better feed for the stock was found above 
til'\lber line. I-Iere ptarmigan were abundant and a number of large brown bear were seen. 
These, like others later encountered in the upper Kichatna Valley, are probably of the so-called 
peninsula brown-bear type, closely related to and as large as the Kodiak brown bear, though 
regarded as a distinct species. These brown bears and the three seen near the Beluga were 
all found above timber line. The experience of the party indicates that these bears are not 
vicious and probably will not attack a man unless they are wounded. Twice members of the 
party encountered she bears with cubs at close quarters, and though the mothers turned on 
them, when the intruders retreated they seemed to be quite satisfied and made off with their 
offspring. 

After traversing the footlllll belt the party descended the slopes of the· Skwentna Valley 
through dense alder tlll.ckets. The floor of the valley is clothed with a heavy growth of timber. 
Poplars and bir0hes predon1inate, and there is also some spr:uce. The largest trees measure 
2 to 21 feet in diameter. · It ·was noted that measuring worms were destroying the foliage of 
many of the alders. In the flat between the Skwentna and the Kichatna there is only a light 
stand of timber but 1nuch alder. Near the Kichatna, however, the timber is more abundant, 
and here the poplars are of especially large size. 

In the lower Kichatna the party passed through a beautiful p-arklike region where the 
ground in many places is covered with a dense growth of grass lll.gher ~p.an the packs of the 
horses (Pl. XVIII, A). Some patches of wild timothy were noted. in tlll.s district. The 
ti1nber consists of large birches and poplars (some measuring 2 to 21 feet) and smaller spruces.· 
.Along the Kichatna the timber line is in the neighborhood of 2,400 feet, above which is found 
only alder and here and there a stunted ·spruce. An abundant supply of redtop grass was 
:found, except in the very highest valleys traversed, where the grass seemed. almost entirely 
absent. 

Though some moose tracks were iwted in the early part of the journey, the first moose 
seen by the party was killed near the camp of July 13, at an altitude of 2,200 feet, near timber 
1ine. During the season of the greatest prevalence of insect pests the moose go to timber line 
or the bars of the largest rivers, in order to avoid, in part at least, the flies and mosquitoes. 
-The writer saw a fresh caribou track at an altitude of about 3,000 feet, near the point where 
the moose was killed. A newly dropped caribou.horn was also found near the camp of July 15, 
at an altitude of about 2,200 feet, on the ICuskokwim side of the divide. These facts are 
noted because it seems to be unusual for the caribou to penetrate the lllgh range.-

The fiTst of the wlll.te Alaska. sheep seen by the party were found between the camps of 
.July 15 and 16, below timber line, at an ·altitude of about 2,200 feet. A young sheep 'Yeiglll.ng 
about 70 pounds was killed. The only black bear seen was encountered in the valley of the 
·Kuskokwim, near the camp of July 9, at an altitude of about 3,000 feet, about 500 feet above 
tin1ber line. . · · 

Beyond Rainy Pass the route led through a heavily wooded valley tributary to Dillinger 
'River. I-Iere the timber line is at about 2,800 to 2,900 feet, or 300 or 400 feet lll.gher than on 
the coast side of the divide. The timber in tlll.s valley'is clll.efly spruce, but includes some 
poplar. Toward the ICuskokwim the timber gradually becorp.es large~, the spruce being 12 to 
18 inches and the poplar 10 to 12 inches in diameter. The Kuskokwim Valley is well timbered 
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with spruces and contains some scattering poplars. A few white birches were noted on the 
higher slopes of the valley. . 

Moose are fairly abundant in this timbered area, which appears to be a f~vorite hunting 
ground of the Kuskokwim natives. Near the camp of July 22 (see Pl. III, in pocket) was seen 
a brush fence constructed by the natives for turning moose along a trail where they could 
be easily killed. With the introduction of modern firearms these game fences, which formerly 
were an important aid in procuring food supply, are falling into disuse. 

After leaving the Kuskokwim Valley the route of travel for some 200 miles lay for the 
most part across the gravel-floored piedmont plateau, but in places traversed the· foothills. The 
plateau is covered with a great variety of moss, but has little other vegetation. Among the 
various species of mosses was noted the white reindeer moss, which furnishes in part the food 
for the large number of caribou found in this region. The valley floors cut. below the plateau 
surface are in most places covered with a dense growth of grass, and a few scattered spruces 
were observed near the route of travel. Here the upper limit of the spruce timber is between 
2,000 and 2,400 feet, varying considerably from place to place. Above this altitude willows 
are found along the watercourses as high as 3,000 feet or more. Huckleberry bushes are very 
abundant along the valley slopes and on the plateau surface, as is also a variety of dwarf birch. 
The appended list (p. 208) shows that there is a considerable variety of flowering plants in this 
part of the province, some species being found close to snow line in the high range. North of 
the route of travel, at altitudes probably of 1,000 feet, lies the densely: wooded lowland (fig. 30), 
drained on one side into the East Fork of the Kuskokwim and on the other into the Toklat, a 
tributary of the Tanana. 

While traversing spurs of the main range between July 22 and 27 the party saw a number 
of bands of white mountain sheep at altitudes varying from 3,000 to 4,000 feet. The largest 
of these bands included 36 sheep, old and young. Noteworthy was the finding of moose tracks 
far above timber line and close to a glacier in tllis .district. · -

On July 26 the fir~t caribou were seen, and the records show that from that date until the 
8th of August 77 caribou were actually counted by members of the party. ·This number was 
noted in the journal of the expedition, but as no .very careful records of numbers were made 
it is probable that over a hundred were seen. Most of these caribou were in bands of three to 
eight. One caribou was found on the moraines of a glacier far up in the heart of the range. 
All the caribou seen appeared to be of the large woodland variety and of the same species as · 
those observed by the writer above timber line in the White River basin in 1898. 

The route of travel continued across the moss-covered plateau region, interspersed wi~h 
grass-floored valleys, as far as McKinley Fork of the Toklat (camp of August 6), and then entered 
the mountains. Here the timber line is at 2, 700 to 2,800 feet. 

It .seems probable that the wllite sheep frequent the foothills and lligh ranges all along the 
route of travel, but the rapidity of the journey did not permit many excursions into thehigher 

. parts of the range. A small band of sheep was seen abouto 5 miles east of the camp of July 26. 
Between the camps of August 10 and 13 a good sheep country was traversed. On August 11 
the writer saw within three hours· four different bands of sheep which must have aggregated 
100 anin1als. These snow-white sheep form a very conspicuous feature of the landscape. As 
they wander far below the snow line, their coloring seems to be in no way protective. 

The only bear seen by the party on the north side of the range was a big brown one wounded 
- near the camp of August 5, not far from the base of Mount McKinley. This locality is far above 

timber line, and the animal had probably come to it in search of berries, which were plentiful. . 
A moose was killed near the camp of August 11, in a region where these animals seemed not 
very plentiful. · 

From the Y anert Fork of the Nenana the party crossed a high divide to the north and here 
found the timber line between 2,600 'and 2, 700 feet. In this area the piedmont plateau is only 
about 2,200 to 2,400 feet high and is covered with spruce. Where c·rossed by the party this 
plateau had been ravaged ·by. forest fires many years before and was covered with a luxuriant 
growth of grass. From the upper margin of this plateau a good view was obtained across the 



VEGETATION AND ANIMAL LIFE. 205 

Tanana Valley, which was found to be fairly well timbered though it is broken by meadows 
and swan1ps, together with some lakes and abandoned sloughs of drainage courses. On travers
iD:g this lowland it was found to be made up in part of spruce swamps, in part of dry land covered 
with an open growth of poplars, white birch, and some spruce. Much of. the lowland had pre
viously been burnt over and was then covered with a second growth of timber 25 to 30 feet in 
height, interspersed with a fine growth of grass. The largest tre~s noted in the Tanana Valley 
were the white birches, some of which exceede~ 2~ feet in diameter. Spruce trees 18 inches to 
2 feet in diameter are also not uncommon but are confined chiefly to the immediate banks of the 
larger streams. Here are also found. extensive areas of tamarack or larch, the largest of which 
do not exceed 18 inches in diameter. This tree appears to be confined to the lower Tanana 
Valley, its tributaries, and the upper Kuskokwim. It is also sparingly found on the Yukon, 
near the mouth of ·the Tanana, and is reported by A. G. Maddren to occur on Innoko River. 

Between the camps of August 18 and 22 one moose and two caribou were seen, these being 
the last large game encountered during the season. At certain times caribou are abundant in 
so.me parts of the Yukon..:Tanana region, but for the most of the time while traversing this area 
the party was in the river bottoms and out of the caribou range. In the river bottom of the 
Nenana the large snowshoe rabbit was found in great abundance. In August this animal was 
already changing its color toward the lighter winter coat. No game was seen in the Tanana 
Valley, probably because the party there followed an Indian trail long used by the natives in 
their hunting expeditions to the mountains, and because the village of Tortella, on the Tanana 
(Pl. VII, A, p. 48), was only 20 miles distant. As the average Indian shoots at all the game he 
sees as long as he has ammunition; the placing of modern weapons in his hands soon results in 
driving the game far away from his settlements. 

When .the party crossed the Tanana, about September 1, the Indians were catching their 
winter supply_ of fish, which appeared to be chiefly humpbacked salmon. Salmon have been 
seen by the writer as far up the Tanap.a as Bates Rapids, but they do not appear to ascend 
farther, though there is no barrier at that point. The natives of the upper river appear to 
cure only the small white fish which are abundant in some of the clear-water streams. 

The timber in the flat drained by the Tolovana is similar in grade and variety to that of 
the Tanana Valley. On the better-drained portions. the deciduous trees-poplar and white 
birch-predominate; in the wetter portions spruce is usually the most common tree. The 
courses of the many streams which traverse this lowland are outlined by growths of heavy tim
ber along the banks. The trees are spruce, white birch, and some poplar, and many of them 
attain diameters of 18 inches to 2 feet; here and there one reaches 2~ feet. Tamarack is also 
rather abundant on the flats. There is a thick growth of grass on tlie wet margins of some of 
the lakes, but it does not appear to be nutritious and the horses did not care for it. In the 
drier part of the lowland, however, there is a fine growth of grass, which the stock greedily 
devoured. . 

The Tolovana lowlands where traversed by the party showed no large game, thougli some· 
old moose tracks were seep.. This region being so accessible by river from the Tanana, the 
Indians have driven away the moose. :Many grouse were found in the spruce woods and ducks, 
geese, and sand-hill cranes in the small lakes and ponds. The only ducks recognized by the 
party were mallards, but some small brown wood ducks and black ducks of species unknown to 
the members of the party were also seen. 

Beyond th~ Tolovana flats the rout~ lay across a portion of the Yukon-Tanana upland and 
for the most part was below timber line, which is here at about, 3,000 to 3,200 feet. As in other 
parts of the district, the chief trees are spruce, poplar, and white birches, the first two pre
dominating. No game of any kind was encountered in this part of the journey. 

In ·considering the above account of the game, it must be remembered that no time was 
spent in hunting. There was absolutely no effort made to find the game, and all that was seen 
was encountered along the route of travel. The record, then, of more than 100 caribou, 15 
moose or n1ore, 200 or 300 sheep, and about a dozen hear, together with a large number of wild 
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fowl-ptarmigan, grouse, etc.-indicates tha.t the "region traversed is art excellent game country. 
It is a noteworthy fact that the wild animals appeared to have no fear of the party. The caribou 
exhibited great curiosity about the pack train and horses. Small bands would hover around the 
party for hours, sometimes approaching within a hundred yards of the animals. One moose 
:\vhich, paying no heed to the noise made by the horse bells, strolled within a hundred yards of 
the camp, was shot. Sheep could be approached almost within pistol shot, and the bear paid 
but little attention to the members of the party. 

The presence of fur-bearing animals was noted from their tracks, but only a 'few were 
actually seen. Foxes were observed in different parts of the region, a muskrat here and there 
in the low country, and fresh beaver cuttings at several places. On August 13 the writer saw 
a wolverine, which watched him with some curiosity at about 75 yards but promptly made off 
when fired at. · The tracks of timber wolves were seen, particqlarly on the Cook Inlet side of 
the divide arid along river bottoms. 

DISTRIBUTION OF TIMBER. 

In the foregoing notes some details on the .occurrence of timber in the areas traversed by 
the party are presented, and the accompanying map (fig. 30) shows the general distribution of 
timber throughout the province. As regards the adjacent region it appears that the basins of 
the Susitna, Matanuska, and other rivers tributary to Cook Inlet are fairly well timbered up 
to an altitude of 1,500 to 1 ,soo· feet, and there· is a sparse growth of stunted trees up to an 
altitude of 2,000 to 2,200 feet. In these districts the spruce, which furnishes the best tin1ber, 
is usually less than a foot in diameter, though an occasional tree is found 15 to 18 inches in 
diameter. 

There is some large hemlock and spruce timber in the bottoms of the large·valleys tributary 
to Turnagain Arm. In general, however, the timber in this ·part of the field is little better than 
that of the Susitna and Matanuska valleys. 

In Kenai Peninsula the timber line is at altitudes of 1,500 to 2,000 feet. :Most of tllis timber 
is small, but in the valley floors spruce tr~es that will square 4 and 6 inches are not uncomino·n. 
Timber of about the same quality but of .rather heavier stand covers the plateau which forms 
the northwestern part of Kenai Peninsula. The best timber of this part of the province is that 
occurring in the flats at the upper end of Resurrection Bay, where there is a heavy stand of 
hemlock and spruce, including some trees up to 4 feet in diameter. So far as could be determined 
from the route of travel, the flats of the upper Kuskokwim have about the same stand- of timber 
as those of the Tanana Valley already described. . 

In the inland part of the province· the- supply of timber at best is rather scanty but would 
prob'ably be sufficient for local use were it not subjected to ravages by forest fires nearly every 
year. Such fires occur on both sides of the Alaska Range, but especially in the Yukon basin, 
where the' semiarid conditions often allow the forest fire to sweep over miles of territory until 
it is stopped· by a watercourse too wide to be crossed. It is no exaggeration to state that hun~ 
dreds of square miles of timber have been burned off the Yukon basin during the last decade. 
This burning of timbe~ is in part done purposely by both whites and natives in order to 
get rid of insect pests or to in1prove the growth of grass near their habitations, and is In 
part due to carelessness. The writer has traced at least one forest fire to a native camp. But 
the amount of timber annually destroyed by the natives is small con1pared with that for which 
the whites are responsible. :Many a white man has deliberately started a forest fire which swept 
over miles of country, solely that he might obtain a few acres of dry wood for wint,er use. 
If this willful waste does not stop, the time is not far distant when there will be a scarcity of 
timber, even for local use. Timber grows very slowly in this northern field, and once destroyed 
it probably can not be replaced for several generations. It appears to the writer that at the 
present rate of consum"ption and destruction by forest fires the timber of the Yukon-Tanana· 
region '\\rill not be sufficient for the placer-milling industry, let alone any possible development 
·~.vhen this stage has been passed. 
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FLORA OF THE REGION. 

The following plants were collected by L. M. Prindle and deter~ned by F. V. Coville: 

Polypodlacea~-fern famlly. 

Dryopterisjragrans (L.) Schott. Kichatna Valley, among rocks, July 5. 
Dryopteris spinulosa dilatata (H~ffm.) Underw. (a) At camp No.7, Beluga River valley, June 10; grows 2 feet high 

or more. (b) West side of Alaska Range, above timber line, July 29. 
J:hegopteris dryopteris (L.) Fee. Kichatna Valley, among cottonwood, July 5. 

Equlsetacea~-horsetall fam.Uy. 

Esquisetum arvense L. (a) June 1 (no definite locality given). (b) Tanana River, August 29. 
Equisetum sylvaticum L. Tyonek, June 1. 
Equisetum variegatum Schleich. Bank of tributary of Happy River, lead~ng to the pass, July 13. 

Lycopodlacere-club-moss famlly. 

Lycopodium annotinum L. September 8 (no definite locality given). 
Lycopodium complanatum L. September 8 (no definite locality given). 

Pl:uacea~-pine fam.lly. 

Larix laricina (Du Roi) 
1

Koch. (a) Tanana Valley, east of Nenana River, August 27. (b) September 8 (no definite 
locality given). 

Juniperus nana Wind. Ridge north of Torbona River, September 8. 

Poacere-grass fam.Uy. 

Phleum alpinum L. Kichatna Valley, July 4; not abundant. 
Alopecurus geniculatus L. Torbona Valley, north ofthe Tanana, September 4. 
Agrostis rubra L. South side of Tanana Valley, east of Nenana River, August 27. 
Calamagrostis aleutica Bong. South of Yukon, near the divide between Tanana and Yukon, September 10. 
Calamagrostis canadensis (Mx.) Beauv. (a) South side of Tanana Valley, east of Nenana River, August 27. (b) Tanana 

Flats, east of Nenana River, August 28. (c) North of Tanana River, August 31. 
Calamagrostis langsdorjii Trin. No definite locality given. . 
Calamagrostis purpurascens R. Br .. Above timber line, west side of Alaska Range, July 29. 
Beclcmannia erucmjormis (L.) Host. (a) Tanana River, near Tortella, August 29. (b) Lakecountry,north of Tanana, 

September 3. 
Panicularia paucijlora (Prest.) Retz. Lake country, north of Tanana River, September 3. 
Hordeumjubatum L. Nenana Valley. · 
Elymus mollis Trin. Tanana River, near Tortella1 August 29. 

Cyperacea~-;sedge famlly. 

Scirpus cmspitosus L. On marshy tundra at camp No.7, June 10. (Between Tyonek, on Cook Inlet, and Rampart, 
on Yukon River.) 

Carex aquatilis Wahl. Tanana River, August 29. 
Carex compacta R .. Br. Near water on bank of slough in Kuskokwim Valley, July19. 
Carex sp. near C. macrochmta Mey. (too young). Above timber line, east side of ·simpson Pass, altitude 2,500 feet, 

July 10.. · 
Carex sp. (too young). On marshy tundra, June H). 
Carex sp. (too young). At camp No.7, altitude 1,300 feet, June 10. 

LUlacea~-llly fam.Uy. 

Tofieldia palustris Huds. On gravel flood plain of the Kuskokwim, overgrown with cottonwood, July 19. 
Zygadenus·elegans Pursh. Kuskokwim Valley, on gravel bar, overgrown with light growth of cottonwoods, July 19. 
Veratrum eschscholtzii (Roem. and Schult.) Gray. Upper Kichatna Valley, abundant in meadows, July 7. 
Streptopus amplexifolius (L.) DO. ;Beluga Rivervalley, on hillsides, June 10. 

Orchldacere-orchid family. 

Cypripedium passerinum Richards. On bank of Kuskokwim River, July 17. 
Limnorchis stricta (Lindl.) Rydb. South side of Simpson Pass, July 12. . 
Gyrostachys romanzojfiana (Cham.) MacM. Northeast side of Kuskokwim Valley,_ ncar base of mountains, in moss, 

July 21. . 
. . . : . ·~ .. Sallcacere-willow famlly. 

Populus balsamifera L. Between Tyonek and Rampart, June 1. 
Salix arctica Pallas. Beluga Valley, 6 miles east of camp No. 7, altitude 2, 70Q feet, June 10. 



Salix bebbiana Sargent. Tyonek, June 1. 
Salixfuscescens Anders. Beluga Valley. 

FLORA. 

Salix glauca L. Altitude about 3,500 feet, dwarf willow, July 8. 
Salix polaris Wahl. On mountain 3,000 feet above valley of Happy River, July 13. 
Salix pulchra Cham. Camp No. 7, altitude about 1,300 feet, June 10. 
Salix reticulata L. Northeast side of Kuskokwim Valley, growing in moss, altitude about 1,000 feet, J~ly 2L. , 
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Betulacem-birch family. 
0 ·.'~} \'t 

Betula. (a) On marshy tundra at camp No. 7, low spreading, 1 to 2 feet high, higher at base of hill, 30 feet, June 10. 
(b) Between Tyonek and Rampart, July 21. 

Betula. Retarded birch blossoms, tree nearly broken off, birches generally through blossoming, June 1. 
Betula. West side of Alaska Range, above timber line, July 29. 
Betula. o Between Tyonek and Rampart, July 29: · 
Alnus alnobetula (Ehrh.) Koch. Tanana Flats, about 10 miles south of river, August 29. 
Alnus. Between Tyonek and Rampart, June 1. . 

Polygonacere-buckwheat family . 

. Oxyria digyna (L.) Campdera. Upper Kichatna Valley, July 9. 

Portulacacere-purslane family 

Ctaytonia sarmentosa C. A. Meyer. Upper Kichatna Valley, July 9, 

Alslnacere-plnk fa~y. 

Silene acaulis L. Kuskokwim, growing among rocks, July 18. 
Alsine longipes (Goldie) Coville. On hillsides in upper Kichatna Valley, altitude about 1,500 feet, July 9.· 
Arenaria macrocarpa Pursh. Above timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. 

Ranunculacere-buttercup family. 

Delphinium brownii Rydt. Upper Kichatna Valley, July 7 .. 
Aconitum delphinifolium DC. Kichatna Valley, plant 3 feet high, July. 3. 
Anemone richardsoni Hook. In moist soil, Beluga River valley, June 10. 

Papaveracere-poppy family. 

Papaver nudicaule L. (a) Kuskokwim, growing among rocks, July 18. (b) South side of Simpson Pass, July ·12. 
(c) East siJe of Rairiy Pass, altitude about 4,500 feet, July 14 .. (d) About 30 miles north of Kuskokwim, above 
timber line, July 23. · ' • 

Brasslcacere-mustard family. 

Cardamine bellidifolia L. Upper Kichatna Valley, July 9. 
Arabis lyrata intermedia (DC.) Wight. Tyonek, June 1. 
Parrya nudicaulis (L.) Regel. Simpson Pass, altitude 2,900 feet, July 11. 

Droseracere-sundew family . 

• Drosera longifolia L. On marshy tundra, June 10.· 

Saxlfragacere-saxlfrage family. 

Therofon richardsonii (Hook.) Wheelock. Attains height of 2 feet, on west side of pass, J.u1y 15. 
Saxifraga hirculus L. Northeast side of Kuskokwim Valley, near base of mountains, in moss, July 21. 
Saxijraga nelsoniana D. Don. On hillside in ·upper Kichatna Valley, aJtitude about 1,500 feet, July 9. 
Saxifraga serpyllijolia Pursh. On mountain 3,000 feet.above valley of Happy River, July: 13. 
SaXIjraga tricuspidata Retz. Kichatna Valley, in rocky soil, July 5. 
Parnassia palustris L. On a gravel bar of Kuskokwim,.overgrown with cottonwood, July 19. 

Rlbacere-goose berry family· 

Ribes rubrum L. Tyonek, June 1. 
Rosacem-rose family. 

Spirma betnlifolia L. At camp No. 7, Beluga River valley, lune 10. 
Rubus arcticus L. Tyonek, June L · · · · 
Rubus chammmorus L. At camp No.7, Beluga River valley, June 10. . 
Potentillafruticosa L. (a) Bush 2 feet high, on marshy·tundra, Beluga River valley, June 10: (b) ·on gravel.flood 

plain of the Kuskokwim, overgrown with cottonwood, July 19. _ 
Sieversia rossii R. Br. West side of Alaska I~.ange, about 30 miles north of Kuskokwim, above timber line, July 23. 
Dryas drummondii Richards. On gravel bar of Tatina River, July 16. 
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Dryas octopetata L. About timber line, east side ofSimpson Pass, altitude 2,500 feet, July 10. 
Sanguisorba latijolia (Hook.) Coville. Upper Kichatna Valley, July 7. 
Rosa acicularis Lindl. Simpson Pass, altitude 2,900 feet, July 11. 

Viciacere-vetch family. 

Phaca littoralis (..)I~9k;,) Rydb. Simpson Pass, altitude·2,900 feet, July 11. 
Aragallus gracilis .A. Nelson. (a) On gravel flood plain of the Kuskokwim, July 29. ~b) July.29 (no locality given). 
Hedysarum americanum (Michx.) Britt. July 21 (no location given). 

Geranlacere--geranlum family. 

Geranium erianthum DC. Upper Kichatna Valley, July 7. 

Vlolacere-violet family. 

Viola langsdorfii Fisch. About timber line, east side of Simpson·Pass, altitude 2,500 feet, July 10. 
Viola palustris L. Tyonek, June 1. 

Etreagnacere-oleaster family. 

Lepargyrcea canadensis (L.) Greene. On gravel flood plain of the Kuskokwim, July 19. ' 

Onagra~e~-evenlng primrose family. 

Chamcenirion angustijolium (L.) Scop. (a) Kichatna Valley, in woods, July 5. (b) On gravel flood plain of Kusko
kwim, overgrown with cottonwood, July 19. (c) Tanana Flats, east of Nenana River, August 28. 

Chamcenirion latijolium (L.) Sweet. (a) Kichatna Valley, July 5. (b) On mountain east of Kuskokwim Valley, 
July 18. 

Haloragldac.ere-water milfoU family. 

llippun:s vulgaris L. Lake country, north of Tanana, ·September 3. 

Cornacere-dogwood famUy. 

Comus canadensis L. · Above timber line, toward Simpson Pass, east side, July 10. 
Comus suecica L. On hillside at camp No.7, Beluga River valley, June 10. 

Pyrolacere-wlntergreen family. 

Pyrola rotundifolia L. Growing in moss in the pass, altitude about 2,600 feet, July 14 .. 
·Pyrola secunda L. Kichatna Valley, in woods, July 5. 

Erlcacere-heath .family. 

Ledumdecumbens (Ait.) Lodd. In open marshy country, spreading, 1 foot or more in height, altitude 1,300feet, June 10. 
Menziesiajerruginea Smith. On grassy slopes under birch and spruce, near camp No.7, Beluga River valley, June 10. 
Andromeda polijolia L. On marshy tundra, June 10. 
Arctostaphylos uva-ursi (L.) Spreng. Tanana Flats, east of Nenana River, August 28. 
Arctov-s alpinus (L.) Niedenzu .. September 8 (no locality given). 
Vaccinium uliginosum L. On open marshy tundra, altitude 1;300 feet, June 10. 

Primulacem-prlmrose family. 

iTrientalis europcea arctica (Fisch.) Ledeb. (a) Tyonek, June, 1. ,(b) Molint Susitna, June 6. (c) At camp No. 7, 
under birch and spruce, Beluga River valley, June 10 .. 

Dodecatheonjrigidum Charri. and Schlecht. On west side of the pass, among mo~s, altitude about 2;600 feet, July 15. 

Gentlanacere-gentlan family. 

Gentianafrigida Haenke. on· western slope of mountains, near camp No. 51, altitude 2,600 feet, July 29. 
Gentiaiw glauca Pall. ·Nin Ridge, north o.£ camp, July 2. 
Gentiana propinqua Richards. Gravel flood plain of Kuskokwim, overgrown with cott•:mwood, July 19. 

Menyanthacere-buckbean famUy. 

' Menyanthes trijoliata L. Edge of SID;all pond at camp No. 7, Beluga River valley, June 10. 

Polemonlacere-phlox family. 

Polemonium cmruleum L. (a) Upper Kichatna ~alley, July 7. (b) On marshy tundra at camp No. 7, Beluga River 
valley, Jun·e 10. 

J....,olemonium humile Willd. West side of Alaska Range, July. 
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Boraginacere-borage family. 

Eritrichum arc.tioides DC. Common on mountain slopes on western stretch of range, July 20. 
Myosotis alpestris Schmidt. (a) Upper Kichatna, altitude about 3,500 feet, July 8. (b) Simpson Pass, altitude 2,900 

feet, July 11. (c) North of Kuskokwim, July 23. · 
Mertensia paniculata (Ait.) Don. Tyonek, June 1. 

Scrophulariacere-figwort family. 

Gastilleia pallida Kunth. · On gravel flood plain of the Kuskokwim, July 19. · 
Ped·icularis lanata Willd. July 21 (no locality given). · 
Pedicularis verticillata L. (a) Above timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. (b) Near 

spruce timber, on bank of Kuskokwim River, July 17. 

Pingulculacere-bladderwort family. 

Pingtticula vulgaris L. In moss, among gravel, in wet springy place, July 19. 

Rublacere-madder family. 

Galittm boreale L. North of Kuskokwim, July 23. 
Vlburnacere. 

Sa~btteus racemosa L. On hillside at camp No. 7, Beluga River valley, June 10. 
Linnma borealis L. On hillside in upper Kichatna Valley, altitude about 1,500 feet, July 9 . 

. Valerlanacere-valerian family. 

Valeriana capit0ta Pall. :Pn marshy tundra at camp No. 7, Beluga Valley, JuJ;le 10. 

. ,. Campanulacere-blue bell family . 

Campanula lasiocarpa Cham. Above timber line, on east side'of Simpson Pass, altitude about 2,500 feet, July 10. 

Carduacere-thlstle family. 

Solidago mttltir.adiata Ait. (a) Simpson Pass, July 11. (b)· On west side of pass, July 15. 
Aster sibiricus L. (a) ·East of Kuskokwim, altitude 3,000 feet (no date given). (b) South side of Simpson Pass, July 12. 
~1chillea borealis Bong. South side of Simpson Pass, July 12. . 
Artemisia chamissoniana Bess. Simpson Pass, altitude 2,900 feet, July 11. 
Artemisia frigida Willd. Nenana Valley. 
Arnica lessingii (Torr. and Gray) Greene. Simpson Pass, July 11. 
Senecio discoideus (Hook.) Britton. On gravel flood plain of the Kuskokwim, July 19. 
Senecio frigidus Less. On the wes.t side of the pass, among moss, altitude about 2,600 feet, July 15. 
Senecio palustris (L.) Hook. September 4 (no definjte locality given). 
Saussurea alpina (L.) DC. July 21 (no definite locality given). 
Saussurea monticola Richards. July 29 (no definite locality given) .. 

A<;}RICULTURE. 

Though it is not within the purpose of this report to discuss the agricultural problems of 
the :Mount :h1ciCinley region, yet a brief reference to this subject seems pertinent. The .agri
cultural possibilities of Alaska have constituted a field of research by C. q. Georgeson/ who· 

. has during the last decade published many reports on this subject. The purpose of this section 
will be only to draw attention to the similarity of the various parts of the field ·here under 
discussion to other districts whose agricultural features have been studied by Georgeson. 

It appears that the :h1ount McKinley region can be divided into three general agricultural 
provinces-:-the Cook Inlet region, the Susitna Valley and its tributaries, and the Tanana Valley. 
In addition to these, the piedmont plateau, lying adjacent to. and on the inland side of the 
Alaska Range, will furnish extensive reindeer pastures. 

The results of experiments made on the government farm at Kenai throw much light 
on the agricultural problems 'of Cook Inlet. On this .farm ~any vegetables have been raised 

1 Georgeson, C. C., Annual reports on agricultural investigations of Alaska, 1899-1907: Office Exper. Sta., U. S. Dept. Agr. 
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and during roost seasons wheat and oats and in some years barley have been brought to matu
rity. Of this work ~t Kenai in 1903 Georgeson 1 says: 

Heretofore-the earlier varieties of grain have matured, but this year was an exception-in this respect. The spring 
was late and the summer averaged colder than in previous years. There was less sunshine than usual, with a great 
deal of misty, overcast weather. The number of clear days was as follows, by months: Ma:y, 9; June, 6; July, 12; 
August, 10. But whatever the cause, the fact remains that grain failed to mature. Of the five years during which 
we have been at work on this station thisis the only total failure to mature grain. From the data no~ at hand it is evi
dent that grain growing from the seed is uncertain along the coast on the Kenai Peninsula. .But there :ls reason to believe 
that grain can be matured some 10 or more miles from tbe coast, where the influence of the winds and mists from the 
inlet is less sinister. 

It has been shown (p. 194) that there are marked climatic differences between the eastern 
and western shores of Cook Inlet, the mean annual temperature being some 7° warmer and 
the precipitation about 30 per cent greater at Tyonek than at Kenai. It seems, therefore, 
quite possible, as Georgeson points out, that there are marked variations in the agricultural 
possibilities of the Cook Inlet region as a whole. 

The later work of the Kenai station was devoted chiefly to experiments in raising cattle 
on native hay, and these appeared to be eminently successful. Recently the Kenai station 
has been abandoned and the cattle transferred to Kodiak Island. The huckleberry, currant, · 
raspberry, cranberry, and salmon berry are found in abundance in the Cook Inlet region and 
are suggestive- of future possible phases of agriculture. So far as the data at hand permit a 
statement, the last frost occurs in the latter part ofMay or the first week in June and.the earliest 
frost is likely to come the first week in September. 

Of the possibilities for agricultu:re in the Susitna basin little can be definitely stated. This 
valley, however, must contain an area of 4,000 to 6,000 square mi~es lying less than 1,500 to 
2,000 feet above sea level, and much of this area is characterized by a luxuriant growth of native 
grasses, many of which are known to be very nutritious. (See Pl. XVIII, A, p. 202.) There 
is an abundance of berries, including cranberries, salmon berries, huckleberries, currants, and 
raspberries. :Much of the"soil of the valley is probably a loam, with decayed vegetable matter. 
Some of the marshes can probably be drained, and the higher timbered areas are dry. Much 
of this region escapes the dampness of the early summer characteristic of Cook Inlet, and the 
growing season is probably equal in length to that of the coast. On the other hand, the rain-

. fall is less and the aridity of the climate ·may be a serious drawback. Of the possibility of 
gardening and of curing the n~tive grasses there can be no doubt. The feasibility of growing 
·grain on a commercial scale will have to be determined by experiment, but on the whole the 
outlook seems favorable. This province includes more arable land than any other part of 
the ·Pacific slope of Alaska. The region adjacent to the upper part of Knik Arm appears 'to 
be specially favorable to agriculture and here some twenty homesteads have been taken up. 

Of the interior regions the Tanana Valley appears to afford the best conditions for 
agriculture. It has considerably more rainfall than the upper Yukon basin and is noted for 
its fine growth of native grasses. The soil appears to be fairly rich· and many farms and gar
dens near Fairbanks have shown what can be done in the way of agriculture. Of special 
interest as showing the productiveness of the soil is the farm at Hot Springs, on the lower 
Tanana, where an area of 20 or 30 acres is warmed by the hot waters and proves to be capa
ble. of raising a great variety of vegetables and fruits. There are also a number of ranches 
near Fairbanks where vegetable and forage crops have bee~ raised on a commercial scale. 
These facts attest the favorableness of the soil and its possibilities for certain forms of agri
culture, and also appear to prove the feasibility of maturing grain during .the short summer. 
The climatic record indicates a growing season varying from 60 to 120 days in the Yukon basm. 
The Tanana Valley is probably most favorably located with regard to the length of the growing 
season. Grain has been matured as far north as Fort Yukon, which lies at the Arctic Circle, 
but what may be accomplished with certainty each year remains to· be determined by experi
ments now being carried on by Professor Georgeson at Fairbanks and Rampart. It appears 

1 Georgeson, C. C., Annual report of Alaska agricultural experiment stations for 1903: Office Exper. Sta., U. S. Dept. Agr. (reprint from 
Ann. Rept. Office Exper. Sta. 1903), p. 353. 
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to be settled that this district can produce vegetables as well as forage crops. There is no 
information on the agricultural possibilities of the upper Kuskokwim Valley, where conditions 
are probably similar to those in the Tanana region. 

Along the inland front of the Alaska Range there is a moss-covered area, probably at least 
4,000 or 5,000 square miles in extent, that would furnish an excellent feeding ground for rein
deer. Though there are no facts at hand as to the depth of the wi,nter ~now, it probably would 
be too great·to permit the reindeer to find food during tli.e winter months. If the inland region 
attracts a larger population with the development of the mining industry, as the present con
ditions promise, reindeer might furnish an important food· supply. The abundance of the wild 
reindeer in this field appears. to indicate that this is a practical range for the domesticated 
animal. . . 

The whole matter of agri~ulture in this part of Alaska hinges on the finding of a market. 
If railroad transportation to Fairbanks through the Susitna Valley were available, no doubt 
an agricultural population would spring up along the route of travel. With an increase of 
population in the Yukon-Tant-,na region there would be a growing demand for food supplies 

. I 

for both man and beast. 

GENERAL DISTRIBUTION OF GAME AND OPPORTUNITIES FOR HUNTING. 

The distribution of game along the route of exploration has been discussed (p. 202). As 
central Alaska is attracting more and more sportsmen each year, however, it seems desirable 
to say something of the game in adjacent areas and to discuss the opportunities for hunting. 

Kenai Peninsula is visited every year by a few sportsmen in search of big game. Moose 
are abundant in certain localities and are said to ·be on the increase because of the killing of 
the wolves and the enforcement of the game laws. There are but few caribou on the peninsula, 
and the killing of these is prohibited by law until1912. The white sheep are abundant in the · 
higher ranges, and both brown and black bear are common. 

Parts of the Susitna and Matanuska valleys also abound in big game, but are less accessible 
than the Kenai Peninsula. Eldridge refers in his. report to the abundance of moose, caribou, 
and large brown bear. Sheep are plentiful in some of the high mountains adjacent to the 
J\1atanuska Valley, where they have been but little hunted~ The natives each year kill some 
caribou in the upper .basin of the Matanuska, but they are said not to be abundant. Both 
brown and black bear~are to be found in the Matanuska Valley, where good trout fishing is also 
to be had in the·clear-water streams. 

Spurr's account of the scarcity of game in theY entna basin and on the Kuskokwim side of 
the divide is not borne out by the observations already presented (p. 204). His journey was . 
along the larger watercourses in canoes during the months of June and July, when most of the 
large game was probably up near timber line. In tb,e same country where he saw very little 
01;' no large game at timber line the party of 1902 encountered bear, moose, sheep, and caribou .. 
Moreover, the numerous hunting camps noted by Spurr and also seen by the writer give evidence 
that at certain times of the year the natives visit this region as a hunting ground. 

Little need be added to what has already been said in regard· to game on the Tanana. 
·Although the many Indian settlements and comparatively large white populat~mi of the lower 
Tanana have driven away the larger game animals from the main arteries of travel, yet in 

. the many tributary streams moose are still to be found, and at certain seasons of the year 
the Yukon-Tanana upland is liable to be traversed by large bands of. caribou, sometimes~ 
according to the statements of reliable observers, numbering many thousands. · 

To the sportsman who is seeking large game the slopes of the Alaska Range will furnish an 
attractive field. Now here else in Alaska, so far as known to the writer, are the four largest 
game animals......,.-the bear, the sheep, the moose, and the caribou-found in such numbers and 
in such close proximity as in the region traversed by the party. But the very reason of this 
abundance lies in the inaccessibility of the field, which must deter most sportsmen. The fact 
that it can not be reached without the organization of an expedition prepared for a campaign 
of at least two to three months makes it beyond tlie purse and time of the average hunter. 



214 THE MOUNT McKINLEY REGION, ALASKA. 

There are two possible routes of approach to the Alaska Range at present. One is from 
Beluga by the route followed by the expedition here described or by steamer up the Susitna. 
To accomplish this journey successfully the party should reach Tyonek 1 not later than the 
1st of June, so as to traverse the lowland area between tidewater ~nd the mountains before 
the swamps are entirely thawed out .. Brown bear can probably be found in not over a week's 
trip from th~ coast, and as the journey is continued toward <_me of t4e passes at the head of 
the Skwentna drainage moose will be met. Sheep would be found in the high range, beyond· 
which lies the carib9u country, under the most favorable conditions at least a month's journey 
from.Beluga. . 

The second route of approach is from some point on the Tanana, which can be reached by 
steamer either from the mouth of the Yukon by the middle of July or by way of the White 
Pass Railway and steamer down the Yukon. by about June 20 to July 1. Landing can probably 
best be made at or near the mouth of the Tanana. The mountains are reached in a four or 
five days' journey along th~ Indian trail from Tortella. (See Pl. III, in pocket.) Another-route 
would be by steamer up the Toklat to the head of navig~tion, but this would probably require 
the chartering of a special boat, and hence would ·be far more expensive. If the route up the 
Tanana is chosen, pack horses might be procured at Fairbanks, but this is by no means certain. 
Pack h9rses taken in by rail and boat will probably cost at least $200 apiece delivered on the 
banks of the Tanan~. The cost of a horse landed at Beluga is $100 to $150. . · 

A hunting trip could be made into the Susitna region by taking a steamer up Susitna River 
to the limit of navigation and then proceeding with small boats up the watercourses or, better 
still, overland with horses. .The expense and duration· of the trip are likely to be comparable 
with those ·into. the Alaska Range described above. A good horse trail leads from Knik, which 
may be conveniently reached by railway and launch from Seward, to the hunting fields of the 
Matanuska Valley. A few weeks' trip in this region. would probably suffice for some good 
sheep and bear hunting as well as excellent trout fishing. It is often possible· to procure horses 
at Knik, though this can not be counted on unless arrangements are made in advance. 

The northern part of Kenai Peninsula is, to the nonresident hunters, one of the most acces
sible of the big-game regions of Alaska. Here a licensed guide is required,. who can be hired at 
Seward. Hunting camps for sheep, .moose, and bear can be pitched within striking dist.ance of 
the Alaska Northern Railway, and thus communication can be kept up with mail and telegraph. 

Seward, which is connected by cable with Seattle, furnishes a good and convenient out
fitting point for the big-game hunter in the Mount McKinley region. Supplies· and equipnient 
can there be purchased, and the several provinces can be reached by railway and boat. If 

· horses are needed for the proposed trip, an arrangement in advance is advisable. Except at 
Seward, there are usually no regular guides to lead hunting parties into the districts here 
described. It is often possible to find reliable men who have hunted or prospected over parts 
of the region, but as this is uncertain a party must be prepared to find its own way through 
the country. Local wages vary from $5 to $6 a day, but for the longer journey reliable men 
can sometimes be hired at $100 to $125 a month. 

The recent revision of Alaska game laws will make this :field mo:r;-e attractive to the hunter 
of big game. The open season for' large game, according to the regulatio~s issued in 1909, is· 
as follows: · 

North of latitude 62°, brown bear throughout the year and moose, caribou, and sheep froni 
August 1 to September 10. South of latitude 62°, moose, caribou, and sheep from August 20' 
to December 31; brown bear from October 1 to July 1; deer and goats froi:n Apri11 to February 
1; grouse, ptarmigan, and water fowl, ·September 1 to March 1. Licenses are required for 
nonresident hunters, ·and there are limitations as to· the number of animals which may be killed· 
and as to the export of trophies. Licenses and copies of the regulations, which are subject to 
change, may be ·obtained by addressing the governor at Juneau, Alaska, or the game warden at 
Seward. 

1 Beluga is now the transfer point· for local steamers. 
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POPULATION. 

IN',I.'RODUCTION. 

It has been shown that the region traversed by the· party was for the most part entirely · 
uninhabited and much of it unknown to whites. There were few signs of the presence of natives 
except the hunting camps. A few natives were seen,· at Tyonek, on the Susitna, but no others 
were encountered until we met a small band of hup.ters in the upper'basin of the Tanana. While 
traversing the front of the Alaska .Range we saw the ~moke of native settlements near Lake 
Minchumina, but otherwise throughout the journey from the Susitna to the Tanana there was 
no evidence of any permanent n,ative settlements. This does not mean, however, that the 
region is unknown to the natives, bec~use nearly everywhere except in the high range~ there 
was evidence of visits of native hunters. 

The whites seen were no more numerous than the natives, comprising a few at Tyonek, · 
one man met in the upper Tanana Valley, and those encountered in the Rampart placer district 
and at the town of Rampart. In the seven years, however, that have elapsed since the close 
of the work so'me settlements of considerable size have sprung up in the area under consideration, 
and these will be briefly referred to in the following notes: . 

WHITES. 

The town of Seward, on the east side of Kenai Peninsula, has a beautiful location on 
Resurrection Bay, an excellent harbor. This is the coastal terminal of the Alaska Northern 
R·ailway, now being constructed inland, and the largest white settlement in the neighborhood 
of Cook Inlet. At Tyonek, at the time of our visit, there were probably twenty white men; in 
1909 these moved to Beluga and the old station is practically abandoned. There are probably a 
few hundred placer miners in the .Sunrise and Yentna districts (1910). The work done a few years 
.ago in the .Matanuska field attracted a small population, but as no patents to coal lands have 
been granted, the entire district now (1910) contains only a few white men. There are no. 
permap.ent white settlements in the Susitna basin except at the trading post of Susitna and 
in the Y entna arid Valdez Creek districts. 

At the time of our journey there was said to be a trading post near the forks of the Kus
kokwim, and since theri several river boats have ascended the Kuskokwim, so that there is 
probably a white population inthis valley. The Kantishna placer district, as is shown elsewhere 
(p. 175), also attracted a white population, but this district has been almost. deserted since 1907. 
The Bonnifield placer district and the adjacent coal fields also contain some prospectors and 
miners, but in 1909 probably not exceeding 200 men. . 

The town o,f Fairbanks, lying about 50 miles east of our route of travel, is now the center 
of the mining industry of the Yukon basin. The permanent population is variously estimated 
at 3,000 to 4,000; this number is augmented every year by several thousand who spend the 

·winter in the States. The town of Chena is said to have a population of about 500 and several 
. smaller settlements are scattered along the river and on the various placer-producing creeks. 
The summer population of the Tanana Valley in 1909 was probably 5,000 to 8,000. 

In the Rampart district the most important settlement is the town of Rampart, which at 
the time of our visit probably had a population of 300. Since that time a settlement has been 
formed at· I-Iot Springs, on the Tanana, and in addition there are probably several hundred 
prospectors distributed through the placer:..bearing areas. · 

The town of Tanana, at the mouth of the river of the same name, has become of importance 
since the discovery of the Fairbanks gold placers, as it i1" the transshipping point of freight and 
passengers to and from Fairbanks. It probably contains a permanent white population of about 
1.00, and a one-company army post is located there. 
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NATIVES. 

The reason that the region explored contains no permanent native inhabitants lies in the 
fact that the streams are for the most part swift and difficult to navigate and are also above 
the point of migration of the salmon. Alaska natives, as a rule, locate their permanent habi
tations on navigable waters, which can be traversed by their canoes and rafts and whose smooth 
surfaces afford good highways for sled travel during the winter. The larger waterways are 
also usually well timbered, furnishing fuel supply, building material, and shelter from the 
cold winter winds. Moreover, an abundant· supply of fish is one of the essentials to permanent 
native habitation. .Jn the lower reaches of the large rivers the fish supply is furnished by the 
salmon and other salt-water :fish which migrate inland during the summer months. The heads 
of the larger streams and lakes farther inland furnish a supply of grayling and whitefish, which 
are also dried for winter use. From these permanent habitations aJong the larger streams or 
along the coast the natives make their annual hunting trips inl~nd and toward the headwaters 
of the drainage systems. The hunting ground of. each tribe is usually well defined, and it is 
seldom that a native will venture into the region belonging to another tribe. The high divides 
and the drainage basins determine the tribal subdivisions. 

With these facts in mind, the natives of the region under consideration can be divided 
into three groups-(1) those of the upper end of Cook Inlet and the tributary streams; (2) the 
Kuskokwim native.s-that is, those of the upper river; and (3) the Tanana natives. A fourth 
group would comprise the natives living along the ramparts of the Yukon, but these are now 
comparatively few. All three of these native groups belong to the so-called Athabascan ~r 
North American Indian stock. Physically as well as in customs they are much ·alike, and 
there is also considerable similarity of language. It appears to be generally true, however, 
that the salmon-eating tribes of the larger rivers and coastal region are now physically less 
robust than those that depend more on the large game and live farther inland. This may be 
due, however, to the presence of the whites, for the salmon-eating Indian has been much longer. 
in contact with the white man than those farther in the interior. 

The native population of the upper Cook Inlet region and the adjacent tributary basins 
is given in the Eleventh Census as 551, including those of mixed blood. The Twelfth Census, 
unfortunately, does not go into detail regarding the distribution of the natives, and ifwould 
appear that in 19.02 there were probably not more than 300 or 400 natives in this region. The 
population of the upper Kuskokwim was estimated by Spurr in 1898 as not exceeding 200 .or 
300 people. This is probably an overestimate, as Herron's careful enumeration along his route 
of travel in the basin of the East Fork of the Kuskokwim, showed only 53 natives.1 The 
writer's estimate of the native population of the lower Tanana, based on several trips made in 
this region since 1898, indicates a native population not exceeding 300. 0 

The Cook Inlet nativeshave been in contact with the whites for more than a century, as 
the Russians sent their first fur-trading expeditions into this field as early as 1787 and soon
established a permanent station on the eastern shore of the inlet. Since that time there has 
been much intermarrying between the Russians and the natives, and as a consequence a very 
large part of the so-called native population is of mixed Russian and Indian blood. The 
Russian language has also in part superseded the native language, and the common speech is 
now a·mixture of the two. 

The Kuskokwim natives were one of the last of the Alaskan tribes to come into contact 
with the wl:i.ites. Though the Russi~ns had a trading post at Kolmakof, far up the Kuskokwim, 
it was not continued for many years, and after the transfer of the territory the natives of the 
upper Kuskokwim appear to have lost all contact with the whites except as an occasional party 
of prospectors invaded their domain or as they made trading expeditions to the mouth of the 
Tanana to procure a few necessary supplies, chiefly ammunition. Since 1901, however, there 
has been a trading post on the upper Kuskokwim, and in the later years many whites have 

·traversed this region. Like those of other parts of Alaska, the natives of this region also have 
become dependent on the white man for 'both food and clothing~ It is possible that this 
influence may account for the fact that the hunting grounds around the headwaters of these 

· 1 Herron, J. S., Explorations in Alaska, 1S99: War Dept., Adjt. Gen.'s Office, No. 31, 1901, pp. 66-67 
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streams at the time of our journey did not appear to have. been visited by the natives for at 
least two years. When the native becomes dependent on the whites he is less inclined to make 
long hunting trips. Most of the camps that we saw appeared to be old ones, but their extent 
and wide distribution suggested that at one time this region was visited annuallJi" by the natives 
of the lower rivers. 

The lower Tanana natives first met the white men at the mouth of the Tanana in the· 
middle of the nineteenth century. The trading post at the mo1fth of the river was the scene of 
an annual meeting between the natives, and either the Russian traders of the lower river or the 

·Hudson Bay traders of Fort Yukon. As early as 1881 a man named Bean attempted to estab..: 
lish a trading post at I-Iarpers Bend, about 20 miles from the mouth of the Tanana. His wife, 
who was with him, was murdered by the Indians, ancl, abandoning his post, he fl~d to the Yukon. 
From that time until the discovery of the Fairbanks district there were no permanent white 
habitations on the lower Tanana, but the natives were abundantly supplied with white man's 
goods by means of the annual trading trips to the mouth of the· river. At the present-time, 
with a dozen steamers running on the Tanana, these natives have altogether lost their isola
tion. The village of Tortella, which in 1902 eontained probably 40 or 50 natives, 'Yith no 
white man, now includes a government school, a mission, and a trading post. Other white 
settlements are situated on the river below. 

Previous to the coming of the white man the natives seldom ventured to go beyond the 
limit of the hunting grounds of the tribe. The Tanana natives, tP,ough they had easy com
munication with the Susitna and thus with Cook Inlet by way of Broad Pass, seldom visited the 
coast. I van Petroff 1 makes special note of the arrival 'of two Tanana Indians on Cook Inlet 
in 1866 and states that the oldest J;Uan of the coast Indians remembered only two previous 
visits by the interior Indians to the inlet. On visiting Tortella, near the mouth of the Nenana, 
the writer was surprised to find that the natives appeared to have so little knowledge of the 
region lying beyond the Alaska Range. With the aid of a map he described his route from 
Cook Inlet. · Only a few of the older men appeared to be familiar with the Susitna drainage 
basin, though they had all been over into the Kuskokwim waters. Herron's experience showed 
also how afraid t~e natives are of visiting 'the regions beyond their tribal hunting grounds. I-Iis 
two native guides from the Susitna deserted him on reaching the divide of the Alaska Range, 
apparently being fearful of intruding into the domain of another people. It appears that there 
is an intertribal law among the Yukon natives by which the tribe is responsible for the life of 
any visitor from other tribes. If a visitor loses his life, the tribe in whose territory the event 
took place is required to make a payment to the tribe· of the deceased. A case of this kind 
occurred in the early days on Fortymile, when a Tanana native lost his life while visiting the 
Fortymile region and tribute was immediately demanded by the Tanana natives, though the 
Fortylll;ile natives were in no way responsible for his death, which was purely accidental. This 
custom appears to indicate the sharp line drawn between the territorial rights of the different 
tribes. It is suggested that in the old days visit~ from neighboring tribes were made either as 
warlike inroads or as embassies. 

The Cook Inlet natives are of special interest from an ethnologic point of view, as they 
represent .the only branch of the Athabascan stock which reaches the s4ore line. Everywhere 
else the Alaskan J\-thabascan is cut off from the coast by the tribes which· belong to the Eskimo,. 
the I-Iaida, or the Tlingit stock. It appears that these three coastal stocks were far more 
warlike than the interior natives and therefore held them in check. 

The outlook for the future of these natives, as of. those of other parts of Alaska, is not very 
hopeful. Although many individual members of the various tribes adapt themselves to the 
ways of the· white man and see~ regular employment, yet for the most part they still show the 
careless improvidence and indolent characteristics of the savage. Their trapping fields are 
being rapidly depleted, partly through the introduction of steel traps by themselves and partly 
through the inroads of the whites. Modern firearms are driving away the game, and in some 
w'aters the stock of fish is being depleted by the introduction of the white man's superior methods 

l First Ann. Rept. Bur. Am. Ethnology, 1879-80, p. 482. 
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of capture. The half-breeds of Cook Inlet have shown some activity in the planting of small 
gardens, where they raise potatoes and other vegetables. This would seem to be a hopeful field 
in which to educate them. Ordinary schooling seems to help the natives very little, as in his 
attendance on the schools he is in danger of coming into contact with some of the lower white 
element and of learning the vices rather than the virtues of the invading race. His natural 

. field for development is probably in agriculture and.the mechanical arts. Many of the interior 
natives have considerable mechanical ability, and if in this were systematically trained they 
might, in the course of a generation, become mechanics of a high degree of skill who could 
always find work in the mining camps. In the last few years the B'lireau of Education has 
accomplished much in the industrial education of the Alaska native .. 

TRANSPORTATION AND 1\fEANS. OF COMMUNICATION. 

PRESENT CONDITIONS. 

In the province under discussion, as elsewhere in Alaska, the last decade has witnessed a 
remarkable development of transportation facilities. Well-equipped steam.ers running on more 
or less regular schedules have supplanted the occasional service of small vessels. The steamboat 
system on the Yukon and its tributaries has been reorganized and affords probably as good 
service as local conditions permit. Local steamers ply on Cook Inlet and on the Susitna. 
Above all, trails, .wagon roads, and some railways have .been built. Y etwith all this progress 
the present transportation system still comes far from serving the needs of the ·province. 

Seward, on the eastern coast of Kenai Penin~ula, can now be reached by steamer in four to 
six days from Seattle. Small coasting boats and some large vessels also enter Cook Inlet during 
the open season (from May to November). These carry freight and passengers to the several 
settlements on. the inlet, including Knik Arm, the distributing point for the Matanuska coal 
field. Better facilities are promised by the ·Alaska Northern Railway/ now under construc
tion, which is built out from· Seward for about 72 miles -to Kern Creek, on Turnagain Arm 
(pp. 220-222). A number of wagon roads and trails built in Kenai Peninsula have been of 
great assistance to the miner and prospector. 

The discovery of the Yentna gold field has resulted in the establishment of a transportation .. 
system on the lower Susitna by means of a steamboat and some small launches which run up 
within 20 or 30 miles of the placer district. From this point, however, supplies have to be 
either taken overland, by pack train in summer and sleds in winter, or transported upstream 
in poling boats. Both methods are expensive and have much increased the cost of mining in 
this region. · · . 

Recent mining progress in the Valdez Creek district led to an a~tempt to establish a route 
to this camp via Susitna River. This route, though it has not been much used by the Valdez 
Creek miners, has benefited the western part of the province by giving steamboat service up 
the Susitna. River steamers ascend the Susitna to the mouth of the Talkeetna, above which 
the main river is navigable for steamers only with difficulty and some danger. 

There are but few established trails in the district. One leads from Knik through the 
Matanuska coal field, and there are several in the Yentna district. During the winter of 1907-8 
the Alaska road commission sent an expedition across Rainy Pass with the objeqt of finding 
a shorter mail route to· the lower Yukon and N orne. This route would also have the advantage 
of passing through the upper Kuskokwim Valley and c~ose to the newly discovered plac~r 
camps of the Innoko. Should this trail be e~tablished, it would help much in developing the · 
Susitna region, 'especially when the railway to the Matanuska is completed. The overland 
route from the mouth of Indian Creek to the Valdez Creek district, a distance of about 100 
miles, has hardly been sufficiently used to make it a well-established trail. Supplies for this 
district are usually sledded over the Fairbanks trail from the coast to Gulkana River and then 
up that stream. to Valdez Creek. The summer route to this district is from Paxson and covers 
a distance of about 65 to 70 miles. ' 

1 For~erly called the Alaska Central Railway. 
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It is reported that steamboats have been taken up the Kuskokwim to the forks, and 
they can probably continue up the East Fork for some distance. Beyond this the transporta
tion up the Kuskokwim is as primitive as it was at the first visit of the white man. The pros
pector or trapper has to rely solely on the dog team in winter and his poling boat in summer, 
and under these circumstances no important industrial advancement can be expected unless 
very rich placer diggings· are found. . The Kuskokwim can also be reached by an overland trail 
from the headwaters of the Toklat, and the latter stream has been ascended for about a hundred 
miles by small river steamers. A horse trail connects the head of steamboat navigation on the 
Bearpaw: with the placer diggings on the K.antishna. Most of the supplies for the Bonnifield 
and I{antishna camps ar~ brought overland by sledding during the winter. A horse trail from 
Tortella village; near the mouth of the Nenana, affords a means of approach to the northern 
f~ont of the Alaska Range, as does also another from the mouth of Little Delta River. 

It is said that a steamboat was taken up the Tanana for 30 ·or 40 miles in 1894, but the first 
boat to go up any considerable distance was one met by the writer during his exploration of that 

. river in 1898. This steamer, the Tanana Ohiej, eventually reached Chena Slough, and the 
party wintered there. Siri.ce the discovery of the rich placers at Fairbanks many steamers have 
been used on the lower Tanana, which is easily navigable ·as far as Chena, at the mouth of Chena 
Slough. The trip from the mouth of ·the. Tanana takes t;tbout two. days. One steamer has 
ascended the Tanana as far as the mouth of the Nabesna, above the Tanana crossing. The 
difficulties of navigation above the Delta are, however, considerable, and it is not likely that a 
regular service could be maintained. It is not always possible for a steamer to reach even the 
mouth of Delta River at low water. 

Passengers and freight bound for Fairbanks now go either to St. Michael and up the Yukon 
by steamer or by rail from Skagway to "White I-Iorse and then down the Yukon to the mouth 
of the Tanana. The journey from Seattle to Fairbanks via St. Michael takes from three to 

·four weeks; via Skagway, from ten to fifteen days. The cost of transportation by these circui
tous routes is excessive and it is possible only during the open season, extending from about 
June 20 to September 25. :Moreover, low water may entirely interrupt steamboat navigation 
for a week or two at a time. In winter Fairbanks is far more accessible, for then the route 
lies by sled road from Valdez,t on the coast, over Thomson Pass, across the divide at the head of 
the Delta, and down that river to the Tanana, a distance of about 380 miles. This route by a 
straight course in winter takes eight or ten days and. is ~ry comfortably made between Decem
ber 1 and the middle of April. Some perishable provisions are also sent ih this way during the 
wintm:, but the long sled haul is too expensive to make it possible to bring heavy freight. This 
trail has been much improved by the work of the Alaska road commission: Streams have been 
bridged and stJ:etches of road constructed, so that the trail is rapidly being changed to a wagon 
road. 

The placer district immediately tributary to Fairbanks is now rendered easily accessible 
by the Tanana Valley Railway, which from Chena and Fairbanks runs to the mouth of Cl~ary 
Creek. In addition to this, many good .wagon roads ·have been built, so that practically all 
the creeks are readily accessible-a condition which has contributed largely to the advance
ment of the mining ~ndustry. 

Most of the placer-bearing areas of the Rampart district are readily accessible by road 
and trail from the town of Rampart, on the Yukon. The Baker Creek district is reached by 
good wagon road from the Tanana at" Hot Springs. 

The military telegraph lines hav~ done much to improve facilities of communication. 
Seward and Valdez, on the coast, are connected by cable with other places in Alaska, as well 
as with Seattle. An overland t~legraph follo~s the Valdez-Fairbanks trai). and extends down 
the Tanana and the Yukon to St. Michael. Eagle and Ramp.art are also connected with this 
telegraph system, and wireless stations are maintained at Cordova, Fair~anks, Tanana, Circle, 
Eagle, N orne, and St. Michael. An extensive telephone system at Fairbanks connects all the 
important mining camps. 

1 Another route is from Cordova, on the coast, over the Copper River and Northwestetn Railway to Chitina and thence by the military 
road to Fairbanks. 
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NEEDS OF THE FUTURE. 

The foregoing statement indicates that the present means .of communication are inade
quate to the needs of the country. Unless there is a decrease in the time and cost of trans
porting supplies to or bring~ng the raw material· from the various mining districts, no great 
advancen1ent can be expected in the mining industry. The coal fields on the :Matanuska and 
the Nenana can be developed only when they are rendered accessible by railways, and the 
agricultural resources of the Susitna Valley will also lie dormant until that time. Only the 
;richest grou~d of the Yukon-Tanana region can be profitably exploited under the present 
high cost, which can not be materially reduced except by more direct and cheaper lines of 
communication with tidewater. In rrwst districts metalliferous lodes, unless very rich, can 
not be developed until they are ~endered accessible by railway. The first step in the evolu
tion of a new land has taken place, for the last decade has witnessed the change from pioneer 
to frontier conditions. A second step, perhaps not so great but far more important, is the 
bringing about of set~led industrial conditions, and this can be achieved only by building a 
railway to tidewater and supplementing it by other means of transportation. 

Much has been written on the question of railway routes in Alaska, and bitter contro
versies have been· carried on between the advocates of the several suggested routes. It. is 
not proposed to go into this matter here, for the w-riter has elsewhere 1 summarized the avail
able facts on routes of approach for a railway which shall tie the Yukon to the Pacific. What·-· 
ever railways may be constructed 2 along the Copper River valley, such lines would in no way 
help to develop the gold deposits of the Turnagain Arm region and the Susitna or the Mata
nuska coal field. It is equally certain that for a route .to Fairbanks the one via Broad Pass, 
at the head of the Susitna, and down the Nenana has some advantages in grade over any of 
those proposed via the Copper River valley. There can be no doubt, therefore, that a railway 
will be built from tidewater into the Susitna and Matanuska basins, and it is only natural 
to suppose that when constructed so far it will be continued through the Alaska Range into the 
Yukon basin. · 

Previous to the beginning of ":ork on the Alaska Northern Railway there were several 
alternative propositions to reach Susitna River. These can be divided into three general routes
(1) from the east side of Kenai Peninsula, on Resurrection Bay, via Kenai Lake and around 
Turnagain Arm to the Susitna; (2) from Kachemak Bay along the western margin of the penin
sula, also encircling Turnagain Arm; (3) from some harbor on the west side of Cook Inlet and 
thence .paralleling the inlet and extending up the Susitna Valley. Of these three the Resur
rection Bay route undoubtedly has the . advantage. in every way, because, :first, it opens up 
'Kenai Peninsula, ·which has developed placers and some lode mines; second, it is the shortest 
route to the :Matanuska coal field; third, its ternimal; besides affording a good harbor, is nearer 
~~get Sound than either of the proposed coastal terminals. In view of this and the fact that 
about 72 miles of a standard-gage railway along this rpute-have already been completed (1910) 
arid construction is now going on, the other two need not be further considered.-

This route from Resurrection Bay to the Tanaria can be briefly outlined as follows: It 
leaves the Pacific seaboard at Seward, about 1,350 nautical miles from Seattle, on Resurrection 
Bay, and, traversing a broad, .heavily timbered valley, climbs by easy grade to 700 feet at 
mile 12. It then descends to Kenai Lake; .ahout 500 feet in altitude. Another easy grade 
brings· it at mile 45 to a second pass; 1,060 feet in altitude. Both these summits are reached 
with a maximum grade of 2 per cent. From this second summit it descends by a series of loops, 
trestles, and tunnels· with a maximum grade of 2.2 per cent to the valley of Placer River.· It is 
stated by the company that by' changing the location of the line to the west wall of the Placer 
River valley this descent can be-made '\vith ·a maximum grade of only 1.5 per cent. Placer River, 
which has a glacial source, is crossed on pilings; and the line then follows the east side of the 
valley~ Swinging ~round the head of Turnagain Arm on a broad grass-covered and tin1bered 

1 Brooks, A. H., Railway routes: Bull. U. S. Geol. Survey No. 284, 1906, pp. 1G-17; Railway routes in Alaska: N:at. Geog. Mag., vol. 18, 1907, 
pp. 165-190; The mining industry in 1909: Bull .. U.S. Geol. Survey No. 442, 1910, pp. 20-4.6. · 

2 The Copper River and Northwestern RailwaY has: n?w (l910) been completed frciin ·qordova to the town of Chitina, a distance of about 130 
miles. · : · · · · · 
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flat, the railway crosses two more small glacial rivers. It then follows the north side of Turn
again Arm with a series of rock cuts and fills. The line, which is standard gage, is completed 
and in operation to !(ern Creek, 72 miles from Seward (1910). Beyond this point location 
surveys have been made and in all about 2 miles of grading· completed. 

From Kern Creek the surveyed line follows the north side of Turnagain Arm to Point 
Campbell, at the entrance to Knik Arm: I-Iere there are no serious difficulties except in the last . 
10 miles, where there will be a good deal of heavy rock work. The line follows the east shore of · 
Knik Arm from Point Campbell to the mouth of the Matanuska, which is about 140 miles from 
Seward. It appears that in this part of the line very little rock work will be required. After 
crossing the l\1atanuska it is planned to extend the main line westward to the Susitna and a 
branch line about 40 miles long up ~he l\1atanuska Valley -to. the coal field. :Much of the branch 
line will require no heavy construction. 

The coal field appears to be the immediate objective point of this railway, but the manager 
reports that plans and preliminary surveys have been made for extending the line up·the Susitna 
to the junction of the Chulitna 1 and up that stream to Broad Pass, about 2,000 feet in altitude 
and about 340 miles from Seward. So far as kriown, an easy grade can be rp.aintained to this 
point, and there are no serious engineering difficulties. From Broad Pass the route follows 
down Nenana River to the Tanana Flats, and here again, it is believed, an easy grade can be 
established. From this point any locality on Tanana River can be easily reached. If the 
route is extended north of the Tanana, that river could best be bridged at the big bend near 
Tortella (PI: VII, A, p. 48). Details in regard to this route are presented in the following table, 
in which the distances and altitudes given are, however, only approximate: 

Approximate elevations and distances along railway rou~efrom Seward, on Resurrection Bay, to Fairbanks, by way of Susitna 
River. 

Local Distance 
Elevation. from distance. Seward. 

Feet. ltfiles. ltfiles. 
0 0 0 

700 12 12 
Seward, Resurrection Bay ............................................................................. · ..... . 
First Stnnmit. ............................................................................................. . 
l(enai Lake ........................................ : . ............ · .......................................... . 500 8 20 
Second Sum1nit ............................................................................................ . 1,060 25 45 

0 15 6.0 
0 11 71 
0 75 146 

200 90 236 

!lead of 'l'urnagain Arm ...................................................... · .............................. . 
Kern Creek (railway co~pleted to this point, 1~10) .... ·: ................................................... . 
Month of Matanuska River (coal fields branch lme 40 miles long) ........................................... . 
Mouth of 'l'alkeetna River ...................... : ............................. : ............................. . 

2,000 105 341 
400 110 451 

Broad Pass ................................................................................................ . 
'l'anana River at mouth of Nenana River .................................................................. . 
l~airbanks ................................................................................................. . 560 49 500 

The company reports that plans for a ·bntnch line to the l(uskokwim, Innoko, and lower. 
Yukon have also been made, but it is not known that this route has yet been surveyed. Such. 
a line would cross Susitna River and ascend the Skwentna Valley to Rainy Pass, about 2,950 
feet above tide level and about 150 miles from the ~1atanuska junction described above. From 
Rainy Pass to the Kuskokwim at the mouth of Tatina River, where the elevation is about 1,000 
feet above the sea, the distance is about 15 miles. The route would then be down the Kus
kokwim and across a divide not.over 1,000 feet high to the Innoko, the distance being about 
150 miles. The distance from Seward to the Innoko or Haiditarod is about 500 miles. 

The actual developed tonnage along these proposed railway routes is as yet very small. 
There are some promising auriferous lodes in the northern part of Kenai Peninsula, some of 
which is well timbered, and the valley floors include some arable land. Beyond the first divide 
the railway skirts the easterp. margin of the Sunrise pJacer district. About 150 miles inland 
the main line will approach within 30 or 40 miles of the l\1atanuska coal field and close to the 
Willow Creek lode district. If built up the Susitna Valley, a branch line or wagon .road could 

tIt should be noted that the route might lie up the main Susitna and Indian Creek or might be extended up to Chulitna River, as here 
described. 
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be constructed to the Y entna placer district,' a· distance of 30 or 40 miles. Copper and gold 
lodes have also been reported in the Susitna Valley, but little is known about them. rhe route 
as described also traverses the Nenana coal field, which, as has been shown, must eventually 
prove an important source of fuel for the Yukon-Tanana placer districts. It has been· no.ted 
elsewhere that the Knik Arm region is believed to contain considerable farming land and that 
much grazing land which could be utilized if other industries attracted the population to make a 
local market. The same is true of the Tanana Valley. 

The Susitna route has an advantage in raaching navigable waters on the Tanana by the best 
grade possible. It strikes near the heart of what has been the most productive placer district 
of the J; ukon-Tanana region and the only part of this field where any lode rillning has been 
done. Spurs could be extended up the Tanana V alle~y and clown the Tanan,a to the Yukon. 
All in all, .. the proposed railway up the S~sitna Valley will

1
appar.ently open a large region which 

has considerable prospective commercial importance. It is at a disadvantage compared with 
the Copper River route, inasmuch as the latter taps a copper-bearing district of considerable 
developed tonnage. ·Auriferous lodes have indeed been found along'this proposed route, but· the 
assured tonnage ~rom lode mining is as yet small. . 

The location of niilways has been discussed in some detail because on them depends the 
commercial future of the province. Without railways the coals will remain unused, the farming 

. lands will not be taken up, ap.donly the richest placers and lodes will be developed. Without 
railways only the richest and most accessible gold deposits will be worked, and when these are· 
exhausted the land wjll relapse into the primitive conditions of a decade or two ago,. 

The railway route described above would not be in itself sufficient to develop all the resources 
of the region. Branch lines such as have been suggested for the 11atanuska field· and the 
Yentna plaeer district will have to De built in other localities. These in turn will have to be 
supplemented by good wagon roads, such as have already been constructed in the Fairbanks 
district. When a transportation system, as above outlined, has been established to supplement 
the present water transportation, then, and then only, can a large industrial advancement be 
expected in this province. 

'\ 



INDEX. 

A. Page. 

Abercrombie, W. R., exploration by .............. ·.............. 26 
Aborigines. See Indians; Natives. ' 
Acknowledgments to those aiding................................ 12 
Adams Creek, Pleistocene gravels on, plate showing.............. 170 
Agriculture, nccount ol. ........................................ 211-213 
Ahklun Mountains, rocks in the vicinity of....................... 93 
Alaska, central, definition of..................................... 50 

geology of .................................................... 5Q-57 
relief of, plate showing .•••••............... : ............... :. . 42 
stratigraphic correlations in •............................. 52 (table) 

Alaska Central Railway Company, surveys for................... 31 
Alaska Northern llailway, route of............................... 218. 

terminal oi .................................... : . . . . . . . . . . . . . . 215 
Alaska Peninsula, formations of. ............................. "52 (table) 

rocks of. ..................................................... ~ 93,94 
Triassic rocks ot. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

Alaska Range, altitudes of........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
batholiths in................................................. 91 
deformation in............................................... 112 
description of.. ............................ 30,39,45,11&119,169:-170 

by Vancouver ......................... , .... :............. 23 
exploration in................................................ . 30 
first crossing ol. ....•.. ~ ........................ , ...... : .... , . . 28 
fossil plants from foothills of.. ............................. ·... 101 
glaciers of •............................................... , , . ·. 125 
gravels of, age of. ....... "·············.···················:··· 94 
inland tront of, formations of., ........... -~ ............. 5f (table) 
location of....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
mapping of .•...... "'·········· ............................... 21,29 
mineralization in ...... , ................................. _.. . . . 160 
moraines of, composition of.. .................... , ......... · .. ,._ 144 
naiiling of. ....•............................................ , . 24 
peaks of, description of .. ,..................................... 26 
province of, location of •.•................ · .. , .............. , . . 43 
rocks of •••••....... , ................... 138,145,147,148,149, 1.53,154 
structure of .....•............................ , . . . . . . . . . . . . . . . . 53 
topographic features of .•......................... , ......... 118-119 
trend of •.............................................. ,...... 45 
view of, plates showing ................................ · .• 88,120, 126 

Alaskite, character and distribution of.. ........................ 137-138 
Aleutian Islands, traversed by Russian fur traders ...... :........ 23 
Aleutian Range, north end of, location of ..... ·.................... 45 

volcanic activity in........................................... 52 
Alexander, location of............................................ 16 
Alexander Archipelago, rocks of.................................. 62 
Allen, E. T., analysis of coal by.................................. 190 
Allen, H. T., exploration by ............................ ·.......... 26 
Alluvial deposits, description of ..................... ! ...... 11D-111, 181 
Alsek River, rocks of. .......... :................................. 62 
Altitude measurements, method of.. ............. :............... 40 
Altitudes. See Elevations. 

~!::~i~~: ~~:~~~~:~:~f:~:: ::::::::::::::::::::::::::::::::::: ~~ 
Amphibole granite, description of................................ 139 
Amplexus, occurrence of......................................... 83 
Analysis, chemical, 01 olivine-pyroxene mC>_nzonite................ 143 

01 quartz diorite.............................................. 145 
o: quartz monzonite ••.................................. ~ .. ,.. 139 

Anchor Point, auriferous beach gravels at ...................... 156,163 
Andalusite, description of........................................ 153 
Anderson, Joe, work of........................................... 16 
Anderson, Pete, ascent of Mount McKinley by................... 31 
Andcsitie rocks, description of. ................................. 15Q-151 
Angles, vertical, mode of measurement of.. .............. ,........ 40 

Page, 
Animal life, description of ...................................... 201-209 

See also Game: 
Anticlinal fold, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Antimony, occurrence of. .................................... 177-179 
Anthracite Ridge, coal of......................................... 186 
Apollo mine, ore body of, association of.......................... 159 
Arching of strata, figure showing................................. _104 
Area surveyed by expedition ......... :........................... 21 
Areal and stratigraphic geology, section on ..... ·.· ............... 54-111 
Argillites, occurrence oL ...................................... 66, 73,88 
Arkose, occurrence of.. ....................................... ;,.· . . · 85 
Arkose Ridge, fossil plants from ........ ,......................... 100 
Arsenopyrite, occurrence of........................................ 182 
Astarte, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Atwood, W. W., fossil plants collected by........................ 102 

on coal near Tyonek..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
on geology of Unga Island .................. :................. 159 
on Kenai formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95, 102, 131 
on peneplains of Cook Inlet region... . . . . . . . . . . . . .. . . . . . . 121, 130, 132 
on rocks of Alaska Peninsula .............. : .................. 93,94 

Aucella cf. bronni; occurrence of.................................. 91 
crassicolis, occurrence of .......•......... , ................ :. . . 92, 93 
crassicolis beds, position of ......................... :......... 51 

Augen, occurrence of............................................. 75 
Augustine Islet, character and location of...... . . . . . . . . . . . . . . . . . . . 44 
Auriferous gravels, distribution of. ................................ · 166 
A viculopecten, occurrence of. ................. ~ .......... ~....... 78 
Axes, character of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Azimuth, computation of, example of............................ 3G 

observations for.............................................. 34 
stations for, declination at...................................... 40 

B. 
Baker Creek, description of..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12~ 

district of, rocks of........................................... 84 
route to· . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 

Baranof Island, rocks of..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Barrill; Edward, ascent of Mount McKinley by ..... :............ 31 

statements regarding ascent by •........ ."..................... 31 
Basalt, occurrence of. ....................................... 85, 104, 150 
Basaltic rocks, description of ................................... ·... 152 
Base lines, measurement of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Base-leveling. See Peneplains. , . 
Batholiths, belt of, paral~eling Pacific coas~--..................... · 92 

occurrence of ......................... , . . . . . . . . . . . . . . . . . . . . . . . 50. 91 
Bear Creek, gold-bearing vein on................................. 163 

route along ........ , ........................................ :.. 39 
Becker, G. F., on mineralization of volcanic rocks................. 159 

on volcanic rocks of Unga Island .•......................... ·.·: 159 
work by .................................................... _.. 49 

Bedding planes, relation to jointing. . • . . . . . • . . . . . . . . . . . . . . . . . . . . . 67 
Belemnites, occurrence of. ...................................... _. 87. 
Bellerophon, occurrence of.. ......... · ........ :. . . . . . . . . . . . . . . . . . . .. 78 

· Beluga, derivation of name .•..............•.................. ·.·..• 202 
landing at... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Beluga River, crossing of......................................... 16 
cottonwood timber on, plate showing.......................... 202 
gold deposits of...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 
Kenai beds along ................................... ~ . . . . . . . . .. 95 
route along .••................................................. 16,17 

Bering, Vitqs, visit to Alaska ...................................... 22, 23 
Bethel Mission, location of ................................. ·.·.... 28 
Betula grandifolia, occurrence of................................... 101 

prisoa, occurrence of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Big Minook Creek, schist belt of ................................ :. 57 

. 223 



224 INDEX. 

Page. 
Big River, description of......................................... 124 

. Billy Creek, fossils from.......................................... 91 
Biotite granite, characters and distribution of.................... 138 
Birch Creek schist, age and character of. ........ 52 (table), 541 55,56,115 

correlation of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
deformation in ............................................... · 113 
distribution of..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
extension east and west ......... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
mineralization in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157 
occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 54, 181 
structure of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

Birds, kinds and occurrence of................................... 202 
Bismuth, occurrence of........................................... 182 
Blackwelder, Eliot, on Yakutat group............................ 62 
Blair, C. S., fossil plants collected by ............... :............. .101 
Boats used,· description of ........................................ 15, 20 
Bonnifield district, description of.. .................. · ..........• 169-175 

gold discovered in....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 156 
map of....................................................... 170 
mining developments in....................................... 180 

Boundaries of geologic formations, accuracy of................... 67 
Bowlder clay, occurrence of.·.· ... ." ............. , ................. , 106 
Bowlders, composition of......................................... 148 

glacial, occurrence of......................................... 127 
Bowie, W., report on altitude of Mount McKinley by............ 33 
Brabazon Mountains, summit levels of ... ·........................ 132 
Broad Pass, altitude and location of.. ........................... 46,221 

description of. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
rocks near.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

Brogger, W. C., on eruptive rocks................................ 141 
Brooks, A. H., discovery of Rainy Pass by....................... 45 

expedition to Mount McKinley, published accounts of........ 12 · 
exploration by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
field orders of. ....... .'..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
on ag~ of Sunrise and Valdez groups.......................... 64 
on Fairbanks district............... . . . . . . . . . . . . . . . . . . . . . . . . . . 181 
on geography and geology of Alaska. . . . . . . . . . . . . . . . . . 42, 48, 111, 132 
on gold in Mount McKinley region........................... 12 
on peneplainS in Alaska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .132 
on railway routes...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 
on Rampar1rFairbanks region •..... · ........... : .......... 52 (table) 
on relation of ore bodies and intrusive rocks.................. 160 
on rocks of White River: ... .-. .-..... ·.......................... 59 
on survey from Nenana River to Rampart .... ·. . . . . . . . . . . . . . . 34 
on Tanana schist.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00 
on White and Tanana rivers basins .. , ............ 52 (table), 75,82 
work in Tanana region ........... ~·........................... 50 

Brooks; A. H.", and Kindle, E. M.,·on rocks of upper Yukon .. 52 (table), 
.. . . . . . . . 76, 83, 109, 131 

work in upper;Yukon region.................................. 50 
fossil plants collected by ...•............................... 100-101 
on" Mount McKinley regiori, formations of. ............... 52 (table) 
on Nenana basin,·forri:latioils of. ............... : ......... 52 (table) 
on.Yentna and 'KriskoliWiili ba.Siris; formations of.. ...... 52 (table) 

Brooks; A. H., and Real:ium, D. L, oil Climbing Mount McKinley 29 
Brown, Belmore, ascent of M;ount McKinley by ........ :......... 31 
Bulshaia Gora; 'Rus~iim name Of Mount McKinley.............. 24 ......... ·c: 
Cache preek, desc_ription of •• ,,.·._. .... : ....•..... :............... 167 

loc~tion and s~v~y of. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Cad:C~~:~o~~~~;~~~~~·r::::::: :·:·:·:·: :::::::::::::::::::::::::::::: 
1

~~ 
Crenog~aptus, new form allied to, occurrence of................... 73 
Cali~o .Bluff formation, age and character of~ ............. 52 (table), 116 
California Creck,iossii plants froni~ .. · . .' ...... ~................... 101 
Cambrian rocks, absence of noted~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

gto~~;~t~~~.'t:~i~:·:::: :·~:·:·:·::: :·:·: :::::::::::::::::::::::::::: ~~ 
cantweii !ormation, al:iserice ·or rcissiis in ................. ·......... 82 

. age arid. character of.: •. .' .......... ~ .. · ......... fi2 (table),55,81, 116 
. correlation of .... 0 0. 0 ................... • ••••••••••••••••••••••••••• 81,83 

~tit~i~!~~n°!r:::: :::::: :·:·: :·:::::·:·:·: :·:::::::::::::::::::::::::: 66
' ~~ 

.o.cc~ence ·oi.'.' ................ .' . .' ............................ 49, 68 
. relatio~·to "i'onzona group, figure showing ............. 0 •• 0. 0 0 79 

·. · ~ se~tion~· 9i,' fii~~es: showing .. .- ............. ! ........ : . . . . . . 77, so, 81 
. ~ st111ctural relations of, figure showing. . . . . . . . . . . . . . . . . . . . . . . . 82 

thickness of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

Page. 
·Cantwell River. See Nenana River. 
·Cape Douglas, location and character of.......................... 44 
Cape Elizabeth, location of....................................... 44 
Capps, S. R., on Bonnifield ·district.............................. 180 

on Delta River basin .... :.................................... 96 
on gravel deposits ...................................... 105,110,135 
on preglaci~l gravels......................................... 105 
work of...................................................... 50 

Carboniferous system, formations of .......................... 52 (table) 
mineralization of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 
occurreqce of ................................... : .... 51, 66, 68, 77,78 
of Mount McKinley region................................... 55 
sedimentation of, ·description of ......................... .-..... 116 

Caribou Creek, mining operations on ........... · ................ 178-179 
fossils from. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

Carpites, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
1 Cassiterite, occurrence of. .......... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18~ 

Castner, J. C., exploration by.................................... 28 
Central, rainfall at ..•............................... .'............ 199 
Central Alaska. See Alaska, central. 
Chandalar basin, metamorphic rocks of.......................... 60 
Chapin, Theodore, work of, in Matanuska coal field .............. 32,50 
Chena, location of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 
Chena River, descripti~n of. ....... ~ ..................... .'....... 124 
Chert, occurrence of. ............................................. 74,85 
Chichagof Island, rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Chickaloon, snowfall at.......................................... 198 

weather records at ...... ~ ............................. ; .... 195-198 
Chickaloon Creek, coal deposits of................................ 1S6 

fossils from. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100, 102 
Kenai rocks along. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 

· Chisna formation, age and character of ................... 52 (table),82 
Chistochina River, basin of, formations of ................... 52 (table) 

head water region of, rocks of ................................ ; 60 
. Chitina Valley, Valdez group in.................................. 64 
Chitistone limestone, age and character of ................ 52 (table),64 

. occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
'Chlorite-albite schist, occurrence of............................... 65 
Chondrites heerii, .occurrence of. ................................ 100, 101 
Chugach Mountains, description of............................... 119 
· foldh:ig in ...•........................................... ·.·... 112 

glaciers of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
location and character of..................................... 43 
metamorphic rocks of, age of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Chulitna River, description of.................................... 123 
regjon of, glaciers of........................................... 125 
tributary of, description of. .......................... :....... 30 

Qhunilna River, gold deposits of................................. 165 
Chusana River, location of. ............................. ,........ 46 
Chute Creek, mineralization on.................................. 180. 
Circle, rainfall data at............................................ 199 

route to....................................................... 20 
Cirques, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 
Cladopora, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
Clark and Iliamna lakes region, survey in........................ 32 
Clark Lake, moUntains near,'altitude of.......................... 45 
Classification of land forms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
Cleveland Peninsula, rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Cli~acograptus bicornis (Hall), occurrence of.... . . . . . . . . . . . . . . . . 72 

cf. antiquus, occurrence of. ........................ · ........ ,. 73 
sp. undet., occurrence of. ............................. .'...... 72 

Climate, account of. ........................................... 193-201 
in Eocene time. . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 
local conditions of, variations in.............................. 195 
of inland province ......................................... 198-199 
records regarding, source of ........... ~ . . . . . . . . . . . . . . . . . . . . . . 193 
variations in ..... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

Clothing, character of. .................................... ·.... . . . 15 
Coal, analyses of. ............. · .................................. 186, 187 

areas containing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
character of: .................. .". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
deJ?osits of, description of .................................. 184-193 

distribution of. ........................................ 184-185 
in Kenai formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161 

occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78, 94 
on Cook Inlet................................................ 155 
on lower Yukon............................................. 73 
of Nenana district, utilization of............................. 192 



INDEX. 225 

Page. 
Coal beds, near Tyonek, figure showing ......................... ·. 95 
Coal Creek, coal deposits on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 
Coast and Geodetic Survey, on position and altitude of Motu;l~ 

McKinley............................................ 33 
Coas.tal mountain system, structure of........................... 53 
Coid Water group, occurrence of................................. 103 
Colli~r, A. J., on Cape Lisburne region ...... ,.................... 91 

on coal of Nenana River..................................... 12 
on Cretaceous of Yukon valley .............. ,................ 130 
on Kenai formation.......................................... 95 
on mineralization of volcanic rocks........................... 159 
on Seward Peninsula .................................. :. . . . . . 72 
on Yukop coal resources ............... ~...................... 192 

Collier, A. J., and others, on Seward Peninsula................... 115 
Communication, means of, present conditions of.. .. , ........... 218-219. 

See also Railway routes; Routes and trails; Telegraph lines. 
Conglomerate, occurrence of. .................. - 74, 75, 78, 88, 91, 95, 96,103 
Contact rocks, description of ................................... 152-153 
Controller Bay region, fossils from................................ 63 

rocks of ..................................•........ : . . . . . . . . . . 62 
Cook, F. A., ascent of Mount McKinley by ................. -.•.... 30,31 

explorations by.............................................. 31 
imTestigation of claims of. ................ , .. . . . . . . . . . . . . . . . . . 31 

Cook, James, exploration of Alaska by........................... 23 
Cook Inlet, bowlders along....................................... 127 

coal deposits on .................... · .................... 155,186-188 
discovery of. ................................ :. .. . . . . . . . . . . . . . 23 
escru:pn1ents on.............................................. 106 
exploration of •............... ~ ......................... ~ . . . . . 23 
gravel terrace facing, plate showing........................... 44 
littoral province of, location and character of ................. 43-44 
location of. ...... ~............................................ 11 
Kenai rocks along. . . .. .. .. . .. .. .. . . . .. .. . . . .. .. . . .. .. . . . .. .. . 95 
origin of. .............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i22 
placer mining operations along. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
region of, description of.. .................................. 16,25,26 

formations of.. ................................ : ...... .?~(table) 
mineral deposits of ..................................... 162-164 
peneplains of. ...... ,. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Pleistocene .deposits of •••••..... ~.. . . . . . . . . . . . . . . . . . . . . . . 106 
temperature records of................................... 194 
Recent deposits of........................................ 155 
precipitation records of. ................................ ·.. 19~ 

region west of, description of.............................. 45 
route of travel from ............................. ·_........ 16 
shore line of, character of................................. 44 
shore topography of...................................... 122 
survey of. ... ~ ....... ·...................•................. 23 
topographic features of •••.............. , ................. " 106 
topography near.......................................... 16 

plate showing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Cook party, surveys by .......................................... 39-42 
Cooking utensils, description of................................... 15 · 
Cooper Creek, limestone of, age and character of. ............. 52 (table) 
Copper deposits, occurrence of.. ................................. 65, 164 
Copper River, basin of, exploration of ............................ 26,49 

basin of, formations of.. .................................. 52 (table) 
geologic sequence in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
peneplain of, age of.... .. .. . .. .. .. .. . .. . . . .. .. .. . . . . . . .. .. 121 
physiographic origin of.. ................ ,................ 134 
ranges encircling. . .. . .. .. . .. .. .. . . . . . . .. . . . .. .. . . . .. . . . . .. 43 
rocks of. . . . . . .. .. . .. .. .. . .. . .. .. .. . . . . . . . . . . . . . . . . . . . . .. . 62 
Triassic rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

plateau of, location and.character of.......................... 43 
Corals, fossil, occurrence of. ...... :............................... 83 
Correlations, basis for. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

of Pleistocene deposits .............................. :........ 110 
strati~:,'Taphic, table showing ............................. 52 (table) 

Corwin formation, occurrence of. ........ \....................... 91 
Corylus macquarrii, occurrence of................................ 99 
Cosna River, Pleistocene deposits on............................. 109 
Cottonwood timber, on Beluga River, plate showing............. 202 
Coville, F. V., plants determined by .................... 22,201,208-211 
Coxe, William, on Russian discoveries........................... 23 
Cretaceous rocks, formations of. ................•.•.......... 52 (table) 

foldingin .... :............................................... 117 
occurrence of •...•......••.•.•. : .................... 51, 55, 84, 92, 161 

Page. 
Cr~taceous rocks, sedimentation of ......................... 117-118,130 

See also Lower Cretaceous; Upper Cretaceous. 
Crinoidal fragments, occurrence of. ...... .' ...................... . 78 
Cross, Whitman, and others, on quantitative classification of ig-

neous rocks ................................. .'. . . . . . . . 139 
Cro~ folding, relation to structural lines, figure showing ........ . 70 
Crow Creek, gold deposits of. ..... ~.............................. 164 
Crustal movements. See Deformation; Diastrophism; Uplift. 
Cryptograptus tricornis, occurrence of ............... : ........... . 
Cucullma, occurrence of. ........................................ . 
Cyathophyllum, occurrence of. ................................. . 

sp. undet., occurrence of. ................................... . 
Cyclonema, occurrence of. ..................................... .. 

D. 

73 
93 
78 
78 
78 • 

Dacite, occurrence of............................................. 85 
. Dadina schist, metamorphism of. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Dall, W. H., on Alaska Range ................................... 24,45 

on Kenai formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
work in Alaska by........................................... 49 

Dalzell, -,journey by ..•.......................... ,............ 29 
, Dalzell Creek valley, view of, plate showing.. . . . . . . . . . . . . . . . . . . . . 46 

Dawson, rainfall data at ............. :........................... 199 
Dawson, G. M., on base-leveling in plateau region................ 121 

on Dease River shales....................................... 73 
on rocks of British Columbia ................................ 94,103 
on Yukon silts............................................... 110 

Deformation, in Alaska Range ................................. 112-113 
in granites of Taikeetna Mountains........................... 92 
in Kenai beds ................................... : ............ 97-98 
in Mount McKinley region, periods·of. .......... ,............ 114 
in Tatinagroup.............................................. 70 
of Tordrillo.beds ................... _. .. . . . . . . . . .. ... . . . . . . . . . . 89 
See also Diastrophism; Faulting; Folding. 

Delta River, locat~on and description of. ........................ 46, ·124 
valley of, lignite-bearing beds of.............................. 97 · 

rocks of .................................... ·. . . . . . . . . . . . . . 60,96 
Dendropora, occurrence of ................................. .'..... 78 
Densmore, Frank, exploration by................................ 25 
Densmore's Mountain (Mount McKinley), naming of............. 1 25 
Deposition. See Sedimentation. 
Devonian system, folding in. . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 

formations of. ........................................... 52 (table) 
in Mount McKinley region ...................... :............ 55 
limestone of, plate showing .................................. .' 70 
rocks of, deposition of. .......... :............................ 116 

occurrence of.. ........................ --- .... 51,54,64,66, 73,77 
See also Middle Devonian; Upper Devonian. 

Diabase, description of.. ....................... · ................. 147-148 
occurrence of ............................................. : .. 75, 104 
producing arching of strata, figure showing ................. ·.. 104 

Diabasic and gabbroic rocks, description of ..................... 147-148 
Diamond, location of............................................. 175 
Diastrophism, effects of.......................................... 113 

in Jurassic time. .. . . . . .. .. .. .. .. . .. .. .. . . .. .. . . . . . .. . . . . . . .. . '117 
in Mount McKinley region, periods of........................ 114 

Dichymograptus cf. sagittarius, occurrence of..................... 73 
Dickey, W. A., exploration by ................................... 26-27 
Dicotyledons, occurrence of. .................................... 99-102 
Dicranograptus cf. ramosus (Hall), occurrence.................... 72 
Dikes, in Birch Creek schist ..................................... _ 58 

near Little Minook Creek, occurrence of .................. _ ... · 143 
occurrence of.. ................. 58,67,69, 70, 74,79,85,88,138,143,146 
of alaskite.: ..................................... -'·...... .. .. . 138 
See also Diabase; Intrusive rocks. 

Dillinger River region, rocks of.. ................................. 72, 77 
Dinglestadt and Chernov, exploration by........................ 24 
Diorite, description of............................................ 144 
Diphyphyllum, occurrence of.................................... 83 

n. sp., occurrence of..~---..................................... 78 
Diplograptus englyphus, occurrence of ............ ,.............. 73-
Dips, prevailing, directions of ...................... ~- .......... 111-112 
Dioritic rocks, description of. .................................. l43-147 
Di~tance, determination of, example of. ...... : ........... _....... 39 
Dixon, George, and Portlock, Nathrutiel; explorations by......... 23 

· Dolomite, occurrence of.......................................... 6& 
Dome stream, fossil plants from .......... ~. . . .. . .. . . . . .. .. .. .. .. . 10(} 



INDEX. 

Page. 
Doroshin, P. P., exploration by ............................. __ ... 24 

mining operations by...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 
on B ulshaia Gora .. : .............................. :. .. .. .. .. . 24 

Douglas Island, rocks oL........................................ 63 
Drainage, description of. ....................................... 122-124 

in Kenai time .............................................. 130-131 
Drainage systems, origin of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Drew mine, fossil plants from ........... ~........................ 102 
Dunn, Robert, geologic observations by ....... ·.·................. 49 

on argillites in Chulitna region. .. . . .. .. .. .. .. . .. .. . .. .. .. .. .. 67 
on Mount McKinley.......................................... 30 
on Susitna basin............................................. 55 

Dutch Creek, route along ......................... _............... 39 
Dynamic history, of Mount McKinley. province, tabular statement 

of. ............ : ................. _.................... 114 
use in correlation ............................ "'-- . .. .. .. .. .. . .. 53 

Dynamic movements. See Deformation; Diastrophism; etc. 

E. 

Eakin, H. M., fossil plants collected by........................... 102 
East Fork of Kuskokwim River, location of...................... 47 
Eberhardt, George, work of...................................... 16 
Effusive rocks, location and age of . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 52 
Eldridge, G. H., exploration by.,................................. 27 

on coal of S usi tna Valley ............................... ; . . . 107, 188 
on gold deposits of Susitna Valley,........................... 164 
on Kenai formation........................................... 95 
on navigability of Susitna River.............................. 168 
on Pleistocene of Susitna Valley.............................. 107 
on rocks near Broad Pass ............................... _. __ .. . 68 
on rocks of Nenana River region.............................. 78 
on Susitna River region .............................. · ..... 55,65,68 
work by...................................................... 49 

Elevations, on railway route from Sewar'd to Fairbanks .... • . . . . . 221 
Endoceras, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
Enochkin formation, age and character of .................... 52 (table) 

occurrence of ............ , ..................... ~. .. .. .. . . .. . . . 87,90 
Eocene series, formations of .................................. 52 (table) 

fresh-water beds of, character and origin of................... 52 
in Mount McKinley region................................... 55 
rocks of, description of. ..... -...................... -......... 94-103 

occurrence of. ............................................ 52.55 
Eocene time, climate of ....................... ,.................. 131 

erosion and deposition in, description of ................ 118,130-131 
events of ................. ·..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 
geographic conditions in.................................. 131 
history of. ............................................. 130-131 

rivers of, courses of.- .. -.--.-.- ....... -.- .. -----.-.---.- .. -.. 130-131 
Equipment, description of. ...................................... 12-16 
Erbsenwurst, nutritive value of.................................. 14 · 
Erosion,. cycle .of, in plateau region ... ·... . . . . . . . . . . . . . . . . . . . . .. . . . 120 

in Eocene time.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118, 130 
in Mount McKinley region, periods of......................... 114 
in post-Kenai time .................. ~........................ 132 
periods Df. • .. .. • .. .. • .. • .. .. • .. .. • .. • .. .. • • .. .. • .. .. .. • .. • .. • 116 
present epoch of.............................................. 136 

Eureka Creek, description of. .................................. 176-177 
mining operations on.......................................... 177 

Euomphalus, occurrence of....................................... 78 
Expedition to Mount McKinley region, narrative of. ............ 16-2_2 
Explorations, previous, history of. ............................... 22-32 
Explorers' Club of New York, investigation of Cook's claims by.. 31 
Extrusive rocks, description of. ........................ : ....... 148-152 

See also Volcanic rocks. 

F. 
Fairbanks, accessibility of.. .... .' ................ :................ 219 

district about, description of ............................... 181-183 
formations of. ......................................... 52 (table) 
geologic map of.... .. .. .. .. . .. .. .. .. .. . .. .. .. .. . .. . .. .. .. . 180 
mineralization of......................................... 182 
peneplain surface of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Pleistocene deposits of.................................... 109 
recent deposits of......................................... ho 
rocks of. ............ ·..................................... 57 

elevation of. ............................. ~.... . . .. . . . . . . . . . . . 221 
gravels at, age of .................................... :. . . . . . . 94, 106 

Page,. 
Fairbanks, mining operations at ............................. __ .. 156 

populatjon of......... .. . .. . . .. .. . .. . . . .. . . .. .. . . .. . . . . . . . . .. . 215 
rainfall data at .... ! .... , . . . . • . . • . . • . . . • . . . . . . . . . . . . . . . . . . . . . . 199 

Fairbanks Creek Valley, Tertiary rocks of. ...................... ·. 97 
False Creek, gold deposits at .................................... ·. 164 
Faulting in Alaska Range ...................................... ::1 53, 54 

in Birch Creek schist ............................... ·......... . 58 
in Cantwell formation........................................ 79 
in Kenai beds ................. ~.............................. 98 
in slates on Kichatna River ................ _................. 67 
in Talkeetna Mountains .................................... _. 112 
in Tatinagroup............................................... 70 
in Tonzonagroup............................................ 76 
in Tordrillo formation..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

Favosites, occurrence of ........ _ ................. _ . ___ . _ ... _.... . 78 
Ficus gronlandica, occurrence of. .......................... _... . . . 100 
Field work, methods of ......................... ___ ._._ ............ 2;1-22 

obstacles to ............................... __________ .......... 22 
plans for .................................. ___ . ________ . ___ . _ . 12 

Fish, kinds and occurrence of ......................... _.......... 202 
Flora, list of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208-211 

See also Vegetation. 
Fluviatile, deposits, occurrence of. ............ _._ .......... __ .... 105 
Folding in Birch Creek schist ................................... _. 58 

in Cantwell formation ...................................... _. 79-80 
in Chugach Mountains .................... _ .. _______ .. __ .. __ . 112 
in Cretaceous time ............................... __ .... _ .... _ 117 
in Devonian and Carboniferous rocks, figure showing .... _._. 77 
in Devonian time ................ _........................... 116 
the Kenai beds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
in Knik Arm region.......................................... 61 
in Mount McKinley region, epochs of. ....... __ ._ .. _......... 114 
in post-Kenai time. .. . .. . .. . . . . . .. . .. . . . .. . . .. . . .. . . . .. .. .. .. 132 
in slates on Kichatna River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

figur~ showing. . . .. . . . .. . . . . .. .. .. . . . . . . . . . . . . .. .. .. .. .. . 68 
in Tatina rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

figures showing. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . 71 
in Tonzona group............................................ 76· 
in Tordrillo formation............... . . . . . . . . . . . . . . . . . . . . . . . . . 89 

Food. See Rations; Provisions. ' 
Footgear, description of .•....................................... : 15 
Foothill belt, topography of...................................... 85 
Forage, in Kichatna Valley ..... · ................... :............. 18 
Formations, table showmg correlation and character of ....... 52 (table) 
Fort Egbart, rainfall data at..................................... . 199 
Fort Gibbon, location of......................................... 29 

rainfall data at.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 
Forests, in Skwentna Valley..................................... 17 

in Tanana Valley, character of............................... 20 
north of Tanana River ............... ~.... . . . . . . . . . . . . . . . . . . . 47 
See also Timber. 

Fortymile series, correlat:on of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Fossil plants, occurrence of.. ..................... 63,81-82,93-95,99-102 
Fossils, Cambrian, in Mackenzie Mountains .................. ·.... 59 

Devonian, occurrence of ............................ : ......... 66,77 
in Dillinger River region..................................... 72 
in Orca group................................................ 63 
occurrence of. ....................................... 82, 84, 87, PO, 92 
Ordovician, occurrence of. ................................ 59, 69, 73 
Siberian, occurrence of ....................................... 67, 76 
Triassic, occurrence of......................................... 85 

Frank Leslie expedition, exploration by. . . . . . . . . . . . . . . . . . . . . . . . . 26 
Friday Creek, features of and mining operations on. . . . . . . . . . . . . . 178 
Fur trade ................................................... : .... 23,25 

G. 
Gabbro, occurrence of............................................ 104 
Gakona formation, age and character of.. .................... 52 (table) 
Galena, occurrence.of..... ... .. . .. .. .. .. . .. . .. . . .. .. .. . . . .. . . . . . . . 182 
Game, character of.. .. .. .. . .. .. .. .. .. .. . .. .. .. .. . . . .. . .. . . . . . . . 202-206 

distribution of ............................................. 213-214 
in Kuskokwim retSion..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
occurrence of.. ....................................... 17, 47, 202-206 

Garnetiferous mica schist, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Genetic classification of land forms, section on .................. 118-128 
Geographic conditions, in Eocene ti-VJ,e ............ :.............. 131 
Geographic distribution of mineral deposits, section on ......... 16~-193 



INDEX. 227 

Page. 
Geographic work, accuracy and results of........................ 21 
Geography, section on ............................. : ............. 42-48 
Geologic history, data used for, character of...................... 113 

sections on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113-118, 128-136 
Geologic investigations, history and outline of .................... 48-.53 
Geologic provinces, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 54 
Geologic map, of Mount McKinley region, accuracy and descrip· 

tion of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55-.56 
Geologic sequence, in Yukon basin............................... 50 
Geologic work, accuracy, methods, and results of................. 21 
Geology, section on ...................... ~ ..... : ................. 48-115 
Geomorphology, section on ..................................... 118-136 
Georgeson, C. C., on agriculture .............................. :. 211,212 
Gordine, 1'. G., work of. ......................................... 32,34 
Gilbert, G. K., on peneplains in Alaska.......................... 132 
Glacial cirques, plate showing.................................... 120 
Glacial deposits, character and location of......................... 127 
Glacial evidence, lack of direct................................... 127 
Glacial material, occurrence of.................................... 105 
Glacial streams, in Kuskokwim region, character of.............. 19 
Glacial striation, absence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 
Glaciation, description of......................................... 125 

effects of. .................................................. 134,135 
on topography. : . ....................................... .' 134 

limits of...................................................... 126 • 
in Pleistocene thne, description of. ......................... 126-128 
time of .................. :.................................... 128 

Glacier, location of............................................... 175 
Glacier Creek, features of and mining operations on............... 178 

gold placers of... . . . .. . .. .. ... .. .. .. .. .. . . . .. . .. .. .. .. .. . .. .. . . 162 
Glaciers, altitudes of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

of Alaska Range, location of ................................. 46,125 
view of, plate showing.·................................... 126 

of Pleistocene times ........................................ 126-128 
of Tordrillo Mountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
recession of................................................... l26 

Glen Creek, features of and mining operations o·n................. 176 
Glenn, F. W., exploration by.................................... 28 
Globigcrina, occurrence of........................................ 63 
Glossograptus ciliatus, occurrence of.............................. 73 
Gold, alluvial deposits of. ................................... 25,162-184 

discoveries of.. ....................................... 3G-31, 155,156 
mining of. ................................................. 162-184 
production of, table showing ........ :........................ 157 

Gold Ilill district, gold deposits of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 
Gold King Creek, mining operations on.......................... 174 
Goldstream Creek, location of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PS1 
Granite, occurrence of ....... : ................. 51,52,57, 70,84,91,138,139 
Granite Creek, auriferous quartz on.............................. 166 
Granito rocks, description of.. .. , ............................... 137439 

distribution and age of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
mineralization of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 

Granodiorite, description of. ................................... 143-144 
occurrence of................................................. 84 

Grant, U.S., on rocks of Prince William Sound.................. 62 
Grant, U. S., and Higgins, D. F., on auriferous lodes of Kenai 

Peninsula....... . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 164 
on Orca and Valdez groups................................... 64 

Graptolites, occurrence of........................................ 72 

in Dease River shales......................................... 73 
Grass of Kichatna Valley, plate showing ................ , . . . . . . . . 202 
Gravel sheets, age of.............................................. 135 

description of. .................................... 44,47,48,107,119 
Gravel terraces, on Nenana River, map of........................ 108 
Gravels. See Pleistocene. 
Gravina Island, rocks of.......................................... 63 
Graywackes, occurr'~ce of.. ...................................... 61,73 
Grazing. See Forage. 
Greenstone, occurrence of. ........... , ................ : ...... · .. 64,76,84 
Grewingk, C., mapping by ................................ :...... 24 

on geography of Alaska ..................................... ,. 24 
on geology of Alaska. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Ground ice, occurrence of......................................... 110 
Grubstake Creek, gold deposits of. ... ,........................... 165 

mining operations on.... .. .. .. .. .. . . . .. . . . . . . . .. .. .. .. .. .. .. . 173 
Gulkana River, trail along .................. ~.................... 167 

H. Page. 
Hannah Glacier, naming of.... .. .. . .. .. .. .. . .. . .. . .. .. .. . . . .. . . . . 30 

See also Peters Glacier. 
Happy River, location of. ........................... , . . . . . . . . . . . . 123 

terraces along. . . .. . . .. .. . .. . .. .. . . . . . . . . . . .. .. . .. .. .. .. .. .. .. 127 
Harper, Arthur, exploration by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Harrim~n expedition, fossils obtained by......................... 63 
Hartman River, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
HaY,es River beds, occurrence of.. .......... :..................... 95 
Healy Creek, clastic rocks along.................................. 58 

coal from, analysis of......................................... 190 
coal-bearing rocks on, section of. .......... ~ ................ 189-190 

Healy Fork, Kenai rocks of...................................... 96 
lignitic coal on, plate showing................................ 170 

Hearst Creek, mining operations on.............................. 174 
Hedera auriculata, occurrence of.................................. 101 
Reer, Oswald, on Arctic flora.................................... 101 
Hemiaster, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Henshaw, F. F., weather records by............................. 199 
Herendeen Bay, Kenai fauna of.................................. 99 
Herron, J. S., discovery of Simpson Pass by...................... 45 

exploration by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28-29 
on native population of Alaska............................... 216 
route of...................................................... 18 

Herron Glacier, description of.................................... 125 
Hess Creek, location of. . .. . . . . . .. . .. .. .. .. .. . .. . . . . . . . . . .. .. .. . . . .. 183 
Hicks, Harry, exploration by ............. · ................... .1.... 27 

meteorologic records by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
Higgins, D. F. See Grant, U.S., and Higgins, D. F. 
Holiknuk series, occurrence of.................................... 92 
Homestake Creek, features of and mining operations on.......... 173 
Hornblende andesite, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 
Horses, ch~cter and equipment of. ............................. 12-13 

food, supplies, and saddles for . . . . . . . . .. . . .. . .. . .. .. .. .. . .. . . 13 
use of. in exploration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Hot Springs district, location of.................................. 183 
Hunting, opportunities for ..................................... 213-214 

I. 
Ice, accumulation of, centers of................................... 126 

advance of, explanation of.. ................................. 134-135 
retreat of, discussion of ..................................... 135-136 
See also Glaciation; Glaciers. 

Igneous rocks, composition of.................................... 137 
distribution of ..... .' ............................. :.. . .. .. . .. . . 136 
occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61, 69, 85, 136 
section on .................................................. 136-154 

Iliamna and Clark lakes region, su,rvey l,n........................ 32 
Indian trall, at Nin Ridge........................................ 18 

in Tanana Valley.:.......................................... 19 
near Beluga River ............................... ~........... 17 

Indians, description of..................................... . . . . . . 22 
See also Natives. · 

J.nland province, climate of .................................... 198-199 

Inoceramus, occurrence of. .................................... 87, 90,92 
of c. labiatus, occurrence of... . .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. . 93 
eximius, occurrence of....................................... 90 

Instruments, for field work...................................... 15 
used in topographic survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Intrusion, period of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Intrusive rocks, age of........................................... 104 

axes of....................................................... 52 
description of ........................................... 52, 137-148 
mineralization of............................................. 160 
occurrence oL ................ · .................. 52, 75, 80, 88, 91, 104 
section of, figure showing.................................... 104 

Iron Creek, copper-bearing 1o4e on............................... 166 
Izmailov, Mate, exploration of Kachemak Bay by................ 24 

J. 
Jack, W. G., exploration by..................................... 27 
Jack River, description of........................................ 123 
Jacksina Creek, shales of, age and character of •.............. 52 (table) 
Jaggar, T. A., on mineralization along contacts................... 161 
Jarvis Creek, lignite-bearing beds of ........................ ·...... 97 
Johnson, B. L., work of........................................... 50 
Jointing, relation to bedding planes.............................. 67 
Juglans nigella, occurrence of .................................. 100, 101 



228 INDEX •. 

, Page. 
Jurassic system, coal deposits in ••.•.••........................ 184,186 

diastrophism in, description of............................... 117 
formations or: ••......................................... 52 (table) 
of ·Mount :McKinley region ................................... 55,56 
rocks of, occurrence of. ......... : .................... 51, 64, 66, 68,85 
See also Lower Jurassic; Middle Jurassic; Upper Jurassic. 

K. 

Kachemak Bay, coal mining operations near .. :.................. 156 
coal seams of. .................. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
exploration of .•.......................... .'................... 24 
fossil plants from............................................ 102 
location of. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

Kahiltna basin, lignite in........................................ 95 
Kahiltna Glacier, description of.................................. 125 
Kaknu River, tributaries of, gold placers of...................... 162 
Kansas Creek, mineralization on................................. 180 
Kantishna River, basin of, Birch Creek schist in................. 58 

basin of, description of •••.............................. 169,175-180 
gold discovered in. • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 

Kenai rocks in •••........................................ 97 
map of................................................... 170 
survey in. • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 32 

·location of ••.•••.............. ·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
tributaries of, coal deposits on ..•.•..•................ :,..... 192 

Kariltna Creek, route to......................................... 39 
Katz, F. J., on Willow.Creek deposits ......... ;.................. 165 

work in M:atanuska coal field ••••••••........................ 32,50 
Kechumstuk, rainfall data at.................................... 199 
Keele, Joseph, on rocks of Yukon basin ••••................ ,..... 59 
Keliar C,reek, gold deposits near ............................. · .... ·. 166 
Kenai, experiment station at, removal of......................... 212 

Pleistocene deposits near .............. : ............. :........ 107 
temperature and precipitation at ........................... 194, 195 

Kenai formation, age and character of.. ......... 52 (table), 5.5, 81, 99,118 
coals of....................................................... 161 
cot:relation of ................................................ . 99 
deformation in ............. :.................................. 113 
description of ............................................... 94-107 
distribution of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
marine fauna of ............................. ·.. . . . . . . . . . . . . . . . 102 
mode of deposition of. ...................... :. . . . . . . . . . . . . . • . 99 
occurrence of. ................................................ 51,81 
sections of, figures showing ................................ 77, 97,98 
structure of ................. ·.. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
thickness of. ................ ::. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98-99 

Kenai hake, elevation of. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . •. 221 
Kenai Mountains, character and location of ...................•.. 43,44 
Kenai Peninsula, exploration of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

glaciation of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
gold placers of ...... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 · 
gravel terraces of ................................. '........... 107 
mountains of, description of ........................ '.......... 119 

Kenai time, drainage in ........................................ 130-131 
Kennicott formation, age and character of ................... 52 (table) 
K.ichatna River, argillites of..................................... 67 

description of .............. , .................. :. . . . . . . . . . . . . 18, 123 
·fording of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
fossil plants from ..... : . ................................... :: . 100 
fossils from................................................... 90 
location of. ......... · ..................................... · . .. . 28 
route along.................................................. 18 
terraces along. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107, 127 
valley of, grass and timber of, plate showing................. 202 

rocks of. ......................... · .................. 138; 141, 143 
K.ichatna River slates, diagram of................................ 67 
Kigluaik group, age and character of............................. 115 
Kindle, E. M., fossils determined by ..... !....................... 83 

on Porcupine Valley .......... .- ................... 52 (table), 59,73 
on Salmon-Trout limestone .......................... ~ .... :.. 78 
See also Brooks, A. H., and Kindle, E. M. 

Kings Creek coal, fossil plants from ............ '............ . . . . . . 100 
Kliskon Mountain, route over.................................... 39 
Klondike gold field, rocks of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Klondike group, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Kluane, Lake, mountains near, description of .... :............... 46 

Page. 
Knik Arm, Kenai rocks along.................................... . 96 

region of, metamorphic rocks of. ............................. 61-65 
rocks of, age of........................................... 63 
Pleistocene deposits of. ......... :. . . . . . . . . . . . . . . . . . .. . . .. 107 

.survey of, by Vancouver..................................... 23 
Knik River, glacier drained by .... · ............. .' ............... ,. 125 

region of, formations of. ......................... \ ...... 52 (table) 
Knopf, Adolph, work in Matanuska basin, by... . . . . . . . . . . . . . . . . 32 

See also Paige, Sidney, and Knopf, Adolph; and Moffit, F. H., 
and Knopf, Adolph. · 

Knowlton, F. H., plants identified by ....... .' ............ 94, 95,99-102 
Kodiak, temperature and precipitation at ...................... 194,195 
Kodiak Island, Russian expeditions to........................... 23 
Kolmakof, Redoubt, trading post at............................. 24 
Kolmakof series, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Koyukuk, River, exploration of.................................. 26 
Kuskokwim lowland province, location of........................ 43 
Kuskokwim River, description of ............................ 28, 47, 124 

East Fork of, location of..................................... 47 
exploration of.:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 28 
region of, coal deposits in . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. 188 

cross folding in........................................... 71 

;:~':t~~~sno~~~ ·• -.-. ·_ ·_ -. -. -. ·. ·_ ·_ -. -_ ·_ ·_·_-_-_- _·_·_·_·_·_·_·_·_·_· _- _·_·_·_·_·_·_·_·.·:52 (tabl!~ 
lowland of, description of .. .'............................. 47 
mapping of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
mineral resources of ........................... · . . . . . . .. . . . 169 
rocks ot:. .......... · ... ~ ..... : . ..... · . . . . . . . . . . . . . . . . . . . . . . . 78, 92 
view of, plate showing. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

route along .............................. · ..................... 18,45 
survey of................................ . . . . . . . . . . . . . . . . . . ... . 34 

L. 

Laccolith, occurrence of.......................................... 104 
section of, figure showing .................................... : 105 

Lake: See next word of name. 
Lake Creek, source of. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 40 
Lake qua~tzite schist, occurrence of.............................. 60 
Lamellibranchs, fossil, occurren9e of... . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
Land forms, classification of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
Langille, W. A., fossil plants collected by ........................ _. 100. 
Lap worth, Charles, on Dease ~iver graptolites ... :............... 73 
Latitude, computation of, example of. ........................... 34,35 

control for ............ , .......... ·............................ 41· 
determination of, example of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
observations for .................... ·.......................... 34 

Lava flows, in Talkeetna Mountains............................. 104 
Lavas, occurrence of. .......................... ,................. SO 
Learnard, ·H. G., exploration by ........................ '........ 28 
I.ignite Creek, coal beds on... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

sections on .............•.................................... 191-192 
Lignitic coal, on Healy Fork, plate showing...................... 170 
Lignitic formations, occurrence of................................ 94 
I.Amestones, description of ........... , ................... · . . . . . 69, 77-78 
Lima, occurrence of. .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . .. . 87 
Lithologic association of mineral deposits, section o·n........... 157-162 
Little Minook Creek, dikes near ........................... :.·..... 143 

trail at....................................................... 20 
Little Salchaket River, Tertiary rocks of ............... ·.......... 97 
Little Willow Creek, auriferous quartz on........................ 166 
Lloyd, Thomas, ascent of Mount McKinley by................... 31 
Longitude, control for............................................ 34 
Lower Cretaceous series, formations of ..... : ................. 52 (table) 

rocks of. ............................................... 51, 55,92-93 
sedimentation of. ................................. ,.......... 129 

Lower Jurassic series, formations of ........................... 52 (table) 
Lowlands; description of......................................... 121 
Lucina, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

. Lucky Gulch, auriferous gravels of............................... 169 
Lynx Creek, gold-bearing ledge on .................. :............ 164 

M. 

McConnell, R. G., on Finlay River region......................... 131 
on Klondike gold field ................................... ·.... 60 
on Klondike group ......... ,................................. 75 

McGonnagell, Charles, ascent of Mount McKinley by............. 31 



/ 

INDEX. 229 

Page. 
McLaren Creek, trail along.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 
Mackenzie Mountains, rocks of................................... 59 
McQuesten, Jack, exploration by ............................. __ ·__ 25 
Maddren, A. G., on Gold Hill district............................ 184 

Sec also Moffit, F. H., and Maddren, A. G. 
Magnetic declination ...................................... _·_ ..... 33, 40 
Magnolia inglefeldi, occurrence of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Malakoff, Vassili, exploration by ....................... :......... 24 
Mankomen formation, age and character of. ................. 52 (table) 
Map, geologic reconnaissance, description of...................... 55 
Marble, occurrence of............................................. 59 
Marso in beds, correlation with • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
Martin, G. C., fossils collected by........... • .. .. .. .. .. . .. . .. .. .. . 102 

on coal at Point Campbell................................... 187 
on Controller Day region ................................. 62, 63, 132 
on folding in Matanuska Valley............................... 112 
on geology of Unga Island.................................... 159 
on Matanuska coal field...................................... 185 
on rocks of the Matanuska Valley ........................ 84, 92, 104 
work of .................... · ......................... · ...... 32, 49,50 
See also Stanton, T. W., and Martin, G. C. 

Matanuska River, coal field of, coal from, analyses of............. 186 
coal field of, description of.. ................................ 185-186 

railroad to ••.•.................................. :......... 221 
survey of....... . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 32, 50 

description of................ . . .. .. . . . .. .. . . .. .. . .. .. . . . . 44, 123, 186 
glacier at head of............................................. 125 
prospecting along ....................................... --.--. 27 · 
region of, formations oL ........................... : .. .. 52 (table) 

fossil plants from......................................... 100 
fossils from .............................................. : 87 
Jurassic rocks of.......................................... 91 
Kenai rocks of..... .. .. .. . . .. . . . . . . . .. . . . .. .. .. .. . .. . . 95, 96, 103 
mapping of. ............... -•-·...... .. .. . . . .. .. ..... .. .. . 55 
survey in........ .. .. . .. .. . .. . . . . . . . .. . . . . .. .. .. .. .. . . .. .. . 32 
Tertiary and Mesozoic rocks ot, distribution of............ 49 

:Matches, care of.................................................. 15 
Mayo, A., exploration by ........................................ ; 25 
Megalomus, occurrence of. ........................................ 83,84 
Mendenhall, W. C., exploration by ................. · __ . .. .. . .. .. .. 28 

on age of Sunrise and Valdez groups ....... ·................... 64 
on andesites of Copper River region.......................... 152 
on Copper River region ................................. 52 (table) 

·-on Dad ina schist............................................. 65 
on peneplains in Alaska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 
on rocks of Chistochim1 region; ............................... 60, 82 
on rocks of Delta River Valley ......................... ~...... 60 
on rocks of Matanuska basin................................. 92 
on Sunr.ise series.............................................. 61 
work by...................................................... 49 

Mentasta Pass, altitude of range near............................. 45 
' elevation of ............................... ,.................. 46 

rocks near ... -- ... ------.---.----- .. ------------------- .. ----- 60 
Mesozoic rocks,. description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

occurrence of. .................................. 51, 53, 54, 64,84-94,96 
Metal Creek, prospecting on...................................... 165 
Metamorphic rocks, Birch Creek-Tanana belt of.,................ 59 

correlation of. ................................................ · 51 
distribution of. .................... ~........................... 63 
in Knik.Arm region .......................................... 61-65 
mineralization of............................................. 158 

occurrence and character of- - - - .. -- - - -- - -- -. - . - . -- -... -.. - 51, 54, 56 
Metamorphosed rhyolitic rocks, description of. .. : .............. 149-150· 
Meteorologic record, of expedition .............................. 20Q-201 
Methods, of work ................................................ 21-22 
Mica schists, occurrence.of .. ~ ............... ~ ............ · ........ 57,65 
Micrometer ali dade, determination of distance by· ..... :.......... 39 
Micrometer determination, examples of ..... , .................... 38,39 
Micrometer measurements, character of.......................... 37 
Micrometer readings, formula for reduction of ............... _ .. _. 38 
Middle Devonian series, formations of ....................... 52 (table) 
Middle Jurassic series, formations of ......................... 52 (table) 

in Mount McKinley region .. : ........................... __ .. _ 55 
rocks of, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 87-92 
sedimentation of. ......................................... ___ 117 
volcanism in .......................................... _ . .. .. . 117 

Mineral resources, inap of. ....................... (Plate IX, in pocket) 
Mineral resources, section on .................................. _ 154-197 
Minerals, search for... . .. .. .. . . .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . 24 

Page. 
Minchumina, Lake, region, Pleistocene deposits of.............. . 108 
Mining, history of. .................. _ ... __ ... _ ... __ ... _ ........ 155-157 
Minook Creek, description of. ................................... _· 124 

gravels of, age o·r.· .......................... _ ..... _ ......... _ _ 94 
metamorphic rocks west of ........ : . ... : . . _ .. __ . . . . . . . . . . . . . . 60 
Pleistocene depo~its of. ..................................... . 0 109 

Minook Summit, observations at ............ · .... _ ........... _.... 34 
Miocene rocks, occurrence of. ........................ ::.......... 52 
Moffit, F. H., on age of Sunrise and Valdez groups............... 6~ 

on glaciation in Kenai Peninsula ........ ~ .... __ ....... _...... 126 
on gold fields of Turnagain Arm region ..................... 156,162 
on peneplains in Alaska ...................... __ . . . . . . . . . . . . . . 132 
on Pleistocene deposits ............................... __ ... __ 107 
on Sunrise series .................... ~ ... ~ _ .. _ ...... _ ..... _ ... _ 61 
on Turnagain Arm region .•...•.•........ , .. __ ... ___ ...... _ 63,112 
on Valdez Creek region .................................... 167-169 
\vorkof. ................................ __ ,. _ ..... _ ... ___ . _.. 50 

Moffit, F. H., and Knopf, Adolph, on Nabesria-White River dis-
trict. ......................................... _ .. 52 (table) 

Moffit, F. H., and Maddren, A. G.; on Chitistone limestone..... 85 
on Kotsinaand Chitina ba.Sins .......................... 52 (table) 

Moffit, F. H., and Stone, R. W., work by........................ 49 
Monzonitic rocks, description of. ............................... 139-143 
Moose Creek region, description of.~· ...... ·._ ..... __ ........... _ 175-176 
Moose Pass district, gold deposits of. .......................... ___ 164 
Moraines, composition of ............................. ___ ..... ·.... 144 
Morris River, view of, plate showing............................. 88 
Mosquitoes, protection against .... ~-- ...... : ............... ___ ... 15 
Moss, occurrence of. ............................................ _ 47 
Mount Dall, altitude and naming of. ...................... __ ... __ 46 
Mount Foraker, altitude of.. .................................... _ 21,33 

glaciers of. .. : ....................... , ........... : ......... _ .. 125 
location of ............. ~ ..................................... 11, 21 

Mount Hayes, altitude and'location of ...................... _.... 46 
Mount Kimball, altitude of ........................... _ ... __ .. ___ 46 
Mount McKinley, altitude of. .................... _ ...... 21, 27, 32, 33,40 

ascent of. ................. :.: ............. : ............... 19,29-32 
azimuth observations.of.--:-.:-----.----.---------------.---- 17 
glaciers of. .................................................. _.. 125 
location of. ....... -- .. -................................... 11, 21, 3.3 
naming of. ............... --.- .........................•.... _ .. 26,27 
region of,. character of. •.•. :.·:................................ 48 

climatic provinces of .. : ........ ·_. . . . . . . . . . . . . . . . . . . . . . . . . 193 
ooal areas of. ... - - -: - : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 

exploratJion or; plans for .. - - -. --- -- - -- . - -- -- - . -- . - --.. -- - . 11 
fossil plants from ......... ::.:.: .. : .................. : .. 10()-.101 
geologic history of, tabular. statement of. ......... ______ .. 114 
geologic reconnaissance map. of. .......... (Plate IX, in pocket). 
gold production of.. .. , ... , .... , .. , ...................... _ 157 · 
rocks of. ........... --- .. -- ......................... 138,144, 14i 
stratigraphy of, table showing .............. _ ..... ____ .___ ·55 
structure of. ..... -... -...... -...... ·- . . . . . . . . . . . . . . . . . . . . . . . 52-53 
survey. in ........ -.- .- ....... .- . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 40 
tectonic subdivisions of---:--------------------------.--. 112 
timber, distrib~tion of, map showing ............. ____ .... 207 

route to...................................................... 39 
view of, plates showing ...................................... _ 11,46 

Mount McKinley province, location and boundaries. of............ 43 
shore line of.................................................. 122 

· tectonic features of. ........................................ 111-113 
Mount Russell, altitude and naniing of .......... _____________ ._._ 46 
Mount Spurr, altitude of ..................................... ____ 45 

rocks of...................................................... 86 
Mount Susitna, altitude of, determination of ..... _ ... _.__________ 42 

description of. .............................. _ ........ _ .. ,____ 17 
rocks of. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138, 143 
view from.~ .................................. __ ..... _ . _ .. _ _ _ _ 16-17 

Mount Yendo, ascent of.. ... .' ............... _._ ................ ___ · 40 
rocks pf . •.............................. _ . _ . _ ............. _ ·- _ . 86 

Mountain building, epoch of.. ................................ _ .. _ 115 
Mountain passes. See Routes and trails. 
Mountains, types of.............................................. 118 
Muldrow, Robert, measurement of Mount McKinley by._________ 2i 

on altitude of Mount McKinley ......... ___ ..... _._._. ___ .. _._ 32 
work of. ... _ ....................... _ .......... _______________ 34 

Muldrow Glacier, location of. .................................. _ 46,125 
trail to ....................................... _._ ....... _._... 30 

Muscovite granite, description of. ............... _, ....... __ ._____ 138 
Myrica, occurrence oC ...................... _ .... ____ ..... _ _ _ _ _ _ _ _ 101 
Mystic Creek, coal deposits on ................................. __ _ 192 



230 INDE{X. 

N. Page. 
Nabesna River, location of....................................... 46 
Naknek formation, age and character of ..................... 52 (table) 

occurrence of. ........................................ · ........ 90,91 
. Names, native geographic, variability of.......................... 22 

Narrative of expedition .......................................... 16-22 
Nasina, native name for Whi4l River............................ 22 
Nasina series, correlation oL .............. ·....................... 60 
Natica, occurrence of~ .. ,......................................... 87 
Nation River formation, age and character of ............ 52 (table), 116 

occurrence of ................................................. 78,83 
Native population, description oL............................... 22 
Native names, for geographic objects, variability of............... 22 
Natives, distribution and character of .......................... 216-218 

information from ........................ :.................... 16 
See also Indians. 

Navigation, opening and closing of............................... 199 
Nazenka, native name for White River........................... 22 
Needs of the future, section on ................................. 220--222 
Nelchina River, rocks along...................................... 91 
Nelson, E. W., on explorations by Harper and Mayo............. 25 
Nenana, arrival at"............................................... 20 
Nenana River, Birch Creek schist along .. ,........................ 58 

crossing of. ......................... : .. .......... · . . .. . . .. . . . . 19 
description of. ...... ·......................................... 124 
gravel terraces on, map showing.............................. 108 
Kenai formation of, section of, figure showing................ 97 
region of, coal field of, description of. .................. .-~, .. 188-192 

coal beds of ..................................... , . . . . . .. . 189 
sections in ......................................... 189,191 

formations of ........................................ 52 (table) 
rocks of. ................................. 75, 96, 146, 149, 151, 152 
survey in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
view of, plate showing................................... 108 

route along .......................................... .-......... 19 
section on, figure.showing ........................ , ...... ~ . . . . 108 

Nikolai greenstone, age and character of ................. 52 (table), 117 
occurrence of. . . . . . .. . . . . . . . . .. . .. . .. . . . . . . . . . . . . .. . . . . . . . .. . . 64, 85 

Nilkoka formation, description of................................ 75 
Nin Ridge region, description of. ............................. ~... 18 
Nokochna River, gold deposits· of. ........................ ~ .... ~. 166 
Nomenclature of metamorphic rocks of Central Alaska........... 60 
Normans Kill beds, correlation with .. ;, .......... ,.............. 73 
North Fork, rainfall data at. .................................. ,.~ 199 
North Yakima, Wash., outfitting at.............................. 13 
Nutzotin Mountains, deposits of, age and character of. ....... 52 (table) 

location and character of. .................................... 43,45 

0. 
Oklune series, occurrence of...................................... 93 
Oliver, R. B., workoL ................. ,........................ 34 
Olivine basalt, description of..................................... 152 
Olivine-pyroxene monzonite, chemical composition 6f............ 143 

description of .............................................. 141-143 
mineral composition of....................................... 142 

Oppelia, occurrence of............................................ 87 
Orca series, description of........................................ 62 

occurrence of. ............................................. 51,62,64 
Ordovician system, formations of ............................ 52 (table) 

of Mount McKinley region ................................. :. 55 
rocks of, description of. ...................................... 69-77 

occurrence of. ....................................... 51, 54, 72, 73 
sedimentation of, description of. ........................... 115-116 

Orthothetes, occurrence of....................................... 78 
Osgood, W. H.,on biologyofYukonregion ........ :............. 201 

on mountains near Lake Clark............................... 45 
Outfitting. See Equipment. 
Overthrusting, inAlaska Range.................................. 112 

P. 
Pachydiscus, occurrence of....................................... 93 
Pacific mountain system, drainage of............................. 43 

extent and character oL ..................................... 42-43 
ranges of; character of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
trend of...................................................... 43 

Packing, description of:.......................................... 13 
Paige, Sidney,on Susitna·River region........................... 68 

work in Talkeetna Basin by.................................. 32 
Paige, Sidney, and Knopf, Adolph, fossil plants collected by . . . . . . ioo 

on formations of Matanuska and Talkeetna Basins ....... 52 (table) 
on glaciation in Matanuska-Talkeetna region................. 127 

Page. 
Paige, Sidney, and Knopf, Adolph, on Jurassic rocks of Matanuska 

Basin .............. ·....................................... 91 
on Matanuska coal field. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
on Matanuska-Talkeetna region.............................. 55, 

65, 86, 87, 92, 96, 103, 104, 112, 119, 159 
on metamorphic rocks in Matanuska-Talkeetna basins....... 61 
on ore body at Lynx Creek................................. 164 
on peneplains in Alaska... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 
on Willow Creek district.................................... 165 
work by..................................................... 49 

Paleontologic evidence, use in correlation. . . . . . . . . . . . . . . . . . . . . . . . 53 
Paleozoic rocks, occurrence of .......................... 51, 54,66-84,158 
Paleozoic succession, thickness of ....... :........................ 66 
Paliurus colombi, occurrence of ............. ·..................... 100 
Parker, Herschel, ascent of Mount McKinley by. . . . . . . . . . . . . . . . . 31 

on explorations in Mount. McKinley region.. . . . . . . . . . . . . . . . . . 31 
Passes, of Alaska Range, origin of................................ 131 
Patterson Creek, location of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183 
Pecten, occurrence of. .......................................... 87,93 
Pelly River, rocks of............................................. 59 
Peneplains, description and correlation of ................. 120,121,132 
Peneplanation, in Alaska Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 

in Talkeetna area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Pennsylvanian strata, occurrence of.............................. 49 
Permian strata, occurrence of. ................................ :.. 49 
Peters, W. J., exploration by. . . . . . . . . . . . .. .. . . .. .. . .. .. .. .. .. . 28 
Peters Creek, location and survey of ....................... .-.... 40 

mining on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 
Peters Glacier, location of........................................ 125 

namingof..................................................... 30 
Petrof, Ivan, on Cooks·lnlet region............................... 25 
Phillipsastrea, occurrence of..................................... 78 
Phyllites, occurrence of.......................................... 57 
Phylloceras, occurrence of....................................... 87 
Piedmont plateau, Pleistocene deposits of ...................... 108-109 

description of ............... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 46-47, 119 
province, location of. . . .. .. .. . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. 43 

Pitch, relation to structural lines, figure showing................. 70 
Placer River, crossing of ................................... :.. .. . 220 
Placers. See Gold. 
Plants, collection and determination of.......................... 22 

list of ....................... 1. . . . . . . . • . . • • • . • • . • • . . . • • . . • . . 208-211 
fossil, occurrence of ......................... 63,81-82,93-95,99-102 
See also Flora; Forage; Vegetation. . 

Plateaus, types of.. . .. . . .. .. .. . .. .. .. . .. .. . . .. . .. . .. .. . . .. . . .. . . . '119 
Pleasant River, pass at head of................................. 45 
Pleistocene deposits, character and occurrence of. .... 52,52 (table), 55 

correlation of. . . . .. . .. .. .. . .. . . . .. . . . .. . .. . .. . .. . .. . .. .. .. . . . 110 
descript~on of. ............................................. 105-110 
gold deposits of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 
section of, figure showing. . . . . . . . . .. .. .. . .. . . .. .. . .. .. . . .. .. 106 

Pleuromya, occurrence of. ......... : . ......................... 87, 91,93 
Pleurotomaria, occurrence of. .................................... 83,87 
Point Campbell, coal mining at ............................... :.. 187 
Point Possession, visited by Cook ... ·............................. 23 
Population, notes on ........................................... 215-218 
Populus arctica, occurrence of. ............................. 100,101,102 

latior, occurrence of. .. :..................................... 102 
leucophylla, occurrence of. ........ ~. . . . . . . . . . . . . . . . . . . . . . . . . . 101 

Porcupine River, region of, formations of. ................... 52 (table) 
region of, graptolite-bearing formation ncar.................. 73 

quartzites of............................................ 51 
section along.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

Porphyry, description of. .... :................................... 146 
Port Clarence limestone, -occurrence of............................ , 72 
·Port Graham, coal at............................................ 156 
Port Wells, glaciers on.·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Portage Bay, connection with Turnagain Arm ...... :............ 44 
Portage Creek, gap at, altitude of. .. . .. .. . .. .. .. . .. .. .. .. .. .. . .. . 123 
Portage routes. See Routes and trails. · 
Porter, R. W., exploration and mapping by...................... 31 

on Yentna region............................................. 166 
report on surveys by Cook party ............................ ·. 39-42 
work of. ......... .'.'.......................................... 34 

Post, W. S., exploration by .................................... .. 
workof .................................... : ................ . 

27 
34 

Post-Eocene series, formations of ............ , ............... 52 (tabl~) 
in Mount McKinley region................................... 55 

Post-Kenai folding and erosion, description of. ................. 132-133 



INDEX. 231 

Page. 
Precipitation, In Cook Inlet region............................... 195 

in Yukon-Tanana region..................................... 199 
Pre-Ordovician diastrophism and sedimentation, description of. . 115 
Priestly, W. E., on coal in the Kuskokwim basin .............. 131,188 
Prince William Sound region, formations of ...................... 62,63 

visited by Cook.............................................. 23 
Prindle, L. M., commendation of................................. 22 

fossil plants collected by ................................... 100-102 
fossils collected by ....................... , ................ ~ .. 83, 90 
mapping of Yukon-Tanana region by........................ 50 
meteorologic record by ..................................... 200-201 
on age of granite intrusions................................... 161 
on 'Bonnifield and Kantishna regions .................... 58,169-180 
on ·carboniferous rocks ............................ ~ . . . . . . . . . 84 
on igneous rocks ........................................... 136-154 
on·Kantishna River basin.................................... 97 
on ·metamorphic rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
on mineralizing influence of intrusions.:..................... 161 
on occurrence of gravels...................................... 47 
on Rampart-Fairbanks region ....................... 52 (table), 181 
on rocks of Wolverine Mountain............................. 93 
on rocks of Yukon-Tanana region............................ 92 
on 'l'onzona group ...................... · ...................... 74-75 
plants collected by ...................................... 22, 208-211 
report of, on Bonnifield and Karitishna districts .......... :. 169-180 
\Vork of. ..................................................... 12, 32 
See also Brooks, A. H., and Prindle, .L. M. 

Prindle; L. M., ·and Hess, F. L., on Rampart region ......... 57,109,183 
Prindle, L. M:., and Katz, F. J., on Fairbanks region ........ 97,109,181 
Printz, Fred, exploration by .................................... : 31 

work of .................................... · .................. 12, 30 
Prospeetors, investigations by.................................... 25 
Protocardla; occurrence of.. .................. .".. . . . . . . . . . . . . . . . . . 87 
Provisions, lis.t, packing and protection of........................ 14 
Puget group, occurrence of....................................... 103 
Ptarmigan Creek, pass near, character of......................... 124 
Pyroxene_granite, ~e.s~riptio:r;~_ of.................................. 139 

. Q .. 
Quarl Creek, .fossils from ......................................... 83,93 

location of................................................... 183 
Quartz Creek, stream gravels near................................ 107 
Quartz diorite porphyry, description.of.......................... 146 
Quartz diorite, composition and qualities of ...... · .............. 144-145 
Quartz monzonite, composition and qualities of. ............... 139-140 
Quartz schists, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Quartz-pyroxene monzonite, composition and qualities of ...... 140-141 
Quartzites, occurrence of. ........................................ 51,57 
Quaternary system, deposits of, character and occurrence of...... 51, 

52,52 (table) 
description of. ............................................. 105-111 
divisions represented......................................... 105 
in Mount McKinley region................................... 55 
mineral deposits in ........... :............................... 162 
See also Pleistocene. · 

Quercus pseudocastanea, occurrence of ................. , . . . . . . . . . 101 

R. 
Railway routes, discussion of. ........................... 31,218, 220-222 

Resurrection. Bay to Tanana region ........................ 220-221 
Rainfall. See Precipitation. 
Rainy Pass, discovery and naming of ............................ 18,45 

location 'and altitude of. .................... · .............. 18, 23,45 
view of, plate showing....................................... 46 

Rampart, coal deposits near .............. :........................ ·192 
rainfall data at............................................... 199 
region around, description of ............................... 183-184 

· fossil plants from ...................................... ·.. 102 
· gold· discovered in.·.·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 156 

investigations in ..... :................................... 50 
rocks of. ........................ 76,139, 141,143, 147, 152, 153,154 

route to...................................................... 20 
Rampart seri.es, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 84 
Rampart-Fairbanks region, formations of .... , ............... 52 (table) 
Ramparts of the Yukon Valley, desci-iption of. ... :............... 48 
Ranges, mountain, types of. ........... ::........................ 118 
Rapids scl~ist, occurrence of ................ :.,................... 60 
Rations, character and amount of..: .. : .......................... 13-14 
Reaburn, D. L., observations by................................. 17 

outfitting by .......... : ................. ·..................... 13 

Page. 
Reaburn, D. L., report on topographic survey by ................ 32-39 

work of. ..................................................... 12, 21 
See also Brooks, A. H., and Reaburn, .D. L. 

Reaburn, Odell, work of .............................. :.......... 12 
Recent geologic history, section on ............................. 128-136 
Recent series, character and occurrence of.. .................. 52 (table) 

description of. ...................... : ............. , ......... 110-111 
location of................................................... 52 
of Mount McKinley region................................... 55 

Reconnaissance map, data for... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Redoubt Kolmakof, trading post at.............................. 24 
Redoubt Volcano, ejectamenta of................................ 110 

eruption of. .................................... ·.............. 111 
location of. ................................................... 45, 52 

Reefs, in Cook Inlet, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Reindeer, feeding and occurrence of ............................ 212-213 
Relief map, of central Alaska .......... ·........................... 42 
Resurrectibl,i Bay, granitic intrusive rocks near.................. 61 
: railroad from, advantages for................................. 220 
Resurrection Creek, gold placers of............................... 162 

mining operations at......................................... 156 
Revine, George, work of.. ........................... :............ 12 
Rhami:ms eridani, occurrence of .. :............................... 100 
Rhode's, H. W., triangulation observations by ................. ·... 33 
Rhynchonella, occurrence of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Rhyolite, occurrence of........................................... 75 
Rhyolitic rocks, description of.. ................................ 148-149 

metamorphosed, description of. ............................ 149-150 
Rivers, ofMount McKinley province, character of................ 122 
Rohn River. See Tatina River. 
Rosiwal, A., on linear measurement of rocks ................ :. . . • 139 
Roosevelt, location ot............................................ 175 
Roosevelt Creek; fossil plants from. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

mining operations on......................................... 174 
Route of travel, of expedition ................................... . 16 
Routes and trails; to or-via-

Alexander.· .... ::.::: ........ :............................... 16 
Baker Creek district.......................................... 219 
Bear Creek ............... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Beluga River ................................................ 16, 17 
Chulitna River ........................... .'................... 31 
Cook Inlet to Kuskokwim basin ............................ : 18 
Dutch Creek ............................................. :. . . . 39 
Gulkana River ............................................. 167,218 
Kariltna Creek., .... ,........................................ 39 
Kichatna River .............................................. · 18 
Kliskon Mountain ........................... ·. . . . . . . . . . . . . . . . 39 
Kuskokwim River ........................................... 18,45 
Little Minook Creek......................................... 20 
McLaren Creek ... .'........................................... 168 
Mount McKinley.... . . .. .. . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Mulcii-ow Glacier..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Nenana River................................................ 19 
Paxson .................................................... ·.. 218 
Portage Bay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Rainy Pass·. . . . .. .. . . . . . . . . . . . .. . . . . . . . . . . . . .. .. . . . . . . . . . . . . . 18, 29 
Rampart district ..................... ,....................... 219 
Simpson's Pass.............................................. 28 
Skwentna River ............................................. 16,17 
Susitna River ............................................... . 
Tanana River ............................................... . 
Tatlathna River ........ .' ................................... . 
Tokichitna Glacier ..................................... · ..... . 
Toklat basin ................................................ . 

218 
19,28 

30 
39 
47 

Tolovana River.............................................. 20 
Valdez Creek.· .............................................. .167, 218 
White River................................................. 28 
Yanert Fork .......................... ." ............... ,·_..... 19 
Yentna district. ....................................... ·...... 167 
Yentna River (east fork) ............................. ,....... · 40 
Yukon basin ..................................... ·.· .......... 20,28 

Russell, I. C., on Yukon silts..................................... 110 
Russian America, atlas of, mention of............................ 24 
Russian-American company, operations of........................ 155 
Russians, exploitation of minerals by............................ 155 

explorations by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
knowledge of Alaska by.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
settlements by. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Rust, C .. E., ascent of Mount McKinley by .. :.................... 3Z 



232 INDEX. 

S. Page. 
Saddledor horses, description of................................. 13 
St. Elias Range, location and ~haracter of........................ 43 
St. Michael, embarkment ~t...................................... 20 
Salix varians, occurrence of ............. : ............. :.......... 100 
Salmon Trout limestone, age and formation of ............... 52 (taple) 
Sargent, R. H., work of .......................................... 32,34 

topographic map by.......................................... 32 
Sawmill Creek, gold-bearing vein on ............................ ·.. 163 
Schistose rocks, of Willow Creek baSin............................ 65 
Schists, description of .......................................... 149-150 

occurrence of ........................................... 49, 51, 60,65 
Schrader, F. C., on age of Sunrise and Valdez groups._ .. _ ........ · 64 

on fossils of Orca group....................................... 63 
on Mount Wrangell district .............................. 52 (table) 
on peneplains in Alaska...................................... . 132 
on_J"ocks of Chandalar basin.: .................. :............. 60 
on rocks. of Prince William Sound-Copper River district...... 62 

Schrader, F. C., and Spencer, A. C., on Copper River district. 52 (table), 
64,85 

on Valdez series .............. ___ ............................. 62 
Schuchert, Charles, fossils identified by....... . . . . . . . . . . . . . . . . . . . . 78, 83 

on graptolites from Dillinger River region.................... 72 
Schwatka, Frederick, exploration. by .. _.......................... 26 

on settlements in Tanana Valley............................. 25 

~~:~r~~~:::~:r :~~~~-- ~::::::::::::::::::::::::::::::::::::: 1!! 
Seattle, embarkation at.......................................... 16 

outfitting at.................................................. 13 
Sedimentation, in Eocene time, description of.................... 130 

in Mount McKinley region, periods of........................ 114 
Seldovia, temperature at......................................... 195 
Sequoia langsdorfii, occurrence oL ............................. 100, 101 
Seward, outfitting at, fc:n: hunting expeditions ......... ~.......... 214 

temperature at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
Seward Peninsula; rocks of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 115 
Sheldon, Charles, work in Kantisb.na basin....................... 32 
Shell Hills, rocks of. ........................................... 139, 140 

_Shoes, for exploratory work, description of....................... 15 
Shore line, of Mount McKinley province, description of........... 122 
Shore topography, types of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
Siberian fur traders, investigations of............................. 23 
Silurian system, formations of. .... , ......................... 52 (table) 

in Mount McKinley region .......... ,......................... 55 
rocks of, occurrence of. .............................. 51,57,64,67, 73 
sedimentation of............................................. 116 

Simpson Pass, altitude.of. ...................................... 45, 123 
discovery of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
fossils near ........... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
naming of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
view of, plate showing.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

Sixmile Creek, gold placers of. ................................ :. . 162 
Skolai Pass, shales of, age and character of ................... 52 (table) 
Skwentna River, description oL... .. . ........ .. .. . . . . .. . .. .. . . . . 17 

exploration of ............................. ~.................. 27 
routealong................................................... 16 
terraces along. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
valley of, exploration of .................................... .". 49 

rocks of. ........................................... 138, 140, 150 
route through............................................ 17 

Skwentna group, age and character of. .......... 52 (table), 55,85-87,117 
correlation and distribution of................................ 86 
mineralization of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 
occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

Slates, description of. ............................................ 65, 67. 
occurrence of .............................................. 49,75,88 

Sleeping bags, character of. ............................... ,...... 15 
Sluicing season, length of.,...................................... 199 
Smith, G. 0. See Willis, Bailey, and Smith, G. 0. · 
Snow, C. H., on equipmen~ of expeditions....................... 14 
Snowfall, amount of............................................. 195 

monthly, at Chickaloon...................................... 198 
Snow line, elevation qf .............. :............................ 125 
Snug Harbor, fossils from....................................... 90 

shore line near, character of. ....... , ............. :........... 44 
Sonninia, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Spencer, A. C., on age of Sunrise and Valdez groups ........... _. 64 

on physiographic features of Alaska.......................... 132 
on relation of or(l bodies and intrusive rocks.. . . . . . . . . . . . . . . . . 160 

Page. 
Spencer, A. C. See also Schrader, F. C., and Spencer, A. C. 
Specimens, collection of ............................ _ .... __ . . . . . . . 21 
Sphalerite, occurrence of. ...................... _ .. __ ............. 182 
Spurr, J. E., discovery of pass at head of Pleasant River by...... 45 

exploration by ............................................... 18, 27 
on Birch Creek series ............ _ ............. _ ............ ~ 59 
on coal-bearing rocks in Skwentna Valley.................... 188 
on formations of Yentna and Kuskokwim basins.:._ ..... 52 (table) 
on igneo~ rocks _of Rampart region ..... , .................. • . . 152 
on Kenai formatiOn .................................. _. . . . . . . 95 

.on mineralization along contacts ........................... 159,160 
on rocks in Skwentna River region ........... _............... 85 
on rocks of Kuskokwim region. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 78 
on stream terraces .......................................... _ 127 
on Tanana Valley .. : ........... ~---·························· 25 
on Terra Cotta series. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
on Yukon district. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
on Yukon silts............................................... 110 
work by ......................... · ..... _____ .................. 49,50 

Spruce Creek, features of and mining operations on............... 176 
Stanton, T. W., fossils determined by ... _._._ ... _ ......... 87, 90, 93,102 

workby..................................................... 49 
Stanton, T. W., and Martin, G. C., on formations of Cook Inlet 

and Alaska Peninsula ........................... 52 (table) 
on Kenai formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
on Triassic rocks in Alaska Peninsula........................ 85 

Steller, G. W., on Bering's voyage............................... 22 
Stephanoceras, occurrence of..................................... 87 
Stephens Creek valley, Pleistocene deposits of.................... 109 
Stibnite, occurrence of..· ....... · ........................ 177,178,179,182 
Stone, R. W., on Kacl:lemak Bay region. . . . . . . . . . . . . . . . . . . . . . . . . 102 

on Kenai formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Stone, R. W., and Moffit, F. H., work by........................ 49 
Straparollus, occurrence of. .......... ;........................... 78 
Stratigraphic distribution of'mineral deposits, section on ....... 157-162 
Stratigraphic sequence of events, description of ................ 113-118 
Stratigraphy, discussion of. ................ _ .................... 54-111 

table showing ........................................... 52 (table) 
Streptelasma, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
Strire, glacial, absence of......................................... 127 
Strike lines, dominant, directions of ....................... ,...... 111 
Structural axes, parallelism of. .................... .'............. 111 
Structure, section on ...•....................... ; ............... 111-113 
Subsidence, in Cretaceous time.................................. 118 
Sunflower Creek, location of. ................... :. . . . . . . . . . . . . . . . . 39 
Sunrise, district around, gold placers of ......................... 162,163 

temperature and precipitation at.. . . . . . . . . . . . . . . . . . . . . . . . . . 194, 195 
Sunrise group, age of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Susitna lowland province, location and description of ... : ..... ·.· . . 43-45 

ranges encircling ....................................... , . . . . . 43 
Susitna River, course of.......................................... 25 

delta of, volcanic rocks of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
description of.. .......................................... 44,122-123 

·exploration of ..................... ,.......................... 27 
Kenai rocks along. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
route via..................................................... 218 
survey of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 34 
tributaries of................................................. 44 
va.lley of, coal deposits in - . -- .... - . . . . . . . . . . . . . . . . . . . . . . . . . 186, 188 

description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
exploration in ......................... 1•• • • • • • • • • • • • • • • • • • 28, 49 
genesis of .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
gold deposits oL ....................................... 164-166 
gold discovered in... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
intrusive rocks in ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
lowlands of, survey of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
mapping of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Paleozoic rocks of ........................................ 68-73 
Pleistocene deposits of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106, 107 
railway, proposed, in..................................... 222 
rocks of. .......................................... · ....... 51,65 
surveys in... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Susitna slate, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Suslota formation, age and character of.. ..................... 52 (table) 
Sy1.1-clinorium, of Alaska Range .................. 51, 66, 68, 84, 87, 111, 118 

of Nutzotin Mountains ..... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Syringopora, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

r 



INDEX. 233 

T. Page. 
Tachatna series, occurrence of.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Talkeetna Mountains, batholith of ... ~........................... 53 

description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . 119 
faulting and folding in .................................. · ...... · 112 
geologic structure of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
glaciers of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
granites of. ................... , .................. :............ 92 
lava flows in .......................... ,...................... 104 
lignite of ..................... : ........ ,_ ............. ·........ 95 
location and character of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
peneplain of.. ............ _ .. : .......... ,-...................... · 132 

Talkeetna River, description oL................................. 123 
location and character of. .... _................................ 44 
mouth of, elevation of........................................ 221 
rocks along ............................ , ............... -.-..... 65 
valley of, formations of.. ................................. 52 (table) 

~:~;~~~. ~~- ~ ~ : ~ ~ ~ : : : ~ : : : : ~ : : : : : : : : : : : : : : : : : : : : : : : : : : ~ : ~ : ~ 49' ~~ 
survey in ................. :............................... 32 

Talkeetna-Matanuska region, post-Eocene lavas of, age of......... 94 
Tanana, area north of, geology of. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . 56 

trading post at ........................ , ............. :........ 25 
Tanana Flats, coal deposits of. ............ :...................... 192 

description of. ........................ , .................... 170-171 
Tanana lowland province, description of. . . . . . . . . . . . . . . . . . . . . . . . . 47 

location of ............................ , . . . . . . . . . . . . . . . . . . . . . . 43 
Tanana River, crossing of........................................ 20 

description of ......................... , ..................... 47, 124 
exploration of. ......................... , . . .. . .. . . . . . . .. .. .. . .. 25, 26 
headwater region of, formations of ......... · .............. 52 (table) 
section of rocks along, figure showing .. , ................... ,.. 76 
survey of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
valley of, agricultural conditions In ... , . . . . . . . . . . . . . . . . . . • . . . 212 

. deformation in ....................................... :. . . 113 
exploration of ..................... , ............. · .. .. .. .. . 49 
flood plains of. ................................. :.. .. .. .. . 110 
glaciation in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
lignite-bearing formation of. . . .. . .. . .. . . .. . . . . .. . . .. . .. .. 97 
lowland of, description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
mapping of.,............................................ 26 
Pleistocene deposits of ............................ _.. . . . 108, 109 
route through............................................ 19 
schists of, character of .................. : ........... :..... ·57 

Tanana upland, description of ............. : . . . . . . . . . . . . . . . . . . . . . 120 
Pleistocene deposits of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109. 

Tanana Valley Railway, route of................................. 219 
Tanana schists, age and character of ........................ 52 (table) 

name abandoned .................................... ·......... 60 
Tarr, H.. S., on rocks of Yakutftt Bay region...................... 62 

on peneph\ins in Yakutat Bay region........................ 132 
Tatlna group, age and character of.. ..... , ..... 52 (table), 55, 66, 72,115 

anticlinal fold In, plate showing.............................. 70 
correlation of ............................... :................. 72 
deformation of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
description of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69-77 
distribution of. .............................................. , 70 
folds In, diagrams showing ........................... ~.... . . . 71 
mineralization of.. . . . . .. . . . . .. . .. . .. .. . .. . .. .. .. . . . .. . .. .. .. . 158 
section of, figures showing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 77 
thickness of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 

Tatina River, section along, figure showing. . . . . . . . . . . . . . . . . . . . . . 71 
valley of, rocks in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

view of, plate showing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Tatlanika Creek, features of and mining operations on............ 173 
Tatlat'hna River, location of. ... _. __ .............................. 29 
·Taxodium distichum miocenum, occurrence of................... · 100 

tinajorum, occurrence of. ... .' ..... : ... , ..................... 99-101 
·Taylor, William, ascent of Mount McKinley by.................. 31 
·Tchigmit Mountains, name and location of....................... . 24 
'Tebenkoff, Michael, on Kachemak Bay ..... · .................... ~ 24 
·Telegraph lines, military, routes of............................... 219 
·Telida, location of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
·Temperature, records of, at Chickaloon ......................... 19~198 

records of, in Cook Inlet region:.............................. 194 
of expedition ........................................... 200-201 

·Tennally, native name for Mount McKinley .... .' .. :............. 22 
·Tents, description of............................................. 15 
·Terra Cotta series, correlation of..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 

series, occurrence of. . . .. . .. . . .. . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. 72 

Page. 
Terrace ~ravels, occurrenc~ of.. ... ~ ............................. 105-106 

sectiOn of, figure showmg..................................... 109 
Terraces, along the Tanana River ............................... ·. 47 

character and origin of.. .......................... : .......... 127-128 
in Cook Inlet province....................................... 44 
in Happy Valley ....... ~..................................... 127 
in Kichatna Valley............................................ 127 
in Susitna lowland ........................................... 44,45 
stream origin of. ........... : . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 
See also Gravel terraces; Gravels; Pleistocene., 

Tertiary system, coals of ....................................... 184-193 
description of ............................................... 94-104 
formations of ............................................ 52 (table) 

distribution of ............................................ 51,54 
in Mount McKinley region................................... 55 
sediments of, sub'divis_ions of................................. 94 
volcanic rocks of, distribution of. . .. .. .. .. . .. .. .. .. . .. .. . .. .. 104 

Tetelna volcanic rocks, age and character of. ............. 52 (table), 82 
Thompson, W. E., on the ascent of Mount McKinley............. 31 
Tidal flats, occurrence of......................................... 122 
Timber, character and occurrence of ............................ 202-205 

destruction of..: ......................................... ,... 206 
distribution of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 

map showing............................................. 207 
of Kichatna Valley, plate showing........................... 202 
See also Forests. 

Time, computation of, example of.. ............................. ·. 
control of. .................................................. .. 

Tokichltna Glacier, route to ..................................... . 
Tokichitna River, glaciers near .................................. . 

lowland of, exploration of.. .................................. . 
Toklat Butte, observations at ................................. , .. 
Toklat River, Kenai beds of.. ................................... . 

route of travel east of.. ...................................... . 
West Fork of, section on ....... : ............................ . 

Tolovana River, ~escription of ........................... : ...... . 

!~::::~0~~-~~~~~i-~~i-~~ -~f~~::::: :-:·::::: ::·: :·::::::::::::::::::: 
valley of, location of. ............ _- _- .......................... . 

Pleistocene deposits of.. ................................ .. 
rocks of. .................................................. . 

36 
42 
39 

125 
27 
34 
98 
47 
79 

124 
-20 
20 
47 

109 
140 

Tonzona group, age and character of.. ................ 52 (table), 55,116 
description of.. ................................................ 73-77 
distribution of. ............................................... 73-74 
mineralization of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 
occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64, 66 
section of, figures showing ................................. 74, 76,77 
structure and thickness ...................................... 75-76 

Tonzona River, valle.y. of, rocks of. .................... · __ ......... 77 
valley of, section in, description of............................ 74 

view of, plate showing.................................... 120 
Tools provided, description of. .................. :. . . . . . . . . . . . . . . . 15 
Topographic map, data for....................................... 34 
Topographic provinces, section on ................................ 43-48 
Topographic survey, character of. .................. ,............. 40 

control for..... . . .. .. . . . . . .. . .. .. .. . . . . . . . .. . . . . . . .. .. . .. . .. .. 34 
instruments for.... . .. . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 15 
report on.... .. .. .. . .. . .. . . .. . . . . . . . . . . . .. . . . .. . . . .. . .. . . . . . . . 32-39 
section on . . . . .. . • .. . .. .. . . . .. . . .. . . . . . . . . .. . . . . .. . . . . . . . .. . . 32-42 

Topographic methods u8ed....................................... 34 
Topography, discordance of interpretations of .................. 132-133 

genesis of, discussion of. .•.................................. ·128-136 
glaciated, occurrence and character of........................ 128 
near Cook Inlet..... . .. . . .. .. . . .. . .. . . . . . .. .. . .. . . . . . . .. . .. . .. 16 
of Kuskokwim Valley ........................................ 18-19 
of Tolovana Valley.......................................... 20 
plate showing.... .. . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . .. .. .. . . .. .. 42 

Tordrillo formation, age and character of. ............. 52 (table), 55,90 
correlation of. ............................................ , .... 72,90 
description of. ................................................. 87-90 
distribution of ..................... , . . . . . . . . . . . . . . . . . . . . . . . . . 88 
folding and faulting in, figures sho·.ving....................... 89 
jointing in, figure showing................................... 89 
mineralization of.. . .. . .. . . . .. .. . . . . . .. .. . . .. . .. .. . .. .. .. . . . .. , 159 
occurrence of. ................................................ 67,84 
section in, figure showing .. : .. ........ .'... .. .. . .. .. .. . .. . .. . . 90 

Tordrillo Mountains, description oL............................. 45 
Tortella, visit to. . . . . . . . . . .. .. .. . .. . . . .. .. .. .. . .. . .. .. .. . .. . .. . .. 20 

See also Nenana. 



234 INDEX. 

Page. 
Totatlanika Creek, features of mining operations on.............. 172 
Traleyka, native name for Mount McKinley...................... 22 
'rransportation, present conditions of ............................ 218-219 
•rravel on glaciers, conditions for................................. 126 
Traverse work, methods of ....................................... 21-22 
Triassic system, deposition of, description of. ......... ,.......... 116 

formation~ of. ........................................... 52 (table) 
rocks of, occurrence of. ........ : ........................... 51, 64,85 

Trigonia, occurrence of........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Troublesome Creek, location of................................... 183 
Tsadaka Creek, fossil plants from .............................. 100-101 
Tuff, occurrence of'............................................... 111 
Turnagain Arm, charting of...................................... 23 

location and character of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
metamorphic rocks along..................................... 61 
pass from, to Portage Bay... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
region of, gold placers of..................................... 162 
shore topography of.......................................... 122 
stream graveis near:._.,...................................... 107 
visited by Cook.............................................. 23 

Tyonek, basi$ of topographic control'at ............ : ...... :. . . . . . 34 
coal deposits near. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 

map showing............................................ 187 
coal from, analyses of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
Eocene beds at, section of, figure showing. . . . . . . . . . . . . . . . . . . . 95 
fossil plants from ................................... ,......... 99 
landing at ..................................... : .. :........... 16 
Pleistocene deposits near, section of, figure showing .. ·........ 106 
record and computations at.................................. 35 
route from, survey of.. ................ :...................... 34 
temperature and precipitation at ........... : ................ 194, 195 

u. 
Ulrich, E. 0., fossils determined by............................... 73 

on Jurassic fossils ......................................... : . . 63 
Unga Island, volcanic rocks of, age of............................ 159 
Uplift, differential, in plateau region.·.':.......................... 121 

in Cretaceous time.-.......... : .. ::: ........................ 129-130 
in post-Kenai time........................................... 132 
movements of, in Mount McKinley region, periods of......... 114 

Upper Cretaceous series, formations of.................... 52 (table) 
rocks of ............... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 55

1
93-94 

sedimentation of............................................. 130 
conditions anterior to .................................. 129-130 

Upper Devonian series, formations of. ..................... _. 52 (table) 
Upper Jurassic series, formations of .......................... 52 (table) 

in Mouht-McKinley region................................... 55 

V. 
Valdez, datum at................................................. 33 
Valdez Creek, description oL.................................... 167 

mining district of, description of ...................... ·.·..... 168 
gold discovered in ..................... : .............. :... 156 

region of, report on ......................................... 167-169 
route to ..................... ·; ...... :........................ 167 

Valdez series, age, character, and occurrence of. ......... 52 (table), 62,64 
Valleys, glaciation of............................................. 12fl 

in Alaska Range, character of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
in Yukon-Tanana upland, character of....................... 48 

Van Schoonhoven, George, exploration by . . . . . . . . . . . . . . . . . . . . . . . 29 
Vancouver, George, exploration by.............................. 23 
Vegetation, description of. ............................... 18-20,201-217 
Viburnum, occurrence of. ....... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Vi tis crenata, occurrence of....................................... 101 . 
Viviparus, occurrence of. ................................. ,...... 102 
Volcanic rocks, description of. ................................. 148-152 

line connecting. . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 80, 86, 103, 104 

Volcanism, belt of, trend of...................................... 52 
in Middle Jurassic time ...... :............................... 117 
,in ¥ount McKinley region, periods of........................ 114 

. Volcano on Augustine islet....................................... 44 
Volkmar River, exl)loration of. .............. ,................... 28 
Von Canon, W. W., work of. ......... :.......................... 12 

w. 
Wagner Creek, mining on ..... : ............ :..................... 167 
Walcott, C. D., on Mount McKinley expedition................... 12 

Page. 
War Department, expeditions and surveys by ................... 26, 28 
Watson, Frank, meteorologic record furnished by................ 196 
Weapons, character of........................................... 15 
Weather, character of ............................ ~. . . . . . . . . . . . . . . 40 

records of, kept by Prindle................................... 22 
Wellesley formation, age and character of. . . . . . . . . . . . . . . . . 52 (table), 82 

correlation with.............................................. 82 
Wells, E. H., exploration by ............................ :........ 26 
Wells, Frank, copper-bearing lode discovered by. . . . . . . . . . . . . . . . . 166 
West Fork of Toklat River, section on........................... 79 
White, David, on plant remains................................. 83 
White population, distribution of. .... :.:........................ 215 
White River headwater region, formations of. ............... 52 (table) 
Wickersham, James, ascent of Mount McKinley by .............. 29-30 
Willis, Bailey,· and Smith, G. 0., on Puget group................ 103 
·willow Creek, auriferous schists of............................... 157 

region of, gold discovered in :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
gold deposits of. ....................................... 165-1G6 

. schistose rocks of......................................... 65 
Witherspoon, D. C., work of. .................................... 32,34 
Wolframite, occurrence of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 
Wolverine Mountain, altitude and location of.. . . . . . . . . . . . . . . . . . . 120 

description of................................................ 48 
rocks of. ..................................... :. . . . . . . . . . . . . . . 93 

Wood River basin, Kenai rocks in............................... 97 
Work, methods of._, .............................................. 21-22 

·See also Geologic work. 
Wrangell, Ferdinand von, on section on Cook Inlet.............. 48 
Wrangell Mountains, location and character of................... 43 

structure of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
volcanic activity in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

Wrangell volcanic rocks, age and character of ................ 52 (table) 
Wright, F. E .. and C. W., on relation of or.e bodies and intrusive 

rocks................................................ 160 
on rocks of Alexander Archipelago. . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

Y. 
Yakutat group, description of.................................... 62 
Yanert, William, explorations by ................................ ·28, 29 
Yanert Fork, anticline occupied by ............... ,.............. 80 

route along.................................................. 19 
view of, plate showing....................................... 108 

Yentna River, east fork of, route a"long........ .. . . .. . . .. . . .. . . ... 40 
headwater region of, description of........................... 45 
valley of, formations of. ................................. 52 (table) 

glaciers of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
gold deposits of. ....................................... 166-167 
gold discovered in ....................... :. . . . . . . . . . . . . . 31, 156 
Kenai formation in ................................. ·_ . . . . 95 
map of. .............................................. in pocket 
mapping of. ............................................. · 56 
Paleozoic rocks of ........................................ 67-68 
route to....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ 167 
Skwentna group in...................................... 84 
slates of, age and correlation of. . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
survey of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
upper basin of, topography of............................ 123 

Yentna beds, occurrence of...................................... 95 
Yukon River, region of, coal fields of............................. 192 

region of, Cretaceous rocks of, occurrence of. . . . . . . . . . . . . . . . . . 93 
flats of, physiographic origin of.--.-----.------ .. --.-.-- 133-134 
formations of ........................................ 52 (table) 

· fossil plants from. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
Kenai formation in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Kenai formation, section of, figure showing ............. : 98 
peneplains of. ........................ : ............ 120,121,132 
plateau of, description of .............................. :.. 120 
rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
reconnai~sance in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 50 

routes to, from Tanana. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
silts of, occurrence of......................................... 110 

Yukon-Tanana region, granites of, age of......................... 52 
Paleozoic rocks of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
rainfall data of ... - -.. -. - -.. - -- -.. - -- - -.- - -. -... - - -~. -... - - -- . 199 

Yukon-Tanana upland province, description of.................. 48 
location of. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Yukokon, indian name for White River......................... 22 

0 

rli. !I 


