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CROSBY REPORT
TELLS HISTORY
OF EARLY AGES

(Continwad from page 1.)

to thelr Imperfect Auidity, these
lavas did unot, as a rule, extend far
from the which were chlefly
confined to

vonls,
the great fissure, the

charncteristie, also, of subordinate
and branch flasures, From this
period date the most, at least, of
the old, eroded rhyolite voleanooes
and plugs seattered over the plateau
for 50 to 100 miles east of the Cas-
cades and protruding as steptoes
through the subsequent great flows
of bhasalt. The more important only
of these steptoes have been named

and mapped, including: Newherry
Crater (Paullna Mountains), Pine|
Mountain, Powell Hutte, Horse|
Rdge., Smith's Rock, Gray's Butte,|
Haystack DButte, Hampton Butte,
Glass Buttos, Wagontire mountain,
Horse Mountain, Juniper Mountain,
Coyote Hills, ete.
Deop Doposits Formel.

Although the relatively acld and]
sluggish Javas of this period did)|
not spread far from the vents, and|
contributed but little, and that little
very locally and irregularly, to the
upbullding of the general surface of
the platean, they have, neverthe-
less, by virtue of their hardness and

cene time the greal valleys of the
Columbia on the north and the 8nake

on the south were filled to overflow-
ing and to a depth at their lower ends
of fully 4000 feet, I

Some conception of the length of
the peologle periods is afforded hy
the prodigious amount of erosion re-
quired to reopen the lava-flooded
canyons and then, after they had
heen fllled by the Mascall and Ral-
tlesnnke formations, to open them
again and to thelr present profound
deptha,

Glacters Played Part,

The prineipal episode of the earliar
Quaternary or Plelstocene time was
for this region, as for the greater
part of the continent, the eulmination
of glaclation. There {5 lHttle or no
evidence of general giaciation or of
un fee sheet covering the upper part
even of the Deschutes valley. The
villey glaclers, remnants of which
now linger on the slopes and in the
eratera of the higher Cascade volean-
oed, including the Slsters and Broken
Top, appear never to have extended
far down the eastern slope of the
range. It Is true that a large pro-
portion of the lnkes and lnkelets dot-
ting the lower eastern slope of the
range down to about an elevation of
41400, and to still lower levels farth-
er morth, are due to morainal dams
To this cluss belong Odell and Cres-
cont lakes and many minor exam-
ples.. Characteristically, they oecu-

durability, played an important role | V% deep and narrow valleys on the

as drainage controls, or natural rock walls of which the lateral and
dams retarding and regulating the | terminal moraines are readily traced
discharge of rivers In fact. ft|to helghts, In some case of 1000 feet
would be difficult to find a more|©F more above the present water lev-
striking or pertinent {llusteation | ¢l Many of the lakelets. also. oe-
than s presented In the old stock | CUPY Elacial cirques or rock-rimmed
or maas of rhyolite to which we awe basing directly due to the erosive ac-
Benham Falls, the most lmmrum“'ou of the wvalley glaciers. Equally
and most beautiful caseade of this| conclusive evidence of former ghac-
shooting river, a natural dam nlto_] inl extension Is afforded by the Qis
and above It a natural reservoir| tribution of the bowider clay or
site as well ground moraine. As this would be

The sediments of this period. con-| the case but for the heavy mantle of
sisting of alternate beds of ash, lapil-| post-glacial pumice dust and lapilli
Il and lava, are known to geologists covering the entire region and ob-
as the Clarno formation of the John|Scuring the drift and othor surface

Day valley and attain here a thick-|formations. More convincing, under
ness of about 400 feel. the circumstances, s the testimony

Following the Clarno formation,|of the washed or modified drift, sand
in Mioeens or mid-Tertlary time, vol-| and gravel, especially us regards Its
canism still prevalled, but the lavas 'opographic lufluence. A particular-
were, predominantly, of more M,‘icilyf clear example is afforded by the
type—basaltic rather than andisitic| TWin likes, southeast of Crane prair-
or rhyolitic The eruptions were, '®. and 10 miles east of the Cascade
for a long time of a highly explogive crest. The ouly satisfactory expla-
character, yielding In what Is now|nation of the desp depressions occu-
the John Day valley and, presumably | Pled by these lakelets is the subse-
also, in the region traversed by the quent melting of masses of lee bur-
Deschutes river, a vast thlckneu.“*ﬁ'ln modified drift. From these
possibly several thousand feet, of witnesses we learn that the Cascade
stratified ash or taff, constituting the | &lacier or lee cap extended at least
John Day series. This was followed, | this far to the eastward.

still in the Miocene period, by gi-| On the east side of the Deschutes
gantic fissure eruptions of basalt— | Valley we find evidence that New-

the many successive thick flows ag-| Perry crater was occupled by ice and
gregating 2000 to, possibly,
feet In thickness. This Is the great eral miles down the valley of Paulina
Columbia lava formation, which, nat. ©reck and to lesser distances down
urally, attains its maximum develop- other radiating valleys,

ment in the valley of the Columblu.l Heat Predominated.

and ls, presumably ecomparatively We must conclude, then, that gla-

4000 | that from it a glacier advanced sev-|
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DESCRIPTIVE GREOLOGY OF THE
BENHAM FALLS MSTRICT
The Mhyollte Dike

This appears to bhe, on the whole,
the best geologienl designation of
the bold rock ridue standing sthwart
the Deschutos valley in the Intituide
of HDenham Falls, and to which the
river owes this most impressiye of

all s cliutes, The ridge rangos
from 100 to possibly 200 feet In
elevation above the viver; varies

lm width, roughly, from one-fourth
to three-fourths of a mile; and has
hoon traced approximately two
miles, from the vicinity of the wost
sidn road to the polnt 2,000 feot
cast of the head of the falls where
the rhyolite s geen to pass under
the Lava Butte flow of basalt. 8o
far, 1t Is, In its relation to the val-
loy, n groat natural dam, extending
from a point on the westorn salope
well above any contemplated fow
line across more than half the prob-
able breadth of the wallay below
that line

The vriver first encounters the
rhvolitee near the western ond of
the ridge: and, promptly turning to
the eastward, closely follows (Its
southern or upstream border to the
margin of the new lava. Hore,
fust above the abandoned bridge,
the stream turns abruptly to the
northward, flowing between the
rhvolite on the left and the new
lava on the right for half a mile
to the apex of the marked re-
entrant angle of the ridge, where
{1z crest descends to the river level
and the river escapes across the
ridge, which Is bounded on the
north by & sona of basalt tuff rep-
resanting, no doubt, the old Colum-
bia basalt. .

The rhyolite Is thronghout a mas-
sive and wonderfully homogenocous,
hard, compact and resistant lgneous
formation, which may, probably,
best be regarded as the plug or
neck of an anclent voleano which
has long since been removed by
erosion. Plainly enough, the rhyo-
lite & older than both the newer
and the older basalt flows by which
it is environed and above which it
rises an a genuine steptoe, Con-
eerning the course and extent of
the rhyolite beyvond the east end of
the ridge, or the line whaere It dis-
appears beneath the Lava Butte flow
of basalt we can only econjecture;
but the probabllities will be dis-
cussd in a later section,

The Columbia basalt is the great
lava Jormation of the Columbia
plateau, covering continuously and
to o vast thickness many thousands
and scores of thousapds of square
miles. From the open flssures and
craters of the Cascades the highly
fluld molten rock was poured out
fow after flow, Alling the broad
valley of the Columbla and cover-
ing to lesser depths all buat the
higher parts of the broad

of the Blue Mountains, layers of
voleanie dust and lapilli alternat-
ing to some extent with the mas

give sheets of columnar basalt,
Although formed back in Miocene

thin“where it mantles the crest of clation has not played an important|time, the Columbla basalt  shows,

the Blue mountains,

The numerous role in the development of the Des-|0utside of the canyons, where It has

dikes of basalt cutting through the chutes valley, not even of this moat|fell the powarful erosive action of

underlying formations mark in purt'vh-\'umd section of It If further
the channels through which the lava proof were wanted it would be found
has come up from the interior of the | in &« consideraticn of the cones of
earth, cinder and lapilll dotting the face
Following this great outpouring |of the country and dating from the
of lava, the most extensive In loo-lnrlwnt Quaternary time down to the
logie history, and almost eomplelelyl human period and almost to the pres-
filling the broad and deep valleys ent. That eome of the cones ante-
of the Columbia and Suake rivers, in|date the period of maximum glacial
late Miocene time, further explosive development Is practically certain,
eruptions wspreading over the lava | but so far as noted they have not
plateau of Central Oregon hundreds suffered appreciable, or at least not
‘of feet of ash, now consolidated to|important, glacial erosion; sand yet
tuff and constitutiug the Mascall it wonld be difficult to find a for-
formation, | mation more susceptible to rapld ero-
Unconformably above the Mascall sion, In this fleld the two antagon.
beds was deposited In Pliocena or {stic sgencles, voleanlsm and glacia-
late Tertlary time, 100 feet, more or tion, or fire and frost, have been ac-
less of water-worn gravel and over- tive for an indefinitely long perlod,
Iying rhyolite tuff and lava. This the voleano building up and the gla-
15 the Rattlesnake serles of Merriam | cler wearing down the face of the
and of its oceurrence in the Benham land., But to the present the forces
falls district there can be little of fire have greatly predominated
foubt, over those of frost; though it ap-
Groat Valleys Pilled. pears not Impossible that with the
Whether the stupendous eruptions gradual extinetion of the volcanie
of the Cascade volvanoes result in energy, now so plainly in progress,
any part of the district in lava, cln-: the glacler may yet be In the ascend-
ders or asbes (dust and lapilli) de- ant, at least this might be antiek
pends upon the distance from the pated but for the obvious fuet that
vent. Cinders plle up around the glaclation is also on the wane.
venl in steep cones. The ashes are, ‘The chief incidents or phases of
gpread over areas proportional to ' the expiring voleanism embrace the
their finenoss and to the force and formation of the widespread and
shift of the wind, bul attain nanbhrthlck mantle of pumiceus lapillli or
thickness only within moderate dis- comminuted pumiece, which, like a
tances, poasibly seores, but not huu-lumvl'all. covers the face of the eoun-
dreds, of miles from the vent, The (ry, and the building of the latest and
lava or molten rock, if issuing In still ugeroded basaltic flows and
sufficlent volume, as in the great fll-lconac. the serles endiug, for the time
sure eruptions, may, however-—aespe- belpg, with Lava butte and the flow
clally if the topography or ;nrracoiapreadln; from its base. This flow
gradient be favorable—sapread over turned the Deschules river over tho
truly wvast areas, even many thou-)rhyolite ridge, thus Insugurating
sands of square miles, Benham falls and permitting the silt-
The throw of the great Cascade, ing up of the broad, shallow basin

nal valleys,

fault being up to the west and down
to the east, the normal movement of
the extruded lava Nas been, to a
large extenl, upstream, or, mMore ex-
actly, Into a closed basin, accumu-
luting like water in a reservoir and
attainlng (ts maximum thickness or
depth in the lowest parts of the origl-
It was thus that in Mio-

|abon the falls, whieh became there-

by an ideal reservoir floor. Con-
tomporaneously, too, with the de-
clinlng voleanism and glaclation has
been the final canyon cutllng accom-
plished by the Deschutes and s
principal tributaries north of Ben-
ham falls and, especially, north of
Bend.

the rapld streams, but jittie evi-
dence of wrosion, Where not cover-
ed by sofl it Is still hard and black
and exhibita the gently undulating
or wavy surface of the original flow,
as well as the prismatie jolnting
and pressure ridges. In fact, it ap-
pears probable that where soll Is
presant it has been derived chlefly
from volcanie dust and lapiill, and
not from the solld lava
West Side Dasalt Newer

In the Benham Falls distriet, or,
more generally, south of Bend,
above which the river and the Cas-
cade range are slightly divergent
northward, the basalt of the op-
posite slopes of the valley, the east
slope and the west slope. | more or
less distinetly contrasted, especially
as regards indications of age. The
basalt of the west slope has, of
course, heen derived from the Cas-
cade range; while that of the east
slope may most reasonably be re-
ferred to the gigantie Newherry
Crater and Its subsidiary vents with-
in a radiua of ten to ffteen miles,
which have, no doubt, been more
recently active than the neighbor-
Ing section of the Cascade range.
At any rate, the west plope bhasalt
is, at all points south of Bend, de-
¢idedly more weathered and older-
looking than that of the cast slope.

Owing to the more weathered
and decomposed aspect of the west
side basalt, its outcrops are fewer
and less bold, And since it Is the
alder flow weé may assume that it
extends eastward somewhat In-
definitely, or without regard to the
wastorn limits of the newer east
side flow. In other words, it ap-
pears probable that the eastern
overlaps the westorn flow (o some
extent. And It s a natoral sug-
gestion that evidence of such over-
lap may be afforded by some of the
boring of the Benham Falis area.
The new boring (1) st Miner's
Cabin or Damsite “A" is of speciul
interest in thils connection, since it
shows, from the surface down, hard,
sound busalt for the first 65 feet

summit |

by brown to red, oxldized and !
woathered basalt (westorn and older |
flow), A wimllar, in fuct an almost

Identical, record | Morded by N -‘,
T b B A e s FOR THE INDIVIDUAL

road, a Httle more than two miles | I
of Minor's l'uhln.'l
the drill, after passing
through over 60 feet of the hard
and comparatively fresh basalt of
the castorn flow penetrated the oxi-
diged and rotten basalt of the weats

south-southeant

Here, aluo, MOST IN

Through n "Libornl and

fng that the old, decayed western
flow of basalt probably extends ot
loast this far to the eastward; umll'
thia Ia far enough to insure itsa une |
|:|nrlylng practically the sntire area
lof  the proposed reservolr, save
[ where " it may bave been removed
by the river in the development of
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!lll channel.  But for this possible
excoption, we might, thon, assume |lts absence. The
for the reservolr a continuous sub-|level, save where oncumboered by
floor of the older and, probably, |gund washed in through eracks In tho
more impervious basalt roof or by rare falls of rock.  The

Whether the flood of basalt from iunnel, however, s not level; bul

fleor Is sensibly

either side eovor submerged the | paw a surprisingly uniform north.
transverse rhyolite ridge, s very | yogiarly grudiont. agreeing. spproxi
doubtful. On the west alde of the |, ey, with the general slops of

river, north of Benham Falls rhyo-|ihe ground above It Toward the
lite Wl s seen (0 be capped with | Luor or northwestern dnd of the
basalt. But the rhyolite of the Ben- | yuunel, the sald derived In  part,
Ihnm Falls ridgo, with its vertical ot loast, from the roof, hecomes
{flow structure, must be regarded os|,ry gnd more abundant, and fnal-
|a truo voleanic neck. The basalt lly reaches the roof and closes the
falls far short of covering It now; |tunnel, without, however, appreci
and since the sharp rldge of rhyo- | h10 contraction of [ta bore.  As the
lite must have lost elevation by .4 galns In dopth It appears 1o
joroslon much more rapldly thlll".m' also, In molsture, the ap-
the broad plain of basalt, we can yoiraneo belng, at the last, that
|nnl,v conclude that the foods of |4y, nearing the waler
' basadt surged around the rh}'ulitn“.h]“ this supposition Is
rellef but did not overtop It

Lava Tunnels
No feature of the basalt s

tusnel In
Either
of the tunnel,
One difleulty in deriving the main
of part or any large part, of the tun
groater scientifie interest or prac 'nel, sand through the roof Is the
tleal importance than the lava tun- true or the damp sand conserves
| nel This exists whers after the With great tenacity the drip waler
main part of a flow has cooled snd | general Ughiness of the tunnel, the
solidified, eracking of the erust al- | floor and lateral walls belng almost
lows the still molten residuum to | absolutely tight, and the roof ditto,
‘escape, and the tunnel, or v..-.mlln far as could be seen by candle
lhpom of some form, naturally ro.iluhl. The sand Is of very uniformn
sults. Whether or not water urll'hlfl"“'f- entirely free from clay
some other constituent of the basalt clearly of veloanle orlgin, and iden-
[tending to promote Its liquidity, |tieal in character with large vol-
determines the loeation or forma-|tmes of sand which the drill has
Jlmn of & tunnel Is an unsolved nhown to underlie the Boenham Falls
.problam: but to the writer it ap-|reservoir area. To account for ita
| pears more probable that the prinel- abundant pressnce in the lower part
pal factors are differontial cooling, |of the tunnel wo need only wssume
gradient and veloelty a loeal collapse of the tunel roof.
The Incandescent Is eooled |'The tunnel is much newer than the
and stiffened by contact with the basalt of the western slope and
ecool earth below and the cool “r’rtmlompurlnnuu with that of the
above, Between the two crusts Oastorn slope, but older than the
thus determined it flows most f.p[.!.:ltnfln which the river has cut In
Iy In the lnes of highest gradient the newer and older basalts, and
imost rapld descent), Where ihe|0lder still than the voleanlo
gradlent Is low and the movement orEanic sediments deposited In this
sluggish, as on upland areas, lhnilllrtﬂ and over the genoral floor
lava first solidifles through the en-|©of the Benham Falls basin and the
tire thickness of the fow; and the |Prospective reservolr
more fAuld, rapidly moving portions Tunnel's Course Houghi

are confined more and more to the We are, naturally, specially con-
valleys or topographic limes of |terned to discover, If possible, the
| "

——

probable course of the lava tunnel

bonsath the reservolr aren and Iis

relation te the burled gorge of the
The
sumption s that, as previously ludi-
cntnd, the tunoel follows the steep-
vsl and doepest line of fow of the
eant wide basult. This would bring
It to and Into the anclent gorge of
the Deschules river at or nbove the
paint where the Deschuten or that
time cul through the rhyolite ridge

That the statie pressure and (he
high lHguldity of the column of Ilava
would maintain the discharge to the
point of exhaustion, aod Anally leave
the tunnel empty, Is most probable;
for the of heat sustained by
the Iava In its passage through the
tunne! would be Inconslderable; and
lava suMelently fuld to enter the
tunnel wonld he likely to complete
the pamage Thia In the conserva-
tive view and certalnly nccords with
the present state of the tunnel,
ospoeinlly with lis regular form and
amooth walle It s 0 perfect con-
dult, of ample bore and well forti-
Ml mgainst heat; but be-
coming, as it slowly cools, an ideal
channel of & sublerranean river
It does not appoar, however, to
have heen occupled, even temporar-
fly, by a stream of water, at least
not in the part now accessible, for
we detected not the slightest Lrace
or Indieation of stream erosion, or
deposition; even the sand with
which the tunnel i» Anally elogged
having more the appearance of have
ing boen deposited by drip water
than by running water

The tunnel! & not only an im-
portant contemporaneous siructural
foature of the great sast slde flow
of basalt; but it is probably through-

Deschutes  river, safost  ane

Yonn

lIIII ll'

out, and not alone where the roof
|has fallen, & comparatively shallow
feature; for this shoeot of basalt han
'nul heen coversd, along the prob-
lable line of the tunnel, by any later
formation, save, perhaps, the fAood-

plain  deposlts (sill, ete.) of the

(Continued on MFage 7.)

| ntoapest descent, The hotlest, most _—
fluld and most rapldly flowing lava
will be that freshest from the crater
or fssure and the subterranean
sources, and when the latter finally
fall, the lava within the tunnel
drains away and leaves the tunnel
empty. p
Lava Tusnnel Tmportant

The normal topographle relatlons
of the lava tunnel are of spocial
practical importance in connection
with this study because of (tn
tendency to follow the axis of the
valloy as It existed at the time of
the eruption and the outpouring of
the lava, and also because there
exisin in the Deschutes valley above
Benham Falls, and there In the pro-
posed reservolr area, a magnificent
example of the lava tupnel,

The entrance to thif tunnel is on
the east side of the valley, about
one and one-halfl miles southeast of
the main road at a point one mile
south of Lava Bufite: and probably
in Bection 36 of Tp. 19 B, R, 11 E
For the discovery of the tunnel and
for access to Its Interlor we are
Indebted to a local fall of the roof,
due, perhaps, to the passage of
earthquake vibrations,

The general course of the tunne)
is northwest-southeast; but it In far
from straight, winding much us
surface stream of water might in
traversing the same territory. It
ia sald to have been (raversed for
u mile southeasterly from the en-
tranee; and in company with As-
plstant Engineer Irving B, Crosby
I traversed It to a point nearly ane
and” a fourth miles northwesterly

(eastern and newer flow) !ono'd'bunule structure Is conspicuous by

characteristic columnar jointing or

BUCKHECHT
SHOES

Bucksmemr Fine
Shoes are priced
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S comfortable as No. 439, expresses our ideal
of foot ease. A brawny blucher in gunmetal
calf, with roomy toe and substantial sole—

hete are fit, style and service combined. Foot troubles
vanish when No. 439 is worn. Not a clumsy shoe—
not a homely shoe. It’s a sixty-year-old shoe if we

from the entrance, . N
Keosion Slight, count the experience that has perfected it and brought
The transverse dimensions of the it uptudnm.
tunnel are falrly uniform-—say 20
to 20 feet wide and 156 to 26 feet
high, disregarding extremes; and Tdfu:l{'mmr&ukrdmm'uhorfh
the roof ranges from 20 to 40 feet """"”““"‘“"’”"*""W""PP“
in thickness. The wulls are sur-
prisingly smooth, exeept for the BUCKINGHAM & HECHT
minor drip forms of lava; and the MANUPACTURERS Since ibe early fifties BAN FRANCISCO




