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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES (EOLOGICAL SURVEY,
Washington, D. C., July 1, 1900.
Str: I have the honor to transmit herewith, for publication as a
part of the Twenty-first Annual Report, a collection of papers, reports,
and maps descriptive of the forests of the West, comprising the Lewis
and Clarke Forest Reserve of Montana, the Mount Rainier Forest
Reserve and parts of the Olympic Forest Reserve of Washington, the
southern portion of the Cascade Range in Oregon, embracing a part of
the Cascade Range Forest Reserve, and portions of the Sierra Nevada
of California, including the Stanislaus and Lake Tahoe forest reserves
and the Yosemite National Park. With these are reports upon the
forests of northern Minnesota and of Indian Territory and descrip-
tions of several land-classification sheets, representing areas in various
parts of the West.
Very respectfully, : Hexry GANNETT,
Geographer.
Hon. CaarcEs D. Warcorr,
Director United States Geological Survey.
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SUMMARY OF FORESTRY WORK IN 1899-1900.

By HeNrY GANNETT.

CHANGES IN RESERVES DURING THE YEAR.

During the year few changes have been made in forest reserves.
By proclamation of October 2, 1899, the Santa Inez Forest Reserve,
California, was established, with an area of 227 square miles.

By proclamation of October 21, 1899, the Prescott Reserve, Arizona,
was increased by the addition of 646 square miles to its area.

On April 7, 1900, the Olympic Reserve of northwest Washington
was reduced by 414 square miles, the reductions being entirely within
the area and mainly in the western part of Clallam County. This
reduction was made at the earnest solicitation of the county officers
and many of the citizens, and is on the whole to the manifest advan-
tage of the reserve, inasmuch as the areas cut out are in large part in
private hands.

PRESENT CONDITIONS.

A list of the reserves as at present established is given below, with
the date of establishment, their present boundaries, their areas in
square miles, and the year in which they were examined.

The present status of the reserves and the pational parks is shown
by PL 1.

Names, locations, and areas of forest reserves, July 1, 1900.

Name, State. D &C&g’fﬁ]‘.))lr')o‘cla- Area. Remarks.
Sq.miles.
Ashland..._._.. Oregon........ Sept. 28,1893 290 | Examined in 1899.
Battlement Mesa | Colorado ...... Dec. 24,1892 | 1,341 | Examinedin 1898.
Bighorn......_. Wyoming ..... Feb. 22,1897 | 1,762 | Examined in 1897.
Bitterroot ...... Idaho-Montanal....do ....... .| 6,480 | Examined in 1897
and 1898.
Black Hills..... South Dakota- | Sept. 19,1898 | 1,893 Examined in 1897.
Wyoming.

13
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FOREST RESERVES,

Names, locations, and areas of forest reserves, July 1, 1900—Continued.

|

Date of procla-

—— e ——

Name. State. ‘mation. Area. Remarks.
Sq. miles.
Black Mesa..... Arizona ....... Aug. 17,1898 | 2,592
BullRun....... Oregon..._ ... June 17,1892 222
Cascade Range. .|..... do ........ Sept. 28,1893 | 7,020 | Examinationcom-
menced in 1899.
Fish Lake ...... Utah........_. Feb. 10,1899 106
Flathead ....... Montana ...... Feb. 22,1897 | 2,160 | Examined in 1898.
Gallatin......_|..... do........ Feb. 10,1899 63
Gila............ New Mexico...| Mar. 2,1899 | 3,636
Grand Cafion ...| Arizona ....... Feb. 20,1893 | 2,893
Lake Tahoe. . ... | California .._.. Apr. 13,1899 213
Lewisand Clarke| Montana _..... Feb. 22,1897 | 4,572 | Examined in 1899.
Mount Rainiera.| Washington ...|....do ........ 1,655 | Examined in 1898
and 1899.
Olympic...... . fee... do........ Apr.  7,1900 i 3,006 | Partly examined
; in 1898 and 1899.
Pecos River..... New Mexico...| May 27,1898 205
Pikes Peak ..... Colorado ...... Mar. 18,1892 288 . Examined in 1898.
Pine Mountain | California ..... June 29,1898 @ 2,569
and Zaca Lake. :
Plum Creek..... Colorado ...... June 23,1892 280 | Tixamined in 1898.
Prescott ........ Arizona _...... Oct. 21,1899 662
Priest River -...| Idaho-Wash- | Feb. 22,1897 ‘ 1,008 | Examined in 1897.
ington. I
San Bernardino .| California ..... Feb. 25,1893 | 1,152 | Examined in 1897.
San Francisco ; Arizona ....... Aug. 17,1898 : 1,524
Mountains. . )
San Gabriel. ... California ..... Oct. 20,1892 868 | Examined in 1897.
San Jacinto . ... .[-.... do........ Feb. 22,1897 | 1,152 | Examined in 1897.
Santa Inez......[..... do........ Oct.  2,1899 227
Sierra ......._...]-.... do........ Feb. 14,1893 | 6,400
South Platte....| Colorado ...... Dec. 19,1892 | 1,068 | Examinedin 1898.
Stanislaus ...... California ..... Feb. 22,1897 | 1,080 | Examined in 1899.
Teton . ......... Wyoming ..... ee..do ........] 1,296 | Examinedin 1897.
Trabuco Cafion .| California ..... Jan. 30,1899 172
Uinta .......... Utah.......... Feb. 22,1897 | 1,368
Washington ....| Washington ...|....do ........ 5,616 ‘ Examined in 1897.
White River | Colorado ...... Oct. 16,1891 | 1,872  Examined in1898.
Plateau. .
Yellowstone ....| Wyoming ..... Mar. 30,1891 | 1,936 ' Examined in part

in 1897.

«a Act of Congress March 2, 1899, took out Mount Rainier National Park.
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SUMMARY OF WORK DONE.

- During the past season the Lewis and Clarke and Ashland forest
reserves have been examined, the examination of the Mount Rainier
Forest Reserve, including the Mount Rainier National Park, has been
completed, the examination of the Olympic Forest Reserve has
been continued, and work has been commenced in the southern part
of the Cascade Range Forest Reserve, where a considerable area,
" including large tracts east and west of the reserve, has been examined.
Also the Yosemite, Sonora, Big Trees, Jackson, Pyramid Peak, and
Placerville quadrangles, including the areas of the Yosemite National
Park and the Stanislaus and Lake Tahoe reserves, have been examined.
The reports upon these areas are presented in full in the present
volume and are here summarized.

LEWIS AND CLARKE FOREST RESERVE, MONTANA.

" This reserve was examined by Mr. H. B. Ayres, who devoted the
entire field season to it. It occupies the whole breadth of the Rocky
Mountains in Montana excepting the narrow western slope of Mission
Ridge, whose summit forms most of the western boundary of the
reserve. The entire area of the reserve is mountainous, consisting
of an alternation of ranges and narrow valleys, running nearly north
and south. The mountains reach altitudes exceeding 9,000 feet, while
the lowest points in the valleys exceed 3,000 feet, most of the valley
regions being at considerably greater altitudes.

In general the area is lightly timbered. The summits of many of
the ranges reach far above timber line, exposing considerable areas
of mountain pasture and rugged rocks. Large areas have heen
recently burned and are in various stages of restocking. Other still
larger areas have been burned in the past and the forests, although

" thrifty, have not yet reached merchantable size. The total stand
of timber upon the reserve is estimated by Mr. Ayres at 2,644,360,000
feet B. M. of merchantable quality, and 11,569,000 cords of wood
suitable only for fuel. The amount of merchantable timber is a little
less than 1,000 feet per acre for all the land within the reserve. In
those portions which are covered with merchantable timber the aver-
age stand per acre is probably not greatly in excess of 2,000 feet.

. Of the timber upon the reserve nearly one-half is larch, one-fourth
red fir, and one-fourth yellow pine, spruce, lodgepole pine, and
western white pine.

The forest is, in the main, open, with little underbrush but much
fallen timber, the result of former fires.

There is no mining within the limits of the reserve, and very few
mineral discoveries have been made.
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Owing to the great elevation of the valleys there is little land which
can be regarded as agricultural. In the northeastern corner, where
the reserve projects into the plains, is an area of perhaps 90 square
miles along Birch Creek, which has a sufficiently low altitude and
moderate climate to enable agriculture to be carried on. Areas of
grass land which afford valuable grazing are scattered over the reserve.
They amount altogether to some 200 square miles.

During the summer of 1899 there were three small mills operating
within the reserve. The demand for lumber is entirely local, and is -
largely for railroad ties and firewood.

The areas recently and severely burned are estimated by Mr. Ayres
to comprise 1,420 square miles, or about -one-third of the reserve.
These fires have resulted in leaving large quantities of dead timber
standing or fallen upon the ground. That still standlng Mr. Ayres
estimates at 1,178,000 cords.

Severe burns 1esu1t1ng in the destruction of the f01 est are commonly
followed in this region by a growth of lodgepole pine, whatever may
have been the former components of the forest.

MOUNT RAINIER FOREST RESERVE, WASHINGTON.

The examination of this reserve, together with the Mount Rainier
National Park, has occupied Mr. Fred G. Plummer, with one assistant,
for two seasons. In the following summary it is to be understood
that the park is included in the descriptions.

This reserve includes the crest of the Cascade Range, in the south-
ern part of the State, with its slopes upon the east and west. It
includes also the great volcanic peak, Mount Rainier, with its massive
radiating spurs, and in the south a second great volcanic cone, Mount
Adams, but little inferior in magnitude to Rainier. With the excep-
tion of Mounts Rainier and Adams, which have altitudes of 14,500 and
- 12,600 feet, respectively, the greatest elevations found within the
reserve are but little over 7,000 feet on the crest of the Cascade Range,
and from these heights the land extends to altitudes but a few hundred
feet above sea level.

This region is, in respect to its forest cover, sharply divided into
two parts by the crest of the range. Upon the west the forest is that
of the Pacific coast, with very dense undergrowth. It is very heavy
up to altitudes of between 3,000 and 4,000 feet, when it begins to thin,
and above 6,000 feet is almost entirely wanting. The forest is com-
posed, in the main, of red fir, with some spruce, hemlock, and cedar.
It is heaviest in the valleys and upon the north slopes of the ridges
rather than upon the south slopes. East of the crest of the range the
forest is comparatively light and open, with little underbrush, and is
composed almost entirely of yellow pine.

The entire stand of timber upon the reserve, including the park, is
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estimated by Mr. Plummer at 20,013,285,000 feet B. M. an average
per acre of the timbered land of 9,323 feet B. M. Of the total
amount 42 per cent is red or yellow fir, 17 per cent hemlock, 10 per
cent yellow pine, and 6 per cent each red cedar and noble fir, the
remainder being made up of a variety of species.

Fires have been prevalent and very destructive in this region, hav-
ing destroyed the timber over many large areas. Among these
may be specially mentioned the area south of Mount Rainier, which
includes much of the country separating the Nisqually and Cowlitz
rivers. Upon the west slope restocking after fires commonly takes
place promptly, and the species which appear are similar to those
which were destroyed. Upon the east slope, where much drier condi-
tions prevail, restocking "is much slower. On the other hand,
destructive fires east of the range are very rare, inasmuch as there is
little litter or underbrush to carry a fire forward and give it impetus.

There is little or no cutting of timber in this region.

The principal mining within the limits of the reserve is in Summit
district on and near the crest of the range, just east of Mount Rainier.
The work carried on here is mainly in the nature of development
work. Many claims have been taken up and work in a small way
is progressing upon them. None of them have as yet reached a
productive stage.

OLYMPIC FOREST RESERVE, WASHINGTON.

The examination of this reserve was commenced in the summer of
1898 and was continued during the season of 1899. At the close of
the last season about three-fourths of the reserve had been examined.
This work has been carried on by Messrs. Arthur Dodwell and Theo.
F. Rixon, and a report is herewith presented concerning the portions
thus far examined. The area examined comprises 71 townships, some
of them fractional, and includes the eastern, northern, and most of
the western part of the reserve. It extends into the interior of the
reserve far enough to include most of the high summits of the
mountain group. ‘

The reserve consists of the Olympic Mountains, which rise to sum-
mits exceeding 8,000 feet in altitude, and their slopes upon all sides.
Upon the east it extends nearly to Puget Sound, upon the north nearly
to the Strait of Juan de Fuca, and upon the west until the recent reduc-
tion in its area it extended to the Pacific Ocean.

The areas which were withdrawn were examined by Messrs. Dod-
well and Rixon, and reports upon them are presented, together with
other portions of the reserve.

The lower country within the reserve up to altitudes of fully 3,000
feet is heavily timbered. The total stand of timber upon the area

21 ¢EOL, PT 5 2
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examined, 2,004 square miles, is 87,100 million feet, an average per
acre for the entire area, including that not timbered, of 21,000 feet.
There is no part of the State, of equal area, so heavily clothed with
forest as this. This enormous body of timber consists of hemlock, 42
per cent; red fir, 26 per cent; silver fir, 15 per cent; cedar, 10 per cent,
and spruce, 7 per cent. The streams flowing out of the Olympic
Mountains are, in the main, very rapid and shallow, and, with few
exceptions, are unfit for driving logs. In order to log this region it
will be necessary to build railroads into it to bring the lumber to tide
water. Furthermore, there are no harbors on the Pacific coast, which
makes it practically imperative that the lumber be carried around
either to the Strait of Juan de Fuca or to the head of Puget Sound for
shipment. These conditions would doubtless have delayed the destruc-
tion of the forests of this region by the ax even if they had not been
preserved as a forest reserve.

Fires have been extensive and severe, especially in the northern
and northeastern parts of the reserve, where large quantities of tim-
ber have been destroyed. Strange tosay, in this region of very heavy
rainfall, where all the conditions appear to be favorable to forest
reproduction, the restocking of these burned areas has made little
progress.

Throughout that portion of the reserve which consists of high moun-
tains there are many large areas situated above timber line which
afford an excellent summer range for stock, and these will eventually,
as settlement progresses in the neighboring regions, become of great
value for this purpose.

CASCADE RANGE FOREST RESERVE, OREGON.

The southern portion of this reserve, together with the Ashland
Forest Reserve, was examined by Mr. J. B. Leiberg during the past
season. His examination included the Ashland and Klamath quad-
rangles, together with a smaller area lying north of these quadrangles
in the Cascade Range. Altogether, in the neighborhood of 8,000
square miles were examined by him. Through the middle of the
region which he examined runs the Cascade Range in a general north-
south direction, with a great breadth and complexity of features.
Upon the east the country drops down in long spurs to the valley of
Rogue River, and on the east to the Klamath Lakes and the great
plains stretching eastward from them.

In this region we find the same general conditions as prevail in the
Mount Rainier Reserve. The crest of the range forms a dividing
line between two widely differing sets of forest conditions. Upon the
west, with an ample rainfall, the forests are fairly dense and the under-
growth luxuriant. Upon the east, where more arid conditions pre-
vail, the forests are open, with no underbrush. The species differ
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measurably on the two sides; those on the west side consist largely, -
if not mainly, of red fir, while upon the east side the forest is charac-

terized by the yellow pine. Of the area examined by Mr. Leiberg a

little less than two-thirds, or perhaps 65 per cent, is forested, and 35

per cent not forested, the nonforested areas lying mainly in the extreme

west and in the eastern part of the area examined. The amount of’
timber found upon the forested area is estimated by him as a little

less than 20,000 million feet, an average per acre of the forest land of

6,660 feet. Of the total stand of timber upon this area yellow pine

comprises 48 per cent, or nearly one-half; red fir 33 per cent, or about

one-third; white fir 6 per cent; noble fir and sugar pine each + per

cent, while the remainder is made up of small amounts of other species.

In the portion of the area which lies west of the crest of the Cascade

Range red fir is the dominant species, comprising more than half the

total amount of timber, yellow pine being next with nearly one-fourth

of the total amount. East of the Cascade Range, on the other hand,

vellow pine constitutes six-sevenths of all the timber, the remainder
being made up of small quantities of other species. '

SIERRA NEVADA, CALIFORNIA.

The Yosemite and Sonora quadrangles were examined by Mr. C. H.
Fitch. These quadrangleslie upon the west slope of the Sierra Nevada,
the western edge of the westernmost being in the foothills, while the
eastern edge of the easternmost extends high up into the range, in
places far above timber line.

This region presents great simplicity in its forest conditions. From
the foothills up to an altitude which is generally about 3,000 feet, but
which differs with the exposure, the country is covered with chaparral
of various species, among which are scattered oaks and digger pines.
At an altitude of about 3,000 feet yellow pine appears, and quickly
becomes the dominant vegetation, covering the country with an open
forest. A little above the lower margin of the yellow pine, sugar pine
appears, interspersed with the yellow pine, and a little higher up
cedar and red fir. This type of forest consists in the main of yellow
pine, secondarily of sugar pine, with a small percentage of cedar and
fir, and extends to an altitude of something over 8,000 feet, forming a
broad belt 40 or 50 miles in width on the slope of the range. At
greater altitudes the timber changes to lodgepole and white-bark pine
and balsam fir, the white-bark pine becoming the dominant timber-
line tree. .

The stand of timber in this belt ranges from 10,000 to 50,000 feet
per acre. Nearly all the timber is of merchantable size and quality.
There is little young growth, and the forest is everywhere open, with
little underbrush.
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It is in the midst of this forest that occur the groves of big trees
(Sequoia gigantea). Within the area here indicated are four such
groves, the Mariposa, Merced, and two Calaveras groves. The big
trees do not form a pure forest in any case, but are interspersed
among the other components of the forest, forming really but a small
proportion.

The stand of timber upon these quadrangles is estimated as follows:

M. Feet B. M.
2103 0T 1, 000, 000
Yosemite ..o oo iiiiiiaia.. 10, 000, 000

The Markleeville, Pyramid Peak, Placerville, Dardanelles, Big Trees,
and Jackson quadrangles were examined by Mr. George B. Sudworth.
These quadrangles comprise an area of approximately 6,000 square
miles, extending from the San Joaquin Valley on the west eastward
across the Sierra Nevada into the deserts of Nevada, including a com-
plete section of the great range of California. They include also
nearly the entire areas of the Stanislaus and Lake Tahoe forest
reserves. A small portion of the Stanislaus Reserve extends east-
ward beyond the Dardanelles quadrangle, and a small portion of the
Lake Tahoe Reserve extends north of the Pyramid Peak quadrangle.
These projections are small in area and of little importance so far as
timber is ¢oncerned. )

Up to an altitude of approximately 2,500 feet the foothills of the
Sierra Nevada, which are represented upon the Jackson and Placer-
ville sheets, are covered with chaparral of varying density, among
which are scattered digger pines and oaks. At an average altitude
of 2,500 feet, ranging in some places up to 3,000, the vegetation
changes with considerable abruptness, and a forest consisting at first
of yellow pine, but soon reenforced by incense cedar, red fir, and
sugar pine, covers the land. This forest is open, with little under-
brush; indeed, at present there is little vegetation of any sort other
than trees. '

This type of forest exterids upward to an altitude of between 8,000
and 9,000 feet when the species change to more arctic ones, including
lodgepole pine, western white pine, black hemlock, California red fir,
and at the greatest altitudes, as a timber-line tree, white-bark pine.
Ascending in this third zone, the density of the timber rapidly
diminishes, and finally the forest consists only of scattered individuals.
This is due in part to the altitude and in part to the fact that the
surface consists mainly of bare granite rock upon which, since the
recent recession of glaciers, little soil has as yet accumulated.

The commercial timber is found mainly in the middle belt, and con-
sists principally of yellow and sugar pines. The stand ranges from
2,000 feet up to 50,000 feet per acre in exceptional cases. The total
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amount of timber estimated upon each of these quadrangles is as

follows:
M feet B.1M.

Placerville. - oo e 1, 800, 000
JaCKSON - - e ememeeaeeeenn 40, 000
Pyramid Peak _ ... ..o ... e 3, 400, 000
Big T rES - vt e e e 3, 750, 000
Markleeville . . ... i ieemedeeeaa- 320, 000
Dardanelles. ... .. ..o e eeeaeaaaaaaan 3, 000, 000

In the early mining days, between 1850 and 1860, much of this
timber was cut away, and great areas are now covered with a young
growth, mainly of yellow pine, which is the principal tiee to
reproduce. Mining is still carried on in this region, but on a much
more limited scale, and the destruction of timber for the supply of
mines is not great.

There is some cutting of timber in this region, but it is entirely to
supply local demands, none being exported.

The stand of timber upon the two reserves is as follows:
. ’ M feet B. M.
Stanislaus ReServe . . ... n e eeemaaeaaa- 2, 000, 000
Lake Tahoe Reserve. .. .o .o i iiiaaan O 322, 500

LAND-CLASSIFICATION MAPS.

There are presented, as a part of this report, a number of land-
classification maps representing the distribution of the surface into
wooded, pasture, and cultivated lands. The first is in most cases sub-
" divided as lands containing merchantable timber, lands containing
timber not merchantable, and cut and burned lands, in case timber is
regrowing upon them.

The sources of the data from which this information has heen derived
are in most cases cited upon the sheets or in the text of the report.
In general, the primary subdivision into woodland, pasture land, and
cultivated land has been made by the topographers while making the
topographic maps, and in some cases the delimitation of the cut and
burned areas has also been furnished by them. In other cases this
information has been compiled from other sources, partly from the
reports of cruisers.

The stand of timber upon the timbered areas has been derived, in
the main, from the reports of cruisers and from information in the
possession of forest agents in the employ of this division.

INDIAN TERRITORY,

In the prosecution of the subdivisional surveys of Indian Territory
accurate maps of the extent of woodland were made. These have been
compiled and placed upon a reduced map of the Territory, upon a scale
of 1:500000, which forms a part of this report. With this is a descrip-
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tion of the woodland of the Territory,derived from the reports made
by the subdivision surveyors. These reports have been compiled and
prefaced by Mr. Fitch, and are presented with the map and summary
of the forest conditions of this region.

MINNESOTA.

During the past year Mr. H. B. Ayres, in addition to his duties in
the examination of the Lewis and Clarke Forest Reserve, has been
actively engaged in collecting data from timber-land owners, lumber-
men, and cruisers regarding the woodlands of the pine region of Min-
nesota. These data have been collected in part by correspondence and
in part by personal visits by Mr. Ayres, and have been supplemented
by his own intimate knowledge of the region. The results are pre-
sented upon a map showing, in all the detail which the scale will admit,
the character-of these lands as concerns the timber supply. Explan-
atory text, with estimates, ete., accompanies the map.

RATE OF GROWTH OF FOREST TREES.

Incidental to the work of the forestry agents in the examination of
forest reserves, some information has been obtained concerning the
rate of growth of different species of trees under different conditions
of soil, moisture, and exposure. Most of these figures have been pub-
lished in scattering form among the various reports. They are here
brought together in condensed shape in order that the bearings and
relations of the information may be brought out. Most of the figures
given are the average of a large number of measurements.

The following table gives the species of tree, the locality in which
the measurements were made, the number of years required to
produce one inch of growth in diameter at the butt, and finally the
authority or source of information.

Rate of growth of forest trees.

Locality. p;ei%lgh, Authority.
RED FIR.
West slope of Olvmplc Mountains, Wash-
ington. ... .. iaao-. 4.8 | U. 8. Geological Survey.
North slope of Olympic Mountaing, Wash-
F357:470) + B 6.0 Do.
East slope of Olymplc Mountains, Wash-
$T07=¢7e) ) DN 6.1 Do.
Center of Olympic Mountains, Washington.| 6.1 Do.
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RATE OF GROWTH OF FOREST TREES.

Rate of growth of forest trees—Continued.
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Locality. p(};@i’;‘;sh' Authority.
N RED FIR—continued.

Cascade Range, northern Washington....{ 4.1 | U. S. Geological Survey.
Cascade Range, Washington, Mount ’

Rainier Reserve. ... ... .. . ........ 5.8 Do.
Oregon . ...l 4.9 | Pinchot and Graves.

- Bitterroot Reserve, Idaho.............._. 5.8 | U. 8. Geological Survey.
Colorado ... ... ... ........ 7.2 Do.
GREAT SILVER FIR.

West slope of Olympic Mountains, Wash- 5.5 | U. 8. Geological Survey.

ington. :
North slope of Olympic Mountains, Wash- 6.4 Do.

ington. ’
East slope of Olympic Mountains, Wash- 7.5 Do.

ington. -
Center of Olympic Mountains, Washing- 6.9 Do.

ton.
Mount Rainier Reserve, Washington...... 4.4 Do.
Bitterroot Reserve,Idaho...... ... ...... 6.7 Do.
' YELLOW PINE.
Mount Rainier Reserve, Washington ..... 7.0 | U. 8. Geological Survey.
Bitterroot Reserve,Idaho ................ 4.3 Do.
Black Hills, South Dakota . .............. 7.8 Do.
Colorado ... ... ool 9.8 Do.

LODGEPOLE PINE,
Mount Rainier Reserve, Washington ..... 8.0 | U. S. Geological Survey.
Bitterroot Reserve, Idaho..........._.... 8.3 Do.
Pikes Peak Reserve, Colorado............ 13.7 Do.
‘White River Plateau Reserve, Colorado. .. 11.7 Do.
HEMLOCK.

West slope of Olympic Mountains, Wash- 6.8 | U. 8. Geological Survey.

ington. . ’
North slope of Olympic Mountaing, Wash- 7.3 Do.

ington.
East slope of Olympic Mountains, Wash- 7.4 Do.

ington.
Center of Olympic Mountains, Washing- 7.2 Do.

ton. .
Cascade Range, Washington ............. 10.0 - Do.
Mount Rainier Reserve, Washington .._.. 8.6 Do.
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Rate of growth of forest trees—Continued. .

Years

Locality. per inch. Authority.
SPRUCE.
West slope of Olympic Mountains, Wash- 3.7 | U. S. Geological Survey.
ington.
North slope of Olympic Mountains, Wash- 3.9 Do.
ington.
East slope of Olympic Mountains, Wash- 6.7 Do.
ington.
Cascade Range, Washington....._........ 3.3 Do.
CEDAR.
West slope of Olympic Mountains, Wash- 4.6 | U. S. Geological Survey.
ington.
North slope of Olympic Mountains, Wash- 5.8 Do.
ington.
East slope of Olympic Mountaing, Wash- 6.7 Do.
ington.
Center of Olympic Mountains, Washington 7.0 Do.
Cascade Range, Washington. _........_._. 4.3 Do.
Mount Rainier Reserve, Washington...... 4.4 Do. .
ENGELMANN SPRUCE.
Mount Rainier Reserve, Washington...... 5.5 | U. S. Geological Survey.
Bitterroot Reserve, Idaho ... ...._ . _..__. 8.3 Do.
Colorado ... ... ... .o...... 10.0 Do.
REDWOOD.
Mendocino County, California...... e 10.0 | California Board of For-
estry.
Smith River, California.._ ... ... . ... __. 3.0
ALPINE FIR.
Mount Rainier Reserve, Washington...... 7.8 | U. 8. Geological Survey.
Bitterroot Reserve, Idaho.. ... _......__.. 7.5 Do.
Colorado ... ... ... .. ... ... 9.6 Do.
BLUE SPRUCE.
Colorado ... . ... ... ... ..., 6.0 | U. S. Geological Survey.
WESTERN WHITE PINE.
Mount Rainier Reserve, Washington...... 3.5 | U. S. Geological Survey.
Bitterroot Reserve, Idaho......._........ 5.9 Do.
WHITE-BARK PINE.
Mount Rainier Reserve, Washington...... 14.5 | U. 8. Geological Survey.
Bitterroot Reserve, Idaho................ 9.6 Do.
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Rate of growth of forest trees—Continued.

Locality. p;;eﬁ;:h. Authority.
WESTERN LARCH,
Bitterroot Reserve, Idaho........ ... R 8.0 | U. S. Geological Survey.
LYALL LARGH.
Bitterroot Reserve, Idaho................ 11.0 | U. S. Geological Survey.
PATTON SPRUCE. :
Mount Rainier Reserve, Washington. .. .. : 12.0 | U. 8. Geological Survey.

An examination of this table shows that while different species grow
at different rates the variation in the rate of growth in the case of
individual species, due to differing conditions of rainfall, exposure,
altitude, etc.—in other words, to different conditions of environment—
far exceeds the range due to difference of speciés; for instance, in
the northern Cascades of Washington the red fir requires but 4.1 years
to grow 1 inch in diameter, while in Colorado it requires 7.2 years to
do the same thing, a difference of 8.1 years, due to difference in envi-
ronment. This tree is, under favorable conditions, one of the most
rapid growers among forest trees, and its average rate of growth, as
deduced from the observations here recorded, is 5.7 years to an inch.
The hemlock, which is a tree of slow growth, averages an inch in 7.9
years, a difference of but 2.2 years from the average rate of growth
of red fir.

An examination of the table shows that in general all species grow
most rapidly where the rainfall is heaviest, and least rapidly in arid
regions; that they grow less rapidly under cold conditions, such as
prevail upon high mountains, than in lower, and consequently warmer,
regions. The effect of environment upon them is shown most markedly
in the case of the redwoods. In Mendocino County, California, which is
toward the southern part of their habitat, the climate is now evidently
not well suited to them, being too dry and probably too warm. Here
where for centuries they have not reproduced by seed, but only by
sprouting from stumps, the average time required to grow an inch in
diameter is 10 years. On’'the othér hand, upon Smith River, in north-
western California, near the north line of their habitat, where the
conditions have changed much less from those which prevailed when
the redwood was in its prime, the rate of growth is more than three
times as great, being an inch in 3 years, probably the most rapid
growth of any of our native forest trees.
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LEWIS AND CLARKE FOREST RESERVE,
MONTANA.

By H. B. AYREs.-

BOUNDARIES.

The boundaries of this reserve, as éstablished by Executive order of
February 22, 1897, are as follows: '

Beginning at the point on the south boundary of the Blackfeet Indian Reservation
where said boundary line is intersected by the range line between ranges eight (8)
and nine (9) west principal meridian, Montana; thence southwesterly along the
south boundary to the southwest corner of said reservation and northwesterly along
the west boundary thereof, as defined and described in the act of Congress approved
June tenth, eighteen hundred and ninety-six, entitled ‘‘ An act making appropri-
ations for current and contingent expenses of the Indian Department and fulfilling
treaty stipulations with various Indian tribes for the fiscal year ending June thirtieth,
eighteen hundred and ninety-seven, and for other purposes,’’ to the point where the
unsurveyed range line between ranges twelve (12) and thirteen (13) west will inter-
sect said boundary line; thence southerly along said unsurveyed range line to the
point for the northeast corner of township twenty-nine (29) north, range thirteen

- (13) west; thence westerly along the unsurveyed township line to the point for the
northwest corner of said township; thence southerly along the unsurveyed range line
to the point for the southwest corner of section eighteen (18), said township; thence
westerly along the unsurveyed section line to the point for the northwest corner of
section nineteen (19), township twenty-nine (29) north, range fourteen (14) west;
thence southerly along the unsurveyed range line to the point for the southwest
corner of said township twenty-nine (29) north, range fourteen (14) west; thence
westerly along the unsurveyed seventh (7th) standard parallel north to the point for
the southeast corner of township twenty-nine (29) north, range seventeen (17)
west; thence northerly along the unsurveyed range line to the point for the north-
east corner of said township; thence westerly along the unsurveyed township line to
the point for the northwest corner of section three (3), said township; thence north-
erly along the unsurveyed section line to the point for the northeast corner of section
four (4), township thirty (30) north, range seventeen (17) west; thence westerly
along the unsurveyed township line to the point for the northwest corner of section
three (3), township thirty (30) north, range nineteen (19) west; thence southerly
along the unsurveyed and surveyed section line, subject to the proper offset on the
seventh (7th) standard parallel north, to the southeast corner of section twenty-one
(21), township twenty-eight (28) north, range nineteen (19) west; thence easterly
along the unsurveyed section line to the point for the southeast corner of section
twenty-four (24), said township; thence southerly along the unsurveyed and sur-
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veyed range line to the southeast corner of township twenty-seven (27) north, range
nineteen (19) west; thence easterly along the surveyed and unsurveyed township
line to the point for the northwest corner of section three (3), township twenty-six
(26) north, range eighteen (18) west; thence southerly along the unsurveyed section
line to the point for the southwest corner of section thirty-four (34), said township;
thence westerly along the unsurveyed and surveyed township line to its intersection
with the east shore of Flathead Lake; thence southerly along the shore of said lake
to the north boundary of the Flathead Indian Reservation; thence easterly along
themorth boundary to the northeast corner of said reservation and southerly along
the east boundary thereof to the point where said boundary line will be intersected
by the unsurveyed fourth (4th) standard parallel north; thence easterly along said
unsurveyed parallel to the point for the southeast corner of township seventeen (17)
north, range seven (7) west; thence northerly along the unsurveyed range line to the
point for the northeast corner of said township; thence westerly along the unsur-
veyed township line to the point for the northwest corner of said township; thence
northerly along the unsurveyed range line to the point for the northeast corner of
township eighteen (18) north, range eight (8) west; thence westerly along the
unsurveyed township line to the point for the southeast corner of township nineteen
(19) north, range nine (9) west; thence northerly along the unsurveyed and surveyed
range line between ranges eight (8) and nine (9) west, subject to the proper offsets
onthe fifth (5th), sixth (6th), and seventh (7th) standard parallels north, to the
point of intersection with the south boundary of the Blackfeet Indian Reservation,
the place of beginning.

TOPOGRAPHY.

The area of the reserve is 4,572 square miles, or 2,926,000 acres.
It occupies the whole breadth of the Rocky Mountains, excepting the
narrow western slope of Mission Ridge, the summit of which forms
the greater part of the western boundary. The Rocky Mountains
here consist of four parallel ranges, usually sharp and distinct, the
western two especially so, with long, narrow valleys between them
(Pl. IV, A4). These valleys are drained principally by northward-
flowing streams, hut the eastern range is cut across about the middle
of the eastern boundary by Sun River, which drains a great portion
of the next valley west of the eastern range into the Missouri River.
The North Fork of Dearborn River also drains the southeastern por-
tion of the reserve to the eastward. Across the whole reserve from
McDonald Peak on the west to Mount Dearborn on the east is a trans-
verse divide, forming a watershed between the streams flowing north
into the Flathead River and those flowing south into the Blackfoot
River. The principal peaks of the main ranges are between 7,000 and
10,000 feet in altitude, while the main valleys are between 3,000 and
5.000 feet.

The reserve is naturally divided by the mountains into four large
areas: First, the portion which is drained eastward, having an area of
about 1,600 square miles; second, that drained northward by the
Middle Fork of Flathead River, having an area of about 576 square
miles; third, the long valley of the South Fork of Flathead River,
which is continuous with the valley of the North Fork of Blackfoot
River, the two having an area of about 1,860 square miles: fourth,
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A. VIEW ALONG SUMMIT OF EASTERN RANGE.

I MOUNTAINS OF LIMESTONE, NORTH FORK OF TETON CREEK.
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A. HEAD OF NORTH FORK OF SUN RIVER, AGAINST WALL OF B. SEVERE BURN ON MOUNTAIN SIDE.
CONTINENTAL DIVIDE.
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the Swan-Clearwater Valley, more regular in outline and with broader
bottom and lower altitude, having an area within the reserve of about
7928 square miles. The valley of Swan River is continuous with that
of the Clearwater, being separated only by a low morainic divide.

ROCK.

- Limestone is of extensive occurrence, nearly all the summits, both
of the peaks and ridges, being composed of it. Much of itis fossilifer-
ous (Pls. IV, B, and V, 4). Most of it is said to be of good quality
for building stone.

Interbedded quartzites are occasionally seen, and green schistose
rocks are found in the canyons. One especially good exposure of
schist is in the lower canyon of the North Fork of Teton Creek.

Igneous rock, bearing traces of copper, occurs on Upper Smith
Creek, southwest of Augusta, and extends southwestward. A dark
igneous rock is also found extending northward from the warm springs
on Sun River.

Black shale is abundant in the valley of the North Fork of Sun
River. A bright-red arenaceous shale extends from near the warm
springs southward to the headwaters of Ford Creek.

Cretaceous rocks form the eastern foothills. Tertiary coal-bearing
rocks are found in the lower portion of the valley of the South Fork
of the Flathead.

Few mining prospects are found within the reserve. Those seen
were on Smith Creek and in the lower portion of the valley of the
South Fork of Flathead River. Quartz is nowhere abundant.

Outside of the reserve, but not far from the boundary, copper claims
are located on the North Fork of Blackfoot River, and on Smith Creek,
below White’s mill. Some other claims were staked during 1898 on
Summit Creek, not far above Java.

Lignite coal is found on the South Fork of Flathead River, some 30
miles from its mouth.

East of the Continental Divide the strata dip southwestward, and
west of the divide the general dip is northeastward.

SOI1L.

In general the soil is shallow. The region has been glaciated in com-
paratively recent time and but a small amount of soil has accumulated.
The rock of the region being principally limestone, one expects the
soil derived from it to be productive where physical composition,
moisture, and climate are favorable to plant growth. Travel through
the region proved this to be true, for in all the well-moistened and
sheltered localities having a fair depth of loam a luxuriant growth of
vegetation was found. Thrifty vegetation is by no means a simple
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index of the character of the soil on which it grows, but, considering
the other factors influencing the growth of plants it is an easy means
of discovering the value of the soil.

In the higher regions, or those above 6,000 feet, a large proportion
of the surface is entirely destitute of soil, as it has been washed
down the mountain sides as fast as formed. The middle slopes vary
greatly as to soil, and while in some of the basins or on the more
moderate slopes there is an accumulation of loam, many strips on the
mountain sides are nearly bare. Even where slopes are moderate there
are many very steep and even precipitous places where nothing but
rock is exposed. The valleys contain a great deal of gravel, morainal
material brought down from the mountains by glaciers and worked
over by water in more recent times. Clay was seen in many of the
river bluffs and in terraces along the sides of the valleys. The distri-
bution of clays and gravels is so irregular that it would be impracti-
cable to make a satisfactory map of them. :

HUMUS.

Humus is generally light, varying according to the fertility of the
soil and favorable climatic conditions. The eastern slope has been
burned so much that there is little humus left, except in the lower
foothills (Pl VI, A). The summits of the mountain ridges have, of
course, very little humus, as not much vegetation grows there. The
river bottoms here, in contrast with bottom lands in low countries or
regions of moderate slope, have so much gravel and sand that they do
not produce a rank growth of vegetation; consequently there is but
little humus on them.

In general, the earth is but slightly covered with humus, even the
unburned woods seldom having a depth of more than 2 or 3 inches.
There are exceptions, of course, in damp places along small streams,
in springy places, and in the isolated sloughs.

In the banks of small streams that have changed their courses
several feet of black earth sometimes appear. This, however, is an
alluvial deposit washed down from the hills by the streams, and is not
to be considered as humus:

LITTER.

‘While varying somewhat with the fertility of the soil, the amount
of litter depends greatly upon the occurrence and the intensity of fire.
It is scant on all the higher land, where the soil is thin, climate
severe, and vegetation restricted, but it is found on burned areas, on
mountain sides, and in valleys (PL. V, B).

On the burned areas shown on the accompanying map (Pl. III)
there is very little material except the trunks of trees killed by fire,
but these in many cases amount to a large number.
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A, BURNT MOUNTAIN SIDE NOT RESTOCKED.

New vegetation of grass, lupine, rose, service berry, paint weed, etc.

B. HANNON'S RANCH AND VALLEY OF STOREHOUSE CREEK.
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4. MISSION RANGE, FROM HOLLAND’'S RANCH. B. YELLOW PINE, NEAR HOLLAND'S RANCH, UPPER SWAN RIVER
VALLEY.
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The forested region not visited by recent fires has a very small
amount of deadwood, usually very much less than is found on the
burns, but here is much more of the fine litter, such as leaves, twigs,
and moss.

Except for deadwood, the amount of litter is light east of the Conti-
nental Divide, and heavy in the unburned portion of the valley of the
Middle Fork of Flathead River, where the old forest is being slowly
replaced by new. It is moderately abundant in the valley of the
South Fork of Flathead River, which is patched with burns. The
lower half of the Swan River Valley is in about the same condition,
but the upper half has been much burned and has a dense network of
fallen trees over a large part of the surface.

AGRICULTURAL AND GRAZING LANDS.

Excepting that angle of the reserve reaching northeastward into the
plains, with Birch Creek as.its northern boundary, and having an area
of about 90 square miles, there is no strictly agricultural land within
the reserve. In each of the main valleys some vegetables and hay
could be grown, but the product could not compete successfully with
that produced under more favorable conditions.

While agricultural land is scarce, there are several favorable loca-
tions for small ranches (Pl. VI, B). These areas, excepting along
the eastern foothills, are isolated and difficult of access and subject to
deep snows in winter, which would make it necessary for the rancher
to put up much hay. Natural hay is found in some quantity in wil-
low bottoms, or sloughs, and some prairies would yield a good crop
of hay under cultivation. On the North Fork of Sun River is a prairie
having an area of about 10 square miles, on which there is but little
natural hay, but the land could easily be irrigated, and timothy could
be grown.

South of Sun River the valleys of Beaver Creek and of the South
Fork of the North Fork of Sun River have considerable areas of grass
land. All through the foothills bordering the plains and in the nar-
row valleys between the ridges south of Ear Butte are, perhaps, 100
square miles of land on which there is more or less grass, but it is
rather difficult of access and undesirable for grazing on account of the
deadwood killed by fires. This area, with the eastern foothills north-
ward, has once been nearly all wooded, but frequent incursions of fire
from the plains have reduced and even exte1 minated much of the forest,
which has been succeeded by a mixture of grasses and weeds.

In the valley of the Middle Fork of the Flathead only one area of
grass land was seen, and that was a willow bottom along a stream
tributary to the Big, or East Fork. This area seemed to he about a
mile long and a quarter to half a mile wide.
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Near the head of Willow Creek is a large willow bottom with bunch-
grass prairie on the hills bordering it. Mr. Donahue has a ranch on
this bottom stocked with about 100 head of cattle.

Below the mouth of Willow Creek is an area of 800 to 1,000 acres
of grass land, much of which is fire made, affording excellent summer
grazing. Hay could easily be grown here by irrigation. A short
distance above the mouth of White River is an area of about 300
acres of prairie. Here and there, in passing down the South Fork,
small areas of grass were found on the most gravelly portions of the
river bottom.

In the Clearwater Valley, about the head of Clearwater Lake and
about the other lakes of the chain between this lake and the summit,
are meadows of sedge, or flat grass, with small areas of upland grass.
The grass and hay land in the Clearwater drainage amounts to per-
haps 500 acres.

Over the divide, in the Swan River Valley, on Holland Creek, are
some 200 acres of natural prairie land, with fair grazing also under
the adjacent scattered timber. This land is occupied as a ranch
(PL VII, 4).

About 8 or 1¢ miles below this ranch is a morainic region of gravel
hills and ridges, with intermediate sloughs, on which there is much
grass of inferior quality (Pl. 1X, 4). The abundance of hay may,
however, offset the inferior quality of pine grass and induce some one
to try ranching there.

Above the mouth of Jim Creek, on the trail to Crow Creek Pass, is
a prairie of some 500 acres, part of which is irrigable and. well adapted
to hay.

At the head of Swan Lake are about 500 acres of hay land, but there
is very little grazing land in that vicinity. Numerous small areas of
grass land occur elsewhere in this valley, but none of them warrant an
attempt at stock raising.

On the mountain ridges, approaching timber line, are many grassy
basins and parks, and many ridges are scantily covered with a fine blue
bunch grass (Festuca ovina?). This mountain grass land is probably
due to the prevalence of snow, which prevents growth of trees. The
lingering snow leaves hardly more than two months of the year availa-
ble for pasturage. Most of such areas are practically inaccessible for
stock and are of no present use as grass land. In the entire reserve
there are probably 200 square miles of grass land.
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THE FOREST.
SPECIES.

The trees growing within the reserve are as follows:

Trees growing within Lewis and Clarke Forest Reserve, Montana.

Botanical name. Common name. General distribution.

Pinus ponderosa ...... Yellow pine ....... Swan-Clearwater Valley and
South Fork of Flathead.

Pinus monticola....... White pine........ Lower Swan River, South Fork
and Middle Fork of Flathead.

Pinus murrayana...... Lodgepole pine....| Everywhere below 7,000 feet.

Pinus albicaulis..... .. Nut pine -......... Westof Continental Divide above
6,000 feet.

Pinusflexilis. ......... Limber pine ....... East of Continental Divide.

Picea engelmanni ... .. Engelmann spruce. .| Everywhere.

Piceaalba . _......._.. White gpruce ...... Teton Creek.

Larix occidentalis. .. .. Western larch...... West of Continental Divide.

Larix lyallii .......__. Mountain larch ....| Colonies on highest ranges.

Pseudotsuga taxifolia..| Red fir......_...... Everywhere below 7,000 feet.

Abies lasiocarpa ..._... Balsam............ Everywhere.

Abies grandis......... Silver fir ... ...... Lolwer Swan and Flathead val-

. eys.

Thuja plicata ._....._. Cedar ............. Do.

Tsuga heterophylla....| Hemlock .......... Do.

Tsuga pattoniana......[..... do ceviiio Do.

Populus angustifolia. . .| Cottonwood ....._. Along lower streams.

Populus tremuloides...| Aspen.........._.. Patches below 7,000 feet.

Populus balsamifera. . .| Balm of Gilead..... Eastern foothills.

DISTRIBUTION.

Yellow pine is found throughout the valley of the South Fork of
Flathead River and in the Swan and Clearwater valleys below 3,500
feet (Pl. IX, B). White pine occurs in the Lower Swan River
Valley, in the lower portion of the valley of the South Fork of
Flathead River, and probably in the lower portion of the Middle
Fork Valley, at elevations below 4,000 feet. Lodgepole pine is gen-
eral in distribution below 6,000 feet. Nut pine is found on all the
high land west of the Continental Divide above 5,000 feet. . Limber
pine is confined to the eastern foothills below 7,000 feet (Pl. X, 4).
Engelmann spruce is generally distributed and is found at all alti-
tudes, but most abundant on the mountain sides. ~White spruce,
somewhat difficult to distinguish from Engelmann spruce because of
intermediate forms, occurs on the South Fork of Teton Creek. Larch
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is the principal timber tree in the Swan-Clearwater Valley. It is
less abundant in the valley of the South Fork of Flathead River, and
its farthest appearance to the eastward is in the valley of the Middle
Fork of Flathead River. Mountain larch is found in colonies here
and there on the higher mountains. An unusually fine forest (for this
species) is near Camp Creek Pass, between Sun River and Willow
Creek, on the very summit of the Continental Divide. A few trees
are found also on the summit of the range just north of Pend Oreille
Pass, between the West Fork of the South Fork of Flathead River
and the Clearwater Valley. Red fir is found throughout the reserve
below 6,000 feet. Balsam, like Engelmann spruce, is found at all alti-
tudes, but is most abundant between 4,000 and 6,000 feet. Silver fir
appears in the lower portion of the Swan River Valley, on the South
Fork of Flathead, on the Middle Fork of Flathead, and a few trees are
seen near the head of the North Fork of Sun River. Cedar has the
same distribution, but is confined to the damp places along streams
and in the bottoms of ravines. Hemlock has the same habitat and
approximately the same distribution as cedar. Mountain hemlock is
found only at the summit of the pass between Swan River and Clear-
water River, in a clump of small trees about 8 feet high. Cottonwood
is generally distributed along the streams in the medium and lower
altitudes. Aspen is found almost everywhere below 6,000 feet, except
in dense forests. Balm of Gilead occurs in the eastern foothills.

SIZE AND QUALITY.

Yellow pine, while thoroughly abundant in the Upper Swan and
Clearwater valleys, is not as large and vigorous as in the lower and
more fertile lands of the Flathead Valley, where it is sometimes 6 or
7 feet on the stump and 100 feet or more high. Within the reserve
it is seldom more than 3 feet in diameter and 90 feet high. It is fre-
quently fire scarred and otherwise defective.

White pine is seldom sound, and in addition to the common dry rot,
much of it is dying. The dead trees are almost worthless for timber.

Lodgepole pine, one of the hardiest trees, while seldom more than |
20 inches on the stump and 100 feet high, is usually straight, sound,
and comparatively free from large knots.

Nut pine, while hardly to be considered for log timber at present
on account of its inaccessibility, is sometimes large enough for saw
logs, and may possibly. be in future local demand.

Limber pine is remarkably crooked and knotty where exposed, as
on the eastern foothills. On the mountain sides it is frequently
found fairly straight and clear in sheltered places, reaching a diameter
of about 28 inches and a height of 50 feet or more. Such good trees
are exceptional.
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Engelmann spruce, besides having an even distribution, is the most
useful tree. With lodgepole pine and red fir it forms the dense
forest of pole timber on the exposed but well-moistened slopes, and
with balsam makes large log timber in the higher gulches. Some
trees about 34 inches in diameter and 125 to 130 feet high were seen.

Of white spruce, only a few small trees were surely identified.

Western larch, the most abundant timber tree of the valleys, like
the yellow pine, is smaller than in the Flathead and Stillwater
valleys. There it is about 4 feet in diameter and 180 feet high. In
this reserve it is seldom more than 30 inches in diameter, none being
seen over 3 feet, and it is seldom over 125 feet high. It is more
knotty, but it seems to be quite as sound as in the lower country
(PL X1, A).

Red fir becomes more defective to the eastward. It reaches out
on the plains somewbat, but there, except in sheltered places, it is
hardly able to raise an upright stem. In the foothills it is bushy.
Ascending the mountains, it is found in some basins as large as 30
inches on the stump and 80 feet high, but so defective with dry rot
that it makes very poor timber for the sawmill. West of the Conti-
nental Divide it improves both in size and quality, but is still subject
to dry rot, and many dead stubs are found in the forest without evi-
dence of fire or other very plain cause of their death. The most
hardy trees are on rocky mountain slopes, where the roots can reach
constant water, but such trees are isolated, short, and knotty, and
seldom sultable for log timber.

Mountain larch, probably of no commermal importance, is found
15 inches in d1amete1 and 70 feet high. Though not cut and carefully
examined the trees seemed generally sound.

Balsam is never a large tree, at least none were seen more than 15
inches in diameter and 70 feet in height. Tt is usually defective in
the butt and full of small knots.

Cedar is found 3 feet in diameter and 80 feet high, but this size
is unusual. The tree was nowhere abundant, yet small areas of it
occur, and it may be of some commercial value for poles, posts, or
shingles.

Aspen is not notably different here from the aspen of other regions.
It is occasionally large enough for log timber, but is seldom over 10
inches in diameter and 60 feet high. Where much exposed it is reduced
to mere brush.

The other trees, silver fir, hemlock, cottonwood,and balm of Gilead,
are small and so isolated as to be of no commercial importance.
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ESTIMATES.

Any attempt to estimate 4,800 square miles of very irregularly
patched and broken forest in four months must have a somewhat
unsatisfactory result. While the closest estimates are expected to
come within 10 per cent of the actual amount, these can only he hoped
to lie within 50 per cent, but they are all believed to be less than the
actual amount.

These estimates are made on the basis of practice in the Lake States,
viz, estimating as log timber every stick that will make a log 12 feet
long, 6 inches in diameter at small end, and scaling two-thirds of a full
scale.

In making the estimate it was of course necessary to pass many
square miles by with only a cursory view from a mountain or hilltop.
Small representative areas were examined in detail, and on these the
general estimate was based. These estimates are as follows:

Estimate of timber in Lewis and Clarke Forest Reserve, Montana, by areas.

Locality. { -Feet B. M. Cords. ‘
]
! T 1
i Tasternslope - ... ... ... ‘ 63, 000, 000 1,579,000 |
’ Middle Fork of Flathead - ... .......... | 154,000,000 | 1,500,000
I South Fork of Flathead. . ... .. _......... I 442,360, 000 5, 130, 000
| Swan-Clearwater...._....._....... ... 1, 985, 000, 000 4, 660, 000
i I T S " 9,644,360,000 ! 12,869,000 |
|

Estimate of timber in Lewis and Clarke Forest Reserve, Montand, by species.

Feet.
Larch _ e 1, 265, 444, 000
White pIne oo e 26, 547, 200
Yellow pine ... iieiiiaaan PO 235, 388, 800
Red fir « i i 647, 690, 000
9 U 350, 622, 000
Lodgepole pine ... 118, 668. 000

YOUNG GROWTH.

On the areas shown as recently burned the young growth is quite
small and has been described under the head of reproduction. On the
older burns it is common to find a dense stock of saplings; but these,
as a rule, are principally lodgepole pine, especially on the slopes east
of the Continental Divide. Engelmann spruce and red fir have made
their appearance on some of these old burns, but rather subordinate
to lodgepole pine. In rapidity of growth they are inferior, and in
numbers they constitute but a small proportion of the new forest.
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A. LARCH, YELLOW PINE, AND RED FIR, WITH SPARSE SEEDLINGS. B. YELLOW PINE FREQUENTLY AND LIGHTLY BURNT.
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A. MILL ON SMITH CREEK, SOUTHWEST OF HAYSTACK BUTTE.

B. DEADWOOD PARTLY CUT, SOUTH FORK OF TETON CREEK.
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On the tracts that have been unburned for many years seedlings
have sprung up as the old trees have died and fallen, so that these old
forests are composed of trees of all ages, and in them the saplings too
small for log timber constitute a very important factor to be considered
in forest management. In many cases the mature trees may be cut
out for lumber and the saplings left will be a sufficient stock, partly
grown, for a new harvest of logs. By carefully marking the trees
to be cut and by using care to preserve this young stock, theé continuity
of the forest may be unbroken by logging operations.

In this old forest the young growth is apt to have a Jarge propor-
tion of spruce and a small proportion of lodgepole pine, as the shade
of the old trees is favorable to the starting of spruce, but unfavorable
to the pine. Next in proportion to spruce, red fir is common, and in
the more open places balsam follows next in order, while larch and
lodgepole pine choose the spots that are most free from underbrush
and grasses. Yellow pine seems to come in only on lands that have
bare earth.

The areas having old mixed forests with a fair stock of young growth
are very few on the eastern slope, except in some of the smaller valleys
near the Continental Divide. Such areas occur on the headwaters of
the Middle Fork and on the western tributaries of the North Fork of
Sun River; also on the Middie Fork and on the lower half of the South
Fork of Flathead River. The lower portion of the Swan River Valley,
although considerably scarred by fires, has much of such forest still
remaining, especially in the tributary gulches. The upper portions of
these valleys have been overrun by moderate fires that have thinned
the forest, and while most of the land is restocked, the seedlings are
seldom over 10 feet high. ‘

UNDERBRUSH.

The principal species of brush are alder, willow, dogwood, buck-
brush, waxbush, yew, squawberry, service berry, brittlebrush, and
juniper. Beside these shrubs, some of the trees often grow in such a
manner as to practically form an underbrush in the forest, especially
after a light fire that has not seriously thinned the forest, yet has
permitted seedlings to start.

In general, the underbrush is not densé. With the exception of
some of the damper ravines where yew abounds, the brush would offer
no serious difficulty to taking horses anywhere, unless through the
aspen thickets on the eastern slope (see Pl. XI, 5).

Brush is most abundant, perhaps, in the valley of the Middle Fork

“and in the lower portion of the valley of the South Fork of Flathead
River and in the lower portion of the Swan River Valley.

In the higher altitudes, especially where exposed, balsam and spruce,

and east of the Continental Divide limber pine, are frequently matted
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close to the ground, forming dense but small impenetrable thickets,
although they are tree species. ’

Except where kept in subjection by light fires brush is usually
abundant enough to be a serious hindrance to logging operations and
to prevent the ready starting of seedlings.

CUTTING.

There are three small sawmills within the reserve, one on the South
Fork of Depuyer Creek, another on the South Fork of Teton Creek,
and a third on Smith Creek, southwest of Haystack Butte (Pl. XII, 4).
The logs for these mills are taken from the mountain sides or the
basins above them.

For the mill first mentioned the logs are twitched down the mountain
side to the stream, then floated with great difficulty about 2 miles
through the canyon to the mill at its mouth. Some 300,000 feet B. M.
have been cut in the valley of the South Fork of Depuyer Creek.
This timber was spruce, red fir, and lodgepole pine.

The second mill is near the head of the South Fork of Teton Creek,
about 6 miles from the plains. The logs are being taken from the
mountain side near the mill and are almost entirely spruce and lodge-
pole pine. On the forks of Teton Creek are several old mill sites,
and, roughly estimated, a million feet B. M. have been cut on the
South Fork and 600,000 feet on the North Fork.

The mill on Smith Creek, but a short distance within the reserve
line, is cutting logs from the high mountain side south of the head-
waters of the stream. The logs are dragged with much difficulty and
some danger about 2 miles down the steep slope. The timber used is
lodgepole pine and spruce. There is little red fir in the basin. About
a million feet B. M. of all kinds have been cut in this valley.

Besides the log timber cut east of the divide, some 300,000 railroad
ties have been cut and floated down to the Helena branch of the Great
Northern Railway. Some 200,000 of these were cut on the North
Fork of Sun River and approximately 100,000 on Dearborn Creek.

All along the eastern front of the.mountains the people from the
treeless plains get fuel, house logs, and poles for fences and corrals.
Almost every little valley that is wooded and that is reasonably
accessible has a well-used wagon road leading into the timber. The
people come and cut the timber as they need it, loading it immedi-
ately upon their wagons without leaving any amount cut and lying
upon the ground, even over night. Ranchmen, as a rule, bring their
own teams, but for village supplies there are half-breeds living among
the foothills who make a business of taking out the wood and selling
it. A colony of these woodcutters was found on the South Fork of
Teton Creek (see Pl. XVTII, B), another on Smith Creek, and another
on Dearborn, near the mouth of Falls Creek. Altogether about 62,000
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cords of fuel, house logs, and fencing have been cut on the eastern
slope of the mountains.

Along the Great Northern Railway there has been a great deal of
cutting for bridge timber and ties, and besides some material has been
taken for fuel, cribbihg, tunnel timber, wagon bridges, and corduroys.
The construction camps also have taken a large amount.

On account of lack of time no attempt has been made to estimate
the amount of this material. It is said that all or nearly all the bridge
and tie timber used in the construction of the railway through the.
mountains from Columbia Falls to Midvale was taken from the woods
along the line.

Elsewhere on the reserve the only cutting has been for the cabins
of prospectors, hunters, and trappers, and the few squatters in the
Swan-Clearwater Valley, and for trails or camp use. .

The logging operations of the Blackfoot Milling Company, on the
Clearwater drainage, have worked up to but have not cut over the
south line of the reserve. The logs are floated down Blackfoot
River (see Pls. XIII, 4, and XV, A). '

FIRES.

FExtent.—Only the areas recently burned, or those overrun by fire
within the last forty years, have been shown on the map. The older
ones have lost the characteristics and the features of burns that make
them noticeable in the distant view necessary in mapping them.
They have either become barrens or have been restocked with trees.
A considerable but undeterminable portion of the mountain ridges
shown on the map (P1. ITI) as bare or destitute of forest has been made
so by fires that have exterminated the stunted forests which were just
able to exist under the severity of climate without the fire.

Meany of the eastern foothills now grassed prove upon close exami-
nation to have been once wooded; for here and there upon them old
charred roots and stumps are found. The fire lines on the map can
be drawn only approximately, for the effects of fire often fade out
with an impreceptible border.

Roughly estimated, the recently and severely burned areas within
the reserve are as follows:

Areas recently burned in Lewis and Clarke Forest Reserve, Montanc.
Square miles.

East of the Continental Divide .. ... .. .ooiiuoot o iene L 600
Middle Fork of Flathead River. ... ... ... i oo 95
South Fork of Flathead River and the Blackfoot drainage.._ .. ... .._.._.. 485
Swan-Clearwater Valley .. ... ...t eiai e 240
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In addition there are, as shown on the map (PL IIl), outside the
reserve the following burned areas:

Areas recently burned adjacent to Lewis and Clarke Forest Reserve, Montana.

Square miles.

Along the Great Northern Railway. .. ... .. .. . ..ot ieiiaaa. 134
East of thereserve line .._._____...__... e et ettt 40
South of the reserve line. . .. ... . i iieiaaaao. 206

Otal - . e et 380

This, added to the 1,400 square miles within the reserve, makes a
total of 1,800 square miles of recently burned forest shown on the map.

Causes of fire.—While some of these fires have no doubt been caused
by lightning, nearly all have been due to carelessness on the part of
men. The causes of fire may be grouped into four classes: First,
those originating directly or indirectly from the railroad; second, those
running in from the prairie; third, those escaping from settlers on the
borders of the forest; fourth, those caused by Indians, hunters, and
prospectors.

The greater area, probably some 1,200 square miles, was burned
during 1889. That year is said to have been exceptionally dry, and
the smoke from the forest fires almost unendurable. At that time the
Great Northern Railway was being built across the mountains, and the
great number of men employed inits construction, and the many pros-
pectors and claim hunters attracted by the opening of the country,
made a combination of circumstances very favorable to the starting of
fires.

About forty years ago, also, many fires occurred. Most of the
burns of that time have been reburned since. Where not repeated,
they have either been covered again by forest or they have become
mountain barrens.

Intensity of fires.—On most of the burns mapped the fires have been
severe enough to kill all, or nearly all, the trees and to consume the
humus (see Pls. XIII, B, and XV, B). The borders of the burns
are generally sharp and well marked. But many light fires have also
occurred; these have crept over extensive areas, killing brush and the
smaller and tenderer trees.

The fires have varied through all degrees of intensity. The severest
have rushed through the tree tops consuming the needles and smaller
twigs and igniting the humus lying upon the surface, which, even
when burning slowly, has made fire enough to consume the smaller
roots that were in the humus. The fires of 1889 were generally of this
sort. Many other fires have occurred, doing much less damage to the
forest. Creeping slowly along, they have killed much of the vegeta-
tion and even some large trees, but the lightest of them have merely
thinned the forest, injuring many trees, but still leaving many seed
trees and a favorable surface for seeds to start.
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Damage by fires.—The damage done by fires might by some be esti-
mated as nothing because the tunbel had no market value at the time,
but by the community and the State it should be viewed as an injury
to a great natural resource. While the timber trees, the saplings, and
the seedlings killed had no immediate market value Where they stood,
they had a future value which has been destroyed. In addition, the
fires have postponed the possibility of again having such a forest on
much of this land within one hundred years, and on some of.it a very
much longer time, for the fires have consumed the product of centuries
in humus, shade, shelter, and other necessaries for the germination and
growth of seedlings. These higher regions are now frequently found
barren, or lightly covered with grass or mountain plants, with a few

_roots and stubs remaining as proof that a forest was once there.

Deadwood.—The amount of material standing dead is roughly esti-

mated as follows:

Deadwood standing in Lewis and Clarke Forest Reserve, Montana.

Cords.
Missouri River drainage . ... .. .. .. ... .. S 200, 000
Middle Fork of Flathead River, within thereserve. . ... ._............. 100, 000
Middle Fork of Flathead River, outside the reserve ...... ... ... ...... 150, 000
South Fork of Flathead River ... ... . ... . .. . .. ... ......... 600, 000
Swan-Clearwater Valley, within the reserve....... il 128, 000
Total . e 1,178, 000

No effort was made to estimate the material that is down. It is not
marketable and never can be until made accessible immediately after
falling, as where logging and woodcutting are being carried on.

Leproduction.—The burned areas east of the Continental Divide and.
those of the valley of the Middle Fork of Flathead River are very
scantily restocked, having little else than small lodgepole pine in strips
and groups, usually near the unburned forest.

In the valley of Willow Creek (South Fork drainage) there is a
dense stock of lodgepole pine coming up through the network of fallen
trees.

The same condition prevails in the region about Spotted Bear, while
on Hungry Horse the old burn has a very scant stock.

In the valley of Swan River the ‘¢ Blg burn,” about 6 miles below Hol-
land’s ranch, has enough lodgepole pine to cover it in about twenty
years.

The burn on Crow Creek Pass is principally occupied by brush, but
has a sprinkling of spruce, lodgepole pine, and balsam.

The large burn on the mountain west of Swan Lake has a scanty
stock of spruce, balsam, and lodgepole pine.

The upper portion of Swan River Valley has a dense stock of lodge-
pole pine and larch under the larger larch that has survived several
incursions of moderate fires.

21 GEOL, PT 5——4
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The burns on other mountain ridges, so far as stocked at all, have
a mere sprinkling of nut pine, Engelmann spruce, and balsam.

The stock on lightly burned regions, as a rule, is not only mixed as
to species, but also as to size. There are some areas on old burns
which are occupied by lodgepole pine only, but these are the exception
and are not large.

Liability to fire.—Until the appointment of forest rangers there had’
been no steps to prevent the starting or the spread of fires except the
carefulness of thoce likely to cause them. During the season of 1899,
however, no fires were found burning, though several had been extin-
guished by the forest rangers, who patrolled the trails and kept them-
selves posted as to the movements of persons within the reserve.
Along the railroad the greatest danger of fires is from locomotive
sparks, though they are liable also to be started by trackmen burning
rubbish. East of the mountains the danger is from fires sweeping in
over the prairie or from the lunch fires and smudges of the wood-
cutters who come from the plains. In all the mountain area the camp
fires of prospectors, trappers, tourists, and sportsmen are a constant
menace.

LEffect of fire on composition of forest.—The severe fires below 6,000
feet have been followed by lodgepole pine where restocked at all (see
Pl. XVI, A), but the moderate firesin the lower altitudes and all those
in the higher altitudes have usually been followed by a mixed growgh
in which spruce predominates. Many of the severe old burns that
have been restocked have first been covered with lodgepole pine, under
which spruce, white pine, larch, balsam, and other shade-enduring
trees have sometimes started. A very dense stand of the original
stock, however, does not readily admit other species, and lodgepole
pine in such cases is apt to remain until the trees hegin to die of old
age (see Pl. XVII, 4). .

Moderate fires may thin out the species most sensitive to fire and
leave those protected by thick bark. A notable instance of this was
found in the upper portion of the Swan River Valley, where a mixed
stock of larch and lodgepole pine had been run through by light fires,
which killed the thin-barked lodgepole pine, but left the thick-barked
larch but slightly injured. On looking over this valley from the
mountain side in October, when the leaves were colored, the upper
halt of the valley seemed almost entirely wooded with larch.

RATE OF GROWTH.

The rate of growth varies greatly not only according to soil and
moisture, but also according to exposure and the influences of sur-
rounding vegetation. The average increase on the stump in the low-
land was found to be about an inch in ten years, accompanied by a
proportionate growth in height.



FIRST ANNUAL REPORT PART V.  PL. XV

TWENTY

U. 8. GEOLOGICAL SURVEY

DAM ACROSS OUTLET OF PLACID LAKE.

4.

B. NUT PINE (PINUS ALBICAULIS) KILLED BY FIRE, SOUTH END OF WHITE RIDGE, NEAR

MIDDLE FORK OF SUN RIVER.



TWENTY-FIRST ANNUAL REPORT PART V PL. XVI

U. S. GEOLOGICAL SURVEYV

B. GROUP OF RED FIR (PSEUDOTSUGA TAXIFOLIA) PROBABLY

1

A. LODGEPOLE PINE FOLLOWING LARCH AND YELLOW PINE

KILLED BY DROUGHT.

KILLED BY FIRE.



AYRES.] LEWIS AND CLARKE RESERVE, MONTANA. 51

Ascending the mountains, the rate diminishes until, near the line of
perpetual snow, the annual rings are sometimes so thin as to be invis-
ible to the naked eye. Height growth is especially slow in exposed
situations, where even the hardiest species, as spruce and balsam, are

~compelled to lie matted on the ground without being able to form an
upright trunk. The rate of accretion on the stump of open-grown
trees in the lowland is sometimes one-fourth of an inch in one year,
while densely crowded trees, especially those overtopped, may have
only one-hundredth of an inch in one year.

The rate varies with the species also, larch being one of the most
rapid-growing trees and lodgepole pine one of the slowest. The
average rate seems less than in the forests of the Lake States. Here
a crop of timber trees can hardly be expected in less than one hundred
years, even on the most favorahle portion of -the lowlands.

ACCESSIBILITY.

Along the eastern slope of the mountains there are few streams
that are practically drivable for log timber, possibly only Sun River
and Dearborn Creek, but Birch and Badger creeks may prove drivable
with some expense. The timber on most of the streams must be hauled
out when cut. The question of transportation, however, will probably
be how to reach the local market, as the treeless plains immediately
east of the mountains could consume all the timber this slope would
produce, with the exception of the Sun River Valley. This stream
being easily drivable would afford fair transportation to the more dis-
tant or general market.

The valley of the Middle Fork of Flathead River has its only outlet by
the way of Java, on the Great Northern Railway, and the river would
afford the most feasible means of transportation, as it would be drivable
at moderate expense. Should a permanent system of lumbering he
established in this valley an electric railroad would perhaps be desirable
to take supplies up the river, and possibly even to haul up empty cars
on which logs could be taken down, perhaps in successful competition
to river driving. :

The valley of the South Fork of Flathead has also an outlet to the
north, and the river may possibly be made drivable, although there is
some doubt on this point, owing to the crookedness of several bhox
canyons. It would be somewhat difficult to construct a railroad in this
valley, because of many deep ravines cutting through the bench land.

The valley of the headwaters of the North Fork of Blackfoot River,
continuous with this valley and separated from it by an almost imper-
ceptible divide, has so little timber that the question of transportation
need not be considered immediately. The valley of Willow Creek and
the headwaters of the North Fork of the Blackfoot have a very
smooth bottom and railroad grading would be very easy.

The tributary valleys of the South Fork of the Flathead are more



52 FOREST RESERVES.

difficult of access, and it seems probable that chutes and flumes may be
the best means of getting the material out to the main valley.

The Swan-Clearwater Valley, at least between Clearwater Lake and
Goat Creek, can probably be worked best by a logging railroad, as the
streams have many gravel bars and many places where logs would float
out into the brush during high water. Logs putinto Swan Lake could
be easily driven to Flathead Lake, a favorable point for manufacturing.

The divide between the Swan and the Clearwater valleys is a low
one, and offers no serious obstruction to a railroad if it should be
found desirable to take logs over from Swan River to the Blackfoot.

Throughout the reserve are large areas on the mountain sides that
can be logged only by means of chutes.

MARKETS.

At the small mills east of the mountains rough sawed lumber brings
$16 per thousand feet, and the deadwood is worth 25 cents a cord on the
stump at Midvale, and would, doubtless, command that price all along
the range southward. Log timber east of the range should be worth
$1 per thousand feet on the stump in the more accessible regions, but
quite a large proportion of it, possibly 50 per cent, has no value because
of difficulty of access.

‘West of the Continental Divide probably nothing within the reserve
has a market value to-day, owing to the difficulty of transportation.
Improvements to make the timber accessible would doubtless be profit-
able at once in the Swan River Valley, and capitalists able to make
these improvements could probably afford to pay a moderate stumpage

. value on the standing timber.

Outside of the reserve, along the Great Northern Railway, the
mountain slopes, though steep and rocky, are fairly accessible, and
‘the material on them should have a slight stumpage value under a
thorough system of cutting and marketing.

SUGGESTIONS FOR MANAGEMENT.

Considering the configuration of the land, the isolation of the val-
leys, the liability of fire, the difficulty of two or more operators work-
ing in the same valley, the benefit to the operator of having control of
a definite area and also of the means of transportation leading to it,
and the advantage of having one person responsible for fires or depre-
dations in a single district, it seems advisable that the right to cut in
each valley be leased entirely to one person, and that the lease be
made for a long time. This person could then improve the stream,
make flumes or roads, establish a permanent mill plant, and carry on
his business in conformity with a system of forestry that should, of
course, be decided upon before the lease is made. Under such a sys-
tem of leases there would be an opportunity both for small and Jarge
operators.
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The small valleys east of the Continental Divide would be suited to
those only who run small mills and who would sell their sawed lumber
at the mill to people from the plains, and who would handle fuel and
fence poles as well as log timber.

The timber west of the divide must seek a more distant market, as

. there is not now, and probably never will be, any great local demand.
'The management of these lands should conform to the necessity of
such operators as could manage them.

REGULATIONS SUGGESTED FOR CUTTING.

A mere restriction or limitation to certain sizes, such as permitting
only trees over 12 inches in diameter to be cut, while perhaps a con-
venient rule for loggers to work by, would be very injurious to the
forest. In fact, a forest could hardly be in worse condition than this
rule would bring about. The forest needs thinning, but this regula-
tion would not accomplish that object. As the forest stands now there
are patches of large trees and patches of small. Under this rule the
tracts of large trees might be cut clean, while the patches of small
would be left untouched, however much they might be in need of
thinning. This is found to be the effect under the present system,
and such a rule would not make any material change in the custom.
The thing to be done is to provide a market for both large and small
material and have the trees to be cut marked, so that while getting out
marketable material the condition of the forest may also be improved,
and after logging is over be left in as good or even better growing -
condition than it was before.

MINING.

No ore is being shipped from the reserve at present. A few copper
and silver claims are held on Smith Creek, and a few on the lower por-
tion of the South Fork of Flathead River. At the ‘‘coal banks,”
about 25 miles above the mouth of the river, a tunnel has been driven
in the bank of the river along a bed of lignite coal.

" CLIMATE.

~ There are very great differences of climate between the bleak and
frosty alpine summits and the sheltered canyons above 5,000 feet.
The dwarfed trees on the mountain ridges show the effect of cold
weather, frequent storms, and lingering snow, although in sheltered
canyons or gulches a short distance away they ma,y be growing luxu-
riantly at the same altitude. ~
There is also a marked difference in the climate east and west of the
mountains. During the severe storm or blizzard, with deep snow fall,
that raged on the plains about the middle of October, there was in the
Swan River Valley only a moderate amount of wind and only about 6



54 . FOREST RESERVES.

inches of snow. While a temperature of about 20° below zero was
reported from the plains, in the Swan River Valley it was little below
freezing. :

A corresponding difference was found in the vegetation. Certain
species which love moisture and are unable to endure much exposure
are found in the western valleys, but do not appear east of the Con-
tinental Divide. Among these are larch, white pine, cedar, hemlock,
and yew. Some of the higher ridges east of the Continental Divide
seem to have been wooded with a stunted growth of alpine trees.
Now a few pieces of pitchy roots are found on the rocks above the
present timber limits. Such places were noticed on Birch and Deep
creeks, and on the ridges about the headwaters of Ford Creek. This
suggests that the climate may be growing drier. The great number
of red fir found dead on the eastern slope in places most subject to
drought indicates the same thing. On the South Fork of Depuyer
Creek, where some cutting has been done in a mixed forest of red fir,
Engelinann spruce, and lodgepole pine, the mountain side was patched
with areas of dead, or half-dead trees (see Pl. XVI, B). One of these
areas was found along a skidding trail, worn to a depth of 2 feet’
below the surface. Walking along this trail it was noticed that among
the dead trees the bottom of the trough was dry and hard, while among
the adjoining live trees it was moist. The dead trees were not older
than the living, and no other cause could be found for their dying
than the fact that the ground where they stood was drier than that on
which the living trees stood. '

OCCUPANCY,

Most of the land occupied by squatters east of the Continental Divide
is on the plains, in the angle south of Birch Creek. These squatter
claims were not all located in passing. There are probably 6 or 8 in this
angle (see Pl. XVIII, A). - If the reserve line were drawn close to
the foot of the mountain these would be excluded.

On Ford Creek a ranch and a herder’s cabin were seen. The ranch
is not far within the reserve line. About the ranch are some 80 acres
under cultivation, and the owner of this ranch, in company with others,
had some 500 cattle and about as many sheep grazing on the hills about
the headwaters of the stream.

On Sun River, the ranches of Wagner and Hannon are well within
the reserve. Wagner has a log house, barn, and pasture fence. Han-
non, on Storehouse Creek, has some 20 or 30 acres in meadow, with
house and outbuildings and several fences across the lower portion of
the valley. He has some stock. Thirty of his horses were found
grazing on the North Fork of Sun River.

On Teton Creek, McGurk’s mill, and on Smith Creek, White’s mill
lie within the reserve, and about them are clustered several houses
occupied by the employees.
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On Dearborn Creek, near the mouth of Falls Creek, and on the
South Fork of Teton Creek are groups of cabins occupied by half
breeds, who cut wood on the reserve and haul it out to market on the
plains (see Pl. XVIII, B).

A lime kiln is being operated by Mr. C. V. Clemens near the mouth
of Falls Creek.

On the South Fork of Depuyer Creek, Alex. Yule has a sawmill at
the mouth of the canyon, and above the canyon has several houses
occupied by his loggers. '

On Willow Creek, or the east branch of the South Fork of Flathead
River, Mr. James Donahue has a stock ranch and about 100 head of
cattle and horses. A few cabins, built by trappers or prospectors,
were seen here and there in passing down the valley.

At the coal banks, Batti’s cabin was found occupied, and a few miles
above this, on a branch of the main valley, there are prospectors’ cabins
occupied at times.

In Swan River Valley are several squatters about the head of Swan
Lake, but they have few improvements except their houses. Between
this and Hollands there are about 10 log houses, all of them unoccupied.

Holland’s ranch, at the mouth of Holland Creek, comprises several
‘log houses and stables. Mr. Holland has several hundred acres fenced
_in, which he is using as pasture for cattle and horses (see Pl. XIX, A).

At the foot of Elbow Lake is a trapper’s cabin, occupied at present.

On the Clearwater, Mr. Seeley, a forest ranger, has occupied a
ranch at the head of the lake for several years. He has recently built
a larger house, near the foot of the lake, and within about one-fourth
of a mile of the reserve line. '

FISH AND GAME.

All the waters of this region are remarkably full of trouf, of which
there seems to be several species. The most abundant are about a
foot long and weigh from one to two pounds. Salmon trout were seen
on the South Fork of Flathead River, the largest being 36 inches long.

East of the mountains large game has been hunted until a track is
seldom found.

In the center of the reserve, however, are elk, moose, goats, sheep,
black- and white-tailed deer, and the several species and varieties of
bear common in the Rocky Mountains. Blue grouse are abundant,
especially eastward. The common ruffled grouse are rare eastward,
but abundant in the Swan River Valley. The fool hen is common
everywhere in medium altitudes.

SCENERY.

This region, though not as alpine as the Flathead Reserve, has many
high mountains and rugged hills.
There are a few glaciers, a small one at the head of Gordon Creek,
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one near McDonald Peak, and the Stanton Glacier, west of Essex, one
of the largest in the range.

The peaks about the Stanton Glacier, Scapegoat Mountain, Turret
Mountain, Silvertip, and Pentagon on the main range, three or four
points on the Kalispell Range, and McDonald Peak on the Mis-
sion Range, are 8,000 to 10,000 feet high and afford excellent views,
while the valleys, though much marred by fires, contain many
attractive places. The opening of the trails by the forest rangers is
rapidly making the region accessible by saddle and pack horses.

EXPLANATION OF MAPS.

It should be said, in explanation of the maps, that sharp lines on
the maps for distribution of species and the limits of burned areas
do not represent the actual condition in the forest. A blending of
adjacent colors and a fading out toward the prairies and toward burns
would, in most cases, represent the actual condition far better, but as
it would be impossible to print such a map the lines are drawn sharp,
and are thus only approximately correct. The borders of light burns
may actually be several miles from the lines shown on the map, because,
creeping lightly over the surface, some of them do so little damage
that the effect is not noticeable from a distance, and the line could only
be mapped by the slow process of tracing its course with compass,
and pacing through all its meanderings. A few of the borders of
burns are found sharp and definite in the forest, but where they are
not found well defined in the woods the line is drawn on the map as
near as possible where half of the forest has been killed.

There was difficulty, also, in determining the lines on old burns that
have been more or less restocked, and there may he many inaccuracies
on this account. Where the dead trees of a burn are still standing the
distant view of such a tract gives the impression that the line should
be drawn at the border of the deadwood. This is approximately cor-
rect, because usually the deadwood falls before any young stock that
follows could become large enough to be called a forest. Where
young stock, 15 feet or more high, was found on old burns it was
marked as forest.

In marking the distribution or habitat of species one never feels
certain that he has found the extreme limit of distribution, but thinks
more of the same kind may possibly be found beyond. In mapping,
the outmost known points were joined by lines that seemed, according
to known habits of the tree, the most probable in consideration of the
climate and topography.

It should be said that red fir, lodgepole pine, alpine balsam, and
Engelmann spruce have a general distribution over the reserve, with
the exception that red fir and lodgepole pine are not found above 7,000
feet. For this reason the distribution of these trees has not been
specially indicated on the map.
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MISSOURI RIVER DRAINAGE OR EASTERN SLOPE OF
CONTINENTAL DIVIDE.

Topography.—This tract, lying between the Great Plains on the
east and the Continental Divide on the west, and between thc Great
Northern Railway on the north and Lewis and Clarke Pass on the
south, is 12 to 30 miles wide and about 65 miles long, with an area of
about 1,600 square miles. A small portion of this strip is level, undu-
lating or rolling prairie, with general eastward slope. The foothills
are mountainous, often precipitous toward the east, the tilted rock beds
dipping southwestward, with their upturned edges exposed in cliffs
fronting the plains, especially along the parallel ridges north of Hay-
stack Butte. The numerous canyons formed by the streams cutting
across the tilted strata are usually sharp and deep. The altitudes
range between 5,000 and 9,000 feet (see PL. XX, 4).

Lock.—The peaks, ridges, and canyon walls of this region are com-
posed of gray limestone. Very little other rock was found except on
Birch Creek and the Teton creeks, where schists underlie the lime-
stone unconformably, and on Smith Creek, where injected meta-
morphic rocks appear. The rock of the plains and some of the lower
foothills resembles the Cretaceous beds common farther east. Among
the limestones are some beds of slates and quartzites, but.probably over
90 per cent of the rock on this strip is limestone. It is gray to buff
in color and contains many fossil corals and brachiopods.

Soil.—The soil seems fertile and productive when moist enouqh
Probhably 20 per cent of the area is without soil, the surface being bare
rock, especially on the summits and steeper slopes. About the eastern
foothills some alkaline spots are found, but such areas are small. In
mechanical composition there is endless variety. Some clays are found
along the eastern foothills and, rarely, in parts of the valleys among
the mountains. Gravels prevail along the lower portions of streams
or wherever alluvial deposits have been formed. Loam is found among
the rocks on the slopes and, usually, near the hills along the creek
bottoms.

Subsoil.—Clay subsoils are rare, although they are found east of
the mountains, where there are many lakelets and ponds in the foot-
hills. Clay is also found in the valleys of the mountain streams above
dams caused by slides and mountain torrents or by the action of the
now extinct glaciers. The greater portion of this tract has its scant
soil resting directly upon the rock, but gravels and bowlder clays are
to be found on perbaps 30 per cent of the area, especially in the valleys
.of Sun River and Dearborn Creek.

As a rule, humus is very light, owing to the dry climate, the fre-
quency of ﬁles, and the steepness of the slopes. On about balf of
the surface there is practically no humus, and on the remainder the
soil is seldom colored to a depth of more than 3 or 4 inches. Where
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the foothills are so well watered as to prevent fires burning the humus,
as about the mouths of the ravines and around springy places, there
is often a foot of black soil. Without careful observation one may
be led to believe the humus much more abundant than it really is,
by seeing several feet of dark earth in the banks of some streams.
Such deposits are small and are only in places where wash from the
mountains or hillsides has accumulated. In forest which has been
unburned for fifty years or more, as in the damp basins, sometimes 6
inches of black earth are found, but such areas are neither numerous
nor large.

Litter.—Deadwood débris is not abundant. Although a large pro-
portion of the trees are dead, the fires that killed them have as a rule
been so recent that the deadwood has not fallen, while most of the
débris from the older fires has been consumed by the later fires. In
the remaining area of unburned forest, fallen leaves have accumulated
to a depth of several inches.

Trees and tember.—The areas of forest that have escaped the general
burn of 1889 and the other and lesser fires, both prior and later, are
few and excepting along Badger Creek, Birch Creek, the South Fork
of Depuyer Creek, the North Fork of Teton Creek, the South Fork of
Deep Creek, and portions of the valleys of Smith Creek and Dear-
born Creek the areas are so small and so’remote and inaccessible as to
make the timber on them of no commercial value. The amount of
timber, regardless of accessibility, is roughly estimated on the basis
of present usage in the northern middle States as follows:

Estimate of timber in Missouri River drainuge in Lewis and Clarke Forest Reserve, Montana.

Areas. . Log timber. Green small wood.
I feet B. M. ! Cords.

Badger Creek .. ... .. . i 10, 000 300, 000
Birch Creek ... ... .. ... . ... 1, 200 26, 000
North Fork of Depuyer Creek ... ..........|ceceocoooo... 3,000
South Fork of Depuyer Creek.............._. 2,000 24, 000
North Fork of Teton Creek -................. 2,000 70, 000
South Fork of Teton Creek ... ............... 500 5,000
South Fork of Deep Creek ................... 3,000 20, 000
North Fork of Sun River .. ___._ ... ___..._... 20, 000 550, 000
Middle Fork of Sun River ... ... ... .......... 20, 000 430, 000
North Fork of Ford Creek ... _.......... 300 6,000
Smith Creek . ... . ... ... 2,000 . 25, 000
Dearborn CreeK. - . - oo e e . 2,000 120, 000
Additional smallareas. ... ................... PO 660, 000
Total . ... 63, 000 2,239, 000
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The additional small areas mentioned are scattered along the eastern
front of the mountains. They are small tracts that have escaped fire.
The wood on them is short and knotty—fit only for fuel. There are
also on these slopes and on the foothills, fairly accessible from the
plains, some 200,000 cords of deadwood of inferior quality, most of
it killed by the fire of 1889.

The species composing this material ‘are in order of predominance:
Lodgepole pine, Engelmann spruce, Douglas spruce, and limber pine.

Engelmann spruce is the favorite log timber among the sawmill
men. The wood of this species is white and tough. Though knotty,
there are few black knots. In size some of the largest trees are 30
inches in diameter, and sometimes contain 500 feet of lumber.

Douglas spruce or red fir is usually small and very defective. Trees
appearing sound on the outside often open with soft red, rotten spots
in the heart or near the branches. The largest are about 30 inches in
diameter.

Lodgepole pine is most generally distributed, and is mostly sound.
While it is ignored and even considered a nuisance by some, its value
will before long be appreciated. Farther west, where there is a moister
climate and where larger and more sought timber can thrive, there may
be some valid objections to its habit of densely occupying the ground
immediately after a fire. Here it only occupies land on which other
species do not thrive and produces lumber where no other species
would. 1t reaches a diameter of 24 inches and a height of 70 to 80
" feet, and is more frequently clear than any other timber. Logs as
small as 5 inches at the top are sawed, and the lumber is sold (rough)
for $15 per thousand, the same price as spruce and red fir, but it is
sold under the name of ‘‘white pine.”

Limber pine (Pinus flewilis) is usually so crooked and knotty as to
be worthless for log timber and for the same reason is of little value
for fuel.

Nut pine (Pinus albicaulis), while common in the higher altitudes of
this region, is of no commercial value at present because of its inac-
cessibility. It is frequently found growing tall and straight, 8 to 10
inches in diameter and 60 feet high. It is easily distinguished from
other white pines by its purple cones. '

Cottonwood is found all along the lower streams, but seldom as log
timber. ‘

Aspen is usually associated with lodgepole pine and often succeeds
limber pine on the burns.

Balsam is common only at high altitudes and is commercially unim-
portant for timber.

All species vary greatly according to exposure and moisture.
Those that venture on the higher summits, which are both dry and
exposed, form only mats upon the ground, while the same species in
well-watered localities sheltered from the wind make large trees.
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On the slopes a graduated difference is noticeable, according to the
soil, moisture, and exposure. On the south side of Depuyer Creek
where timber was being cut at an altitude of about 7,000 feet, Engel-
mann spruce, lodgepole pine, and Douglas spruce, on moist soil,average
150 to 500 feet per tree, but on the drier ground very few trees were
large enough for log timber, and many of these were defective. In
looking over the mountain side in this basin many small, brown areas
of deadwood appeared in the green forest. These were first supposed
to be the effect of fire, but examination proved them unburned, but
on dry ground where no moist earth could be found near the surface.

Young growth.—Throughout the portion of this region facing the
plains, an area of 600 square miles, tracts of young growth in good
condition are rare. Where fires have run they have been so severe
that over large areas no seed trees and no seeds have been left. In
fact, on most of these burns the humus has been consumed. The few
burns that have been restockec. are about the basins at medium eleva-
tions where fires have been less severe, owing to greater moisture.
Such restocking is best near the unburned tracts. In moving south-
ward from the Great Northern Railway, a scant restocking was found
on the Two Medicine drainage covering probably 4,000 acres south of
the railway. South of that area the following small tracts of a few
acres were seen: On Little Badger Creek (south of the stream), about
1,500 acres; about the head of Big Badger, some 5,000 acres; on the
South Fork of Depuyer Creek, 500 acres; on Storehouse Creek, some
2,000 acres; on Beaver Creek, probably 3,200 acres; on Ford Creek,
some 500 acres; on Elk Creek, 1,200 acres; on Dearborn Creek, 3,000
acres; on Falls Creek, 2,000 acres; a total, roughly approximated, of
87,000 acres.

Underbrush.—Underbrush is scant throughout this region. Only
on the dampest ground is there enough to cause serious resistance to
travel. The prevailing species on the northern slopes are brittlebrush
and huckleberry, while along the streams are clumps and narrow strips
of dogwood and willow. In the higher altitudes much of the brush
consists of species that under favorable conditions form trees. Such
are bals#m, limber pine, and Engelmann spruce. In the higher
ravines near the Continental Divide, especially under Engelmann
spruce, brush is often found so thick asto be a serious hindrance to
travel, but unless accompanied by fallen timber it does not form an
impassable barrier.

Fires.—Outside of the reserve about 45 square miles along the Great
Northern Railway and 95 square miles in the foothills bordering the
plains have been very seriously burned.

Of the 1,600 square miles within the reserve nearly 600 have been
seriously burned within the past 40 years. Besides this severely
burned area there are many lightly burned areas that now have some



U. 8. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART vV PL. XXII

A. VALLEY OF NORTH FORK OF SUN RIVER, LOOKING SOUTHWARD TOWARD JUNCTION
OF NORTH AND MIDDLE FORKS.

B. HEAD OF MIDDLE FORK OF FLATHEAD RIVER.



AYRES.] LEWIS AND CLARKE RESERVE, MONTANA. 61

dead trees killed by fire, but are principally wooded. There are also
many areas of old burns that have been restocked. The areas shown
as burned have been severely burned. The fire of 1889, which seems
to have run over most of this area, occurred during a very dry time,
and most of the ground over which it ran has only dead trees and a very
small amount of humus left. Within this area this fire covered about
530 square miles, most of which is now bristling with dead trees, except
in places previously burned. On such places nearly all the material
has been consumed. A previous fire covered an undetermined area,
the signs of it being on much of the ground, obliterated by later fires.
On some 50 square miles, principally along the Continental Divide, plain
evidence of the fires of this period remain. The dead trees and stubs
left by these fires are better preserved in the high altitudes than in the
valleys, as, being more isolated, they have partially escaped the later
fires, which, on the foothills bordering the plains, have obliterated
nearly all traces of the forest they have destroyed. On]y occasional
stubs and roots remain in the grass or br ush The dates given on the
maps are those of the later fires.

Reproduction.—The area restocked is about 6 pel cent of the area
burned over. Almostinvariably the restocking has been with the same
species that occupied the ground before. There is, however, a notice-
able increase in the proportion of lodgepole pine, doubtless owing to
the more abundant seeding of this species and the favorable condition
for its growth after fires. Where spruce and balsam lands have been
burned over the new stock is invariably sparse. That this is the usual
habit of these species in restocking is inferred from the condition of
all of the old forests composed of them. Such forests do not have
trees of uniform age, but always have young trees coming in among
the sparse old stock. Reasons for this condition are found both in the
scant seeding of these species in the higher altitudes where they grow
and in their preference for shade in which to germinate and grow while’
young. Old forests of lodgepole pine frequently have young spruce and
balsam as an undergrowth. The extensive, almost continuous burns
on the foothills once partially covered with limber pine (Pinus flexilis)
have not been restocked and so far as covered with vegetation have -
only weeds and brush if recent, or bear grass and scant forage plants
if old. The principal bushes are willow and aspen. Young trees of
limber pine are found on the half barren knolls that reach out into
the plains and on the recently and severely burned lands. The con-
dition of the burned land is most desolate. Only about 6 per cent of
it is restocked and the remainder bristling with deadwood, standing or
fallen, sometimes has no plants growing upon it, especmlly if high in
altitude or dry. Most of the area, during the years that have pabsed
since the fires, has grown only a scanty stock of weeds, grasses, or
brush. The best pasture grasses are seldom tound on the burns. Pine
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grass and ‘“bear grass” (never eaten by stock) are more prevalent on
such lands than the bunch grasses, but some grazing land is now found
on the once wooded portions of the foothills. Although some ten
years have passed since the principal fire, only about half the burned
area is now covered with vegetation, and that is of very much less
economic value than the original stock.

Liffect of burns on water flow.—In the valleys or basins most thoroughly
burned over the widening of the streams and the increased washing
down of howlders is quite noticeable. The valleys of Dearborn River,
Ford Creek, and the forks of Teton Creek are much washed, the wide
gravel and bowlder beds of the water courses being a prominent fea-
ture of the landscape (see Pl. XX, B).

Deadwood.—W herever severe fires have recently run through the.
forests deadwood is standing. Even some of that killed by fire forty
years ago remains standing, but only on the higher and drier portions
where the climate is more favorable to the preservation of deadwood.
Very little of such old material is suitable even for fuel and under the
estimates only that killed within the past ten years which is standing
and is suitable for fuel, fencing, or house logs is considered. None
of the old deadwood is marketable as log timber. The estimate of
the amount more recently killed is necessarily very rough and only
approximate as follows: :

Estimate of deadwood in valleys east of Continental Divide, Lewis and Clarke Forest
Reserve, Montana.

Cords. , Cords.
Two Medicine Creek........... 100,000 ! Other valleys, southward to
Little Badger Creek............ 500 | . Beaver Creek ._.....__.._.._. 8, 000
Badger Creek. __............... 500 | BeaverCreek: . ... ......_..... 5,000
Birch Creek........: e 30,000 | Ford Creek ... ... ... ... _.... 2,000
North Fork of Depuver Creek . 10,000 | Smith Creek .. _...._ ... ... 1,000
Black Leaf Creek._..........._. 5,000 | Elk Creek _................... 1, 000
Other valleys, southward. .. ... 10, 000 | Dearborn Creek ._......... ... 80,000
North Fork of Teton Creek.... 10,000 | FallsCreek _....... ... .. ... 20, 000
South Fork of Teton Creek ... 12,000 | Sun River_... ... .. .__... 200, 000
Other valleys, southward .___.. 6, 000 —_—
Deep Creek ... . ...._. 3,000 Total ... ... .. ... .. 504, 000

Some 20 per cent of this may have a stumpage value of about 25
cents a cord. The remainder is probably worthless, because of diffi-
culty of access. '

Cutting.—All that portion of this region fairly accessible from the
plains has been invaded by ranchmen and by others cutting for village
use. Wagon roads were found leading from the plains up almost
every stream, and over these wood and poles, when needed, are hauled
in small loads. Often the material can be taken out only with great
difficulty. It is often cut high on the mountain slopes and slid down
to the roads. In some places it is hauled a long distance from the
stump to the wagon, where it isloaded, frequently 40 miles from where
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it is to be used. Several small sawmills have been operated, and three
were found running. On the South Fork of Depuyer Creek up to
July 17 some 1,600 trees, scaling about 300,000 feet, had been cut in the
basins and floated through the.canyon to its mouth, where they were
sawed and sold rough for $16 per thousand. On the South Fork of
Teton Creek is a mill about 6 miles from the plains (see Pls. XIX, B,
and XXI1, 4). In this valley about 1,000,000 feet of lumber and
6,000 cords of wood and poles have been cut. On Smith Creek a mill
has been operated some years, and from this valley about 1,000,000 feet
of lumber have been taken, most of it lodgepole pine and spruce (see
PL XII, 4). It is not far from the unsurveyed reserve line, but there
is little doubt it lies within the boundaries. On Dearborn Creek some-
thing over 100,000 ties were cut and floated to the Helena branch of
the Great Northern Railway when that line was being built. In the
valley of Falls Creek, a branch of the Dearborn, large quantities of
poles and fuel have been cut. August 2 a party of half-breed Indians
was found cutting 10 to 20 loads a day and hauling them to market on
the plains.

Owing to the desultory manner of such cutting, accurate estimates
of the amount cut are impossible without much time and labor.

Approximately the following amounts of both green and dry mate-
rial have been cut within the reserve:

Estimates of cutting east of Continental Divide, Lewis and Clarke Forest Reserve, Montanc.

Locality. Cords. M feet B. M. Ties.

North of Badger Creek ...._._......... 2,000 ..ol
BadgerCreek . ... ... .. .. ... ...... 2,000 |..o..ooo. bl
Birch Creek ............ . ... ._....... 2,000 |.....oooifeo.....
Birch to Teton Creek...............:...| 5,000 ... __..|......__.._.
South Fork of Depuyer Creek......_...|..........! 300 ...
North Fork of Teton Creek ..__._.._... . 6,000 1,000 |..o..........
South Fork of Teton Creek ..._......... | 5,000 600 |......_.....
Teton to Sun River.. .. ... ... . _._.... } 22,000 |....o.....LL.. .. e

North Fork Sun River..........._..... ‘ 25,000 |.......... 200, 000
Sun River to Smith Creek ......_...... ‘ 10,000 ... ... ... e
Smith Creek ... ... . ... .......... R 1, 000 ! ............

Dearborn River ......._ ... ...____..... PO . f 150, 000
Falls Creek .. ......................_.. © 3,000 Lo e '
Total. oo 82,000 | 2,900 | 350,000 .
| j I

Transportation.—The point on this land nearest the railroad is about
5 miles distant and the farthest is about 80. The streams, with the
" exception of Sun River, are of little value for transportation, as they
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are rapid and rough and the diversity of their directions and the small
amount of timber to be marketed from each would hardly warrant
their improvement for log driving, although the water could often be
used to advantage in bringing material from the mountain basins to
the mouths of the canyons on the border of the plains, the most favor-
able situation for mills.

Demand.—Demand at present is purely local and only from the
plains eastward, whence ranchmen and villagers look to the mountains
for all their wood material. Sawed lumber brings $16 a thousand at
the mill in the foothills and, according to accessibility, should bear a
price of from §1 to $3 a thousand on the stump. Fuel and fence
poles, though nothing has heretofore been paid for them, should be
worth 25 cents a cord on the stump. The amount of material used on
the adjacent plains will be greatly increased as irrigation is developed
and the land capable of agriculture cultivated.

Agricultural land.—There are on this portion of the reserve approx-.
imately 150 square miles of land that have some agricultural value.
Some of it is cultivated now and is very productive of crops not liable
to injury by frosts. Timothy grows especially well. About 80 square
miles of this land lies east of the foothills in that angle of the reserve
reaching into the plains south of Birch Creek. This land should be
opened to settlement. On the North Fork of Sun River, the tract
next in size, are about 5 square miles of agricultural land (see Pls.
XXI1, B, and XXII, 4). The remainder is in small isolated areas here
and there, not adapted to farming, but of value for raising hay and
vegetables for the use of men employed in the forests.

Irrigation.—The amount of water used in the reserve at present is
insignificant. Perhaps altogether 100 acres are now under irrigation.
These lands are some garden spots and hay land in the angle south of
Birch Creek; Hannon’s ranch, on Storehouse Creek (a branch of Sun
River); and two ranches on Ford Creek. East of the reserve several
large ditches are being used. The only one of these reaching the
reserve is that tapping Dearborn River at the mouth of Falls Creek.
The possibilities of irrigation on the plains eastward are great, as
there is a large amount of rich, irrigable land. In view of the future
demand for water, the destruction of the cover on the mountains is
greatly to be regretted. Although the principal burns occurred only
ten years ago, their effect upon the waterflow is plainly noticeable in
the widening of the streams, the cutting of the banks, and the great
deposits of gravel.

Occupancy.—While no great amount of the land is utilized, small
tracts are used here and there. Most of these are on the plains, in
the angle south of Birch Creek. These were not examined in detail.
On Sun River are two ranches, Hannon’s and Wagner’s (see P1. VI, B).
Hannon has about 100 acres under cultivation and in pasture, while
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‘Wagner has 200 acres fenced in in pasture, and Hannon has about 30
horses on the North Fork of Sun River. On Ford Creek two ranches
were found; one, recently established, has no land under cultivation; the
other, on the main stream, has about 100 acres in grain and hay. At
the head of Ford Creek about 500 cattle and as many sheep were
found grazing July 27. This stock is owned by several different per-
sons, the Fords, having ranches on the lower creek, being the principal
owners. About the mouth of Falls Creek are several cabins occupied
by half breeds who cut and saw wood from the reserve. About 5,000
sheep, said to be owned by J. C. Fay, of Hogan, Montana, were graz-
ing in the valley of Falls Creek August 1.

Water power.—The numerous streams (averaging about 6 miles
apart) furnish many water powers along the eastern border of the
reserve. Sun River, the largest, was about 300 feet wide and 3 feet
deep, with rapid current July 24. Dearborn River, next in size, was
100 feet wide, 2 feet deep, and moderately rapid. Ford, Deep,
Depuyer, Birch, and Badger creeks in July were each 25 feet or more
wide and 2 feet deep, with strong current.

Mining.—Some prospecting for gold and copper is being done on
Smith Creek. Otherwise no mining operatlons were noticed. The
principal rock is limestone.

VALLEY OF MIDDLE FORK OF FLATHEAD RIVER.

Topography.—This valley lies partly. within and partly without the
reserve. About 576 square miles, in a fairly compact body, are in-
cluded within the boundaries. The portion of the valley outside the
reserve is a strip, seldom more than 4 miles wide, along the Great
Northern Railway. The portion within the reserve, while not reaching
into the highest altitudes of the range, is still very rough and moun-
tainous, excepting along the bottoms of the main valley and the two
principal branches. With this exception there is very little level land.
The principal areas are occupied by irregular mountain ridges and
peaks, the highest of which hold snow in drifts throughout the year.
The portion outside the reserve is simply a mountain side along Sum-
mit Creek and the Middle Fork of Flathead River below the mouth
of Summit Creek.

Rock.—Limestone is the p11n01pal rock occupying the summits of
all the higher ridges, but shales and schists are found in the banks of
the river where it cuts across the range. Some bheds of quartzite
outcrop in the mountain sides, but these are much thinner than those
in the mountains north of the railroad.

Soil.—As the soil is derived principally from limestone, it may be
expected to be rich in plant food; and, in fact, wherever there is moist
earth, unencumbered by snow, vegetation is luxuriant. A large part
of the mountain summits is bare rock. Much of this area was once
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wooded, but fires have so thoroughly consumed the mosses and humus
covering the surface that trees could not grow there now.

Litter.—The amount of litter in this valley is greater than in any of
the others. On the burned areas the trees killed by fire form a net-
work over the ground, except where fires have been repeated and
severe. On the unburned areas, covering nearly all of the two main
forks of the valley, the old trees and others killed by overcrowding
have fallen and such an amount of material has accumulated that it is
difficult to take horses through the woods.

Humus.—Corresponding with litter, humus is very light or wanting
on the burns and heavy where the forest is uninjured by the fire.
Both the west branch and the east are covered by a dense growth of
trees, and excepting a small area near the forks have escaped fire
many years. This freedom from fire has permitted humus to accu-
mulate to a depth of 2 or 8 inches over most of the valley. There are
occasionally willow bottoms where black muck has a depth of a foot
or more, but these have no large area.

Z'rees and témber.—Of this tract about 124 square miles are timbered.
Besides this, 110 square miles are fairly covered with wood, about 180
are naturally bare, being on the high summits, and 162 square miles
have been severely burned. Outside of the reserve some 35 square
miles are scantily wooded with spruce and balsam, with some lodgepole
pine, larch, and red fir on the lower slopes—perhaps 20 million feet B. M.
of log timber and 200,000 cords of other material. The remaining
115 square miles are either burned or naturally barren. The species
here do not differ from those in the South Fork Valley. Engelmann
spruce is the principal timber tree. Larch, red fir, and lodgepole pine
follow in importance. Balsam abounds on the higher mountain slopes,
but is of little or no commercial importance. White pine may occur,
but it was not noticed.

Listimates.—The amount of log timber in the portion of the valley
within the reserve is roughly estimated at 154 million feet B. M.
Besides this log timber, there are about 1,500,000 cords of material
unfit for the saw. The log timber is about 30 per cent spruce, 25 per
cent larch, 20 per cent lodgepole pine, 20 per cent red fir, and 5 per cent
other species. As to size and quality, there is great variety. In the
ravines are tall and straight spruce of rapid growth and usually sound,
while on exposed ridges are dwarfed and knotty trees often defective.

Young growth.—Except on the burn on the main fork of the
stream, there is no great amount of young growth. On the larger
burns restocking has been scant and the trees are yet small. Among
the older trees some young ones have started as the mature trees have
fallen and made openings. These are of various sizes and are promis-
ing for timber. But there are not in all cases enough to form a new
stock of desirable kinds if the old trees were cut. The abundance of
brush is a serious hindrance to the starting of seedlings.
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Underbrush.—Underbrush is more abundant than in any other por-
tion of the reserve. The litter and brush make the trail through this
valley almost impassable. Most of the hills east of the river, however,
have been burned until they are almost free from brush. West of the
river burns are older and brush has had time to reappear.

Fires.—About 95 square miles within the reserve and 60 outside of
it have been severely burned within the past twelve years. The hills
east of the river are almost barren as a result of fire. The origin of

‘most of these fires seems to have been along the railway, and they
probably started either during the grading operations, or from sparks,
cinders, or camp fires along the line since. It is said that at the time
of the grading of the road there were two dry seasons, and fires were
burning everywhere through the mountains. These statements are
confirmed by the conditions in which we now find the forest. The
fires at this dry time were almost invariably severe, killing all the
forest through which they ran. Very few trees, indeed, are left
living; only a few clumps in damper places, often several miles apart.
Owing to the severity of these burns, reproduction has been scant. Most
of the new stock is lodgepole pine, and most of this is near the border
of unburned forests. Probably not over 20 per cent of the burns are
restocked with seedlings of any species. The view over the mountains
south of Bear Creek reveals a very few small unburned tracts in the
most sheltered places, but the surface is nearly all bare, with the
exception of a few dead trees, either standing or fallen.

Deadwood.—Perhaps 100,000 cords of deadwood are standing
within this portion of the reserve and 150,000 cords outside of the
reserve line along the railroad.

Cutting.— Within the lines of the reserve there has been no cutting
except for camps and trails, but on the adjoining strip a .great deal
was cut during the construction of the railway for ties, bridge timber,
and fuel. No attempt was made to estimate the amount of this
material, as there was not time.

Transportation.—The only outlet for this valley is down the stream.
The stream is drivable at moderate expense, and at Java touches the
Great Northern Railway. The material outside the reserve, in the
narrow strip along the railway, is, compared with the rest of the
region, very accessible, as it is only necessary to chute the timber
down the mountain side to load it on the cars.

Demand.—Probably none of the material on this tract could be sold
to-day at any price on the stump. East of this point, as at Midvale,
and even near Summit, there is a growing demand for deadwood to be
used on the plains eastward, but as this tract is on the western slope
and below some of the heavier grades it could probably not compete
at present with material from the eastern slope of the mountains,
which now commands a price of only 25 cents a cord on the stump.
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Agricultural land.—There is no prospect for agriculture in the
valley except, perhaps, that on a few spots the vegetables or hay
needed by lumbermen or miners working in the valley could be grown.

Water power.— W ater power is abundant, the rapid fall of the stream
furnishing many mill sites.

Occupancy.—There is no one living within the reserve, but along
the railroad below are some three or four resident squatters. Essex
is quite a little village, supported by railroad work, this place being
used as a coaling station and for keeping engines used in helping up
the mountain grade. At the other stations—Bear Creek, Java, Paola,
and Nyack—are nothing but section houses.

Mining.—Along Summit Creek, not far above Java, are some
mining prospects, staked during theseason of 1898. Aside from these
no claims were noticed in the reserve.

VALLEY OF SOUTH FORK OF FLATHEAD RIVER.

Topography.—The area of this tract is about 1,860 square miles.
Excepting about 240 square miles draining into the Blackfoot, of
which the surface is irregularly mountainous, with very narrow
stream bottoms, this area comprises the whole drainage basin of the
South Fork of the Flathead River. This basin is about 92 miles long
and from 10 to 30 miles wide. It is bounded on the west by the high
and sharp Kalispell Range, on the east by the Sheep Horn or Stanton
Range, which southeastward joins the Continental Divide and with it
forms an irregular boundary. This range has very rough topography
on its western slope.

For some 40 miles above the mouth of the South Fork the valley is
narrow and, excepting some recesses in the mountains eastward, fairly
uniform, but above or southward the parallel ridges forming the foot-
hills of the Continental Divide are sharply cut across by streams, and
a very rugged topography is the result.

The west branch of the South Fork has a fan-shaped drainage, the
western tributaries of which head in the mountains about Pend Oreille
Pass and flow through sharp canyons until they reach the main stream.

Willow Creek, which joins the West Fork to form the South Fork
of the Flathead, has a much broader valley bottom than the West
Fork. Above the first canyon there is an area of gravelly land with
a maximum width of about 3 miles. About 8 miles above the first
canyon is a short canyon through a ridge which cuts the valley in two
near its middle. Above this canyon is a willow bottom about 7 miles
long and from half a mile to a mile wide. This glaciated U-shaped
valley continues southward beyond the headwaters of Willow Creek
to those of the North Fork of the Blackfoot. The divide between the
two streams is so low that the headwaters of Willow Creek could easily
be turned into those of the North Fork of the Blackfoot.
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Rock.—Limestone forms the principal crests on each side of the
valley, and in the limestone are some beds of quartzite, the quartzite
being most abundant southward, where a transverse uplift, which
reaches across the whole Rocky Mountain Range, forms the divide at
the head of the South Fork of the Flathead River. Along both the
- Sheep Horn and the Kalispell ranges green schistose rocks are found
in occasional outcrops. The lower portion of the valley of the South
Fork is occupied by Cretaceous or allied rocks, in which are some
beds of lignite coal. :

Soil.—Derived almost entirely from limestone rocks, the soil is pro-
ductive wherever loam is abundant and well moistened, but large
areas are gravelly and too thoroughly drained. Near the mouth of
the tributaries, however, there are usually some areas of very fertile
soil. The mountain ridges are usually bare and rocky. The slopes
below produce a vigorous growth of such vegetation as can endure the
peculiar variations of excessive moisture and drought to which these
mountain sides are subjected. Throughout the valley are many iso-
lated small areas of wet land, commonly called sloughs, which now
have a growth of wire grass, flat grass, or blue joint. These have a
deep accumulation of muck, which usually proves fertile after drain-
ing and weathering. The depth of the soil is usually very slight, sel-
dom more than 2 or 3 inches on the bench lands, although it may reach
6 inches, or even a foot, about the mouths of ravines.

Subsoil.—The subsoil is greatly variahle. In general, the banks
and benches along the river are gravel; yet, in many places, clay
banks are exposed in river bluffs and miry tracts of clay can hardly be
avoided by the trails. For several miles below the mouth of White-
water River much clay was noticed, both in the bluffs and on the
river bottom. Some of these clay deposits are saline, especially near
the tops of the bluffs, which are often 200 feet above the river. The
beds are stratified and probably settled in post-Glacial time from water
held back by a natural dam, a short distance below the mouth of
Bear Creek. Such dams must have been common as the glaciers
were receding, for along the main valley many terraces are seen and
at several different levels. As a rule, the gravels do not extend far
up the mountain side, and above them the subsoil is practically
formed from the local rock and consists largely of clay mingled with
rock fragments. The general color of the subsoil is a reddish buff or
brown.

Hwmus.—Humus is fairly abundant, except on burns and gravel
ridges, where it is slight in proportion to the intensity of the burn or
the dryness and exposure of the ridge. This soil has been formed
since the recession of the glaciers and is but slightly colored by
humus. The color seldom exceeds a depth of 2 or- 8 inches. In the
unburned forest, well-decomposed material is commonly found 2 or 3
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inches deep. But where burned, all such material is consumed,
except in the damper spots, or where the fire has been exceptionally
light.

Litter.—There is only a moderate amount of litter, even on the burns.
Most of the fires that have occurred have been severe and have cleaned
up the smaller litter quite thoroughly. That falling since the fire of
1889 is coarse and principally the trunks of trees killed by that fire.
In the unburned woods the trees killed by overcrowding and the
branches that are overshaded and drop off accumulate to a moderate
amount, but are seldom so abundant as to obstruct the passage of
horses through the woods. . '

Trees and timber.—Larch, red fir, spruce, yellow pine, white pine,
and lodgepole pine are the principal timber trees. In addition to
these, balsam, nut pine, cedar, hemlock, and cottonwood occur, the
first two abundantly on upper mountain slopes and sometimes reaching
to the valley bottom. Silver fir and cottonwood occur sparingly (see
Pl. XXIV, 4). ‘

Roughly estimated, according to the custom in the Lake States, the
amount of log timber and other material above 3 inches in diameter is
as follows:

Amount of log-timber above 3 inches in diameler in valley of South Fork of Flathead River,

Montana.
Species. Feet B. M. ‘Cords.
Larch .. .. ... ... .......C e eeeeas 176, 944, 000 1, 000, 000
Yellow pine ... ... ... .. .. . ....._.. 35,388,800 .. .. ........
Redfir .. ... o .. 110, 590, 000 876, 000
Spruce .. ..o 88, 472, 000 1, 096, 000
White pine .. .. ...l 8, 847, 200 300, 000
Todgepole pine ... __...._............... 22,118, 000 1, 008, 000
Balsam . ... ... e 800, 000
Cedar, hemlock,and others ... ... .1, __ ... ... ... 50, 000
L Total. . ..o .-. 442, 360, 000 5, 130, 000

The maximum sizes of the timber are approximately as follows:

Size of timber in valley of South Fork of Flathead River, Montana.

Yellow pine ... ... ... iiiiiiiiiiiiiaao.. 40 inches by 90 feet
Red fir. ... ill. 36 inches by 80 feet
Larch ... i 40 inches by 150 feet
(33 o U 30 inches by 100 feet
White pine. .. iiii... 30 inches by 125 feet
Balsam. .. 20 inches by 70 feet
Nut pine ...l 20 inches by 70 feet

Lodgepole pine .............. ... ... e 24 inches by 90 feet
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In quality there is a great variety, according to the situation where
grown. In general, the timber has grown in dense forests and is
fairly free from large knots. ‘

The yellow pine, as usual, borders the prairies and other openings,
and is limby above the first 25 or 30 feet from the ground. It is
often fire scarred in the butt.

Red fir, while less defective here than on the eastern slope, is often
found full of dry rot.

Lodgepole pine is usually sound and fairly clear, though small.

‘White pine is frequently defective; in fact, it is seldom sound. Much
of it is dying, and in dying the sapwood turns blue. Besides this
defect, it is common to find dry rot in the trunks, and the many
defectlve logs greatly increase the cost of logging.

Some cedar 34 inches in diameter and 75 feet high was seen, but this
size is exceptlonal There are no large areas of this species. It is
limited to ravines and other damp places.

Nut pine is greatly variable in quality, seldom being suitable for log
timber, and where suitable it is so inaccessible as to be of no commer-
cial va.lue.

Young growth.—With few exceptions, there is a fair stock of young
trees throughout the forest. The tracts not burned have young trees
coming in where the old have fallen. Most of the burns in the low
country are being fairly restocked, but the burns of 1889 were so
severe that reproduction on them, as found on Hungry Horse, Upper
Gordon Creek, and the eastern slope of the Kalispell Range, has been
scant. Willow Creek, however, is fairly well stocked, but all the young
growth there is small, usually from 2 to 10 feet high. But little of
the unburned forest lacks sufficient young growth to constitute a new
stock were the mature trees cut. On the burned land, however, the
trees being small and usually all of one kind, the problem of thinning
and securing a valuable stock would be a more difficult one, for the
severe burns have little else than lodgepole pine.

Underbrush.—The species most abundant here are alder, maple,
spireea, dogwood, willow, brittlebrush, yew, juniper, redroot, and
squawberry. These are often dense enough to form a serious obstruc-‘
tion to logging operations, especially on or near the bottom, where
dogwood and yew are dense under the spruce. These species follow
up the water courses into the gulches on the mountain sides, leaving
ridges, especially the moraines, fairly free from brush. The northern
mountain slopes, especially in high altitudes, have brittle brush and
huckleberry in some abundance. The medium altitudes, both on the
slopes and flats, especially if moist, have maple and yew often so dense
as to be d]fﬁcult to pass through; but the southern slopes and gravelly
benches have some clumps of alder, service berry, squawberry, and
redroot, but, as a rule, not enough blush to obstruct travel through
them.

°
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Lires and reproduction.—On the Blackfoot drainage about 175 square
miles, and on the South Fork of Flathead inside of the reserve about
310 square miles, and outside of the reserve 10 square miles, have been
burned over severely. Most of this area was burned, some of it for
the second time, in 1889. All the burns indicated on the map (P1. III)
have been severe, and very few live trees are left on these areas. They
frequently have a network of fallen trees, among which some dead
trees remain standing. Most of the humus has been burned off, and
the earth is left bare. Along the borders of surviving forests condi-
tions seem to be favorable for reproduction. In such places the forest
has furnished seed, which has found a good place to germinate in the
bare surface left by the fire. Away from the green woods, however,
and in the high altitudes, where seeding is less abundant and where
the less productive balsam and spruce prevail, the young stock is far
less abundant. In the valley of Willow Creek reproduction is espe-
cially good, and 40,000 young lodgepole pine to the acre are frequently
found. Some of the damper areas have a stock of Engelmann spruce
and red fir or larch. The areas subjected to repeated fires have very
little new growth, and this is almost invariably lodgepole pine.

There is no doubt that some of the fires, especially on the higher
ranges, are due to lightning, but most of those in the valley seem to
have been set by Indian and other hunting parties or by prospectors.
The trails most frequented by Indians, as the Jocko and Pend Oreille,
are noticeably burned, especially about the camping places. The
lower portion of the valley shows the effect of railroad fires, started
either during the construction of the road, or by campers along the
track, or by sparks from locomotives.

Lffect of fires.—These fires have greatly reduced the area of wood
lands; in fact, the forest here is some 450 square miles less on account
of them. The humus and fine litter consumed has probably averaged
2 inches in depth, aggregating, approximately, 86 million cubic yards.

The effect of the fires upon the composition of the forest has been
to increase the proportion of lodgepole pine. Probably 90 per cent of
the stock coming in is of this species. The effect of fires upon the
policy of forest management must be serious. The new stock of trees
will not be large enough for any commercial use for nearly fifty years,
and in composition these burned tracts are reduced to less desirable
species. On old burns some inclination to return to the original
species was found, notably on the head of the North Fork of Black-
foot River, where spruce was found coming in under lodgepole pine.
Larch, red fir, and white pine, too, sometimes reappear under lodgepole
pine on old burns, but this reappearance is always slow, and market-
able log timber can hardly be expected from these species naturally
reseeded on burns in less than one hundred years.
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Deadrwood.—The amount of deadwood standing is only about 600,000
cords, and this has no market value where it stands. Probably all will
be fallen before it becomes accessible or marketable.

Cuiting.—There has been no cutting on this tract except for cabins
and camp use, unless it be in the extreme northwest corner of the
reserve, which could not be located exactly, as the boundary lines
there have not been surveyed. Many ties were made in that vicinity
and put into the track during the construction of the road.

Transportation.—The only way to get timber out of this region
is northwestward, or down the stream. Were it not for several bad
canyons, the river would be drivable for at least 80 miles above its
mouth. It is possible these canyons can be improved so as to per-
mit log driving, but the expense would be great. Elsewhere on
the river driving would often be difficult because of the wide bed
of the river and the frequent gravel bars. A railroad along the river
could be built with easy grade, but the expense would be considerable,
owing to frequent cut banks and ravines, and it is questionable whether
the timber interests alone would warrant the construction of such a
road. :

Demand.—At present, excepting possibly in the extreme north-
western part of the reserve, timber has no market value where it
stands. Prices at the nearest mill, Columbia Falls, are $3 per M,
and fuel, at present, hardly commands any stumpage.

Agricultural land.—While some vegetables and hay would doubt-
‘less grow in favorable spots throughout the valley, the liability of
destructive frosts at any time during the season precludes the possi-
bility of commercial agriculture. Perhaps 80 square miles are level
enough to be arable, but much of this is gravelly and unsuitable for
agriculture except for garden spots, to supply lumber or mining
camps, in case of special need.

Irrigation.—Very little water, indeed, will ever be used for irriga-
tion in this valley, but it is possible that it may be used in the Flathead
Valley outside of the mountains, where agriculture, though carried on
at present without irrigation, would be improved by it.

Occupancy.—There are about half a dozen cabins in the valley, but
these are not occupied all the year. They belong to prospectors, who
use them only while doing their assessment work.

Water power.—Water power is abundant along the main stream and
three of the tributaries. Spotted Bear and two streams from the west
are large enough to furnish power for sawmills. There are several
very favorable sites for dams, and large amounts of water could be
held above the canyons.

Mining.—No ore has been shipped from the valley, but several
claims are held in the lower portion for coal, gold, silver, and copper.
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SWAN-CLEARWATER VALLEY.

Topography.—This tract, having an area of about 728 square miles,
is about 59 miles long and varies from 8 to 16 miles wide. The Mis-
sion Range on the west and the Kalispell Range on the east are high
and sharp, and the low lands, increasing in width above the lakes, are
undulating to rolling, and remarkably uniform in general topographic
features. ’

Rock.—While outcroppings of limestone and quartzite, underlain
by green schists, are almost continuous along the bordering mountain
ranges, no outcrops were found in the bottom of the valley. There
are certainly very few there. The bowlders of the valley are in gen-
eral of the same material as found in place on the mountain sides,
whence they have been brought by glacial action.

Soil.—About the head of Swan Lake clays are prevalent and reach
continuously some distance up the valley, as far as Soup Creek.
Above this point, both up Swan River and its lateral tributaries, the
soil is greatly varied, though in general a glacial till, with beds or
banks of bowlder clay, and morainic ridges reaching out of the moun-
tain gorges. The material left by the glaciers has been considerably
modified by the later action of ‘the water, especially near the river. A
short distance above Lion Creek, or about 16 miles in a direct line above
Swan Lake, sand and gravel become more prevalent over the general
surface, and instead of large bowlders and finer sediments, as found to
the northward, there are south of this point ridges and mounds of
sandy and gravelly material with intervening meadows, often without
surface drainage. Occasionally clay tracts are found in this portion
of the valley, but this clay does not seem more productive than the
sand. It is, in fact, sometimes found nearly barren. The ¢ big
burn,” having an area of about 5 square miles, about 28 miles above
the lake, has a clayey soil, and is only about half covered with vegeta-
tion (lodgepole pine).*

In proceding southward above the ‘“ big burn,” little other than sandy
or gravelly land was seen, except in the bluffs along water courses.
As regards productiveness, the lower portion of the valley, or that
within 16 miles of Swan Lake, which is more clayey, has with few
exceptions a heavy covering of vegetation. This is in contrast with
the lands of the upper valley, where the rather scant covering of larch
and lodgepole pine at first gives the impression of a very poor soil, but
upon close examination it is found that the sparseness of tree growth
is largely due to frequently occurring fires which have thinned the
forest. Thesoil of the upper portion of the valley is really better than
one would consider it is in passing hastily through it.

1 The condition of this land is very much like the tract noted in the year 1898, on the North Fork
of Flathead River, and the cause of such barrenness invites study.



U. 8. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART V  PL. XXIX

A. EFFECT OF MODERATE FIRES; SURVIVING LARCH WITH UNDER- B. LARGE YELLOW PINE, SUBORDINATE LODGEPOLE, JOCKO TRAIL,
GROWTH OF LODGEPOLE PINE, RED FIR, AND LARCH. NEAR PLACID LAKE,



U. 8. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART V PL. XXX

A. STUMP LAND IN T. 26 N, R. 19 W,, RESTOCKED DENSELY WITH RED FIR.

B. LARCH AND LODGEPOLE PINE ON BURN OF 1889.



AYRES.] LEWIS AND CLARKE RESERVE, MONTANA. 75

Subsoil.—Bowlder clay and gravels, as usual in these once glaciated
mountain valleys, constitute the greater portion of the subsoil. For
about 16 miles above Swan Lake, however, a depressed, narrow
strip in the central portion of the valley, which seems to have been
occupied by the lake, has silts and fine alluvium,. varied according to
accidents in the work of streams that brought such material into the
lake. Outside of this depression, however, both between it and the
mountains, and in the valley above, or south of it, the recent deposits
of fine material are not abundant, and bowlder clays, gravels, sands,
and silts are almost the only subsoils.

Very deep beds of very porous gravel, which cause prairie openings
common in many of the mountain valleys, because of too thorough
subdrainage for trees, are not common, although the greater portion
of the upper valley is so dry as to be adapted only to such dry-land
trees as larch and lodgepole pine.

Humus.—Humus is light except in the lower portion of the valley,
where it has been less burned and where it seems damper than above,
or south of the old lake basin, which extends about 16 miles south of
the present head of Swan Lake. Below the benches along the small
streams there is frequently quite a depth of black earth, but in the
morainic region nearer the mountains and southward across the main
valley there is but little humus outside of the depressions that are so
damp as to never burn deeply.

Litter.—Litter is correspondingly light where burns have been at
all recent and abundant where the area is too damp to burn (see
Pls. XXIII, B, and XXVI, 4). Leaves and fine débris, however, have
seldom accumulated to a depth of more than 3 or 4 inches. Probably
three-fourths of the whole area of the valley has less than 2 inches of
such litter, the scantiness of litter being due principally to fire.

T'rees and tember.—The principal timber trees of the valley are larch,
red fir, and yellow pine. Others that will yield a considerable amount
are spruce, white pine, and lodgepole pine. Besides these are balsam,
cedar, nut pine, hemlock, aspen, and cottonwood, of little commercial
value, but possibly of use for some purpose.

In distribution the first three are confined to the valley bottom, the
benches, and the lower foothills, and the nut pine and balsam are
usually limited to the mountain ranges. The hemlock, cedar, and
white pine are found only in sheltered, damp places, as in the Tavines
or on'the lower mountain sides, and the cottonwood is confined to the
banks of streams; otherwise the species are fairly well mixed, with
perhaps the exception of spruce, which seeks constant moisture and
avoids dry subsoil (see Pls. XXVI, B, and XXVIII, 4).

In size the trees in this valley are hardly as large as in some other
localities. The yellow pine, for instance, on the flat between Holt and
Columbia Falls, reaches a diameter of 6 feet, even 7 feet on the stump,
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and a height of 150 feet, while ahove Swan Lake the largest trees
noticed were about 4 feet in diameter and 100 feet high. Lodgepole
pine was rarely seen over 14 inches in diameter and 70 feet high, while
spruce is seldom found over 30 inches in diameter and 90 feet high
(see Pl. XXVIII, B). Although constituting the greater portion of
the growth on the higher mountain sides, it has a size suitable for log
timber only in gulches or on other damp, fertile land. The amount of
log timber in the valley, roughly estimated to 8-inch top, is as follows:

Log timber in Swan-Clearwater Valley, Montana.
M. feet B. M.

197 K 1, 050, 000
Yellow pine. ... iilll.. 100, 000
White pine . iiiiiiiio.. 10, 000
Red fir i 500, 000
1S ) 83 1 1 175, 000
Lodgepole pine .. ... ... . il 30, 000

Total .ol 1, 865, 000

This estimate is regardless of accessibility, of present custom of cut-
ting, and present demand. It is simply intended to express a safe
estimate of the amount of log timber. For the whole amount of wood
material in the valley there should he added that too small for log
timber, which has been very roughly estimated in cords, as follows:

Timber in Swan-Clearwater Valley too small for log timber.

Cords.

TATCh oo 1, 200, 000
Lodgepole pine . ...l 1, 000, 000
Yellow pine. . ... i i 100, 000
1 30 900, 000
Balsam ... 500, 000
Red fir oooooomoo .. L 400, 000
Other species ... ... .. iiiieiiiiiiia.- 560, 000

Total ... 4, 660, 000

Young or sapling growth.—This is abundant, except where repeat-
edly burned, and its volume is fairly represented by the number of
cords in the table above. The lower portion of the valley especially
is well stocked with spruce, red fir, and larch subordinate to large
trees on the same land (see Pl. XXIV, B). The upper portion of the
valley is characterized by its young stock of lodgepole pine and larch,
while the mountain slopes, especially the western slope of the Kalispell
Range, are brushy with alder, willow, and maple and only a sprinkling
of larch, lodgepole pine, balsam, red fir, and aspen. Infact, thecondition
and distribution of the young growth is much affected by fire (see PL
XXIX, d). It is not only thinned by it, but the composition of the
forest is made very irregular, and we find it patched by stock of
various ages and by areas imperfectly occupied, or occupied by species
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promising no value. As a rule the tendency in the valley is toward a
stock of more valuable species. In the lower or northern portion
spruce and red fir are coming in where the older trees subside, and in
the higher or southern portion of the valley larch is becoming more
abundant as the lodgepole pine is injured by fire. An exception to this
general tendency is found on the more severely burned portions. These
almost invariably have been preempted by lodgepole pine in varying
degrees of density, often to be completely denuded by succeeding fire
(see Pl. XXX, B). The yellow-pine lands, both about the headwaters
of Swan River and in the Clearwater drainage, are, as usual, more
free from young stock than the forests of other species, yet some of
these tracts have a fair sprinkling of red fir, larch, and spruce coming
in underneath the pine (see Pl. XXX, 4). As a rule these species
do not reach tree size, being killed while small by repeated fires, while
the yellow pine standing over them, protected by its thick bark,
remains and furnishes favorable conditions for a new lot of seedlings,
such as those just destroyed, to start again (see Pl. XXIX, B).

So much for the lowlands. The mountain sides have different tenden-
cies. On them halsam and spruce compete with the lodgepole pine and
larch, and toward the summits, or above 6,000 feet, usually crowd
them out, especially in the gulches, although the combs and drier por-
tions of the mountain spurs are frequently found with very few trees
following the fire. Many areas, in fact, have nothing but brush,
though not burned over during the past thirty years. In general, the
valley is well stocked with saplings to constitute a new steck when
the mature timber may be cut.

Underbrush.—The common bushes of the valley are alder, willow,
dogwood, maple, mountain alder, spireea, yew, redroot, and juniper.
The first three, usually limited to wet places, especially along streams,
often occupy smaller areas exclusively, but do not thrive as an undexr-
growth. Yew seems to be the only underbrush that forms a serious
obstruction to travel with horses through the woods, and as the dis-
tribution of this shrub is not general, but is limited to ravines and
gulches in the lower valley, underbrush here will be of minor impor-
tance in logging operations. It will still have a serious effect upon
the composition of the forest, as burned areas are often first reoc-
cupied by brush, which prevents immediate restocking with trees.
Over a very large portion of the valley young trees form the principal
undergrowth, and while these might be considered as underbrush, they
have been described as young growth.

Fires.—Probably 90 per cent of the valley has been burned over
within the past one hundred years, but evidences of such burns are so.
hidden by the forest left growing over them or grown since that it has
been found impracticable to .map all such areas (see Pl. XXXT, 4).
Only those are indicated on the map which have been recently and
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severely burned and on which evidence remains plain. After some
forty years the trees killed by fire have usually fallen, the ground
commonly has been reoccupied by forest and practically re-covered,
and its character has changed from that of burn to woodland. ILarge
areas, especially in the upper part of the valley, have been recently
burned over without showing much effect of the fire, especially such
effects as may be seen from a distance. While some 600 square miles
of the valley have probably been burned over within the past one
hundred years, only about 240 square miles, or approximately one-
third of the whole area, are shown on the map as burned.
LReproduction.—The condition of these more prominent burns is
varied. The mountains, especially on the western slope of the Kalispell
Range, are either bare or scantily dotted with clumps of bushes or with
strips of forest that have escaped fire because sheltered by rocks or
water courses. About 6 miles below or north of Holland’s ranch is a
burn of about 6 square miles in area that has scarcely any other
species than lodgepole pine following the fire. Reaching across the
valley at this point, and occupying substantially all the land between
the mountains above it, is a mixed forest of larch and lodgepole pine,
the composition of which has been greatly modified by fire. The fires
here have not, as a rule, been very severe. The greater portion of the
larch has survived, and as most of the lodgepole pine has been killed
the proportion of larch has greatly increased. Because of fires the
great portion of the valley has now a network of fallen trees, either
under a surviving portion of the original forest or under a new growth
that has sprung up since the fire. Owing to the thickness of their
bark the larger larch, red fir, and yellow pine trees endure fire better
than other species and small trees. These are gradually gaining in
proportion, while the lodgepole pine, except on the severest burns, is
diminishing. On the yellow-pine lands the effect, while never harm-
less, is often hardly noticeable after the fire has passed. Such lands
are seldom without small seedlings, and as a light fire is sufficient to
kill and even consume them the evidence of damage done is difficult or
impossible to find, even when, from the foresters’ point of view, it
is serious. The burns on the mountain sides, however, leave plain
evidence to be seen for many years. The drought on these too thor-
oughly drained slopes is often so severe that all dead vegetable
material burns readily, and even the smaller roots of living trees are
consumed, leaving mountains almost entirely bare, to be restocked
very slowly, indeed, if at all. The western slope of the Kalispell
Range south of Swan Lake is now almost bare. The rarity of seeding
years and of climatic conditions favorable to the germination of seeds
in these high altitudes, especially on exposed slopes, has prevented
restocking of trees, and even the reappearance of brush has been slow
and imperfect. The western, or Mission Range, or the eastward slope
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of it, has a much less barren appearance and has been much less
burned. The burn about Crow Creek Pass was visited, and in ascend-
ing the mountain was found to be less well stocked with trees among
the rather dense growth of alder, maple, willow, and huckleberry
brush. Ascending farther and reaching an altitude of about 6,000
feet, few seedlings were seen other than balsam and Engelmann spruce.
The usual tardiness of restocking on these mountain slopes makes
plain the importance of keeping them stocked, and this can be done
only by preventing fire. The effect of burns in causing a change of
species is very noticeable over a wide area of nearly 100 square miles
in the upper portion of the Swan River Valley. Here, while severe
fires have killed all the trees on some small areas, the greater areas
have been only moderately burned, yet severely enough to kill the
most sensitive trees. Prior to the fire the stock was principally lodge-
pole pine, with which larch was mingled in varying proportions,
usually about half. The fires have killed most of the lodgepole pine
and left most of the larch, and now from the mountain side the forest
dppears nearly all larch, but in passing through it a dense network
of fallen lodgepole pine is found under the larch, and growing up
through this fallen material are, as a rule, young larch, although lodge-
pole pine reappears on the least shaded spots (see Pl. XXXI, B).
-This is a remarkable exception to the usual effect of fires upon the
composition of the forest, as they generally increase the proportion of
lodgepole pine. :

Deadwood.—There is no deadwood of commercial value, as the difli-
culty of access renders it worthless where it is found. There are,
however, in the valleys probably about 128,000 cords of deadwood that
could be used for fuel or fencing were it brought to market. The
greater portion of this deadwood is high on the mountain sides, prin-
cipally west of Swan Lake.

Cutting.—No cutting has been done except for cabins, fences, roads,
trails, and bridges.

Transportation.—The streams after improvement promise feasible
transportation for about half of the timber. The remainder must be
first hauled on cars or flumed to driveable water. The abundance of
water power and uniform down grade available promise most economy
by use of electric railways. The material in the Clearwater drainage
would naturally be floated down the Blackfoot River, although there
is no serious obstacle to building a railway across the divide and bring-
ing all dead material down the Swan River, at the mouth of which is
an admirable location for a large and permanent mill plant.

Demand.—At present stumpage values in this tract, and even on
more accessible land northward in the Flathead Valley, are nominal.
Good timber there goes for 75 cents to $1 per thousand feet on the
stump. Within the reserve very little could be realized without
extensive developments to make the timber more accessible.
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Agricultural land.—Commercially, agriculture within the valley will
never be important. Vegetables, small fruits, and hay, perhaps some
grain, would grow, but only in a small way, and stimulated by the dif-
ficulty of bringing such material from outside. There are some 200
square miles in the valley that are smooth enough to be arable.

Grazing.—There are about a dozen small prairie openings in the
valley, probably 500 acres of upland and the same area of slough.
Snow evidently falls deep and lies long, but hay is plenty, and a few
cattle may be kept with some care. :

Occupancy.—There is no stock now in the valley except at Holland’s,
where there are about 30 horses and a dozen cattle. On Clearwater
Lake Mr. Seeley has been living some time, and has recently erected a
substantial house. About the head of Swan Lake are 4 resident squat-
ters and on Flathead Lake are 11. Scattered through the valley are
15 cabins, none of which were found occupied, though 2 of them were
locked and evidently used at times.

Water power.—Below Swan Lake are many fine water powers on
the large and constant outlet of the lake. The smaller streams above
the lake, excepting Holland Creek and the outlet of Long Lake, are of
uncertain value, as they become quite low in autumn, although strong
in spring. Holland Creek and the outlet of Long Lake having natural
reservoirs, are much more steady and may be greatly improved for
water power by building dams at the outlet of the lakes.

Mining.—There are no mining operations at present, and no pros-
pects were found or heard of on which assessment work was being
done.
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MOUNT RAINTER FOREST RESERVE,
WASHINGTON.

By Frep G. PLUMMER.

BOUNDARIES.

By proclamation of the President made February 22, 1897, the
Mount Rainier Forest Reserve was established with the following
boundaries:

Beginning at the southeast corner of township four (4) north, range (9) east, Wil-
lamette base and meridian, Washington; thence northerly along the range line
between ranges nine (9) and ten (10) east, subject to the proper offset on the first
(1st) standard parallel north, to the northwest corner of township six (6) north,
range ten (10) east; thence easterly along the township line to the northeast corner
of said township; thence northerly along the range line to the northwest corner of
township seven (7) north, range eleven (11) east; thence easterly along the town-
ship line between townships seven (7) and eight (8) north to the northeast corner
of township seven (7) north, range twelve (12) east; thence northerly along the
surveyed and unsurveyed range line between ranges twelve (12) and thirteen (13)
east, subject to the proper offset on the second (2nd) standard parallel north, to the
northwest corner of township eleven (11) north, range thirteen (13) east; thence
easterly along the surveyed and unsurveyed township line between townshipseleven
(11) and twelve (12) north to the southwest corner of township twelve (12) north,
range fifteen (15) east; thence northerly along the surveyed and unsurveyed range
line hetween ranges fourteen (14) and fifteen (15) east, subject to the proper offsets
on the third (3rd) and fourth (4th) standard parallels north, to the point for the
northeast corner of township eighteen (18) north, range fourteen (14) east; thence
westerly along the unsurveyed and surveyed township line between townships
eighteen (18) and nineteen (19) north to the southwest corner of township nineteen
(19) north, range seven (7) east; thence southerly along the surveyed and unsurveyed
range line between ranges six (6) and seven (7) east, subject to the proper offsets on
the township line between townships seventeen (17) and eighteen (18) north, and
on the fourth (4th), third (3rd), and second (2nd) standard parallels north, to the
point for the northeast corner of township five (5) north, range six (6) east; thence
westerly along the unsurveyed township line between townships five (5) and six (6)
north to the southeast corner of township six (6) north, range four (4) east; thence
southerly along the unsurveyed range line between ranges four (4) and five (5) east,
subject to the proper offset on the first (1st) standard parallel north to the point for
the southwest corner of township four (4) north, range five (5) east; thence easterly
along the unsurveyed and surveyed township line between townships three (3) and
four (4) north to the southeast corner of township four (4) north, range nine (9)
east, the place of beginning.
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Excepting from the force and effect of this proclamation all lands which may have
been prior to the date hereof embraced in any legal entry or covered by any lawful
filing duly of record in the proper United States land office, or upon which any
valid settlement has been made pursuant to law, and the statutory period within
which to make entry or filing of record has not expired, and all mining claims duly
located and held according to the laws of the United States and rules and regulations
not in conflict therewith:

Provided, That this exception shall not continue to apply to any particular tract
of land unless the entryman, settler, or claimant continues to comply with the law
under which the entry, filing, settlement, or location was made.

GENERAL DESCRIPTION.

The tract thus reserved includes the Cascade Range in the southern
part of Washington. The Government land surveys which partly
bound and fix the location of the reserve have in western Washington
been made from the Willamette meridian and in eastern Washington
from the Columbia guide meridian. The sum of the discrepancies
between them falls in the unsurveyed mountainous region partly cov-
ered by the reserve, and for this and other reasons the area of the
reserve is 2,146,600 acres, and not 2,234,880 acres, as would be implied
by the above description if all the townships were of full size. Of
this total area 890,440 acres, or 41.4 per cent, lies on the eastern slope,
and 1,256,160 acres, or 58.6 per cent, on the western slope of the
mountains.

These two slopes, which will be often referred to in this report, pre-
sent widely divergent conditions in climate and flora, but they share a
bold topography in common. The line dividing these slopes, or the
line separating the eastern drainage from the western, has a general
direction of N. 5° E. Its detailed meanderings within the reserve are
delineated on the map, Pl. XXXIII.

All of the eastern slope and the greater portion of the western
drain into Columbia River, the tributary streams being the Cowlitz,
Cispus, Lewis, Washougal, Rock, Wind, Little White Salmon, White
Salmon, Klickitat, Atanum, Tieton, Naches, and Yakima rivers.
The total watershed area of these streams is 1,794,600 acres, or 83.6
per cent of the reserve. The remainder, 352,000 acres, or 16.4 per
cent, is drained into Puget Sound, the tributary streams being the
‘White, Puyallup, and Nisqually rivers.

‘Within the reserve are four mountain peaks or domes of unusual
magnitude: Mount Rainier, 14,526 feet; Mount Adams, 12,470 feet;
Goat Mountain, 8,500 feet, and Mount Aix, 7,623 feet. Of these
Mount Rainier and Mount Aix are not on the summit line, but
like Mount St. Helens, Mount Stewart, and Mount Baker, all in
‘Washington, stand on one side or the other of the range.

The glaciers and perpetual snow fields of Mount Rainier have a total
area of 32,500 acres, and are therefore an important item in the estima-
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tion of areas without timber. The glaciers of Mount Adams cover
only 2,300 acres, and those of Goat Mountain are insignificant. In
unusual summer seasons, such as that of 1899, small areas of high
altitude, protected from the warm chinook winds, may remain snow
covered, but the perpetual snow fields and glaciers within the reserve
are limited to Mount Rainier and Mount Adams. Probably an excep-
tionally warm season would leave no ice or snow on Goat Mountain.

The routes of travel in the reserve are few. Most of the trails
shown upon the map are hardly deserving of the name, but indicate
blazed lines where better progress can be made than by taking a course
through the timber and brush. The Indian’s policy was to go only
where his pony could take him, and the idea of cutting and logging out
a trail was repugnant to him; therefore his lines of travel were along the
sparsely timbered ridges, where feed was generally plenty, where game
abounded, or where huckleberries grew. Later came the prospectors
and sheepmen, and in some places they did considerable work. Since
the advent of settlers in the valleys of the Nisqually, Cowlitz, Wind,
and Little White Salmon, wagon roads have been built and the larger
streams bridged. Since 1896 stages bave run from Tacoma to Long-
mires Springs during July, August, and September of each year to
accommodate the tourist travel en route to Paradise Park. Twelve
miles of this stage road is inside of the reserve and was constructed on
a county survey prior to the proclamation of the reservation. Public
sentiment strongly favors the opening of this scenic region by better
lines of travel than the poor wagon road and pack trails. The Yellow-
stone and Yosemite will have a strong competitor when this is done.
The setting aside of nine townships around Mount Rainier as a national
park was an act which met with universal approval.

CLIMATE.

Accurate meteorological data are not obtainable regarding that por-
tion of the Cascade Mountains within the boundaries of the reserve,
as the Weather Bureau has never had an observer in that area. Dur-
ing the examination a large amount of fragmentary information was
collected from settlers, prospectors, and trappers, and by personal
observation. This has been used, with many interpolations, in the
preparation of the accompanying maps.

The bold topography of the reserve is the cause of wide diversi-
ties in climatic conditions, some of which are general and affect large
areas, while others affect only small areas. The rain-bearing clouds
are brought by southwest winds from the Pacific Ocean, and find easy
access to the Cascade Range through breaks in the Coast Range.
The mountains along the coast, owing to their position and height,
are great rain producers for their own areas, but the range is not
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continuous and the gaps in it are low. Important among the gaps, as
affecting the region under consideration, are those made by Grays Hax-
bor, Willipa Bay, Columbia River, Tillamook Bay, and Yaquina Bay.

The Cascade Range, running north and south, parallel with the coast,
presents a more confinuous barrier to the rain-bearing clouds, the
only break or gap being that through which Columbia River flows.

The winters in the mountains are long rather than severe. Doubt-
less upon such elevations as Mount Rainier, Mount Adams, or Goat
- Mountain the prevailing conditions during the winter are of extreme
severity. _

A strong contrast is presented between the corn and tobacco fields
of the Cowlitz Valley and the ice fields and glaciers of Mount Rainier,
and vet among these same glaciers in the mountain parks a profusion
of wild flowers and grasses results from the mild and delightful cli-
mate that prevails during the short summer season. It is always a
matter of surprise to the tourists that they may camp in summer gar-
dens surrounded by arctic scenery on such a grand scale, but this
camping season is limited to July, August, and September.

During 1886, 1887, and 1888 the engineer department of the North-
ern Pacific Railway kept a weather record at Stampede Pass tunnel,
and from those observations the following table has been compiled:

Average temperature and snowfall at Stampede Tunnel, Washington, for 1886-188S.

[Altitude, 2,840 feet.]

Months, oy R

snow. Highest. | Lowest.

Feet, Degrees. | Degrees.
JanUArY e 8.9 42 10
February . ... .. . .. il 7.5 47 16

March. ..o 7.5 55 20

April. i 5.5 61 41
May. i 2.6 77 35
JURE - it 72 43
B P 86 48
August ..t i]eaan e 82 51
September. ... ...l 76 40
[ OCtober - ..o .2 62 32
November ... . 1.1 50 19
December . ... ... 3.6 42 18
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ARABLE LANDS AND SOIL FORMATIONS.

Only about 45,000 acres or 2 per cent of the entire reserve is fair
farming land, and of this amount more than one-half is under adverse
climatic conditions due to great altitude and exposure.

Of the favorably situated areas in western Washington the most
important is the Cowlitz watershed.

The Cowlitz Valley widens for a length of 13 miles within the reserve
and includes some very good land known as the *“Big Bottom,” which
contains about 12,000 acres, of which 25 per cent is slashed and partly
cleared. The soil formation, as shown by the wells and river banks,
averages as follows:

Section in Cowlitz Valley, Washington.

Feet.
Sand or sandy loam. . . ... iiiiiiiiiaio- 1.0
Scoria sand . . ..o .5
Sand and sandy loam . .. iaan 12.0
Gravel and sand . .. ... e 4.0
Scoria sand . . ... e 2.0

Clay and sand.

Bear Prairie; in sec. 8, T. 14 N., R. 8 E.., at the head of Snake Creek,
in the same watershed; contains about 90 acres of good hay land and
has been drained by the claimant. The formation as shown by the
ditching is as follows:

Section in sec. 8, 1. 14 N., R. 8 E., Washington.

Feet
Sandy loam . .. e 1.0°
Scoria sand - ... e eeaeaaaas .1
Sandy loam - .. ieeaaaaaaa 1.25
Scoria sand . ... el eeeeeaeiaaaa- 1.0

Sandy loam.

The Nisqually below the mouth of Horse Creek has an area of about
4,000 acres, of which 30 per cent is a liberal estimate of the arable
portions. The balance of the bottom lands are either rocky, gravel,
or clear-washed sands, with little soil or humus. The areas which are
arable are covered with thick stands of forest and it costs $100 to $150
per acre to prepare them for the plow. The settlers on these lands
often leave the stumps in their fields and garden patches.

On the South Fork of Puyallup River, on which no settlement has
been made, there are about 300 acres of arable land in scattered patches
which would be difficult to clear. ’

The Mowich River bottom inside the reserve has about 1,000 acres
of very fair land which is heavily timbered.

The Carbon River Canyon is uninviting to the farmers. The steep
side hills run almost to the river and a few little patches of good soil
ave all that can be mentioned. The same is true of the White River
Canyon.
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In the valley of Cispus River, below the mouth of Anatass Creek,
there are about 1,000 acres of arable bottom and bench lands in scat-
tered tracts. The same scoria sand found in the Cowlitz and otner
watersheds is present. In sec. 2, T. 11 N., R. 7 E., a well 5 feet deep
in a swale showed the following:

Section in sec. 2, T. 11 N., R. 7 E.

Coarse sand.

The valley of the Lewis River within the reserve is a canyon at its
lower end, and those areas nearer the headwaters are of too great
altitude to be of any use.

‘Wind River Valley is low and broad and contains about 8,000 acres
of good land but difficult to clear. Being easily accessible from
Columbia River, this area has found many settlers. '

The same is true of the valley of the Little White Salmon River,
which contains about 2,000 acres. The timber is smaller and has been
partly removed by logging and railroad-tie cutting. In the White
Salmon River Valley about 2,000 acres might be made profitable by
irrigation, but the season would beshort. '

In the Klickitat watershed lying between the Fish Lake Stream and
the Clearwater is about 2,500 acres of moist bench land. It would
cost $75 per acre to prepare it for the plow, and by reason of the
severe winters and short summers it would be of doubtful value.
Bordering the Klickitat and the Lower Fish Lake Stream in Ts. 8 and
9 N., R. 12 E., there is an area of about 10,000 acres of bench land
supporting a growth of yellow pine (Pinus ponderosa) and pine grass
(Calamagrostis suksdorfiz). When cleared it would be fair land under
irrigation.

On the headwaters of the main Klickitat River are a series of
meadows which will aggregate about 800 acres. The level bottom
and low benches of fair land bordering these meadows may be classed
as arable land and will add 1,200 acres to the above, making a total of
2,000 acres. These bottoms are divided transversely by several low
ridges both in appearance and formation strongly suggestive of ter-
minal moraines of an-ancient glacier. No striee were noted.

Conrad Meadows, on the South Fork of Tieton River, contain about
100 acres which should be drained.

At the head of Tannum Lake on Bumping River is about 500 acres
of bottom land with a growth of young fir, hemlock, cedar, and light
underbrush. Small areas of this bottom are timberless and grassed.

Other small and unimportant areas of arable land are Goose Prairie
on Bumping River and Pleasant Valley on American River, and also
a few benches and small lake beds on the Naches and Tieton rivers.
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Near the headwaters of many of the smaller streams are small mead-
ows, but their elevation and exposure forbid their use for agricul-
tur a] purposes.

The surface soils other than above detailed are entitled to only
brief mention. The bold topography of the area prohibits the
accumulation of deep or rich soils. The underlying ledges, talus,
and gravels are covered with sand, resulting from decomposition,
and over many areas with scoria. This scoria is both of interest
and value. Some samples were taken from an undisturbed bank on a
hill in the SE. } of SE. } of sec. 18, T. 12 N., R. T E., and gave a weight
of 49.55 pounds avoirdupois per cubic foot. After being screened a
cubic foot of the sand, whose grains ranged in size from one-half to
one-eighth inch in dlametel weighed 43 pounds. The same screening
after being dried weighed 31 4 pounds.

This sand follows the surface of the country, and in the higher ele-
vations is often exposed, and over small areas has been recently eroded.
Its color is a dull straw, sometimes deep brown. It is very coarse,
gritty, and free from loam and other foreign matters, and is never
waterworn. It is always loose, never compact. When exposed to air
by the plow it undergoes a slow slaking process, and is regarded as
remarkably fertile soil. In Cowlitz Valley John Blankenship says his
field of sand changed very much by working, as it decomposed, turned
yellow, and made good soil, which he has used for growing artichokes.
His flower garden blooms freely, but the plants are not thrifty. Scoria
sand taken from his well was thrown over the surface of the ground,
and showed its fertility by the growth of weeds which followed.

All of the evidence presented by the scoria sand points to the prob-
ability of its being the result of a recent volcanic eruption, but to
name the volcano or to fix the date will require more extended
examination.

COAL INDICATIONS.

The Columbia River lava (Miocene) has overcapped and almost com-
pletely buried the coal-bearing strata (Eocene) within the reserve.
Rarely has erosion uncovered the upper measures, which are found
badly faulted and broken, and in several cases metamorphosed by heat.

Eocene sandstone and fossil-bearing shales were recognized near the
southwest corner of sec. 18, T. 17 N., R. 8 E.; also on Goat Creek, Coal
Creek, and Sweetwater Creek on the Nisqually watershed. The fossils
are the leaves of alders, maple, and willow and resemble those found
in the roof rocks of the Roslyn coal mine in eastern Washington and in
other coal mines on the west side of the range. Coal float was found
at these localities. Fossil leaves are also reported from the Wind
River watershed, near Lookout Mountain.
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The Davis coal prospect on Summit Creek has been worked to a
small extent to determine its value. A vein 6 feet wide is claimed,
which crosses Summit Creek, and is exposed on hoth sides of the canyon.’
The improvements consist of two small cabins, a shaft about 10 feet
deep, and two tunnels.

Coal veins exist in secs. 13 and 14, T. 12 N., R. 8 E., and some
prospecting has been done, but the work has been abandoned. Two
miles north of Packwood Lake several small coal veins have heen
prospected. '

On the headwaters of Cispus River, inT. 10 N., R. 10 E., several
coal veins have been prospected, but no real development work has
been done. Traces of coal have been found underlying the basalt at
Steamboat Mountain. '

MINERALS AND MINING CLAIMS.

The Columbia River lava is not a favorable formation for the deposi-
tion of the precious metals in paying quantities, although waters slightly
charged with minerals have deposited gold, silver, lead, iron, and
silica along cleavage planes in the high country rock, which is mainly
diabase capped with lava. On the surface where these infiltrations
occur the original sulphide deposit has been oxidized and concentrated,
so that by panning some color of flour gold can be obtained. Below
the line of oxidation, at a depth of about 30 feet, the mineral deposit
changes to low-grade iron pyrites, which requires smelting and is not
of sufficient value to make it profitable to mine.

These veins do not show any characteristics of true fissure or contact
fissure veins, there being no ribbon structure of the vein matter or
striation of the walls, but merely an impregnation of the country
rocks, which would indicate that they are merely gash veins which
will in all probability terminate at a slight depth. :

The placer ground on Moore Creek, at the base of Gold Hill, is said
to give colors to every pan, but inasmuch as several parties have operated
it in years past and have given it up it can not bhe very profitable.

The Medina Mining Company is building a 5 stamp mill on the west
side of Silver Creek to test the free or oxidized ore. On the opposite
side of the gulch the Florence Company is running a crosscut tunnel
easterly in diabase rock for the purpose of tapping some ore veins
that crop on the slope of the mountain above. If the company is
successful in this it may prove that the veins at this point have
depth and are not gash veins in the cleavage of the country rock.

MINERAL SPRINGS.

James Longmire patented 20 acres of land lying in secs. 29 and 32,
T. 15 N., R. 8 E., as a mineral claim. He erected an inn, barn, two
bath houses, one storehouse, and two small shacks.
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Within the limits of this claim are about twenty mineral springs
having temperatures from 50° to 90° F. A sample of one of- the
springs was sent to G. A. Mariner, of Chlcago for analysis, who
reported as follows:

Analysis of water from secs. 29 and.82, 1. 15 N., R. 8 E.

[Analyst: G. A. Mariner.]

Grams.

2 0. 080410
Calcium carbonate. ... . ..o 1. 077200
Magnesium carbonate. . .. ... .. L lLiiiiiiiiioia... .617780
Tron OXIde - o oo ot e s . 060500
Sodium sulphate . ... ... i . 090251
Sodium chloride. . ... ... eeaaeon 1. 463600
Potassium chloride . .. ... e Trace.
Sodium carbonate . ....... e e e e . 063195
Sodium silicate. . . ... .. e . 062326
Hydrogen sulphide - ... .. ... i Trace.

Total solids inone liter ... ... ... . .. ... ...... 3. 515262

These springs are steady in their flow and have shown no signs of
failing.

On the north side of Summit Creek in the Cowlitz Watelshed is a
mineral spring claimed by David Longmire. It was located September
5, 1897, as a red mineral paint spring claim. The spring is 4 feet in
diameter and is 100 feet from Summit Creek. The amount of flow is
about 1 cubic foot per minute. It tastes like soda water strongly
impregnated with iron. The temperature is about 40° and the water
is very refreshing. The pack animals drank it with relish.

A similar spring is reported on the right bank of Bumping River, 5
miles below Tannum Lake.

A mineral spring is located on the north side of Cowlitz River in
sec. 32, T. 13 N., R. 9 E. The waters issue from several fissures of the
rock in place and flow into the river, which is only 10 feet distant.
The spring is below the level of high water, and its waters are
strongly impregnated with sulphur and iron, and have a temperature
of about 100° F.

In sec. 34, T. 14 N., R. 14 E., on the south side of Tieton River,
are mineral springs having a flow of about 0.25 cubic foot per minute.
One has a temperature of 105° F. The others are cold.

The Klickitat soda springs in the north half of sec. 23, T. 11 N.,
R. 12 E., are probably the finest soda springsin the reserve, although
they have not so great a flow as the Longmire Springs, nor are they as
well situated for use. The main spring issues from a rock crevice on
the south side of Klickitat River, below the high-water line. To make
the water accessible the stock herders have built a wing dam which
exposes the bubbling spring. Its flow is about 1 cubic foot per
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minute, and is steady. The water is clear and sparkling, with an
agreeable taste resembling vichy. It is a strong appetizer, and acts
quickly and vigorously upon the kidneys.

On the north side of the river, and just above high-water mark, are .
two barely perceptible springs, one warm and the other cold. Two
other springs issue in the bed of the stream, and can be located by the
bubbles of gas which rise to the surface.

In sec. 36, T. 9 N., R. 12 E., is afine soda spring, which has long
been known and used by the Indians. Its waters are clear and cold
and carry iron, as is shown by the red formation about it. Its flow is
0.25 cubic foot per minute. Near this spring are three yellow pines
(Pinus ponderosa) of less than 18 inches diameter, which have been
affected by the spring. Their foliage is of a light-brown color, is
very scanty, and droops.

Numerous small soda and iron springs are found along the Clear-
water Fork of the Klickitat River in the box canyons.

EVIDENCES OF RECENT VOLCANIC ACTIVITY.

On the slopes of Mount Adams.are many evidences of recent vol-
canic activity, and important among these are cinder cones and bombs.

The cinder cones are miniature volcanoes in form. One, situated
about 3 miles northeast of the summit of Mount Adams, at an eleva-
tion of 7,000 feet,is worthy of special mention. Its height is about
500 feet and the crater at its summit has a diameter of 175 feet and a
depth of 75 feet. The cinders which form its mass and the flora
growing upon it are unique and interesting.

The lava, scoria, and pumice are often of brilliant colors—red,
orange, and yellow predominating. Some of the pumice is of finer
texture than that in use commercially, and the volcanic glass is found
in all shades, from black to clear, transparent globules.

On the northern side of Goat Peak an area of over 1,000 acres is
completely covered with scoria and cinders, and this area is timberless.
If a crater exists it was covered with snow at the time of the
examination. '

The bombs found on the lower slopes of Mount Adams are spherical
masses of homogenous lava, and lie in piles upon the former lava
flows. They are of all sizes up to 20 feet in diameter, and in every
case have been fractured and their hard, glassy formation exposed.
Frequently the fracture planes show a rind of several inches depth
from the original spherical surface toward the center.

CAYVES.

At the headwaters of the White Salmon and Little White Salmon
rivers are large areas of partly exposed lava beds. Where a soil has
formed it appears to be good, but of no depth, and the timber which it
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supports is scrubby and of small size. A line of caves may be traced
along this formation for a distance of 10 miles inside of the reserve
and as far again outside. In some cases the caverns appear to exist
by reason of the sinking of the flooring, which is of basalt, but quite
as frequently they take the form of gigantic bubbles, the roof stratum
being buckled up and broken, permitting an entrance to the interior.

Often these cavernsare continuous for a considerable distance under-
ground, the passages widening in the vicinity of the surface opening.
In one of these caves, situated in sec. 25, T. 6 N., R. 9 E., ice remains
during the entire year, and it has merited the local name of the ‘“Ice
Cave.” It is about 350 feet in length, with a maximum height of 10
- feet and extreme width of 60 feet.

The ice is in the form of stalactites and stalagmites; in some cases
joined into pillars 3 feet thick. It has been a custom of visitors to
build fires in the caves, and much of the matural beauty of this cave
has been destroyed. The practice of wantonly breaking the ice forma-
tions has also contributed to the destruction of its beauty.

A small cave was found on the southeast slope of Mount Adams,
near Hell Roaring River. Deep water prevented its exploration.

MOUNTAIN PARKS.

All the divides become beautiful parks as they approach the slopes
of Mount Rainier. In place of the close stand of forest which charac-
terizes the lower slopes, the mountain firs and hemlocks are grouped
upon the lesser ridges and hummocks from which the snow first dis-
appears in the spring. At least 80 per cent of the areas above 5,000
feet and below the timber line may be classed as mountain meadows.
They are plentifully watered by little streams and lakes and the soil
supports a heavy growth of wild flowers, ferns, and juniper. The
limit of perpetual snow extending through some of these parks gives
opportunities for coasting and snowballing, which are enjoyed by the
many campers who make these grounds their summer resort. Parks
which are well known because of their beauty and accessibility are
Paradise Park, Magnetic Park, and Indian Henry’s Ground, on the
southern slope of the mountain, Spray Park on the northwest slope,
Moraine Park and the Elysian Fields on the northern slope.

The summit of the Cascade Mountains and the high spurs that
extend from it are generally a succession of parks, plentifully grassed
and flowered. On the eastern slope these areas have been consider-
ably used for pasturing sheep, and much of their natural beauty
destroyed, but only in the regions of the burns do any of the grander
vistas bear witness to the carelessness or greed of man.

21 éEoL, PT 5— 7
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TREE SPECIES.
The coniferous trees of the reserve are as follows:

Coniferous trees of Mount Rainier Forest Reserve, Washington.

Pinus monticola Dougl ... ........ ‘White pine.

- Pinus ponderosa Laws._...._...._.. Yellow pine.

Pinus murrayana Oreg. Com ... _. Lodgepole pine.

Pinusg albicaulis Engelm . .......__. Mountain pine (white-bark).
Abies nobilis Lindl. ... ...__..._.. Noble fir (larch).

Abies amabilis (Loud.) Forb ... .... Lovely fir (larch).

Abies concolor (Gord.) Parry ..._.. ‘White fir.

Abies lasiocarpa (Hook.) Nutt.___.. Alpine fir (subalpina).
Tsuga mertensiana (Bong.) Carr.... Hemlock.

Tsuga pattoniana Engelm...._.__.. Mountain hemlock.

Picea engelmanni (Jeffr.) Engelm .. Engelmann spruce. -
Picea sitchensis (Bong) T. and M... Tideland spruce.

Pseudotsuga taxifolia Poir.....__.. Red and yellow fir (hemlock
spruce).
Thuja plicata Don...... .......... Red cedar.
Chamaecyparis nootkatensis (Lamb.) Alaska cedar.
Spach. )
Larix occidentalis Nutt ......_..... Tamarack.
Taxus brevifolia Nutt.............. Yew.

The large deciduous trees are as follows:

\

Deciduous trees of the Mount Rainier Forest Reserve, Washington.

Fraxinus oregona Nutt._....._..... Ash.

Acer macrophyllum Pursh......... Maple.
Populus trichocarpa Torr. and Gr .. Cottonwood.
Populus tremuloides Michx.._.._.. Quaking aspen.
Quercus garryana Dougl........ ... Oak.

Small deciduous trees of no value as timber are included in the list
of underbrush.

In the descriptions which foilow, the order of arrangement is the
same as given above, the trees of each genus being together without
regard to commercial rank.

Pixus moxtIcona Dougl. (White pine).

This species is. found from sea level to an elevation of 6,000 feet.
The greatest diameter is 5 feet and the extreme height of individuals
observed was 150 feet. About two-thirds of the height is crown.
The heartwood is white and the sapwood light yellow. The wood is
light, soft, not very strong, but quite durable. It reaches its greatest
development at an elevation of 3,500 feet, and in comparison with the
other pines occupies a middle zone, being above the yellow pine (F.
ponderosa) and below the lodgepole and mountain pines (. murrayana
and P. albicaulis). Although not as strong as the yellow pine, the
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absence of pitch and more even texture makes it the most valuable of
the pines found in the State of Washington. The typical tree is erect
and graceful, with lighter and more delicate foliage than other pines.
It is found on both sides of the Cascade Range, but attains.its best
development on the moist hillsides and benches of the eastern slopes.
It does not form a forest of pure growth, being always associated
with one or more species of fir or with the red cedar (7hwja plicata).

Pixus poxDEROSA Laws. (Yellow pine).

This species has a range of from 400 to 6,200 feet in altitude. The
extreme diameter noted was 6 feet, with a height of 200 feet. The heart-
wood is yellow and the sapwood is white and resinous. The wood is
heavier than that of the white pine and stronger, though rather brittle
and not very durable when exposed to moisture. Among the pines it
occupies the lowest altitudinal zone, reaching its maximum develop-
ment at an elevation of 2,500 feet, and by reason of its greater accessi-
bility and distribution it is commercially the first in use. The inferior
trees are called bull pines, and with many lumbermen a distinction is
made, dependent upon the amount of sapwood in the log.

The yellow pine forms an open forest of pure growth at the lower
timber line in eastern Washington bordering the arid region, for the
reason that it leads the other conifers in the spreading of the timber.
Its ability to grow on worthless rocky soil, on the facc of cliffs, or on
the talus is marvelous. It is a necessary agent to promote the accumu-
lation of soil and humus for the conifers of greater commercial value
which follow its lead. :

The yellow pine is not strictly an eastern Washington tree, as it
occupies many small and scattered areas on the western prairies near
. Roy, but these areas are insignificant in comparison with its universal
occurrence in the lower timbered areas east of the mountains.

At its highest altitudinal limit the yellow pine, although dwarfed in
height, attains large diameter of trunk and appears strong and thrifty.
The crown is low and the main branches abnormally heavy and without
the symmetry of the typical forest tree at lower altitudes.

PInvs mocrraYANA Oreg. Com. (Lodgepole pinej.

The extreme range of this species is from 1,800 to 7,100 feet in alti-
tude, but its growth above 5,000 feet is very scattered, and it is only the
presence of a few individuals that puts the upper limit at 7,100 feet.
It attains a height of 80 feet and a diameter of 26 inches rarely. The
heartwood is creamy, white, or pink, and the sapwood slightly whiter.
Thé timber being generally small and of poor quality, it is chiefly used
for fence rails and firewood. At an altitude of 4,000 feet it attains
its maximum growth, and on some of the dry river benches forms pure
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forests over small areas. Even at maturity the crown covers three-
fourths or seven-eighths of the height. Pinus contorta, also called
“black pine,” has a lower range to sea level, but Wwas not positively
determined within the boundaries of the reserve.

Pixus svBicavris Engelm. (Mountain pine).

This species of pine is only found on the higher elevations, and has
a range from 5,000 to 8,200 feet. Itis the only tree found above 7,500
feet. Its extreme height is 50 feet, with a diameter of 26 inches.
According to its exposure, it may be three-fourths crown or with only
a very scanty foliage on the lee side near the top. The heartwood
and sapwood are light straw color. The wood is hard and tough, and
splits with difficulty. '

It sets cones in abundance at an altitude of 7,000 feet, where it often
comprises 90 per cent of the trees. Its associates at this altitude are
Abies lasiocarpa, Tsuga pattoniana, and Chamweyparis nootkatensis,
all of which have reached their growth at lower elevations. The seeds
are edible, and the trees are sometimes cut down to secure them. On
one ridge of Mount Adams about 100 trees were felled for this
purpose.

At and near its higher altitudinal limit it is a mere shrub, finding
shelter behind larger rocks or crags. The foliage is often thickly
matted, and in its procumbent form hides the gnarled trunk, which is
of monstrous size in comparison with its crown.

Aries vosruis Lindl. (Noble fir).

This is the finest timber tree in the forests of the reserve, and is
found between altitudes of 1,800 and 5,200 feet. The diameter of the
largest individual found was 6 feet, with a height of 225 feet. In the
forest the crown extends only one-third of the height, and the trunk
is generally a perfect cylinder, standing perpendicular. The heart-
wood and sapwood are light straw color, light, hard, strong, and elastic,
and quite free of resin. The elevation at which it flourishes best is
3,000 feet, but with the lovely fir (Abzes amabilis) it often forms dense
forests at 3,500 and even 4,000 feet.

ABiEs AMABILIS (Loud.) Forb. (Lovely fir).

This species is found between altitudes of 800 and 5,500 feet. The
trees attain a height of 200 feet, with a diameter of 5 feet, of which
one-third to one-half is crown in the forest growth. In the open
it often has branches to the ground. The heartwood and sapwood are
light straw color, the heartwood heing slightly darker. The wood is
not hard nor very strong, and splits easily between knots.



U. S. GEOLOGICAL SURVEY PART V PL. XL

3

A. LARIX OCCIDENTALIS. B. PICEA ENGELMANNI.

(. ABIES LASIOCARPA. D. PINUS ALBICAULIS



PLUMMER.] MOUNT RAINIER RESERVE, WASHINGTON. 101

The wood of this fir is very little known commercially in Washing-
ton, but has been cut and sold with the noble fir under the name of
larch. Its wood is better than that of the white fir (Abies concolor),
with which the tree is sometimes confounded, but will not rank with
that of the noble fir. It has been used in the manufacture of excelsior.

Amies concoLor (Gord.) Parry (White fir).

This fir has an altitudinal range from sea level to 4,200 feet. The
extreme diameter noted was 3.5 feet, with a height of 150 feet, of
which two-thirds was crown. The heartwood is white and the sap-
wood a creamy color. The timber is not heavy, hard, nor strong, but
is rather brittle, and perishable when exposed to alternate moisture
and dryness. There is a prejudice against the wood, as it compares
poorly with the species now being logged for building timber. It has
been used for inside finishing, and from the larger trees fine shingles
can be made.

ABies vasiocarpa (Hook.) Nutt. (Alpine fir).

This beautiful fir has an altitudinal range from 4,000 to 7,500 feet.
The greatest diameter is 2 feet and height 80 feet, of which nine-
tenths is crown. Heartwood is a creamy color and the sapwood is
white. The wood is not very heavy, hard, nor strong, but is elastic-
and durable when seasoned. It is almost always associated with Pat-
ton’s hemlock in the higher altitudes. The typical tree is an acute
cone extending almost to the ground in strong and vigorous branches.
The base of the cone is about one-fifth of the height. The trunk is
generally straight, and, by observation of the young trees, is generally
scrubby, knotted, and twisted, and much dwarfed in growth. At the
timber limit of 7,500 feet it is procumbent and attains the form of gro-
tesque bushes and shrubs. In the lower valleys where this species is
found there is sometimes 30 feet of clear trunk, above which the
branches droop in graceful curves. The wood splits straight, but with
difficulty between the knots, which run to the center of the tree.

This tree is not known to the local lumbermen,.and owing to its
small size and lack of clear trunk is of little or no commercial value.

Tsuca MERTENSIANA (Bong.) Carr. (Hemlock).

This tree is found from sea level to an altitude of 5,000 feet.
Extreme diameter is 6 feet, with a height of 250 feet, of which one-
balf to two-thirds is crown. The heartwood is grayish white, and
the sapwood is cream color. It is not very heavy, but is hard and
quite strong. It is more brittle than fir, although not so durable,
and the knots run to the center of the tree.
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It sometimes forms a forest of pure growth, but in this case the
timber is generally very tall and slender, and only suitable for piles.
Although in Washington it ranks next to fir in quantity, it is genevally
considered an inferior wood, and has been logged very little in this
State, except in localities where the fir has become scarce. Time will
probably overcome the prejudice to the hemlock timber, as it makes
very good floors and ceilings and has a very good surface under the
plane. It does not splinter like the eastern hemlock, and takes stain
and oil easily. The bark of this hemlock is useful for tanning, and
the preparation of tanning extract is an industry at Clallam Bay
and South Bend. The bark, being very rich in tannic acid, makes a
very superior extract. Owing. to the limited market on the Pacific
coast and the cost of sending the product East to compete with other
extracts in a falling market, incident to the panic of 1893, it was found
that it could not be manufactured at a profit at South Bend.

Tsvea parroNiaxa Engelm. (Mountain hemlock).

This hemlock is found from an altitude of 3,500 to 7,500 feet. The
largest diameter is 3 feet, and height 125 feet, four-fifths of which is
crown. The wood is yellow, hard, and somewhat brittle. It some-
times forms a forest of pure growth over limited areas, but is gen-
erally found associated with A. lasiocarpa and P. albicawlss. The
"largest and heaviest stands of these hemlocks were found at, an eleva-
tion of 6,000 feet near Jennies Peak. but the clear trunks were sel-
dom over 40 feet.

Prcea ExceELMANNI Engelm. (Engelmann spruce).

This spruce has an altitudinal range from 1,000 to 6,200 feet. The
greatest diameter is 8.5 feet, with a height of 150 feet, of which one-
half to two-thirds is crown in the forest trees. Mature trees growing
in the open generally have a symmetrical cone-shaped crown to the
base. The heartwood and sapwood are white, soft, light, and not very
strong. Ithas even grain and splits easily and, being without pitch or
disagreeable odor, is a very valuable wood commercially, particularly
for cooperage and fruit boxing.

No forest of pure growth was found. The best growth is upon the
lower mountain slopes and benches. where it is associated with pines,
firs, and tamarack.

Picea srrcuensts (Bong.) T. and M. (Tide-land spruce).

This species is found from sea level up to an elevation of 1,800 feet
within the boundaries of the reserve, west of the Cascade Mountains.
It sometimes reaches a diameter of 5 feet and a height of 175 feet, of
which two-thirds would be crown. The wood is white, light, medium
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bard, and strong, and is brittle when green, but quite durable and
splits easily. This spruce was positively determined only at one
point in the reserve—namely, in the Nisqually Valley, near the west
boundary—and it was from this that the upper limit of 1,800 feet was
fixed. As its name indicates, its habitat is at lower elevations than
those of the reserve. ’

Pseuporsvea taxiForia Poir. (Yellow and red fir).

There are two varieties of this species which are not distinct botan-
ically, although the difference is recognized by loggers and mill men
throughout the State. The yellow fir grows from sealevel toan altitude
of 5,600 feet, and reaches an extreme diameter of 13 feet and a height of
300 feet, of which two-thirds is crown. The bark is very thick and
. deeply fissured. The thickest specimen of bark found measured 22
inches on the radial line. The heartwood is yellow and the sapwood
is white, quite heavy, hard, elastic, durable, and splits easily. The
red fir, which grows to about the same altitude, does not exceed 7 feet
in diameter and 225 feet in height, of which two-thirds is crown.
The heartwood is salmon-red color and the sapwood is white or cream
color. It is slightly heavier than the yellow fir, more resinous, and
not so strong or elastic. When seen in the forest the red fir differs
by having a thin bark of a lighter color, and in general does not
present as rugged an appearance as the yellow fir. However, many
specimens were found which were difficult to determine, and in indi-
vidual trees it would not be easy to tell the difference between a thin-
barked yellow fir and a heavy-barked red fir. Many of the larger trees
having a diameter of from 6 to 9 feet are in process of decay, being
from 500 to 800 years old. The bark is scaly and loose from the trunk
at the butt, and the tops are dead. In estimating the amount of tim-
ber per acre a due allowance was made for the above fact. This
timber ranks first in commercial value among the timbers of this State
by reason of its superior strength, wide distribution, and accessibility.

In the Cowlitz Bottom a fallen fir tree was examined and found to
be perfectly sound (excepting 2 inches of the exposed surface), although
it had laid upon the ground for seventy-eight years, as testified by the
age of a cedar tree which had grown over and straddled it.

Trusa PLICATA Don. (Red cedar). -

This tree, which is also known as arbor vite, has a range from sea
level to 5,100 feet. The extreme diameter breast high was found to
be 12 feet with a height of 175 feet, of which three-fifths is crown.
The heartwood is very light brown and the sapwood generally white.
It is very light, soft, and is not strong nor elastic. It is very durable
when exposed to moisture and is generally of straight grain, splitting
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readily into shingles, shakes, and boards. It ranks next to the red
and yellow fir commercially, and to the pioneer settlers in the valley
it is the most valuable timber.

At Jeast 95 per cent of the larger cedars are hollow butted. They
always have a swell butt. Of three hollow-butted cedars of 9 feet in
diameter the rate of growth, as shown by the shell of sound wood,
averaged about ten years per inch radius. In several exceptional
cases noted the rate of growth has been very rapid, as much as one-
half inch per year for twenty years of successive growth. A fallen
cedar tree 36 inches in diameter was observed to be perfectly sound,
although another cedar tree 40 inches in diameter had grown over and
straddled it. In swamps and swales it sometimes grows to the exclu-
sion of other conifers, but it does not strictly form a forest of pure
growth, being accompanied by alders and maples.

CHAMZECYPARIS NOOTKATENSIS (Lamb.) Spach (Alaska cedar).

This tree is found between elevations of 2,600 and 7,400 feet. The
extreme diameter is 8 feet and the height is 100 feet, of which three-
fifths is crown. The wood from heart to the bark is yellow. Itislight,
not very hard nor strong, but is more elastic than the red cedar and
very durable, but does not split as easily. Generally the branches
look scrubby and give the tree a poor appearance. The outer bark is
in long, thin scales and the inner bark strips easily. It never formsa
forest of pure growth, but is generally associated with the mountain
fir, pine, and hemlock. Generally the areas on which this cedar grows
have well-defined limits, but the tree seems to require certain condi-
tions of soil and climate, preferring shady valleys and basins. This
timber would be very valuable if more widely distributed and more
accessible For turnings and fine woodwork it would excel, as its
grain is even and straight, and its color uniform. It would be better
material for lead pencils than many varieties of wood now used.

Larix occipenTaLis Nutt. (Tamarack).

This tree is found between altitudes of 2,200 and 5,600 feet.
Extreme diameter is 43 feet and height 150 feet, of which one-half
is crown. The heartwood has an orange tinge and the sapwood is
white. It is heavy and hard, not very strong, but is durable and
does not split easily. It sometimes forms a forest of pure growth on
the sides of the river canyons, and such a forest was found upon the
flat divide between the Naches and American rivers. The wood makes
good tie timber, and is largely used for fuel in eastern Washington.
Probably this is the only timber tree of Washington which is not rep-
resented on both sides of the Cascade Mountains. It is strictly an
eastern-slope tree, and is the only representative of the deciduous
conifers in the reserve.
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Taxus BrEVIFOLIA Nutt. (Yew).

This species of yew is found from sea level to an altitude of 4,200
feet. Generally the diameter of the mature tree is about 12 inches,
but a few individuals were found with a diameter of 2 feet and a
height of 40 feet, of which three-fifths is crown. The heartwood
is a deep red and the sapwood has a narrow zone of cream-colored
wood. Itis very heavy, hard, and strong. It is exceptionally tough
and durable when not exposed to extremes of moisture and dryness,
and will not split after being seasoned. Although absolutely sound
on the outside, one tree 14 inches in diameter was found to be badly
split on concentric lines from the butt to a height of 25 feet.

Fraxinus orecoNa Nutt. (Ash).

This tree has a range from sea level outside of the reserve to an
elevation of 2,500 feet within the reserve. Its diameter is 3 feet and
height 80 feet, of which two-thirds is crown. The wood is white,
heavy, hard, but not very strong as compared with the eastern ash.
It is springy and quite durable when seasoned. It splits easily and is
used for firewood by the settlers. The only large quantity was found
in the ““Big Bottom” of Cowlitz Valley, where it is associated with
maples and alders. '

Acer MACROPHYLLUM Pursh. (Maple).

This maple is found from sea level to an elevation of 3,300 feet.
The extreme diameter is 5 feet with a height of 30 feet, three-fourths
to seven-eighths of which is crown. The heartwood is straw color and
the sapwood is white. Itis not heavy, but is quite hard, although the
tree is locally known as the soft maple. The wood is strong. Itforms
small groves of pure growth in the Cowlitz Bottom, but is generally
associated with the ash, yew, and alder.

Porurus TRICHOCARPA Torr. and Gr. (Cottonwood).

This tree grows from sea level to an elevation of 4,200 feet. The
greatest diameter is 5 feet and the height 175 feet, of which two-thirds
is crown. The heartwood is of a buff color and the sapwood is white.
It is light, and is not hard or strong; in fact, it has no quality to
recommend it commercially as a timber wood, but has been extensively
used in the manufacture of paper pulp. -

Porurus TREMULOIDES Michx. (Quaking aspen).

This tree is found in the wet swales and bottoms, and has an alti-
tudinal range from 2,500 to 5,800 feet. It does notexceed 20 inches in
diameter, with a height of 60 feet, of which one-half is crown. The
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wood is white and soft and of little or no value commercially. All of
the large trees examined were rotten at the butt, although they looked
clean and healthy outside.

QUERCUS GARRYANA Dougl. (Oak).

This oak is the only one of its species found in the reserve, and,
unless the ash and yew be included, it is the only hardwood tree rep-
resented. Generally the trees are small, with short trunks, and offer
nothing to the lumbermen, but a few individuals were noted with diam-
eters of 2 feet and a height of 50 feet. They are seen at their best on
the eastern slope in the watershed of the Klickitat River near Hell
Roaring Canyon. This oak is considered first-class fuel, and has been
cut extensively along the Columbia River (outside the reserve) for this
purpose.

RANGE OF TREE SPECIES.

The accompanying diagram (Pl. XLI) shows in a graphic way the
altitudinal range of the species of timber trees found in the reserve.
The datum is given as sea level, and those species which extend outside
the reserve to tide water are so shown upon the diagram.

The lines showing each species have been widened into forms which
are intended to show by their width the relative development of the
species. This. diagram was compiled from observations taken at 521
locations, ranging in altitude from 700 to 8,200 feet.

The name of each species is placed in the zone to which the tree
belongs.

RATE OF GROWTH OF TIMBER TREES.

The average rate of growth of all the conifers, as determined by
measuring over 8,000 annual rings, is 0.0741 of an inch per year.

In the table which follows the number of annual rings is given for
each 3 inches of radius, and therefore show an increase or decrease in
the rate of growth. For example, Pinus murrayana, according to
the table, shows an increase in the number of rings for each 3 inches
of radius. Therefore the rings are closer together near the bark than
* at the heart, and the rate of growth decreases with age.

When the diameter of a tree was over 36 inches, the measurements
are continued in regular order on the lines below, as in the case of
Pseudotsuga taxifolia.
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Table showing rate of growth of timber trees.
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vg' .5 Number of rings counted on radius
g Z . from the center.
Name of tree. "-; % g g § 3:3 ,g 2 g Atgr%gf
® = o S S S ] =1 g
£ cREER E|Elale =
AIENS LT3 |02
Ut In. | In. | In. Years
Pinus monticola . ...._...... 7 HO74 36 11 o f..ojeoo.-- 47
Do 22 3 234 15| 13 |17 |12 |....|.-- 57
Dol 16 $ 171 19| 19 {17 y._..f.... 55
Pinus ponderosa ... .. ...... 25| 2129| 29| 36|43 |39 7 154
Do 314 24 363 27| 33128138 (52|15 193
Do 22 2126 | 41 41 | 61 | 59 ... - 202
Pinus murrayana ........... 19 3 193 34| 3818239 ....]....] 193
Do 14 3 143 45| 50 62 1....|... .. 157
Do, 19 3 193 26| 31 (45| 5 1.... 107
DOt 18| 4184 18| 28 54 |....|...|....] 100
Pinus albicaulis_............ 9 ¥ O93 130 55 |....|....]--..]-- 185
Do 13 4 14 1 133 | 99 | 35 ool 267
Do 14 3 15| 85| 115 | 45 |.. ..} . .|-- 245
DOl 203l 3 21| 42| 44|59 |46 |....|....] 191
Do 93 3 10| 48| 33 .. ... |... ] 81
Abies nobilis ..._........... 22 $223 27| 15|14 | 9|...|. .. 65
Do 17 3173 37| 18 |12 | ... f....|....] 67
Dol 31 1133 56 36 2824124 6| 174
Abies amabilis.._....__...__. 20 } 204 16| 20|18 | 6 (....[....[ 5>
Do 12 HA18 | 71 25 ..o |---] 96
DO 11| 8 118 68| 73 (..o 14
DO e 201 % 208l 132! 88 55113 |....1...1 288
Do 0 1103 401 28 ... ....f....-- 68
DO 154 116 71| 51|50 (.. ... ... 172
Abies concolor. .. _.... ... 20| 122 401 60|96 |38 )....]-- 234
DO e 12 g8t 74105 ... ... 179
DOt 20 2 214 52|87 (53|27 |....|... 169
Do.e e 17| 1 (19| 64| 67 |83 |....4....|-...1 214
DO el 1| g nglne) el 217
Abies lasiocarpa . ........... 14 41154 601 50110 _...f....|-... 120
DO 15| 3164 60 48 |17 ....|._..l....i 125
Do 10 3 11| 40| 41 _.-N-.-..--...-.[ 81
DOt 19 3 20| 38| 43170 I 151
DO 10| 304 341 1] do| .t oas
Tsuga mertensiana . . ...... .. 31| 1/33| 64| 70|65, 63|84|12 358
Do 29 301303 30| 24|25 36|41 | .-_‘L 156
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Table showing rate of growth of timber trees—Continued.

'Cé _;g . N umber?riox;]iln%fg ec%léggz;i'on radius
N ————
Name of tree. g % .§ E § é g _g _Ué Aggé).f
=l s 13 S 5 S |18l a| s
ElS|z| E| 2 |E|8 |5 |=
AlE|E| 213 |2 |2]&]%
In. | In. | I Years
Tsuga pattoniana .. ....__.. 143 13{ 174 54| 62 |60 |.... .... ... 176
Do 13 1% 153 58 | 78 |12 |.... ... _... 148
Picea engelmanni........ ... 133 414, 65| 23| 4 |........ el 92
DO 29 4303 30| 16|16|20 |24 |.... 106
Dol 20 1122 30| 40|43 |28 |......... 141
Pseudotsuga taxifolia........ 72 6184 39| 40 |40 [ 41 | 41 |41 |.......
Dol ceec]o--.] 40] 40 (41141 (40| 40 | 484
DO-...--‘4.--...4-_-...:120 18 (156 9 11 {16 | 14 | 15 25’ .......
B D s Y - 31 19 118 (21 | 18|15 [-----...
Dol ceedeao oo 18| 15 (20121125128 |.......
Do ceefeeeeea 32 37 |eeal]. il 408
Do 30 4314 38| 3212 9|17 |....| 108
Dol 30 20313 73| 14 |10 {11 |10 {....| 118
Dol 40 41481 151 15 {22 |35 {46168 |.......
Do PR PR PR B 3 R PO, pee|ea L 242
8 7 T 38 3 144) 11| 18 130 |38 |46 |56 |....... i
Dooie i PRSI PR (RO I £° B I PR DRV R B B4 I
Doo . 38 24 43| 17 47 134 |50 | 64 110 |.......
Do ceeefe-ad 40 ... eeea]eeeioaileaa ] 362
DO 51| 2|35| 58| 54|62 |ss|os|2s| s
Thuja plicata. - ..o oooono... 1521 1154] 48 18161413117 | ...
Do coi [P R o] 20 22 |14 (... ... 182
DO woeeeeeienaiea | 34 :}; 344 26| 27 10[10|14|10] 97
DO e 1 40 J;’ 404 27| 21|21} 6| 8{15 |.......
DO e [T P TR B 175 S el 118
DO e 18 1 l 20| 25| 35|42 |46 |56 |50 | 254
Chamzecyparis nootkatensis I 199 + 20 78| 74|97 |23 |........ | 272
DO oo 190 3194 as| 60 2 10| . 230
DO e 28%' a}: 29%| (@) |..... SR TU U R - 11
Do oo 22 l $ 231 60| 74 (90 (59 (........ | 283
Larix occidentalis ...__..... ‘ 19 2|23 15| 14 (32§ 9{........ 70
Fraxinusoregona ........... 24 l 3 251}-? 25| 25142150 |........ 142
DO oo 264 %’l 28| 25| 25|20 |44 |25 |.... 148
Do o 5 1 55" B4 [l PR
DO e 105; %; my ssloeg L et

a Rings too close to count accurately.
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Table showing rate of growth of timber trees—Continued.

= 2 Number of rings counted on radius |
§ '3-, g from the'center.
Name of tree. S E . g ” s | a 8 g 4 | Ageof
El212|5 |5 |3|2(2(|2("™
AERERE- RN RE-RE-A L
AlE|&| 21T |2 2]a |2
In. | In. | In. Years.
Acer macrophyllum -....... 11 312 68| 35 |....0._.._.l....| 108
T DO i 28| 1|30 48| 23|26 |38|23....| 158
Do i 6 3 63 62|..... SRR DR PR N B 3/
Populus trichocarpa -....... 8 3 94 83| 10 [ ... |-..|.---] 43
Do oo 23| 13 253 20| 21 |17 | 26 |....|....] 84
Populus tremuloides - ....... 14 315 24| 21| 8| ..|-...|..-.] B3
Do oo 18 3193 30| 26 {30 |...f....|....| 86
Taxus brevifolia ........... 4| 3 43 53..... ' 53
Do oo 5 3 5} 68 j..... ceecfeenafeaaa]---2 68
Do e 16 § 16} 63| 53 163 | . ..l....|....1 179
Do v 10 3 10} 77| 8L |...|....j........| 158
Alnus oregona. ... ......_. 94 3 10) 36| 23 ... ... ..]..-. 59
Pyrus rivularis ... ._..... 4 3 4% 48 ..... JRUP PR RN PR B ¢
Rhamnus purshiana .« ... ... 8 3 6} 60 |..... JRPRI RS RPN MR R ¢ (1)
DO . 5% ¥ 5% 44|..... SN ) PR BN B
Acer circinatum ............ 4 4 43 50 |..... RSN DR R S B 1
DO ceee i 7 3 73 41 Tleeodloooifeaa]oca) 48
Salix lasiandra ___._.... ] 4 H 43 18 (... RN RS R PR S £
Cornus nuttallii. . ......... el oy a] s : | 3

DEFECTS AND DISEASES OF TIMBER TREES.

About 5 per cent of the forest stand within the reserve is composed
of dead snags scattered through the green and live growth. This con-
dition is common to all forests, as it results from the fact that trees
die. The cause, however, is not only that of final maturity, for the
great majority of these standing snags were young or middle-aged
trees, many of which died from lack of light and air—killed by their
more vigorous neighbors.

Individual cases were noted where camp fires had run up and killed
single trees, also where lightning had struck and killed trees without
the fire spreading. Not uncommonly a heavy fall of snow will break
the upper branches of a tree, and these falling will strip the trunk of
all foliage—a setback ‘that only a vigorous and well-situated conifer
can survive.
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Iun those areas where the soil is excessively moist, a common. defect
is the hollow butt or ground rot. Insuch places the root hold is not
good, and the conifers, lacking the taproot, compensate by developing
‘an enormous growth of roots on a plane conforming with the surface
of the ground, thus increasing the base area upon which they stand.
Such trees have the ‘“swell butts,” and it is not unusual to see a tree

- of which a section made at the surface of the ground would have from
five to ten times the area of a parallel section made 15 feet above it.
In these swell butts there is no straight-grain lumber and the wood is
coarse, resulting from the rapid growth, which in the case of the red
cedar (7huja plicata) amounts to as much as one-half inch annually.

In logging, it is customary to cut the trees above the swell butts,
leaving on the stump that portion of the trunk with the decayed
center, and in the case of the firs to reject the sappy base of the tree.
Cedars with decayed butts generally show dead tops, but this is of
minor interest to the lumberman, who seldom cuts logs far into the
crown.

In the ideal forest of the lumberman the trees have clear trunks
to 100 or 125 feet of height and the crowns form a continuous cover
as seen either from below or above. Seldom is the seedling in such a
forest able to compete under such conditions, for the existence of
such a forest means the elimination of perhaps a hundred seedlings
before supremacy in the sapling stage had been established, and the
final elimination of at least 90 per cent of the saplings before each
successful tree grows skyward in the final competition for light. In
areas where this severe competition does not obtain, the tree trunks are
““limby,” and even when the trunks appear clear at first glance the logs
contain *‘pin knots,” which, running through the heartwood, render the
lumber second or third class. Large trees standing in the open, where
the winds have greater effect, generally throw very few limbs toward
the prevailing winds, but compensate on the protected side. The
growth of the trunk is then eccentric to the heart and the lumber is
not even grained. In the higher and more exposed areas the trees are
often without limbs on the storm side, generally the southwest side,
and the trees are stunted, as described elsewhere in this report.

It can not be said that the giant shelf fungus (Polyporus sp.) is a
factor in killing or even in hastening the death of the large dead
timber upon which it is found. Of the many hundreds of these fungi
that were observed, not one was found upon a living tree. The
arceuthobium, on the contrary, attacks the living trees, and its range
of activity appears not to be limited by altitude. It is a parasite on
the foliage of the pines, firs, and hemlocks of eastern Washington,
and in some cases, particularly on the mountain fir (Adies lasiocarpa),
will cover the entire tree and, turning the foliage a red color, makes
the tree a conspicuous object.
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ESTIMATES OF TIMBER.
WHITE RIVER WATERSHED.

Density of timber in White River watershed, Washington.

Stand in gzgg'B. M. per Nu&ﬁg of Total stand.
Feet B. M.
0to 2,000 _ 33,570 33, 570, 000
2,000 to 5,000 18, 600 . 65, 100, 000
5,000 to 10,000 16, 450 128, 375, 000
10,000 to 25,000 29, 150 510, 125, 000
25,000 to 50, 000 16, 000 600, 000, 000
50, 000 to 100, 000 20, 850 1, 563, 750, 000
Total ....__... 134, 620 2, 895, 920, 000

Average stand per acre for entire watershed, 18,544 feet B. M.

Area of timbered and other lands in White River watershed, Washington.

Acres.
Timbered area . . ... . ... .. 134, 620
Burned area .. .. 10, 200
Glaciers . ..ol 8,900
Timberless area . . . .. s 2,440
Total . e 156, 160

Proportions and amounts of timber species in White River walershed, W. shington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir........ 45 1, 303, 164, 000
Hemlock ............... 25 723, 980, 000
Red cedar ........... .. .15 434, 388, 000
Engelmann spruce ...... 5 144, 796, 000
‘White pine ..........._. 3 86, 877, 600
Alaska cedar............ 2 57,918,400
White fir...._.......__.
Lovely fir...............
Noble fir ............... 5 144, 796, 000
Mountain fir............
Mountain hemlock....... |
Total............. 100 2, 895, 920, 000
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PUYALLUP RIVER WATERSHED.

Densily of timber in Puyallup River watershed, Washington.

Stand in feet B. M. peracre. N“;?},)e?; of Totai stand.
Feet B. M.
0to 2,000 30,160 30, 160, 000
2,000 to 5,000 26,770 93, 695, 000
5,000 to 10, 000 11,150 83, 625, 000
10,000 to 25, 000 8,500 148, 750, 000
25,000 to 50, 000 10,900 408, 750, 000
50, 000 to 100, 000 12,470 935, 250, 000
Total ... 99,950 1,700, 230, 000

Average stand per acre for entire watershed, 14,428 feet B. M.

Area of timbered and other lands in Puyallup watershed, Washington.

Acres.
Timbered Area . . .. ... ..o e 99, 950
Burned Area. . ... ..o et 2,580
GlaCIerS - e 12, 600
TimDerless Area . ... .. ... ..ot 2,710
TOtal - - o o e 117, 840

Proportions and amounts of timber species in Puyallup River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir.._.__.. 50 850, 115, 000
Hemlock ... ............ 25 425, 057, 500
Red cedar .............. 10 © 170, 023, 000
Noble fir ... ... ..__. 5 85, 011, 500
White fir. ... ... ...... 3 51, 006, 900
Alaska cedar._.......... 2 34, 004, 600
! Lovelyfir........... ...
| Engelmann spruce ......
! Mountain fir.......__... 5 85, 011, 500
3 Mountain hemlock .. .. ..
" Whitepine__.....___...
Total. .. _....._... 100 1, 700, 230, 000 !
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NISQUALLY RIVER WATERSHED.

Density of timber in Nisqually River watershed, Washington.

Stand in feet B. M. per acre. Nu;ggesl: of Total stand.
Feet B. M.

0to 2,000 16, 610 16, 610, 000

2,000 to 5,000 - 3,360 11, 760, 000

5,000 to 10, 000 6,770 50, 775, 000

10, 000 to 25, 000 5,960 104, 300, 000

25,000 to 50, 000 6,370 238, 875, 000
50, 000 t0 100,000 | ool

Total......... 39,070 422, 320, 000

Average stand per acre for entire watershed, 5,414 feet B. M.

Area of timbered and other lands in Nisqually River watershed, Washington.

Acres. -

Timbered area .. ... ... ..o ereae e eceenacaeecceemaan—eaaaaeaaana—a-n 39,070
Burned area. ....... . iieaae e e e e ceemeaeeeeaceeeeanaaan 27,810
[ T 1) ¢ N 8,100
Timberless Area . . . ..o e e e e e e mmmm e m————- 3,020
7 ) R 78,000

Proportions and amounts of timber species in Ni'squally River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.,
Red or yellow fir.__..__. 50 211, 160, 000
Hemlock ............_.. 25 105, 580, 000
Redcedar .............. 10 42,232, 000
White fir............... 5 21,116, 000
Noble fir .....oo........ 4 16, 892, 800
Alaska cedar.........._. 1 4, 223, 200
Lovelyfiro .. ...........
Engelmann spruce ......
Mountain fir. ... _..._. 5 21, 116, 000
Mountain hemlock ......
White pine ...... .. ...
Total . ............ 100 422, 320, 000

21 ¢EOL, PT 5—38
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COWLITZ RIVER WATERSHED.

Density of timber in Cowlitz River watershed, Washington.

Stand in feet B. M. per acre. N“;’é})e?: of Total stand.
Feet B. M.
0to 2,000 37,850 37,850, 000
2,000 to 5,000 96, 380 337, 330, 000
5,000 to 10,000 12,540 94, 050, 000
10,000 to 25,000 47,610 833, 175, 000
25,000 to 50, 000 3,720 139, 500, 000
50,000 to 100, 000 2,560 192, 000, 000
Total......... 200, 660 1, 633, 905, 000

Average stand per acre for entire watershed, 5,611 feet B. M.

Area of timbered and other lands in Cowlitz River watershed, Washington.

Acres.
Timbered area - . - - . oo e eeieee s 200, 660
Burned area . .. 86, 900
LT T3 O 2,900
Timberless area - oo i e eeeeemmiaeeaaaaan 740
B 7Y PN 291, 200

Proportions and amounts of timber species in Cowlitz River watershed, Washington.

[ Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir........ 55 898, 647, 750
Hemlock ... .......__._. 25 408, 476, 250
Red cedar .. oooooeeeoo.. 5 81, 695, 250
White fir ............._. 5 81, 695, 250
Noblefir................ 4 65, 356, 200
Alaska cedar............ 1 16, 339, 050
Lovely fir...............
Mountain fir ...._.......
Mountain hemlock ...... 5 81, 695, 250
White pine ..._.........
Engelmann spruce ......
Total...c..eeonoo. 100 1, 633, 905, 000
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CISPUS RIVER WATERSHED.

Density of timber in Cispus River watershed, Washington.

Stand in feet B. M. peracre. Nu;ﬁgesl: of Total stand.
Feet B. M.

0to 2,000 27,400 27, 400, 000

2,030 to 5,000 64, 200 224 700, 000

5,000 to 10, 000 24, 300 182, 250, 000

10,000 to 25, 000 76, 800 1, 344, 000, 000
25,000 t0 50,000 |. oo L
50,000 t0 100,000 | cccceiee e ic i ci e

Total......... 192,700 | 1,778, 350, 000

Average stand per acre for entire watershed, 7,535 feet B. M.

Area of timbered and other lands in Cispus River watershed, Washington.

Acres.
Timbered area . . oo et aeaacceceesecaaeaenaan 192, 700
Burned area . ... e eeieiceieaaaan 43, 000
GlaCiers <o e eeeiiianeaeaa 100
Timberless area - - ..t eieeaaan L. 200
e 7 236, 000

Proportions and amounts of timber species in Cispus River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir........ 45 800, 257, 500
Hemlock . ... ... ...... 30 533, 505, 000
Redcedar .............. 10 177, 835, 000
Noble fir ... ......_.... 5 88, 917,500
" White fir............... 5 88, 917,500
Lovely fir .........._...
Mountain fir.._.........
Mountain hemlock...... 5 88, 917, 500
White pine - ............
Alaska cedar............
Total............. 100 1,778, 350, 000
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LEWIS RIVER WATERSHED.

Density of timber in Lewis River watershed, Washington.

Stand in égg.B. M. per Nu;é&e; of Total stand.
Feet B. M.

Oto 2,000 14,730 14, 730, 000
2,000 to 5,000 48, 450 169, 575, 000
5,000 to 10, 000 61, 810 463, 575, 000
10,000 to 25, 000 7,900 138, 250, 000
25,000 to 50, 000 54, 730 2, 052, 375, 000
50, 000 to 100, 000 1, 620 121, 500, 000
Total . .......... 189, 240 2, 960, 005, 000

Average stand per acre for entire watershed, 13,295 feet B. M.

Area of timbered and other lands in Lewis River watershed, Washington.

Acres.
Timbered area ... ... .o eiiieieeeacecoceccceeecececaaa 189, 240
Burned area - - ... ..o e eaececeieaiceceaaan 32, 360
GlaCierS - o oo e e e eeeceecciacecccecccccecsccaan 350
Timberless area . - - ... .o ciaceeaccccaeaeaaaaan 690
10 72 P 222, 640

Proportions and amounts of timber species in Lewis River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir........ 50 1, 480, 002, 500
Hemlock ............... 20 592, 001, 000
Noble fir «.ooueeeeeennn. 15 444, 000, 750
Red cedar .............. 5 148, 000, 250
Lovely fir. ... ... ._.... 5 148, 000, 250
White fir ...............
Mountain fir .. ____......
5 148, 000, 250
Mountain hemlock ...... T
White pine .............
Total. ..ocenneanna. 100 2, 960, 005, 000
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WASHOUGAL RIVER WATERSHED.
Density of timber in Washougal River watershed, Washington.

Stand in ézita‘B. M. per 'Nuég;)ees:: of Total stand.
Feet B. M.
010 2,000 |ooemeeoeede L
2,000 60 5,000 |+ oot e
5,000 to 10, 000 2,370 17,775, 000
10,000 t0 25,000 | vmemmee e .
25,000 £0 50,000 |+ o oe e
50, 000 to 100, 000 910 68, 250, 000 |
Total........ . 3, 280 86, 025, 000

Average stand per acre for entire watershed, 26,227 feet B. M.
Area of watershed, all timbered, 3,280 acres.

Proportions and amounts of timber species in Washougal River watershed, Washington.

Species. Proportion. +Amount,
Per cent. . Feet B. M.
Red or yellow fir........ 30 25, 807, 500
Noble fir ............... 25 21, 508, 250
Lovely fir .............. 25 21, 506, 250
Hemlock _...._...._.... 15 12, 903, 750
Redcedar..............
White fir............... 5 4, 301, 250
‘White pine............. )
Total...ooooeeaaoo. 100 86, 025, 000

ROCK CREEK WATERSHED.
Density of timber in Rock Creek watershed, Washington.

T
Stand in feet B. M. per acre. Nu;]éll_)ér' of Total stand.
Feet B. M.

010 2,000 [oeeeeneeenfoe e aeaaaanes

2,000 t0 5,000 [....ceiiiifiiieiiiiciciaaaan
5,000 to 10,000 690 5,175, 000

10,000 to 25,000 | ... .. ieiiei i
25,000 to 50, 000 690 25, 875, 000
50, 000 to 100, 000 4, 660 349, 500, 000
Total........... 6,040 380, 550, 000

Average stand per acre for entire watershed, 63,005 feet B. M.
Area of watershed, all timbered, 6,040 acres.
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Proportions and amounts of timber species in Rock Creek watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Red or yellow fir......_. 30 114, 165,000
Noblefir.........o...... 25 95,137, 500
Lovelyfir............... 25 95,137,500
Hemlock -.............. 15 57,082, 500
Redcedar ............_.
White fir ............... 5 19, 027, 500
‘White pine .............
Total............. 100 380, 550, 000

WIND RIVER WATERSHED.

Density of timber in Wind River watershed, Washington.

. Number of
Stand in feet B. M. per acre. e © Total stand.
Feet B. M.

0to 2,000 21, 810 21, 810, 000
2,000 to 5,000 7,970 27, 895, 000
5,000 to 10, 000 3,220 24,150, 000
10, 000 to 25, 000 17,700 309, 750, 000
25,000 to 50, 000 52, 900 1, 983, 750, 000
50, 000 to 100, 000 18, 430 1, 382, 250, 000
Total.ommneno.. 122, 030 3,749, 605, 000

Average stand per acre for entire watershed, 25,858 feet B. M.

Area of timber and other lands in the Wind River watershed, Washington.

Acres,
Timbered area ..o oo e caiaaeeea e ciaaaaaaa- 122,030
Burned area . ... ... i eeieeccciicccacaaan 22,970

TORAL - - - o e e e e e e e e e e e e e e e e 145, 000
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¢ Proportions and amounts of timber species in Wind River watershed, TWashington.

Species. Proportion. Amount.
Per cent. Feet B, M.

Red or yellow fir._...._. 45 1, 687, 322, 250
Hemlock -...oeooona.o 15 562, 440, 750
Noble fir -..ooonaaaaan. 10 374, 960, 500
Lovely fir ..._........_. 10 374, 960, 500
White fir. ... .. ...... 5 187, 480, 250
Redcedar .............. 5 187, 480, 250
White pine......_...... 5 187, 480, 250
Lodgepole pine ... ......
Mountain fir......_..... 5 ' 187, 480, 250
Mountain hemlock......
Engelmann spruce ......

Total............... 100 3, 749, 605, 000

LITTLE WHITE SALMON RIVER WATERSHED.

Density of timber in Little White Salmon River watershed, Washington.

Stand in feet B. M. peracre.| 1 ooer of Total stand.
Feet B. M.
0to 2,000 16, 080 16, 080, 000
2,000 to 5,000 39, 590 138, 565, 000
5,000 to 10,000 4,720 35, 400, 000
10,000 to 25,000 6,430 112, 525, 000
25,000 t0 50,000 [..eoensmoe o ’
50,000 to 100,000 ... .o
Total. . .ooen. ... 66, 820 302, 570, 000

Average stand per acre for entire watershed, 4,223 feet B. M.

Area of timbered and other lands in Little White Salmon River watershed, Washington.

Acres.
Timbered area . ... ... e i e eieaaan. 66, 820
Burned area . ... i eeaaaaan 4, 830
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Proportions and amounts of timber species in Little White Salmon River watershed,

Washington.
Species. Proportion. Amount,
Per cent. Feet B. M.

Red or yellow fir........ 55 166, 413, 500
Hemlock .. ............. ' 10 30, 257, 000
Red cedar .............. 10 30, 257, 000
White pine ............. 5 15, 128, 500
Yellow pine ............ 5 15, 128, 500
Engelmann spruce ...... 5 15,128, 500
Whitefir. ..o .. 3 9,077,100
Noble fir ..ccevivaaaa.. 2 6,051,400
Tamarack ....cceeeen...
Lovely fir ..............

i 15,128, 50
Mountain fir. ... ...... 5 128,500
Mountain hemlock ......

Total.eeeeeoanan.o. 100 302, 570, 000

WHITE SALMON RIVER WATERSHED.

Density of timber in White Salmon River watershed, Washington.

Stand in fi%erte.B. M. per Nu;:cllpee; of Total stand.
Feet B. M.

0to 2000 13,370 13, 370, 000

2,000 to 5,000 23,670 82, 845, 000

5,000 to 10, 000 30,650 299, 875, 000

10,000 to 25,000 5,990 104, 825, 000

25,000 to 50,000 2,890 108, 375, 000
50,000 to 100,000 |.ocoeiiimao i,

Total ......... 76,570 539, 290, 000

Average stand per acre for entire watershed, 5,106 feet B. M.

Area of timbered and other lands in White Salmon River watershed, Washington.

Acres.
TIimbered Area oo e e e e et 76,570
Burned area . ... 27, 200
GlaCIOTS - - e et et 450
TImberless area c oo e 1,380
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"Proportions and amounts of timber species in White Salmon River watershed, YWashinglon.

Species. ‘ ]Proportion. Amount.
Per cent. Feet B. M.

Yellow pine .............. 40 215, 716, 000
Red or yellow fir_.__.._... 30 161, 787, 000
Tamarack ............... ' 10 53,929, 000
White pine ........._..... 5 26, 964, 500
Hemlock .. .........._..... 4 21,571,600
Noble fir ................. 3 16,178, 700
Redcedar ................ 3 16,178, 700
White fir ... .. .......
Lovely fir ... .._.......
Lodgepole pine _......_...
Engelmann spruce _....... 5 26,964, 500
Mountain fir......__......
Mountain hemlock ........

Total....ocoacaoiaas 100 539, 290, 000

KLICKITAT RIVER WATERSHED.

Density of timber in Klickitat River watershed, Washington.

Stand in feet B. M. Numb f
and agfe. per e © Total stand.
Feet B. M.

0to 2,000 29, 580 29, 580, 000
2,000 to 5,000 31, 660 110, 810, 000
5,000 to 10,006 | 15,070 113, 025, 000
10,000 to 25,000 35, 440 620, 200, 000
25,000 to 50, 000 17, 600 660, 000, 000
50,000 to 100, 000 4,460 334, 500, 000
Total......._. 133, 810 1, 868, 115, 000

Average stand per acre for entire watershed, 11,075 feet B. M.

Area of timbered and other lands in Klickitat River watershed, Washington. -

Acres.
Timbered area - - - oo reeeeeeceeaesaa s 133, 810
Burned area - ... ..o iiiaeiiiaiaieceiaiaaas 30, 230
LT3 1= g 1,400
Timberless area - . oo oo e et ittt 3,240
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Proportions and amounts of timber species in Klickitat River walershed, Washington.

! Species. Proportion. Amount. 1
Per cent. Feet B. M.

Yellow pine -........... 55 1,027, 463, 250
Red or yellow fir.____._. 20 373, 623, 000
Tamarack .............. 10 186, 811, 500
‘White pine ............. 5 93, 403, 750
Mountain hemlock _..... 5 93, 405, 750
White fir . ... _...__...._|
Hemlock .........__....
Engelmann spruce ._....
Mountain fir . ...........
Lovely fir.oooooono... 5 93, 405, 750
Redcedar ..............
Alaska cedar............
Lodgepole pine .........

Total. .. ......... 100 1, 868, 115, 000

ATANUM RIVER WATERSHED.

Density of timber in Atanum River watershed, Washington.

Stand in ggféB. M. per Nu{;)gll‘)eesxr of Total stand.
Feet B, M.

0to 2,000 12,790 12, 790, 000

2,000 to 5, 000 13, 240 46, 340, 000
5,000 t0 10,000 |..ooioeooi .
10,000 to 25,000 |..ccciiico i
25,000 to 50,000 | ...ciiioiilliieiiiiiii o
50,000 to 100,000 | ........... Lo
Total......... 26, 030 59, 130, 000

Average stand per acre for entire watershed, 1,454 feet B. 2.

Area of timbered and other lands in Atanum River watershed, Washington.

Acres.
Timbered area . ... ... .o e e eeaaeaan 26, 030
Burned area - ...t iieiiiiiaaan 14, 630
Total . e iiieiaiiaann 40, 660
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Proportions and amounts of timber species in Atanum River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Yellow pine «........... 60 \ 35,478, 000
Red or yellow fir.__..._. 15 8, 869, 500
Tamarack ............. 10 | ‘5,913, 000
Mountain fir.__......... 5 2, 956, 500
Mountain hemlock...... 3 1,773,900
Lodgepole pine ......... 2 1,182, 600
White fir. ... ....._..
Lovely fir ..............
Engelmann spruce ...... -
\thite pine............. 5 2,956, 500
Redcedar ..............
Alaska cedar..... e
Total. ... ......... 100 59, 130, 000

TIETON RIVER WATERSHED.

Density of timber in Tieton River watershed, Washington.

Stand in feet B.)M. per acre. »Nu;gpeesx: of Total stand.
Feet B. M.
0to 2,000 45,270 45, 270,000
2,000 to 5,000 71,520 250, 320, 000
5,000 to 10,000 29,970 224, 775, 000
10,000 to 25,000 4,610 80, 675, 000
25,000 to 50, 000 940 35, 250, 000
50,000 t0 100,000 |--..... S RO
" Total......... 152, 310 636, 290, 000 °

Average stand per acre for entire watershed, 3,765 feet B. M.

Area of timbered and other land in Tieton River watershed, Washington.

Acres.
Timbered area . .. ....ooooi i it 152, 310
BUrned Area - ... - ..o e 16, 370
Timberless area . . . ... .o iiieiiiiaiaaeae 320

Total. . .. 169, 000
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Proportions and amounts of timber species in Tieton River watershed, Washington.

Species. Proportion. Amount.
Per cent. Feet B. M.
Yellow pine ............ 50 318, 145, 000
Red or yellow fir...._._. 35 222, 701, 500
Tamarack .............. 10 63, 629, 000
Red cedar ..............
Engelmann spruce ......
White fir .. _............
White pine .............
Lodgepole pine ...._.... i 31, 814,500
Mountain fir............
Mountain hemlock ......

Alaska cedar............ /

Total............. 100 636, 290,000

NACHES RIVER WATERSHED.

Density of timber in Naches River watershed, Washington.

Stand in feet B. M. peracre. Nu;cl?g: of Total stand.
Feet B. M.

0to 2,000 108, 500 108, 500, 000

2,000 to 5,000 188, 300 659, 050, 000

5,000 to 10,000 16, 000 120, 000, 000

10,000 to 25, 000 5, 410 94, 675, 000
25,000 10 50,000  |wnomvemoo)
50,000 £0 100,000 |- oo oo

Total......... 318, 210 982, 225, 000

Average stand per acre for entire watershed, 3,002 feet B. M.

Area of timbered and other lands in Naches River watershed, Washington.

Acres,
Timbered area . ... ... e 318, 210
Burned area - ... 7,510
Timberlessarea ... ... ... ... ... e eeeeeeeeeeaaaa 1,450
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Proportions and amounts of timber species in Naches River watershed, Washington.

Species. Proportion. Amount,
Per cent. Feet B. M.
Yellow pine ............ 45 442, 001, 250
Red or yellow fir........ 25 245, 556, 250
Tamarack .............. 20 196, 445, 000
Hemlock .. ............. 5 49,111, 250
Red cedar .._...........
‘White pine ..........._.
Lodgepole pine .........
Noble fir .....coocoaoo.
Lovely fir .............. _
White fir - .o 5 49,111, 250
Mountain fir............
Mountain hemlock ......
Engelmann spruce ......
Alaska cedar............
Total.._.......... 100 982, 225, 000

YAKIMA RIVER WATERSHED.

Density of timber in. Yakima River watershed, Washington.

Stand in feet B. M. per

Number of

Total stand.

acre. acres.
Feet B. M.

0to 2,000 3,250 3,250, 000
2,000t0 5,000 4,430 15, 505, 000
5,000 t0 10,000 |-ooeueeeenn]oeiiai L
10,000 t0 25,000 |- -nno e oel i
25,000 0 50,000  |.o oo,
50,000 £0 100,000 |- veneenan] ool
Total......ce... 7,680 18, 755,000

Average stand per acre for entire watershed, 2,442 feet B. M.
Area of watershed, all timbered, 7.680 acres.
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Proportions and amounts of timber species in Yakima River watershed, Washington.

Species. Proportion. Amount.

Per cent. Feet B. M.
Yellow pine ............ 45 8,439, 750
Red or yellow fir_ ... __ .. 30 5, 626, 500
Tamarack .............. 10 1, 875, 500
Engelmann spruce ...... 10 1, 875, 500

Mountain hemlock ......
Mountain fir.._..._......

White fir ........._..... 5 937 750
White pine ............. . ’
Lodgepole pine. ... S
Redcedar ......____....

Total ...__........ 100 18, 755, 000

SUMMARY OF ESTIMATES.

Total timber estimates, arranged by watersheds.

‘Watershed. Area. Ave;gﬁ; per Total.
Acres. Feet B. M. Feet B. M.

White River.................. 156, 160 18, 544 2, 895, 920, 000
Puyallup River ... ... ....._. 117,840 14,428 1, 700, 230, 000
Nisqually River... ... ....... 78,000 5,414 422, 320, 000
Cowlitz River................. 291, 200 5, 611 1, 633, 905, 000
Cispus River...._............. 236, 000 7,535 1, 778, 350, 000
Lewis River ... . ... ... ... 222, 640 13, 295 2, 960, 005, 000
‘Washougal River.._........._. 3, 280 26, 227 86, 025, 000
Rock Creek. .. ... ... ._..... 6,040 63, 005 380, 550, 000
WindRiver................... 145, 000 25, 858 3, 749, 605,000
Little White Salmon River..... 71, 650 4,223 302, 570, 000
White Salmon River ......___. 105, 600 5,106 539, 290, 000
Klickitat River .. _.__......... 168, 680 11,075 1, 868, 115, 000
Atanum River ... ... ...... 40, 660 1,454 59, 130, 000
Tieton River.... ... ........... 169, 000 3,765 636, 290, 000
Naches River ... __.__......._. 327,170 3,002 982, 225, 000
Yakima River ... ... .......... 7,680 2,442 18, 755, 000

Total. . ooem oo, 2,146,600 | 9,323 ; 20, 013, 285, 000
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Total timber estimates, arranged by species of trees.

Feet B. M. Feet B. M.
Red or yellow fir.___... 8, 555,218, 750 | Tamarack.............. 512, 385, 000
Hemlock .............. 3, 533,642,000 | Mountain hemlock ..... 280, 677, 000
Yellow pine ........... 2,062,371, 750 | Engelmann spruce...... 271, 785, 000
Redcedar ... ......... 1, 317,078,500 | Mountain fir ........... 200, 130, 000
Noble fir............... 1, 247,883,500 | Alaska cedar........... 151, 326, 000
Lovelyfir...........__. 749, 267,500 | Lodgepole pine......... 73,267,000
White i «eoneeaeeeeee. 538, 735, 000 —_—
White pine -neeemeen-.. 519, 518, 000 Total ............ 20,013, 285, 600

COMMERCIAL USES OF TIMBERS.

In importance, all things considered, the principal timber trees of
the reserve will at this time rank commercially in the following order:

Commercial rank of timber trees in Mount Rainier Reserve, Washington.

Red or yellow fir (Pseudotsuga taxifolia).
Red cedar (Thuja plicata).

Tide-land spruce (Picea sitchensis).
Yellow pine (Pinus ponderosa).

White pine (Pinus monticola).

Noble fir (Abies nobilis).

Lovely fir (Abies amabalis).

White fir (Abies concolor).

Hemlock (Tsuga mertensiana).
Tamarack (Larix occidentalis).

The above order results from size, quantity, and accessibility of the
trees and the properties of the various woods.

If arranged in the order of the desirable properties of the woods
and ignoring the question of size, quantity, and accessibility, the tim-
bers will take rank as follows:

Rank of timber trees in order of desirable properties.
o

1. Alaska cedar 7. Lovely fir
2. Noble fir 8. Hemlock
3. Tideland spruce 9. Yellow pine
4. White pine 10. White fir

5. Red cedar 11. Tamarack.
6

. Red or yellow fir
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The oses to which the various woods are generally put are as follows:
Uses of woods of trees in Mount Rainier Reserve, Washington.

Bridge timbers. ... .. .. Red and yellow fir.

Lumber ... ..o aaaaaaaa. Red and yellow fir, red cedar, tide-
land spruce, yellow pine, white
pine, noble fir, lovely fir.

Shingles. ... ..o oL Red cedar, white fir.

Piles oo Red fir.

Telegraph poles. ... ... ..___.... Red cedar.

Railroad ties..... ... ... ... Tamarack, red and yellow fir,
. white pine, red cedar.

Fence posts and fuel -............. All kinds.

Paperpulp . .o iiiiaal.. The following trees in the order of

their importance: Tideland
spruce, cottonwood, quaking
aspen, white fir, red and yellow
fir, hemlock, maple.

Furniture and cabinetwork ........ In addition to the lumber woods
enumerated some oak, ash, and
maple have been used.

MARKETS AND PRICES.

In the absence of railroads and other well-established lines of travel
the various divisions of the reserve are, by watersheds, commercially
tributary to the outlying markets, namely, Tacoma, Chehalis, Portland,
and North Yakima. The following tables show these watersheds and
the markets which they at present would naturally supply.

Markets for watersheds in Mount Rainier Reserve, Washington.

Watersheds. Area. Tributary to—
Acres.

‘White River.......ccceooiaaa .. 156, 160 Tacoma.
Puyallup River .. ... ... 117, 840 Do.
Nisqually River................... 78, 000 Do.
Cowlitz River..c.ooieceeencannnnn. 251, 200 Tacoma or Chehalis.
Cispus River..... ....o.oooooo.s 236, 000 Do.
Lewis River ..oooo o oo oo 222,640 Portland.
Washougal River..._..._..._...._. 3,280 Do.
Rock River .. ... oo oo...... 6, 040 Do.
Wind River. . ... ... 145, 000 Do.
Little White Salmon River......... 71, 650 Do.
White Salmon River ... ........ 103, 600 Do.
Klickitat River ... .............. 168,680 |- Do.
Atanum River ... ... ....... ... 40, 660 North Yakima.
Tieton River..........coo.ooo ... 169, 000 Do.

* Naches River.........cceoceoa.... 327,170 Do.
Yakima River ....... ... ....._ ... ! 7,680 Do.
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Prices of fir lumber in markets adjacent to Mount Rainier Reserve, Washington.

Per M feet B. M.at—

Grade. Size. Finish. Tacoma .
or North
Portland.| Yakima.
Inches.

Common ......... 1hyl2.. ... Rough .. ... .......... $7.50 | $13.50

Do do ........ Surface 2 sides ......... 10.50 | 16.50
"Flooring V. G.:

Number1..... lbyd......... Dressed and matched...| 19.00 | 24.50

Number2._..__|._... [ (s S S 1 0o T 14.00 | 19.50
Ceiling:

Numberl..... gbhy6......... Beaded and plain ...... 15.50 | 19.00

Number2..._.|..... do ..o do ... 13.50 | 17.00
Wainscoting:

Numberl..... B by 4 il 12.00 | 17.00
~ Number2.....j..... AO ool 10.00 | 15.00
Shiplap, common. .| 1 by 8.....ooob oL 8.50 | 14.50
Fencing:

Number1. ... Ty 4ol . 7.50 | 14.50

Number2.....|..... [ ¥ T P 6.50 | 13.50.
Pickets........... lby3orltby [ il 10.50°| 14.50

14
Lath ... ....... $byldby4per |.oo oo 1.65 2.75
' 1,000.

Prices of cedar run from 25 to 40 per cent more than above.
Prices of spruce run from 10 to 50 per cent more than above.
Prices of hemlock run same as fir (no demand).

Shingles cost from $1 to $3 per thousand, according to quality.

21 ¢EOL, PT 5—9
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Price of large or long dressed fir timbers ut Tacoma.

sive. | Lengin. | Price per M

I

l Feel.
8by8inches. ... ... 50 $12. 50
8 by8inches. ... . e 100 35.00
12 by 12inches. ... i 50 12.50
12 byl2inches. .o ... 100 35.00
14'by14inches._....-.-......._..........._-.-.._‘ ....... ' 50 13.25
14 by ldinches. ... . ... L iiiiiiiiieC I 100 37.50
16 by 164nches. ... ...t oo .. I 50 14. 00
16 by 16inches. ... .o i 100 40. 00
18 by 18inches. . ..o i it 50 15.50
18 by 18inches. .. ..o i ieiaiiaaaaan 100 44.00
20 by 20inches. . ... e iiiiiiiceaaaan 50 17.00
20 by 20inches. ...l iiiiccaiaas 100 48.00
22 by22inches. ... ............ e eeeieeeeaaaa 50 20. 00
22 by 22inches. ... ... iiiieiiiiiaaeien 100 53. 00
24 by 24 inches. - .. iciiicaiiaaan 50 23.00
24 by 24 inches. ... . L iiiiiiciiiaiaan 100 59. 00

Prices of larger timbers are special.

UNDERBRUSH.

Small areas on the eastern slope are of open pine forests, carpeted
with pine grass (Calamagrostis suksdorf) and without litter or under-
brush, but the general statement is true that on both slopes of the
mountains the underbrush is heavy as compared with eastern forest
areas, and on the western slope it is not uncommon for the growth to
be so rank as to be impenetrable.

The term underbrush as here used does not include young trees of
the same species as those composing the forest, nor does it include
grasses, sedges, weeds, or ferns. In the typical forest of conifers
there is considerable growth of the deciduous shrubs, which are prop-
erly included as underbrush and are so called locally. The species
common to both slopes are as follows:

Underbrush in Mount Rainier Reserve, Washington.

SPECIES FOUND THROUGHOUT THE RESERVE.

Oregon grape «...cevooaanaa oo Berberis nervosa Pursh.
Washington holly................. Berberis aquifolium Pursh.
Pachystima myrsinites Raf.
Bearberry . .... coceiiioiiiail.. Rhamnus purshiana DC.
Soapwood - .. i ioiiiiiiiiiao.. Ceanothus velutinus Dougl., com-
mon.

Ceanothus sanguineus Pursh.
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Vine maple
Smooth maple

Wild cherry «ccoooioooiiiiiaian. {
Wildrose. - ceeeeeiirceiiaeeeaanas {
Hardhack ....coomvmamii oo
Arrowwood. ... L.oo.....

Alpine spirsea

Mountain ash. ... ... .. ...
Crab apple
Juneberry
Thimbleberry
Salmon berry
Raspberry
Blackberry
Snowy or birds’-foot bramble
Downy bramble.. .. .. ... ..o .
Grease wood

Nine-bark .. ....o oL
Mock orange or wild syringa
Red-flowering currant
Western fetid currant

Prickly gooseberry
Black-berried gooseberry
Devil’s walking club
Canada dogwood
Western dogwood
‘White-berried dogwood
White elder
Red-berried elder

Viburnum
Snowberry
‘Western honeysuckle
Bush honeysuckle
Red huckleberry
Myrtle-leaved huckleberry
Small red huckleberry

Cranberry
Manzanita
Kinnikinick
Mountain salal
Pale laurel

‘White rhododendron

MOUNT RAINiER RESERVE, WASHINGTON.
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Acer circinatum Pursh.

Acer glabrum Torr.

Prunus emarginata var.
Brewer.

Prunus demissa Walp.

Rosa gymnocarpa Nutt.

Rosa nutkana Presl.

Rosa californica Cham. and Schlecht.

Spirgea douglasii Hook.

Spireea discolor Pursh.

Spirzea rosea Gray.

Spirzea corymbosa Raf.

Pyrus sambucifolia (Cham. and
Schlecht) Roem.

Pyrus rivularis Dougl.

Amelanchier alnifolia Nutt.

Rubus nutkanus Moc.

Rubus spectabilis Pursh.

Rubus leucodermis Dougl.

Rubus ursinus Cham. and Schlecht.

Rubus pedatus Smith.

Rubus lasiococcus Gray.

Purshia tridentata DC.

Neillia opulifolia B. and H.

Philadelphus lewisii Pursh.

Ribes sanguineum Pursh.

Ribes bracteosum Dougl.

Ribes viscosissimum Pursh.

Ribes cereum Dougl.

Ribes ciliosum Howell.

Ribes lacustre var. molle Gray.

Ribes divericatum Dougl.

Fatsia horrida B. and H.

Cornus canadensis Linn.

Cornus nuttallii Aud.

Cornus pubescens Nutt.

Sambucus melanocarpa Gray.

Sambucos racemosa Linn.

Sambucus glauca Nutt. ?

Viburnum pauciflorum Pylaie,

Symphoricarpus racemosus Michx.

Lonicera ciliosa Poir. ’

Lonicera involucrata Banks.

Vaccinium parvifolium Smith.

Vaccinium myrtilloides Hook.

Vaccinium myrtillus var. micro-
cephyllum Hook.

(species not determined. )

Arctostaphylos tomentosa Dougl.

Arctostaphylos uvaursi Spr.

Gaultheria ovatifolia Gray.

Kalmia glauca Ait. var.

Menziesia ferruginea Smith.

Rhododendron albifiorum Hook.

mollis
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Labradortea. ... ... ... .. ... .... Ledum latifolium Ait.
Dwarf birch ... oo ol Betula glandulosa Michx.
Mountain alder ..o . ... Alnus sinuata Ryd.
Alnus rhombifolia Nutt.
Hazle ... . ... ... . ... ... Corylus rostrata Ait., very common.
Bee willow ... ... ..... Salix sitchensis Sanson.
Marsh willow. ... .. Salix lasiandra Benth.
Quaking aspen.._.._........_...... Populus tremuloides Michx.
Alpine juniper ... ... . ... Juniperus communis Linn.

SPECIES FOUND ONLY ON THE WESTERN SLOPE.

Madrofia ... oo, Arbutus menziesii Pursh.
Salal ... . ... ... ........ Gaultheria shallon Pursh.
State flower_ .. ... ... .. .. ... Rhododendron californicum Hook.
Honeysuckle ... . ... ... .. Lonicera hispidula Dougl.
Black huckleberry .. ... .. _..___. Vaccinium ovatum Pursh.

SPECIES FOUND ONLY ON THE EASTERN SLOPE.

Scruboak ... .. ..l.. Quercus garryana Dougl.
Dogwood ... ...l Cornus stolonifera Michx.
Oregon grape . .............._..... Berberis repens Lindl.
Sagebrush ... ... ... ... ... Artemisia tridentata Nutt.
Missouri currant ... .. Ribes aureum Pursh.

Small sagebrush ... ______..___. Aplopappus bloomeri Gray.

FOREST LITTER.

On the eastern slopes the forests are generally open, travel off the
trails being possible with pack animals, although sometimes difficult
and slow. On the western slopes the forest litter makes travel on the
trails or roads imperative, and the explorer or prospector must expect
to carry his pack on his back and ¢limb over or crawl under the fallen
logs that cover the ground. Sometimes these logs are piled 20 feet
high, as mute but eloquent reminders of an unusually heavy wind-
storm. In such areas logging hecomes difficult and expensive, as it
increases the proportion of ‘‘swampers” in the logging crew.

The litter is a menace to the forest, inasmuch as it is the best con-
ductor for fire, and when logs are favorably placed a heavy downpour
of rain will not extinguish the flames, which, surviving, proceed with
the work of destruction.

HTUMTUS.

An important factor in the forest growth is the humus, which forms
the upper soil everywhere, excepting where the fires have been so
severe as to utterly destroy it. This loose deposit of fallen and
decayed vegetation is most abundant in the heavy and unharmed for-
ests, where it is from 3 inches to a foot in depth. As it is a retainer
of moisture and a protector for the seedlings, the restocking of burned
areas is a slow process if the humus has heen totally destroyed.



U. 8. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART V  PL. XLV

A. FIR, MAPLE, AND ASH TREES.

B. MOUNT HOOD; MOUNTAIN FIR IN FOREGROUND.



PLUMMER.] MOUNT RAINIER RESERVE, WASHINGTON. 133

On the steeper hillsides it acts as a retarding element to the surface
drainage, preventing the sudden flooding of the streams during rains,
and also preventing their entire cessation during the dry season. On
the eastern slope, in the watershed of the Yakima River, the surface
flow continues to feed the river for three months after the cessation of
the winter rains and snows, and as the waters of this river are largely
used for irrigation, the importance of the forest cover and the humus is
easily seen. Lands are irrigated from April to October, inclusive,
the largest demand for water generally being made in July, at which
time at least one-half of the flow is from the melting snows. The time
is rapidly approaching when the entire flow of this river will be util-
ized in the necessary and desirable conversion of deserts into gardens,
and it is conservative to say that a fall of 1 foot in the river affects
300,000 acres of land.

FIRES.

EXTENT AND LOCATION OF BURNS.

The areas which may be classified as burns amount to 326,590 acres,
or about 15% per cent of the total area of the reserve. Of this area
about two-thirds are on the western side of the Cascade Mountains.

Ancient burns, of which traces still remain in the standing timber,
cover probably 40 to 50 per cent of the area of the reserve, but being
restocked with trees of large size, these areas can not be called burns.
The fires of comparatively recent occurrence, whose effects may be
studied and compared, have results depending upon the nature of the
forest, the time of year, and the winds. A fire may clear the ground
of brush, litter, and humus, but not materially damage the standing
trees beyond charring them to a height of 10 or 15 feet. If more
severe it may consume some of the standing trees without much
regard to species or location, on account of the proximity of under-
brush and litter to the bases of the trees destroyed. Such fires leave
standing burned snags surrounded by green and unharmed old timber.

A “burn” results in the total destruction of all vegetation within the
limits of the burned area, leaving only standing snags and stumps, and
the ground covered with partly consumed logs. Small areas may be
‘“clean burns” and show few signs of the former forest, but instead
be a desert of burned sandy soil in which the traveler will sink ankle
deep. The burns bear little relation either to topography or the kind
of timber, their boundaries and extent having been determined by the
initial fire and the direction of the wind.  The smaller deciduous trees
which have their habitat in the moist bottoms, such as alder and
maples, are more immune than their coniferous associates, but even
they do not always escape. .
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The great burns in the Cowlitz watershed occurred in 1841 and 1856,
but portions of the area have been burned or reburned at intervals
during the past ten years. Over large and irregular areas this region
is restocked with the same species of trees which border it and prob-
ably constituted the original forest. In this restocking the noble fir
(Abies nobilis) takes an important part, and, together with the other
firs, would rapidly retimber this most unsightly region if fires could be
prevented. On the Sawtooth Range a large fire occurred in 1896, and
reliable witnesses say that one tree burned for six months.

The hills on the north side of the Cowlitz River have been burned
over several times since settlement, the last burn being three years
ago. In this and adjoining areas the second growth after the burn is
very rapid.

From testimony of various Indians regarding the ‘‘big fire” it
appears that it was of unusual severity. Many Indians and stock per-
ished, and the few saved who'were in its path were submerged in the
river for protection. The heat was so intense as to kill some of the

fish in the river.

The large burn on Bald Mountain occurred about 1860 and must
have been a very severe and destructive fire, destroying all the vege-
tation and humus and exposing the thin scoria soil, which barely covers
the eruptive rocks. Under such adverse conditions the process of
restocking is necessarily slow, particularly as the seedlings must advance
up hill unprotected. .

The burn about Juniper Mountain and the head of McCoy Creek
occurred in July, 1898. At about the same time a portion of the
southwest slope of Mount Adams was burned, leaving an unsightly
patch of dead snags which detracts from the beauty of the mountain
view. ) 4 _

The recent burns near Steamboat Mountain and over scattered
patches to the southward have occurred periodically during the past
twenty years, the last and most extensive fire being in 1897.

On the eastern slope of the Cascade Mountains the majority of the
burns have occurred during the past decade, those of the Atanum and
Tieton watersheds having mostly occurred since 1896.

A portion of the basin of Silver Creek was burned August 10, 1898,
and at this time ashes fell at Longmires Springs, which is distant
about 20 miles. Mineral Creek Basin, which is a tributary to Ameri-
can River, burned over in 1895.

CAUSES OF FIRES.

The fires which have occurred in the reserve may be traced to the
following causes:

Campers and packers build their fires against logs or trees and
neglect to extinguish them. Smallfires that are built in the open do
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not spread unless the humus is deep and dry. They will smolder until
fanned into flame by the wind.

Sheep men start fires to promote the growth of grass near the sum-
mits, believing that the destruction of the timber is generally followed
by a growth of those grasses upon which sheep will feed. Severe fires
also have the effect of clearing the ground of underbrush and litter and
make it easier and safer to drive sheep from point to point.

Prospectors fire the timber with the object of clearing the ground
to make prospecting easier. A great many miners are strongly
- opposed to this method as it gives a very dirty area to work in and
the legitimate miner needs the timber for his shafts and tunnels.

Settlers start fires for the purpose of clearing the land for cultiva-
tion. As the settlers do not like to go to the trouble of carrying
their brush or slashed timber away from the standing tlmbel they
burn it where it falls in slashing.

Indians also start fires on the slopes and summits for the purpose
of promoting the growth of huckleberries, blackberries, and raspber-
ries, and also to drive game.

Camping parties often set fire to the resinous trees simply for the
the pleasure of seeing them burn. Cases of this kind were not
uncommon, but of recent years sentiment has been so strongly against
this practice that the evil has almost ceased to exist.

Lightning also starts fires.

Since the inauguration of the present forest policy the causes may
be briefly stated as ignorance, carelessness, and lightning. The expert
woodsman, trapper, hunter, or camper for pleasure is careful about
his fires and knows how to build them so that they will not spread
and burn his tent and outfit. His cooking fire is never larger than
necessary to hold a coffee pot, kettle, and skillet, and is usually made
between two rows of rocks or two small green or wet logs. The fire
will measure 8 by 20 or 30 inches, and within a half hour from the
time of starting every small twig and dry cone in its immediate vicinity
has been used for fuel and to safeguard against burnt shoes or trousers.
The tenderfoot, on the contrary, builds his fires large and open, and
the chance of their spreading is much increased if they are against
logs or trees.

The fixing of a cause for any stated fire is almost impossible, unless
lightning was the cause. Sheep men, prospectors, hunters, and ranchers
accuse one another promiscuously, but no reliable data are obtainable.
In the case of lightning, where the agency of a human being is not
involved, some data have been collected and will be here given at the
risk of giving that agent more prominence than might be justified
were the other causes capable of the same investigation. .These well-
authenticated instances do, however, prove that lightning can not be
omitted from the list of causes, although it may be argued that during
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an electric storm the precipitation should he so great as to prevent a
large fire from catching or spreading.

In May, 1897, lightning struck the timber in Cowlitz Bottom near
the town of Vance on several occasions, the largest burn resulting in
the destruction of about three acres of timber. In June, 1896, it
struck the hills in sees. 1 and 2, T. 12 N., R. 7 E., and a large forest
fire in the second growth resulted.

Timber on Juniper Mountain was struck by lightning in July, 1898,
and a large burn resulted which destroyed considerable fair timber.

In the basin of the South Fork of the Rattlesnake on July 22, 1898,
at 7.30 p. m., lightning struck a tree and also killed three horses
belonging to Joseph Melini. Another stroke set a small fire which
burned for ten or fifteen minutes. Both fires were extinguished hy
the accompanying downpour of rain.

On August 10, 1898, lightning struck several trees in Silver Creek
Basin and a large burn resulted. There was no rain that day, nor
was there at Longmires Springs, distant 20 miles, although the day
was heavily clouded.

Two fires were started by lightning on July 28, 1899, in sec. 36,
T. T N., R. 9 E., but did not spread heyond the trees str u(k

RESTOCKING OF BURNED AREAS.

All of the restocking of the reserve is natural. No work has been
done by man toward reseeding with the best species nor eliminating
from young second growths the undesirable species. All of the
activity thus far has been toward protection against fire, which may
in a day destroy what would balance the work of years.

The process of reseeding is rapid. All of the timber trees seed
abundantly and at a season when the high winds may distribute the
seeds over large areas. It is doubtful if any assistance from man
would noticeably affect the progress of this reseeding, which, if con-
ditions of soil permit, results in a thicket of small growth in spite of
the numerous animals which destroy seeds. In cases where a fire was
not severe and representatives of one or more hardy species withstood
the flames, the restocking begins from these survivors, which are not
always the best timber species. The mountain hemlock (Zsuga pat-
toniana) seems to resist fire more successfully than the other species
common in the alpine zone, and the tamarack (Lariz occidentalis) sur-
vives best in the middle zone. In Naches Valley above the junction of
Bumping River there is a very old burn. A few yellow pine and red
fir of the old forest are still standing, and the heavy second growth
is of the same species, with the addition of tamarack. Very small
recent fires in the same area have injured many of the trees and made
clean burns in some locations. From Naches Pass just outside the
reserve for 5 miles down the river and into the reserve there is an
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old burn about 2 miles wide, which is now partly second growth white
fir and tamarack, with willows along the banks. In the watershed of
Atanum River there are indications that the tamarack stood the fires
of an ancient burn better than other species.

After a clean burn the restocking must proceed from the bordering
forests, and it is observed that although these bounding forests may
be mixed, one species often predominates in the new growth. This
fact may be accounted for by assuming that a favorable wind pre-
vailed when that particular species was in mature fruit, and that the
soil conditions in the burn were such as to give encouragement to that
species. In this respect the tamarack easily takes the Iead in eastern
Washington, and the hemlock (Zsuga mertensiana) in westein Wash-
ington. Of all the conifers these two species have the lightest cones
and seeds, and are most exempt from the attacks of squirrels and chip-
munks. These are among the least valuable of the timber trees, and
it happens that the best of the pines, the white pine (P. monticola),
and the best of the firs, the noble fir (4. nobilis), have large and heavy
cones, and being subject to these depredations are checked in their
efforts at restocking.

The grazing of sheep and other stock upon burned areas certainly
retards their restocking with timber. If stock pasturing were pro-
hibited upon all burned and low timberless areas until the restocking
had resulted in such sufficient stand and age of timber trees that
further protection would be unnecessary, it would remove a serios
enemy from the field, and in all probability would result in extin-
guishing forest fires in their incipiency.

TIMBERLESS AREAS.

There is no altitude which may be termed a timber limit. This
results from the fact that the bold topography of the reserve and the
presence of numerous perpetual snow fields and glaciers cause differ-
ent climatic conditions to obtain in areas not widely separated. Upon
the slopes of Mount Rainier the alpine trees cover the sharp ridges to
an elevation of 7,200 feet, and above this only a few scattering pro-
cumbent individuals find shelter behind some rock or crag. The
extreme altitude there reached by trees may be stated at 7,600 feet,
but at Goat Peak the same forms reach an altitude of 8,400 feet. The
difference of latitude favoring Goat Peak is only a third of a degree,
but the local climatic conditions are quite different. At lower eleva-
tions than these, however, many rocky peaks are often too exposed to
pelmit a growth of trees or the accumulation of a scanty soil, except-
ing in the rock crevices where the ha,ldy little alpine flowers w111 find
strong root hold.

Cliffs at all altitudes are often too steep and smooth to permit the
spread of the timber which struggles for existence on the talus slopes
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below. Often the talus slopes are timberless, particularly when recent
or when composed of fine chips, but in the majority of cases the pines
and firs manage to advance over these uninviting areas:

Upon the slopes of Mount Rainier the glaciers flow to the lower
altitudinal limit of 3,300 feet, and these areas are of course timberless,
as are the perpetual snow fields which border the glaciers or lie upon
the ridges which form the divides between the *“ cradles” of the glaciers.

The great timberless area of eastern Washington, or the *“arid .
region,” does not extend to the boundary of the reserve, but approaches
it so closely that it is germane to the subject.-

It appears to the most casual observer that the trees of the lower
mountain slopes are forcing their way over these arid regions. A
similar phenomenon has long been observed on the beautiful parked
prairies of western Washington near Tacoma, where the advance of
the red firs (Pseudotsuge taxifolia) has been as great as 25 feet per
year. On the eastern slopes of the Cascade Mountains it is the yellow
pine (Pinus ponderosa) that takes the lead among the conifers in attack-
ing these arid regions. The red fir follows closely, seldom being
more than 2 miles behind, and is in turn closely followed by the
tamarack (Lariz occedenialis). Other species follow rapidly, depend-
ing upon topography and soil.

TIMBER CUTTING IN THE RESERVE.

A total area of about 8,000 acres has been cut within the boundaries
of the reserve. Of this amount 40 per cent has been cut by actual
settlers and the balance by loggers.

The largest area is along Tieton River, from the reserve boundary
westward. The lumber is reported as used for fluming and other con-
struction work on the Selah irrigating canal. The cordwood from the
same area was marketed in North Yakima. .

At Tannum Lake about 200 logs have been cut and dressed on two
sides ready for the construction of an impounding dam at the foot of
the lake. This work was done in 1891 under the direction of the
Yakima Investment Company, and most of the logs have been piled
up at the point of proposed construction. Tannum Lake and Lakes
Kitchelos, Katchess, and Clealum, which lie outside of the reserve,
have been considered in connection with the extensive plans for the
irrigation of the fertile slopes of the Lower Yakima Basin, which
plans have been partly carried to completion. There is little doubt
that they will be needed for storage in the future, as the nature of
the Yakima watershed causes extremes of -high and low stages in the
river.

At the Medina mining camp-on Silver Creek in Summit district,
a small mill has been erected to furnish lumber to be used in the con-
struction of a 3-stamp mill and the necessary fluming and buildings.
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. They have slashed an area of about 2 acres and cut a total of about
10,000 feet.

A sawmill in sec. 29, T. 15 N., R. 7 E., was run for a short time.
The logging was largely from an area subsequently cleared and cul-
tivated. There are about 10,000 feet of lumber in the mill yard.

A mill situated near Chenowith post-office in sec. 22, T. 4 N., R. 9 E.,
has cut a total of about 40 acres from patented land within the reserve.
Another located in sec. 14, T. 3. N., R. 9 E., outside of the reserve,
has cut about 160 acres.

A shingle mill is situated in sec. 20, T. 4 N., R. 9E., and has a
capacity of about 30,000 shingles per day. It cuts from patentedlands.

In 1899 a small portable milt was located in sec. 8, T. 12 N., R. T E.,
but is now idle after filling a few small orders. The country tributary
to it is patented and settled.

LOGGING CONDITIONS.

It may be said generally that the logging of those areas examined
must be by skid and railroads. The only drivable stream is the
Lower Cowlitz River, and as there is not much timber in its valley
skids or trams will be needed to transfer logs from the timbered slopes
of its watershed to the river. The exception to the above general
statement is that during flood seasons several of the rivers carry enough
water in confined channels to drive logs for short distances, and that
shingle bolts, fence posts, and cordwood might be driven during the
greater part of the year if drifts and other obstructions are removed.
Such rivers are the White, Carbon, Little White Salmon, Cispus,
Lewis, Wind, Puyallup, lequfl,lly Klickitat, and Naches. With the
. present .method of logging it is not likely that any of these streams
will ever be used.

In all the watersheds the' method and route of logging is fixed by
the location of the main and secondary divides, which are usually sharp
and well defined, without table-lands. In such cases the canyon slopes
are so steep that log chutes might be used, but the areas tributary to
such chutes are generally limited and contain little timber.

With the exception of a short narrow-gage railroad feeding the
Oregon Mill Company’s mill in T. 4 N., R. 9 E., there are no railroads
in the reserve, nor are there any wagon roads over which heavy logs
could be hauled. The Northern Pacific Railway Company has made a
survey up the Nisqually Valley via Bear Prairie, down Skate Creek, up
the Cowlitz and Summit Creek and over Carlton Pass in the Cascade
Mountains, thence down Bumping River, but no construction work
has been done. The Tacoma and Columbia River Railroad has made a
preliminary survey from the end of their line at Lake Park, 11 miles
from Tacoma. This survey runs up the Cispus River to Cispus Pass
with the expressed intention of tapping a timber belt and certain coal
prospects in the Cispus watershed.
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SETTLEMENT AND IMPROVEMENTS.

Within the reserve there are 160 settlers, of whom ahout 75 per
cent have made improvements other than the building of houses
or cabins. From detail memoranda made during the examination
the following figures are obtained:

© Improvements in Mount Rainier Reserre, Washington.

Number of houses (including trappers and prospectors) .. ... ........_. 181
Number of barns .. ... iiiiilo.. 90
Number of acres slashed .. ... .. L liiiiiii... 3,275.85
Number of acres cleared (mostly in pastures) ... ... . .. ... ... ... 1,864.75
Number of acres in gardens . ... .. ... ... .. ... ... ...... 65. 4
Number of acres in orchards ... .. .. . L. il 91. 85

Generally the clearing of land for pasturage does not include the
removal of large stumps, as this work is expensive, and in some loca-
tions would mean $150 per acre. The garden produce is for local
consumption and is only limited by climate. The best results are
from potatoes, onions, turnips, carrots, beets, parsnips, squash, and
small fruits. Corn, tomatoes, and cucumbers are raised, but not to
perfection. The orchards are principally of apples, plams, and pears.

GRAZING.

The grazing lands of the reserve are mainly upon the eastern slope
of the Cascade Mountains, and have an area of about 800,000 acres.

During the season of 1899 approximately 260,000 sheep were herded
on this area. The general method of herding sheep. in the State of
Washington is as follows: In the late fall and winter the sheep are
pastured in the vicinity of their home ranches in the low lands and
valleys of eastern Washington, and in severe weather feed on hay.
In the early spring, after lambing and shearing, the bands are driven
toward the mountains, reaching the reserve in June. They follow
the receding snows to the very summits, grazing and browsing upon
the new growth of grasses and deciduous vegetation. Latein August
they commence to work down to the lower altitudes, and generally
leave the reserve about the 1st of October.

As might be expected, there is a wide divergence of opinion regard-
ing the advantages or disadvantages resulting from this practice, and
the sheep owner’s position has become one of active defense against
public sentiment.

The arguments presented against the grazing of sheep in the reserve
are as follows: (1) That the sheep men fire the forests for the purpose
of promoting the growth of the forage plants. (2) That the sheep
browse upon the young timber trees and trample out the seedlings.
(8) That the removal of underbrush causes the streams to become more
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" sensitive to melting snows, and the summer flow of rivers used for
irrigation is thereby decreased. (4) That the sheep pollute the streams.
(5) That the natural beauty of the reserve is partially destroyed.

The sheep owners and herders not only deny all the above, but claim
in addition: (1) That the removal of the underbrush by the browsing
of sheep lessens the liability of fires spreading. (2) That the herders
are exterminating the bears, cougars, wildcats, wolves, and coyotes,
which prey upon domestic animals.

There is little doubt but that sheep men have started fires, and that
burns more or less extensive have resulted, but it is equally true that by
reason of the strict regulations and enforcement of the law, together
with a regard for their own interests, due to a wholesome fear of the
cancellation of their permits, the practice has ceased, and any fires
now originating with the sheep men are isolated cases resulting from
carelessness. ’ ) .

Moreover, it is contended that setting fire to the timber does not
necessarily result in the increase of the areas for pasturage. A clean
burn more frequently results in a rank growth of huckleberries, and
if the burn is not clean the ground remains covered with charred logs
and snags, making travel slow and dangerous and the-area often unfit
for sheeping. The coarse grasses and weeds that immediately follow
the fires are not the best forage, and it may be several years before
they are succeeded by the better varieties.

It is a fact that the greatest number of burns and also those of the
greatest extent are in portions of the reserve which have not been

-sheeped, and this fact has at least a general bearing on the subject, as
these areas of great burns are on the western slopes and in the regions
of greatest annual precipitation.

The claim that the sheep browse upon the young timber trees is not
well founded so far as it relates to the conifers, and within the grazing
area there are no deciduous trees of any value excepting the oak (Quer-
cus garryana), and that is generally of a size only fit for fuel. Sheep,
cattle, and horses will not eat foliage from the pines, firs, and other
evergreens which comprise the timber of the reserve, unless driven to
it by a hunger that is almost starvation. In the immediate vicinity of
the separating corrals, where bands of sheep may be confined for one
or two days during the process of separating, small evergreens were
nipped by the sheep, and along the beaten and oversheeped trails the
same thing may be noticed, but the damage is insignificant and only
worthy of mention as an exception. During the examination our pack
animals were several times in desperate need of pasturage, as our route
of travel took us over miles of deep snow, which covered everything
but the timber trees. These, however, the animals would not touch.
On Pisco Ridge (outside the reserve), at an elevation of 6,000 feet, we
found the remains of over 20 horses, which had perished in the snow,
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huddled together in a bunch of young firs and pines. They had pawed
the ground for grass roots, and had gnawed the bark from the trees
and browsed on some of the foliage, but not to any extent.

There is no doubt that the sheep trample out seedlings of the conifers
as they do of other trees and shrubs. Along the routes of sheep
travel the forest floor is sometimes powdered by their sharp hoofs
and all traces of undergrowth obliterated, and if this condition pre-
vailed over a burned area the process of restocking would be very
slow.

Al of the conifers set cones in abundance, but not one seed in

100,000 produces a mature tree under ordinary conditions. Squirrels,
chipmunks, and birds eat most of the seeds; forest shade kills many of
the seedlings, and in the open it isa case of survival of the fittest.
Inasmuch as a sufficient number of the seedlings generally survive to
take part in the final competition and form the ¢ thickets” so commons
in the more open areas, it is evident that the enemies, including sheep,
do not seriously affect the final result as stated.

The effect of underbrush and forest cover in retarding or accelerat-
ing the melting of snow is easily demonstrated by observation in the
area of the Cascade Mountains examined. However, if it be assumed
that the snow melts more quickly in the open many locations may be
cited as evidence, and if the contrary be assumed the evidences are
quite as numerous. This is for the general hypothesis, but there are
details of exposure and altitude which enter into the problem and
make it capable of solution. The masses of compact snow which are
found in the open or timberless heights late in the summer are always
upon hillsides protected from the warm chinook winds, and these are
generally the northern and eastern slopes. Upon timbered mountains
of equal altitude and where similar climatic conditions prevail the same
slopes hold snow the longest. The effect of the underbrush and forest
litter on the melting of snow is one which the traveler in these high
altitudes is forced to observe for his own safety. It is only upon the
hard snow which hides no brush or logs that safe footing is found.
Wherever a log or brush exists the snow is soft and melting and the
pack animals and men fall through, a matter of some consequence
where the snow is over 6 feet deép.

Although the temperature in the forest may be slightly higher than
in the open, for any given altitude, there can be no doubt that a stand
of timber protects the snow from the warm winds and prevents the
sudden rise of a stream. The underbrush does not give this protec-
tion, but is an agent in preventing the compacting and hastens the
melting of the snow. To summarize: The snows will remain longest
(other conditions equal) in—

(1) A forest without underbrush or litter.

(2) An open without brush or litter.
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{(3) A forest with underbrush or litter.

(4) An open with brush or litter.

The question of the pollution of the streams by sheep is one rather
for the future than for the present, inasmuch as provision is made
that the sheep ‘“shall not be corralled within 500 yards of any running
stream or living spring.” If the corrals bordered on or had surface
drainage into the streams the waters would bé polluted in sentiment if
not in fact when they reached the distant settlements, and sentiment
is a strong factor when it applies to drinking water. One specifica-
tion for good drinking water is that it must not contain more than
one part by weight of dry organic matter in 100,000 parts of liquid,
and it is safe to say that this limit is not exceeded in the river waters
even in the immediate vicinity of the corrals. The fact that.running
waters are self-clarifying is generally conceded, although not to the
extent set forth by Dr. H. Letheby, medical officer of health for the
city of London, in relation to the Thames. His statement is that
“sewage ” when it is mixed with twenty times its volume of running
water and has flowed a distance of 10 or 12 miles is absolutely
destroyed; the agents of destruction being infusorial animals, aquatic
plants and fish, and chemical oxidation. The question of pollution is
therefore one to be considered in the precautionary way, and this has
been done.

The scenery of the reserve is on too grand and extensive a scale to
be affected by any operation of man, such as grazing or mining. The
burns are the only disfigurement to the magnificent views which
reward the climber of the peaks. Areas of particular beauty or
novelty should be included in the National Park, on which pasturing
is not allowed. A A

The Secretary of the Interior on June 30, 1897, promulgated rules
and regulations relating to forest preservation, among which was the
following: “13. The pasturing of live stock on the public lands in
forest reservations will not be interfered with so long as it appears
that injury is not being done to the forest growth and the rights of
others are not thereby jeopardized.” From my observations the
injury done the forest growth by sheeping is not serious, and the
attendant evils can be and are being guarded against.
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OLYMPIC FOREST RESERVE, WASHINGTON.

From field notes by Arraur DopweLL and THEODORE F. Rixon.

LOCATION AND BOUNDARIES.

This reserve is situated in the northwestern part of Washington
and occupies most of what is known as the Olympic Peninsula. Its
original limits, as set forth in the executive order of President Cleve-
land of February 22, 1897, were as follows:

Beginning at the southeast corner of township twenty-one (21) north, range five
(5) west, Willamette base and meridian, Washington; thence northerly along the
surveyed and unsurveyed range line between ranges four (4) and five (5) west, to
the point for.the northeast corner of township twenty-three (23) north, range five
(5) west; thence easterly along the unsurveyed and surveyed township line to the
point for the southeast corner of township twenty-four (24) north, range four (4)
west; thence northerly along the unsurveyed range line to the point for the northeast
corner of said-township; thence easterly along the unsurveyed and surveyed sixth
* (6th) standard parallel north, to the southeast corner of township twenty-five (25)
north, range three (3) west; thence northerly along the surveyed and unsurveyed
range line between ranges two (2) and three (8) west, to the northeast corner of
township twenty-nine (29) north, range three (3) west; thence westerly along the
surveyed and unsurveyed seventh (7th) standard parallel north, to the point for the
southeast corner of township thirty (30) north, range nine (9) west; thence northerly
along the unsurveyed and surveyed range line to the northeast corner of said town-
ship; thence westerly along the township line between townships thirty (30) and
thirty-one (81) north, to the northeast corner of township thirty (30) north, range
fourteen (14) west; thence northerly along the range line to its intersection with the
shore of the Strait of Juan de Fuca; thence northwesterly along said shore line to
the east boundary of the Makah Indian Reservation; thence southerly along the
east boundary to the southeast corner of said reservation and westerly along the
south boundary thereof to the high-water mark on the Pacific coast; thence southerly
along said coast line to the north boundary of the Quinaielt Indian Reservation;
thence southeasterly along the north boundary to the eastern point of said reserva-
tion and southwesterly along the south boundary thereof to the point of intersection
with the fifth (5th) standard parallel north; thence easterly along said parallel t