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A STRUCTURAL ABD PETROGRAPHIC STUDY OF THE GIASS BUTTES,
LAKE COUNTY, OREGOHN

IBTRODUCTION

The morthern poritiom of Lske County snd the =4 joining
sections of Crooks, Deschutes and Harnmey Counties in Oregon
i®s a region charscterized by & grest ﬁxp&ﬁﬁé of desolate
ssgebrush covered platesu sbove which project mumerous smsll
isoclated mountain ranges, pesks snd buttes, snd upon whose
surface may be seen innumersble smsll ephemeral lskes. The
desclateness and desert character of the vegetation Qf the
region have resulted in the spplication of the nsme, Greast
Ssndy Desert, to this distriect on s8ll of the United States

and meny other maps. The name is somewhsat of = misnomer,

however, becgsuse 1t brings to mind s region of shiftipg send
dunes instead of the wide expanse of vegetstion covered ple-
tesu that is charscteristic of this region.

The elevations that rise sbove this platesu fsll into

meny diverse lypes when &n attemptl is made Yo classify them
a8 to origin, s%ra%tnré or petrologic type. Some of thenm
are undoubtedly veolcanie craters of very recent origin.
partielly dissected crasters are mlso common, perhsps the

best example from this district being Hewberry Crater which

rises high sbove the surfsce of the plstesu in southern

Deschutes County. Iron Hountain (1) in western Harney Countiy




(1) Wering, G.A. Geclogy and Waler Resources of the Harney
%a%?n ﬁe%ian, Qregon. U.S.Geol.Barvey, W.S8p.Paper 231, p.
lg 1%9 e

has been described ss sn esrly volcanie cons which remsined
28 & steploe asbove the later lava floods., Other emimences
undoubtedly owe their origin to structursl forces that heve
affected the surface of the platesu and buckled or faulted
it uwp into smsll isolated mountsin ranges.

Of this latter itype are the Gless Buties, & small
mountain rangs in the northeastern corner of lLake County.

The stlempts of the white msn to inhsbit or utilize the
arid region surrounding the Slass Buttes hsve, in genersl,
met with scant success., The Buites were of grest importence
to the Indiasns, however, becsuse at this loeslily ocours s
plentiful supply of essily worked obsidisn which wes much
nsed by the Indisn tribes in meking vsrious imvlements., In-
numerable locslities in this region sre covered with broken

and chipped obsidien, showing the locslities where the Jndisn

people congregsted itc fashion their tools. 3Broken snd defec-
tive implements sre very common in these loecalities, while
implements of perfect workmanship sre nol rare.

The white men first turmed to stock raising. Piles of
blesched bones surrounding the only fiﬂwiﬁg spring in the
district give mute te%%i&aﬁy &8 to the suceess of the venture.

During the pericd of the World Yar the greatly inflsted price
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of wheat csused practicslly sll of the region iumedistely
surrounding the Glsss Builes ito be bomestesded. WYells mank
to & depth of sboutl 200 feel were found t¢ yield s plentiful
supply of watler and ss & result much of the land wass fenced
inte desert alaim% cccupying cone section esch. The scanty
reinfall of the districlt proved insufficient to support a
paying crop of cgeresl excepl in times of excessively high
prices, however, s0 thal the homestesders were foreced to
sbandon their claime one by oune until now, of perhsps Fifty
or eizty thst originally settled in this district, there are

only three left,
Geologliesl Literature Relating to the Glsss Zubttes Region.

The Glasss Buites, in common with much of the wvoleoanic
ares of southern Oregon, hsve remsined slmost unknown, geo-
logically, to the present day. The Glasses Buttes vere visited

by 7. ©. Pussell in his recomneissance in southern Oregom (2).

(2) Russell, I.C. 4 Geologiocal Recomnaisssace in Southern
Oregon. U.S.Geological Survey. Ann. Rept. 4, p. 440 (1882)

Concerning this locality Russell writes;

"The Glsss Buttes were found to be composed of
rhyolite, together with large guentities of obsidian,
or volcsnic glasse. Ho evidence that they were once
voleanic eraters was obssrved: and nmo besssltic over-
flows, or other phemomens, were seen to indicste thet

they had recently been centers of voleanic sction.”




A

Caricuely encugh, in s lsier publication (3), Buesell says:

(3) Russell, I.C. Preliminsry Report on the Geoclogy end
Yater Resources of Centrsl Oregon, 7V.S85.Gecl. Jurvey, Bull. .
252, p. 49 (1908).

"To the west rise the CGlsss Buttes, consisting of
two rounded domes asnd seversl lesser hills, whiech, as
known from 2 previcus visit, sre remnants of sncient
rhyclitic or sndesitic volesnoes, now deeply dissected
by ercelon. They form not oaly s most prominent ob~
Ject in the wvast desert lsndscape, but 2dd s touch
of color to the prevalling grey of the surrounding
sagebrush-covered plain by the tawny yellow of the rip-
ened buneh grass and the dark shsdes of the trees that
grow on the northern sides of their prominent ridges.”

‘It seems likely thet in this later psper Russell confused

the Glass Buties with one of the numercus volcanie con

which he had sindied in this ddistriet,
the topography or siructure of the Glsss Buttes to suggest
thal they are the remains of s dissected wvolesno; & fact
which he had recognized in his earlier pesper. The refereace
to trees also geems outl of place in & deseription of the
Gless Buittes. In this locality trees sre numerous oanly st

the northwestern end of the range and in 2 small ares on

its southern slope, but they sre well developed on the slopes
of some of the oraters im south-cemtral Oregon.

Pirasson {(4) noted the oceurrence of obsidian 2t this

{4) Pirsson, L.V, Hooks snd Uinersls.
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localily is his text (published im 1915). The writer has
feiled to find sny other citations to this district in the
literature.

THE STRUCTURE OF THE GLASS BUTTES RANGE
Relation to 3roader Structural Pestures im Zouth-central Oregon

Horthern Lake County occuplies s sirategic position for
an investigation of the mounisin msking movements thst have
affected Lesiern Oregon, paris of it heving been affected by
each of the movements that give the stste its present strue-
tursl and physiographic form.

Zastern Qregon ie divided into four mein structural snd |
physiographie provinces. On the west the Cascsde Jountsins

rise to s general elevation of from 5,000 %o 6,000 feet shove

the ses with many voleanic cones resching elevations of over

o

10,000 feet. Although towering high sbove the low-lying
#illemette Valley tc the west the Cascades are not impressive
when viewed from the esstern slde, due to the faset that the |
greater psrt of eastern Oregon has s genersl elevation of
from 4£,000 to 5,000 feet sbove the ses. They thus form san
asymmetricsel mountsin msss bordered on the west by the low
#illamette Valley end on the east by = high platesu.

The folded structure ¢f the Oregon Casscsdes is essily
apparent in the gresat cross section eut in them by the solum-
bis, in whose gorge the middle liocene lsvas msy be seen

thrown inteo steeply dipping folds. Elsewhere the structure




&
is not so obwious for the folds iz the interior of the state
have been covered with & greatl deluge of recent lavas large-
1y emitted from the numerocus volcanic cones which dominste
the creet line of the range, Transverse folds similar to
thoee of the Cascades in Yeshington, are well developed in
the northern portion of the Cascade province of Eastern (re-
gon, where they have The same northwesi-southesst trend chsr-
scteristic of the trsmesverse ranges in "sshington. Parther
gouth these transverse systems heve not heen observed, but
they may lie buried benesth the very rescent volcsnies south
of 3end. The wida%gya&é werping of scuth-central Oregon, as
exemplified in the brosd siructursl depression in which Mel-

beur end Harney lLekes lie, hss been sttributed by Ysriz

{6) Wering, G.A. Ceclogy =nd 7ater Resources of the Harney
Besin Region, COregom. U.3.CGecl. Survey, 7. Sp. Paper 221,

to esrth movements ﬁ§gfatiag at the time of the wuplift of the

Cascades. If this warping does owe its origin to structursl

forces opersting during the folding of the Oregon Cascades
these forces were certalnly of different nsture them those
forming the northern Cascsdss. In ¥ashington the transverse
effshoots of the Usscsde mess extend only for short distsaces

aoress the Toly

1mbis River snd sre charscteristicslly sharp
anticlinsl folds trending northwest-southesst. In south-
gentral Oregon the deformation is exemplified by widespresd
shallow %ﬁf;iﬁg which exteunds esstwsard inte Idshe snd sauth-

ward into Hevads. The warped &ress ere so shallow and irregu-
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lar that their sxiel treand is seldom well defined or constant
in dirsetion fs? sny grest distance, the downwarped sress ep~-
pearing as shallow spoonlike depressions which sre sepsrated
by irreguler dome~like enticlines. The writer sees no more

obvious resson for counnecting this werping with the uplift of

the Csscades then for connesting it with the lste Tertiary
crogeny in the Blue lountsins to the ﬁ@rthi in the Rockies

to the east, ¢r in the Sreal Tasin ares of Jevads %ﬁﬁ Ttsh

to the south. Zach of these disiricts was the center of pro-
nounced late Tertiary mounisin-asking movements, and it seens
moyre probable that the warping of southern Oregon is ths re-
sult of sll of the forees operseting in the nearby sress, and
is pnot to be tracel to & single cause. The irresular sxisl
trend of the wsrped siructures lends added weight to this
hypothesis.

The Blue liountsins of Oregon are s complex mouatain sys-—
tem, the structurel snd historicel relstions of which are st
pregent mot fully understood. Appesring first ss the high
7allowss and Sirawberry Jounisins in the northesstern part
of the stste, they trend scross the interior pletesu to their
- junetion with the Cascades in the wviciniily of the town of
Prineville. The %allowa lountalans of esstern Oregomn sre gon-
Yinuous scross the Snske River Canyon with the Seven Devils
which, in torn, merge inte the Rocky Mountsln system of
idsho. They are similsar to this eastern extension sz well
in that they bring to light esrly lesozoic sediments and

vole

snics which are cut by lsle Jurasssic batheliths. That
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theyvere uplifted to their present position since middle i
osene itime is testified by the faet that the bassal flows of

the Columbis River lavas cap the highest pesks of the system(é).

{6) Personal Citetion. Prof. G. B. Goodspeed.

In the light of this evidence it seeums doubtful that the lsrg-
er part of the Blue lountain mess of northesstern Oregon re-~
meined as steptoes or peninsula sbove the basaliie floods. To
the west of the Wallowes the Blue Mountain uplift lies at a
slightly lower elevation and exposes in ite core rocks of late
lesogolc and early ?értia%g sge instead of the clder metsmor-
phics which crop out to the esst. The sbsence of the (retsce-
ous and Eocenme deposits in the essiterm pert of the range tes-
tifies to the fact thet this portion existed as & land msss st
the time these sediments were being deposited a2nd has had &
much different §rew%agt;§ﬁy history thesn the western portion
vathe mountain mass that it now formes 2 pert of. The struciur-
el relations of the eastern and western part of the Zlue loun~
tain mass also sppesr to be differemt. The steepness and ab~
rupt charscter of the mountain sc¢arps, together with the wide
intermontane vslleys of the eastern part of the district sug-

m o the erosion

goeast that the mounteins owe their present for
of great fault bloecks. To the west the upturned Columbis Lavas
and sssocisted ¥asesll snd John Day beds suggeet that the feld-

ing has been the dominant sgent in the uprising of the mass,

¥uch more evidence must be collected before the variocus geolo~
gicel relations of these mountains will be completely known.lhe

Junction of this uplift with the Cascades is obscured by &



ﬂ@?ﬁfﬁﬁg‘%f recent lavas.

The Columbis River Plastesu cccupies that portion of
eastern (regon which lies morth of the Blue Mountains uplift.
Ite flows of basaltic lasva slope northward from the summits

of this mas:

pense of the plsteam in esstern washington.

The fourth, and from the standpoint of the Glasse Buttes,
the most important physiographie provineé inm Zastern Oregon
is the northern conmtimustion of the Great Basin Region. This
province, which includes the grester par%aréf the states of
lievada and Uteh with various portions of the sdjoining states,
extends northward imto Oregon, its northern margin %éiﬁg-ﬁ@~
termined by the southern limb of the Blue Mountains uplift.
fhis provinee, therefore, embraces the whole of HMaelheur, Har-
ney sund Lake &8s well as part of the sdjoining counties in
Oregon and thas occupies considerably more sres @h%ﬁ any
oiher physiogrsphic provinee in the essterm part of the state.
The siructure of this pert of Oregon is identicsal with that of
the Greal Bassin tc the south. Grest orogrsphic blocks have
been broken and tilted at variocus angles inte well defined,
ssymmetrieal mountsin ranges. Southern Oregon has perhaps
the finest examples of fault-block mountains of sny region in
the world. %%ﬁgé mountsins, composed entirely of the gr%at
thickness of lasvas thal cover sll of this portiom of Oregon,
have remained practicslly ummodified since their uplift, so
that their graéent topograephic sspect is éa%-&lma%t entirely

to struciural movemenis. The graben struciure is chsrscteris-
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tis of southern Uregon. Alverd, fusne and Usruer valleys
are all well defined grabens, which face steep fault scerps
on either sids. Gusanc and Yarner vo iiegﬁ are fairly syo~
metrical, the faulted welley walls on either side rising to
about equel heights, tmt in the ilverd graben the essiern
woll of the walley rises ¢only s few hundred feet while its

western limit is deflined by the tremendous fault scsrp of

wntain, which rises over 5,600 feel sbove the wvalley
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floor, reaching an elevabtion of over 11,00

gen. These graben vallsys, during the later part of the
Tlelstocene and throughoul the ﬁ&fﬁfd&f“ were ooeupied by
great lakes which, 2t lesasl in some cases, were counecled

e

with the wvast %&ﬁ@@rﬁ%xy L#

Lahontan in jZeveds, S5ilts and

%)

pands geposited in the lskes have resched thicknesses of over
5,000 feet in pleces and deposition has proceeded ito such an
extent that it practicslly everywhere mesks the bedrock strue~
tore of the graben flcors and leszves each velley &2 = fist ex-
panse of lake sedimenls from ﬁﬁ% mejor feult sesrp to the next.

Guaternery snd in recent times most of

cut of existence, so thal al the pres-
ent time the graben velleys are & desclasis expsnsse of perfect-
1y level undissected, vegetaiionless,silty clsy, sbove which,
elong the sides of the valley, veriocus beszch lines testiiy

to the former depth =znd fluetustions of the lskes. Isny ef
the lskes have dried up within historie iiﬁﬁ%“ The Warnper

&‘@faﬁhii w lakes
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Yalley was occuplied by an exieasive gj

a5 late ss twenty~-five peasre ago. These have undergone
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gredunal desle ion watil at the present tise the only perms-
nent body of water is & small lske at the scuthern end while
the wvery lerge depressions in %h@‘* pper part of the wvalley

have not held stending water for over tesn years. inoihs

#

good exampls of the desisestion of the lskes of this srid re-
gien is seen in Leke 2bert. This leke lies in the depression
facing fbert Rim, 2 scarp that hes been descerited ss the best
example ¢of = fault block in the Taited states. It onece cover-
€l o« very wide =zrea bul hos been rspidly dyying uwp in the

peet few yesrs 80 thel it is grestly reduced in sisze at the

prezent (ime and 1s bordered everywhere by & broed sxpsuse of
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iung is meeh ip evidence still, but the scerps rarely heve =2
threw 0f over = fey hundred feet and there are npone of the

st fsult escerpments cheracteristic of the southern part

The widespresd warping of this portion of the state has

of the Cssesdes. In
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2lines, but it ie possible thel this structure is the re~-
gult of movement of the blocks at the time of famlting snd

that true asnticlines without dropped sxes never 4id exist in




iz
the sres now occupled by the graben valleys. antielimes of
even moderate size which d4id not heve feulted and downdropped

grches have never been observed by the wriler anywhere in

this district.

£ Buttes

Strueture of the Clas

The GClasss Juttes range occupies = part of the sxirenme

northerly border of the famlt-bleck district of Oregom. Its

exact position mey be obisined by reference to t%@‘aﬁal%$e§ 
map of southesstern Oregon (Plste I). Rieing sbrupily ont of

the desert platesu im the vieinity of the postoffice of B

ning. The greatest width of the vaenge is sbout 22 miles from

the weztern end where & smsll transverse ridge causes @?@ﬁxi&*
mum extension of about 8 miles. Im genmersl it is sbout & |
miles irom one side %o snother. [The range rTises sbout 1900
fest sbove the surrounding platesu which, at this loesliiy,
hes 2 genersl slevation of belween 4,000 snd 5,000 feet. B
From the summit of the Glsss Buttes é@?%@?ﬁ?hﬁ%‘féﬁ%@,éf
sonstructionsl origin are present on every side. Iz %hgf%ﬁgﬁ
elimate of thie dletrict drsinage has not ss yet %%agy@aﬁi;éx
nitely established snd the average slevation that fi%@%f%%@%é;

the platesu has remsined practically unmofified by erosion.
I ? o oy Bl e

Hundreds of smell lskes and slkaline flsts that lie in purely
strustural depreesions may be seen from the summit of the

range, testifying to the immeturity of the drsinsge in thils
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distriet. Small fsull scarps are everywhere in evidence upon
the surface of the plsteau. These wander across its surfsce
in an exceedingly irregulsr manner, brenching snd coslescing
to form & most intricete pattern. These sScsrpe sre cspable
of no other interpretation than through feultimg. o erpsion-
al agency could spprosch the forms that they sssume and they
eannot be interpreted as the edges of lava flows on account
of the fact that they commonly truncate and expose more than
one flow smd also show by their irreguler branching psitern
that they cemnot represent (the ends of flows. The fault
scarps on the plstesn sre commenly of low elevation, seldom
exhibiting & throw of over 200 feet with the mejority of them
less than 100 feet in height. The breanching, irregular trend
of the scarps makes the fitting of the fsult lines intc any
regional structural itrend somewhal o0f = provlem, butl il seems
probasble that they fit inte two rether definite intersecting
struetursl lines, ope trending northwest-southesst, the other
almost north and south. The northwest-scutheast trenmd is the
doninant one 88 is slsc the case in the Glass Butltes range.

0ff to the northwest at a2 distance estimasted between 15
end 20 miles & complex mountain mass spperently of much the
ssme size and type &s the Glass Buties, risss in & course
roughly parail&liﬁg them. Far off to the northesst the view
is broken by snother similar mess. [any snsll eminences,
having the asppesrance of small basaliic clinder cones, can be
geen from the summit of the Butiles.

The Glass Buites Rsnge consists entirely of volscanic
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rogks represcanting three gﬁrieﬁskaf extrusion. The first
flows were of olivine and sugite basslis. These early flows
were covered by a conformeble lave series in which such petro-
graphle types as sugite andesite, guerts andesite, hypersthene

dacite, sugite decite, hypersthene-sugite dscite, perlite, ob-

sidian end vitrophyre have been found. This series is in
turn covered, on the platesu edjoinming the range, by very re-
gent flowse of clivine snd esugite basealt. |

¥hen viewed from the crestlinme of the Glsss Buties Rsnge,
the lsve flowe caz be seen to tilt ewey 2t rather steep sngles
on either side until they flatten out =nd join the horiszmontal
?léta&u below. The dominsnt etructure of the range is known |
from these relstions to be an anticline, sné the renge is sim-
ilar in this respecl to the sntielinel mountsins that form the

ésstern spurs of the Cascaldes in Yeshingten (7) and Orezon.

{7) Eepecislly excellent examples of these snticlinal moun-
taine mey be eceen in the Bllensburg Pollo, vashington, of the
Geologic Atles of the United states.

Hinor topogrephic irregulerities of the Range are due meinly,
net to the erecsion of this esnticline, but to & complicated
gystem of normal feulis which irsverse the structure. The

top of the snticlinsl arch has been downdropped into & graben
which fermes 2 gresal longitudinel walley in the very hesrt of
the range. This central valley extends throughout the entire
eastern three~fourths of the uplift. smell transverse grabens
intergect this larper one snd there is a profusion of small

pormal fesults snd frectures on the sides of the snticline.
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Humercus smell faults slso ococur en the floeor of the platesu
ad jecent Lo the range and their unerocded scarps can be seen
winding cross its otherwise festureless surfece. PFisld evi-
dence indicates that the faults are purely tensional snd not
gompressional. The ém@i@liﬁ&l gides of thé main grsben valley
sre cul by normsl faulte which define these %i§3% 88 ﬁ%r@t@;

& condition tﬁ&% i% considered highly improbeble in & compres-
sional @raﬁeng. ‘

The mui%ipgiaity éf very small normel faults snd frac-
tures is perhsps the most interesting phenomens in ﬁke‘%%raan
ture of the glﬁﬁﬁ'ﬁé%%aﬁ. These %m%ll famlts %ré~&x§r@m&1§
numerous. Thelr throw rerely exceeds fifty feet and there
sre meny exsmples of slips of ten feet or ‘less. Bmall minor
faults seem to be characteristic of the very recently fault-

ed blocks of southern Oregon. D. ¥. Johnson (8) guotes Dr.

(8) Johmson, D.%. Bleck Peulting in the Klamath Lakes Begilon,
Oregon. Jour.Beol., Vol.&6, p. 206, 1916,

8. Ze Gilbert ss stating thet, in the Llsmath MHountsine, re-
conatruction of the <r@f 1ting surface whould be a @ifficult
task, becasuse the great fsult blocks huve been "iotricstely
gliced and dislocated om a8 smsll scale; and one of the mar-
vellous festures of the region is the =zssociation of asjor
feulting with elaborate contemporenecus minor feulting.”

¥ajor faults alse ogcur si the Glsss Buttes. The larg-
eet throw messured on any one fsult exceeds 1,000 feet.

There are, however, in this portion of eentral Oregon ncue
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of the vast fault escarpmentis sueh &5 those defining the
eastern slope of Steens liountsin or the westward facing wall
ef Abert Rim.

L conception of the intricate fault patterm at the Glass
Buttes mey best be obtained from s study of the enclosed sketeh
map and structure sectioms (Plstes 11 =and 1II). The writer
wishes it distinetly understood thet this map is not preseni-
ed to depict the sccurste location of the feult lines in the
Gless Buttes district but only to show the cheracter of the
fault patlern. There is no mep which could be used se a base
mep in the stndy of the Gless Zuttes. In veriowvs meps of
Cregon the Gless 3uttes are placed in different positions and
are given different axisl trends. The &pp%nﬂeﬁ mep was made
by traversing the regiom in detail with 2 Brunten snd imerocid.
Distances were plotted only by pscing end may be in error as
much &8 one mile in ten. The msp does give 2u sceursls rep~
regentation of the charascter of the fault pattern of the die-
triet, however, 2nd is of value on this sccount.

As wes noted earlier in this psper mountain rsnges with
& faulted enticlinal structure similar to that of the Glass
Buttes ars ecommon throughout southern Oregon. ISteens lountsin,
the “arner Ranges, and Winter Rim furnish examples. They are
gseen to be ithe northern extension of the fault-bloeck ranges
of Nevada. The exceedingly unercded characier afiﬁhe feult
sesrps im Oregon in contrast To the somewhat dissected ones
of Hevads suggests that the faulting in southers Oregon,

while following the same structursl lines as that tc the south,
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was of lsler dste. In the Glese .Buttes regien nminor faulting
affects a series of lava flows 8o recent that vegetstiocn sp~
pears to have only lately gained & foothold upon them, The
g0il cover of these flowe is nowhere over a few inches thick
and ig lsrgely of & transported wvariety. Pauliing of post

2

Lahontan date is deseribed by Ruesell (9) as ceccurring in the

{9) Russell, I1.C. The CGeoclogical History of iske ILahontan,
& yuslernsry Lake of Horthwesiern llevsda. U.3.Geol.8urvey,
ionograph 11, pp. 1863-166 (1885).

Wiasck hook Deseri of norithwesbern llewvais, From theze con-

@

:able Lhal 8 cousiderable por-

g

slderatiocons 1t wonld & gaie

}.ax

on b

tion of the faulting of southern Oregon does not daste baek

of the Pleistocens.

PETROLOGT OF THE GLAoS BUTTES

The Younger 2Zasslis

Three series of lasva flows of different pericds of ex-
trusion geenr at the Glass Buttes. The youuvger of these is
& series of bessltic laves so recent in sge thail the flows
etill preserve thelr original surface fesiures although they
heve been covered with & few inches of transporied soil.
This series of lava flows sppesrs to have been erupted con-

temporanecusly with the faulting inm ihs

Gisss Buttes districi,
‘for not only dc these lasve flows lap vp egesiust the main
fanlt blocks of the Glmss Bulles Zange, but they are in

turn eat by other fsulte of slight displscement. This series
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of fiows hes remsined unmodlified by erosion since iis extru-
sion.

Bvidences of recent wvulceni

sm ere widespread throughout

southern Oregon and central Idsho {10). Msmy of the rscent

{10) Russell, I.C. Hotes on the Geology of Sonthwestern
Idsho and Southesstern Oregon. U.S.0ecl.Survey, Pull.2l?,
Pp.36~58 (1903}, and

Waring, G.A. Geology end Yater Hesources of the Harney Bsasin
Regiom, (Oregon. U.S.Gecl.Survey, ¥.Sp.Psper, 231, pp.22-23.

%aaaltig eruptions have been described by I. C. Hussell and
by other suthors, and in fact, these recent voleesnic pro-
duets have received more attentiom then the much thicker snd
more widespresd lavas of esrlier sge thet ceccur in ceatrsal
Qregon. Fsmous logelities of very recent bassaltic lavas are
the Craters of the loon District in Idsho and the Jordsn
Graters in southeastern Oregon. These eruptions were appar-
ently of a very viscous iype, characterized by ropy surfaces

{11). Unfortunately little hss been published of strictly

{11) Yashington, H.5. Petroleogy of the Hawsiian Islsnds; IV,

The Pormation of 44 apd Pshoehol., Am.Jour.8ei., Vol.&, ppo.

409-423 (1923).

petrographic nature concerning these basalts, the principal
sim of previous workers having been to place on record de~
scriptions of the surfaece features of the leva fiows snd of
the bombs and ejectments from the 3?&%%?% irg&a@&@ﬁiv& of

the composition of the magme involved.

Cinder Cones: In the sree of the Clsss Buttes recent

lavas occupy @ portion of the plateau directly to the north
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of the central porticn of the rsnge. They are probably rep-

resented at other nearby localities on thie platesn sz well.

Prom the summit of the Glsse Buttes several smsll cinder cones
gan be seen, sll but one of which sppesr to be at least twenty
miles from the renge. This nesver cone, situated s few miles
north of the central portliom of the range, rises from 200 to

250 feet ebove the level of the platesu snd hes & clircusfer-

%

ence of n little leas thon 3 guarter of = nlle &t the crater

lip. It is composed of smell lapilli, bembs of various sise
and shape, snd lsrge blocks of solldified lave thsatl have sp-

parently been broken loose from below snd ejected Irem

crater. The soulhwestern side of ihe cinder counme iz lscking.

ﬁ:\x

aow

iﬁ

this portion wae Lresched snd ocasrried away by an

ey

vaer, i

excessive flow of lave, showers of ejectunents hove since cov-

ered the leve Tilling which originally occoupied ithe bresch.
On the westsrn slde of the cone & smell wall-like uess

extends with 2 gentle slope from the lipy of the erater 1o

the platesu below. It has the sppesrsnce of & thia, unercded

examinetion reveals 1t to be composed entirely of

o]
Yade
i
P
.
Lr
£
g

lepilll and "driblet lasve™ From which it secems probable that
this ridge represents g2 fissure exteniing outl {rom the cone

wr g

sleng which numercus "8riblet gomes” or (12) "ovenms™ {15)

{12) Dsna, J.T?. Charsclteristies of Velcanoes.

il*} Huseell, T.C. 1@%@% on the Geology of Soutawestern
Tdsho snd wﬁﬁihgaghﬁﬁﬁ Oregox V.8.0e0l.5urvey, Bell.217,
pe 52 (1903,

were developed which have singe been broken and Iragmepted.

Recent Leva Flows:; It 18 probable ithet the msjoriiy of
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the basaltic flows thal cover wide sress of the platesu in
the vicinity of the Glass Buttes belong to the same period
of eruption as the cinder cone, but they cennot be separsied

peirographically from sn older series of basslts, and cen

only be determined strstigraphieslly when an intervening
series of scidic lavss sare present.

Two flowe can be definitely correlsted with this period
of vulcanism. They were erupted upon & soil layer contain~
ing particles of obsidian, pumice and dacite thus furnishing
definite evidence that they are younger then the agidie flows
which lie upon the older series of basslite. The (inder Cone
rests upon these two flows which shows that they resched the
surface slightly before its formation. The flowe sppereantly
originate somewhere nesr the base of the Cinder Cone or im-
medistely to the west of it. The older one occcupies 2 con-
giderable area beiween the Cinder Cone =nd the msin Glass
Buttes range. It aversges sbout ten feet thick, snd is char-
acterized by ropy surfaces snd very little scorisceous or
vesicular materisl. Nicroscoplesl exsminations show the
rock to be entirely holoorystsllime. It is composed of lsb-
radorite, augite, snd olivine with minor smounts of magne-
tite. The feldspers are wholly or psrtly included within

large individuals of augite forming a typical ophitic texture.

Olivine is sbundant in large rounded érystels. The rock is
very fresh. The ouly alteration product consists of & thin
rim of brownish-red substsnce ocourring on the border of

olivine which has the color but lscks the cleavage of
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iddingeite. Very smsll olivine crystals are entirely replsc-
ed by it. The other minersls sre perfectly fresh. The crys-
ta2llinity of this flow is remsrkeble. Although only ten
feet thick the flow is hologrystalline slmost %o its borders.

A flow of porphyritic augite basslt ococurs directly

sbove the esrlier flow. The two are sepsrsted inm a few

places by a slightly beked s=o0il layer of pumisceous sand of
trensported origin. The surfasce of the flow is of ths pshoe-
hoe type. Pressure oracks from ten to fifty feet long asre
much in evidence upon its surface. The flow differs consid-
erably from the eariiar one in mineral composition and crys-.
tﬁlliﬁity.ﬁtlﬁ,is‘ae@ofyhgri%ia rock eantaining'ﬂ@ail pheno-~
erysts of less caleic labradorite tham the older flow. These
phenoeryste are thickly studded with inclusions of black
gless and of aciemler to halr-like crystals of s brownish-
yellow mineral with very high refrgativ&’inaax. The grounpd-
mass nas sn intersertal texture and consists meinly of smsll
mierolites of sodic labredorite, grsins of sugite, patches of

magnetite snd sn interstitisl mesostasis of brownish-black

glass, Flow siructure is pronounced, especially in that por-

tion of the groundmass lmm

ediately surrounding the phenocrysis.
He slteration products were observed,

Change in Composition of the Plows: The difference in

composition shown by the snalysis of these twe flows points
to repid changes in composition of the original mesms from
which the flows were fed in & very short spsce of time. 4l-

though they are in part sepersted by s sell layer, this scil
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iz of s trapsported veriely and the originsl surfsces of the
flows show scsrcely sny slieration from westhering. Iz the
clder flow counts made of the proporiioms of different miner-
ale hy‘eﬂm@gring eress occuplied in the thin section show the
réak to contain sbout 657 olivine and sugite. In the younger
rock the smount of sugite present is only sbout 30% snd oli-
vine is entirely absent. Although comsiderable amounis of
glass sre present it is improbable that the difference in the
guantity of the msefics shown in the crystallime porticas of |
the roek is compenssted for in the composition of the glﬁ@%;

In & recent article (14) 7illism 0. George has aitempted

{14) George, Williem 0. The Relstion of the rhysicel Proper-
ties of Hstursl Glssses to their Chemiesl Composition. Jour.
Geol., Vol.32, pp.3B3-373 {1924).

& correlation of the chemicel composition of natursl glssses
with their physical properties. GSeveral methods of attsek
were followed and & very interesting series of resulies wes
obtained. It was found that & number of physical properties
of nstural glaaﬁ vary in & regulsr order with the percentage
of silies which the gless contains. One of the most relisble
of these properties is the varistion im index of refrascticn
with silica content. The more basic glessses heve the higher
index, the index decresesing in & fairly ?eg&l&r manner from
1.58 to 1.60 for s glsss with sbout 50% silica to about 1.49
in glssses of scidie composition. 4 careful ﬂ&%&rﬁinatiga
of the gless in the base of the younger flow wes made and

gave the surprising result of 1.489%  .0056. This would
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&

ecorrespond to a very scidle gless., It seems hardly possible
that the glass in the bage of this rock can contain over 70%
silica as its ipdex would indieate. It is probsble that the
exgessively low index is due to some other factor. Om the
other hand this low index is of interest inm that it helps to
prove the far greater aecidity of the younger flow over iis
preﬁea@gﬁar,

The 1sbradorite in the younger flow is slse of = less
eeleic variety then thet in the older. Changes in viscosity
gttend the change in composition,~slthough the older flow is
of the same thigckness as the younger it must hove been merk-~
edly more fluid. It ie holoerystalline and of ophitic tex-
ture while the younger flow hes an interserisl groundmsss
characterised by large amounts of glsss and merked fluxionsl
structure. The marked orystellinity of the lower flow cannot
be expleined by sssuming that these flows were neacrly contem~

& tnermel bleauket

poransous, sad tast the upper flow scied se
for the lower, becamse a thim soll leyer is seen to separate

them.
The Glspe Puntites Jeriss

The name Glass Buttes Zeries is used in this paper to
@esignate a elosely relatsd series of volcania rocks of
sgldic composition that focry the main portiom of the Glass
Buties Range. This series is repeated by femlting st sever-
&2l places within the range which gives @& false ideso of iis

thickness. 3Seven lava flows belonging to this series, each
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of which sre at lesst 50 feet thick, occur on oume faull secarp,
while two other flows sre exposed on the downthrown block of
the same scarp. This brings the total known thickness of
this series up to over 400 feet. It is improbable taat the
geries is much thicker, for the oclder basaltic flows upen
which the acidic types were poured ont sre exposed ¢on seversl
of the feault scarps benesth the younger acidic lsvas.

In the field the mos! giriking feature of the lavas of

the Glass Duttes zeries is ithe proncunced laminaetiom which

practieslly all of the larger flows exhibit. OS¢ pronounced

is this festure that when viewed from & slight distaunce these

U*

rocks lock like a2 vast serics of sedisenis with wvery well de-

veloped bedding. The Landing is remsrkebly perslliel in the

&

lower znd middle portiocms of the flow but towsrd the top it

generally becomes very much contorted and is finslly lost in

the thick pumicecus and breken cbsldisn ceps which cover

most ¢of the flows., The surfaces of the lave flows of the
Glage Butles Derles must have been entirely covered with
locse bloeks of obsidisn anéd pumice 8t the time of the erup-
tion. A similsr type of erupiionm hss heen described by Wash-

ington from Pougne Zamenl on the islend of Benterini (18).

{18) Weshington, H.8. Ssantorini Erupticn Qf 1925, Gepl.Scc.
im., Bull. 37, pp ﬁ@ﬁ”gg% {1526). The sestion from pege 359

te 262 is of especisl value,

Peirogrephy: The well baaded portioms of the laves of
- "

the glesss Zutles are generally iight brownisb-red in eoloy

zad show perfectily slliguned phencerysis of @@léﬁgﬁr apé bends
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ef flettened vesicules partislly filled with rounded sggre-
gates of colorless hyelife. In thin section the feldspears
preve to be andesine which cfien szhows = rezged oscillstory
goning. The eddition of more veleic zones to & sodic nucleus
met have been p?%a@é&ﬁ by scme recorption because in ssch cese
the calcic zonmes were depomited on an irregulsr nucleus,

while where more sodic materisl wes sdded %to = more caleic

nuclens the border betlween the two ls well defined. Lugite
84 hypersthene cccur in £ll of the beoded isvas studied snd

re chersclterized in sll gases by marked reacticn rims com-

gisting of finely divided reddish-brown msterial with much
ineluded magnetite. 1In severszl of the rocks

reprezented @uig' p%ea&@mﬁ%;hs of magnetite

disgh msterial. Quarliz phencerysis cscur

rocks8. They zppear io have Dbeen wery usstable and where presg-
ent are very hadly rbed snd cerroded. The resorptiocn hus
taken plaee irregulsrly sc thel the phene tic remasols ure

often of peculisar shepes with finger-like extensions sad nar-

row embayments along thelr sides. Ho synsntetic minersls are

present surroanding theme resorbed phenserysts, the glassy

-

base of the rock pemelrating into the innermost recesses of
the resorplion eavities.

& w

rocks thet were studied andesine szppen

”‘“’7‘

In thres of the

{L}

ed to be unstsble, as well 28 guertz, hypersthene snd sugite,
and showed corroded oullines and marked veunclicm rims con-

o

gisting of s Tize mat of selorless cryyplocry

telliine grsilas

sud scaley malerisl showing low polariszation colors. The
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ususl explenstion for the resorptionm of sn siready formed

minersl by the magms from which it crystellized is thal pro-

gressive change in the composition of the msgma has procesded

tp such 2n extent that ithe esrlier aryﬁ%alli%ea'%iﬁaral is

no longer stable in the liguid which surrounds it, OSuch sn
’&xylaaati@n leaves something to be desired, however, im the
case of 2 rock in which such diverse minersls £& hypersthene,
sugite, sndesine end gusrts sre sll unsisble st the same
tima‘ That the equilibria conditions under which intratel-
lurie phencerysts form would be greatly altered by extrusion
and conseguent loss of the volatils constituents of the magme
and relief of pressure is well known, and it hes been pointed
out that & logical result of these eguilibris changes is the

resorption of phemoerysts formed at depth (16). It has been

(158) Holmes, Arthur. Petrographic lletheds and Caleulstions,
pe 340. Londom (1921).

especislly noted that in certsin lavaes olivine phencerysis
brought from below tend to be guickly resorbed {(17). "A con-

(17) Ponner, C.H. The Zatmei lagmstle Province, Jour.Geol.,
Vol.%4, p.699 (1926).

dition ﬁﬁ&ﬁ%é%r? for its existence seeme to have bsen lost
upocn extrusion,”

The resorption of minersls by the masgme from which they
erystallizsd hes long been 8 problem of great interest to
petrologists. From the sarliest days of the use of the

mieroscope in the study of rocks the resctiocn rims or coronas
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of enstatite and hypersthene srcound olivine were noticed and
were correctly attributed to the reaction of ithe minersl with
the msgme to form these new products, Within the last few
years, however, our knowledge of these rescitions snd the
chenges producing them has grown by leaps snd bounds. It is
5180 being clearly reslized that the resorption ef phenccorysts
by the parent msgme is s process identicsl with the sssimils-

tion of well rock by the mezme

{18) 0f the voluminous litersture on this subjeet the follow-

ing publications are worihy of especlisl note:

(a} Penner, C.H., The Katmsil lagmetic Provinee, Jour. Geol.
Supplement, Vol.34, pp.675-772 (1926). ‘

{b) Harker, A. The Tertiary Igneous Rocks of Skye. Memoirs
of the GCeol. Burvey of the United Zingdom (1904).

{c) Adams, F.D., 8nd Barlow, L.E. Geology of the Hsliburton
and Bancroft Aress, Dept. of liines lemolir, Ho.6, p.87 on
(1910},

- {d) Berkey, C«P., and Rice, iarion. Geoclogy of the West Point

ansdrangle, lew York. H.Y.State Juseum Bull.225 snd 226
{1921).

{e) Resd, H.H. Geoclogicel lsgazine, Vol.6l, pp.443-444 (1924,

{£f) Foye, W.G. Hephelite Syenites of Haliburiton County, On-
terio. im, Jouwr. Sci., Vol.40 (1915)

{g) Znight, C.%. Geology of the Sudbury ives, Report of ihe
Royal Ontario lickel Commission (1317).

(h) Harker, A. Differentistion im Intercrustal lsgme Bssins.
Jour. Geol., Vol.24 (1%16). ‘

{k) Daly, R.A. The Zecondery Origin of Certain Granites.
Am.Jour.iei., Vol.20 (1905).

{1} Bederholm. On Vigmstites snd issoclasted Pre~Cembrisn
Rocks of Southwestern Pinland., Commission Gecl. de
Pinlsnde, Bull.B58 (1923).

{m) Penner, C.H. Application of the Lsw of Mass Action to
Phencmens of Resorpiion in Igneous Roegks. (sbst.) H.7.
hesd. Sei., An 19, pp.325-826 (1%10).

{n) Bowen, H.L. Jour.Geocl.Supplement, Vol.23, pp.1~-B89 (1915).

Am. JOUT.001. o ’?glpﬁgg ??o}.?ﬁ‘”lgl {191§}ﬁ
Am. Jour. Sei., Vol.40, pp.l6l-185 (1915).
Jour. Geol., Val. 27, pp.395-430 (1919).
Proc.Hat.icad, ﬁ‘ﬁi_l* Yols %;Fpalﬁ%*iﬁﬁ {1920).
Jour, Geol., Vol.30, pp.177-198, B13-5%0
(1922).

The widespresd assimilation of wall rock by an intrudiag
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batholith has been accepied by the French geologists {19)

{19) See especially the work of Lscroix om the Pyrenees.

from very early times but has been much slower of
adoption in imerica. The hest supply for essimilstion hss

&lways been the stumbling block for the acceptance of the

theory by Americen geologists. On the other hamd &

Barlow (20) in Csnsds and Penner (21) im ismerica hsve advsn

(20) Adems, P.D., and Barlow, A.E, Geology of the Hsliburten
and Bancroft Aress. Depertment of liines Uemoir lo.6 (1910).

{2l) Penner, C.H. The uUode of Pormation of Certsin Cneisses
in the Highlends of Hew Jersey. Jour. Geol., Vol.22, »p.59%4-
812 (1914]).

exceptionelly conclusive evidence of the wholsssle sssiztila~-
tion of limestone snd the production of 2 syntletic magms by
this process. In both of these ceses the limestone was not
setuszlly the materisl engulfed and incorporasted inte the

me but the sctusl sssimilstion wss preceded by widespresd

transfer of volatiles carrying lime and magnesis from the

magme which completely sltered the limestone over great aress

into an smphibolite. This

smphibelite, and not the limestone,

was the mélerisl witlh which the megms scotuslly came in con~
tact snd which it engulfed. In & very interesiing srticle

Professor George L. Goodspeed (22) hes sdveanced undonbted

(22) Goodspeed, G.E. Effects of the issimilation of fenoliths
in & smsll Porphry Dike. To be published im Jour.Geol. during
1927. ‘
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proof of the extensive sseimilation of xzenoliths of = bhasic

schist by e two foot porphry dike. If assimilstion esn go

on in a magmetic system of this size it undoubiedly would be

of considersbls importsnce in = mesgmse of batholithic dimen-

zions.

Reaction phenomens sre very merked in the scidic lavas
&t the Gless Buttes. The main effecte are confined to tue
resorption of phencerysts of varicus minersls snd the pro-
duction of coromss sbout the ssme. In sddition to these it
was notieed that various types of enclaves are present in
many of the roecks, the relation and origin of which are not
fally understood. The majority of the enclaves sre probably
enclaves homoeogenes asnd represent simply sn esrlier stage
in the cocling and in the textursl development of the rock.
llany of these enclaves appear to hsove undergone the effects
of magmatic corrosion and heve been converted over into the
type more correctly described as enclaves polrgenes., In some
gases the inclusions mentioned ss encleves polvgenes may have
had & foreign originm but if this is the gmse the nature of
the roek from which they were derived is not sppsrent.

Zoning of uminersls is snother common feature of the
acidie rocks from the Clzss Buttes. The zoning exhibited by
andesine phencorysts haes slresdy recelved comment in the
earlier part of this section. Im sddition to the andesine,
however, it was noticed that sugite in some of the specimens
studied had & marked sonal siructure, individusls varyling as
much B8 20° in ex%iﬁé@ieﬁ from the center to the periphery.

The higher index of refraction ¢f the more centrel portiocns
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of the orystal indicates thet this zoning consisis in a ds-

mw
ot

grease of the lime content from the senter to the margin of
the crystsl. The szoning in sugite is distinetly of progres-
sive type but, as was the casse in the feldspers, sddition of
less caleic materisl to & more ealeic nucleus seems o have
been preceded by a considerszble smount of resorption bscause
numercus zonal bresks may be noled where the inner mslerial
shows the ragged effeects of corrosicn. 4 distinet eympathy
is seen between the zoning in the feldspar snd in the sugite.
In both ceses the arrangement of the zonal layers imdicates |

that the msgme was becoming leaner in esloium 8s crystalliza-

ticn went oD.

Zonelly srrenged ineclusions of glsss are very common
in the sndesine phencerysts. They wvary frem the glsssy base
of the rock in that they are perfectily colirless snd do not
contsin inclusiocns withip themselves.

The groundmase of the well bended poriiocn of the floms
from the Glase Jwites genmerslly @anéi%%% of 8 yellowish~
brown glzss contsining inmumersble erystsllites of vesrious

types. Hicrolites of oligoclsse-sndesine are slso numerous

end in some of the lsvas become S0 sbundant thet they give
the groundmass & felted sspect of trachytiec nature. Fluxion
beoding is pronounced. iHicrolites snd crystallites sre sll
glligned pasrellel to the direction of flowege and the siresms
of microlites can be ssen to bend sround the lsrger phenc-
crysts, An exception is seen in one series of irichites

which show no relation %o the Tlow siructure and were
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spparently formed after flowsge Hed ceased. Smaell, drawn
out vesicules, partislly filled with sggregates of hyslite
are numerous. yasrtz ies also present in some of these vesi-
gules.

in the upper portions of the flows, in which the bsnding
is much contorted, the groundmsss of the rocks tskes on s
slightly different sppearsnce. The glsssy base sppesrs brec-
giated and shows decided @3&@@@% in ecolor. GSome portions of
the glsss are nesrly opegue, while adjoining sress mey be
nearly ooloviess. Aggregates of minute spherulites sre very
common in thess portiocns of the flows.

Jomenclsature: The noumenclabare of these rocks presents

several problems. ost 0f the specimens studied contsined
phenocryste of hypersthens, sugite, andesine snd gusrtz set

in & glassy base conteining many mierolites of oligoclase~
andesins. Hocks of this nslure would obviously be referred

to the dscites and would be ealled hypersthene-sugile dscites.in
some of the flows, however, guartz is very rsre, ocourriang in
small, badly resorbed orystels, while in a few of ithe rocks it
gould not be detected at sll. In sddition qusrtz was nolt detec-
ted in the groundmsss ¢f sny of the rocks. Ther is no reason

to belleve that there is sny spprecisble change in the compo-~
gition ¢f the different flowse belonginmg to this series, either
from their relstions in the field or from their study in thino
section. Im those rocks in which the guariz phenocryste did
occur they were unsisble as is shown by their csorroéed snd

embsyed outlines. It 1g significent in this respect thai in
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those rocks whose groundmses is of trachytic mature the
gusrtz is either totelly a&bsent or very rare. The nome

"dacitold™ (23) was used by lLaseroixz in describins lavas

(23) Lecroix. C.R. Acsd. Sel., Tol,168, p. 298 (1919},

which correspond in composition to dsmcite but whieh 4o not
contain modsl quartz. Hore recently Yashingion has proposed

the nesme “hyalodecite” (24) for lavas of this type. Both of

(24) washington, H.S. Ssatorimi HEruption of 1925. Bull.Geol.
Soce.im., V0l.37, p.332 (1926).

these names are based on definite evidence ss to the composi-
tion of the roeck obtsined from chemicel snalysis, however, and
cannct be spplied to the lavas of the CGlass Buttes on the ba-
gis of the evidence now st hand., Owing tc the imsbility of
obteining anslyses it ip necessary to retain the nsme ande~
gite for those rocks in which medel quartz is not present,
although it is highly probable that ghﬁmiaal anslyses would
show them to correspond more closely to dseites. It might

be pointed out as evidence tgainet this viewpoint thst the
mafic minersls, hypersthens and suglite, sre chaorscieristic eof
andesites, while hornblende and blotite sre more commonly
found in dacites., Pyroxene dscites are not rare, however, and

gest (85).

have been described from seversl localities in the

{285) Iddings, J.P. Igneous Rocks, Vol.II.

Cbheidian: Obsidisn, slthough very common as boulders in
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the dry washes and as loose blocke in the pumiceouns sand of
the Glass 3uttes region, is rsrely found in plece. Omeflow
of perlite is exposed st the southwestern cornmer ¢f the Glass
Buttes range that containe blocks of black obsidian thet sre
not affected by the perlitic ecrscks. In the sentrasl portion
of the renge B thick flow of dacite contains bloecks of obeid-
isn in its uvpper, pumiceous pari.

"he obeidian is of two types. One of these is s jet
bleek color in thick pieces but 1s almost perfecily trans-

perent in slices one-fourth inch or less in ihickuess. The

other is a wvariegsted type which contsins snguler bliack
ments in a brillisat brownish~red opague base. Some of the
variegnted types show slternsting bamds of red snd blsck.

The obsidisns from this localily were studied in detasil
by ¥re. Re B. Fuller. 7The resulis of his invesitigation are to
be published im the Journal of Geolegy during the present
FOAT. u¥. Fuller very kindly comsenied Lo the reproductiion

of his erticle iz this thesisn.

Hi COLOR OF CEBLAIY

VARICOLOEED 03eIDIAgs

By Riehard £. Puller
Abstract

Irregulsr pigasntation is due to the oxidastion snd the
subseguent re-fusion of fiow breceiss. In banded vsristies

the oxidetion ocours in minute tensicnal ersecks developed by
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the differentisl rate of flow belween the successive layers

of lava. This same faclor may be the eause of the laminsitions

in scidie lavas.
The red snd brownish opasgue colors freguenily observed
in black obsidians heve been proven to be due to the oxida-

tion of the

small iron content.”™ A mieroscopic exsmization

*E&&iagﬁ, Te2o %%% ﬁz&n Jlaff Yﬁil@%@%ﬁﬁa &ﬁiaaﬁl ?ark

of specimens of obsidian from tThe Glass Buttes and Beatiy's
Butte in south-gentral Oregon fornished evidence of two
typeg of mechanienm by which this oxidetion cccurred. The
interpretation wee strengthened by field observation of the
very recent scidic flow on Hewberry lountasin, sbout twenty-
five miles south of Bend, Oregon.

The most coummon type is due to the oxidstien of leesl
sones of fiow breceistion. The finer pariticles in these
zones would be eseily oxidized by the goses esceping from the
more fluid lsve below. The hest of these gsses, reinforced
by their own exothermic resctions would agsin fase the smorph-
oue mzes, leaving the lasrger more resistant blaock fregsents
in = matrix of the ved. Then with gontinued pressure the
viscous mass could suffer sontortions or zdditionsl frasctur
ing with 2 repetiticn of the process.

Thin seceticne testify t¢ the progress of coxidstion
slong the cracks im & breccia. A hand specimen frequently
‘exhibite a trensition from an angular breccis to 2 contorted

mess. At Hewberry Mountsin oxidized freciure zones wers
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exsmlned where the heal hed beea sufficient to cause refusion
only where the breccisa had been subjected %o continued gss
action slong the msjor contractional joints.

At timee, however, the pigmentation is present im Tine
perallel bande, which may exhibit such extreme regulisrity as
to give ths rock a sstin-like luster. Although verying both
in finemess snd in repulsrity, %&%F slweys sppear in thin sec-
tion to show one common cherscteristic. The bands consist
largely of an aggregete of fine reddieh flecks, the
8ls of which have s common orientation @isgonal tc the usin
@ireation of lthe banding.

in oheservation of emsll feldsper erystsls in this bended
obeidisn shows & uniforn rotationsl movement that must be de-
veloped by a differentisl rete of flow between the adjacent
layers of the lavs in which they sre imbedded. Thies differ-
entis]l rate of flow would develop & series of rotetional

gtresczes between these sdjscent leyers. To consider sn inclp~

ient stage of this rotstionsl stress in terms of rock dyunemics,

agetion of the wesulting strain ellipsoid wounld

form =n acute angle with the direetion of flow (Pig. ). Ten~
sionsl cracks would then tend to fevelorn 8t right sngles to the
direction of the meximunm elongation. These grscke have been

shown™ to be especislly well developed in & rather plastic

{*) Weed, W.J. Mechanics of Geologic Structures, Journsl of
Geclogy Vol.28 (1920}, p. 512.

pubstance and to result from rotationsl siress prior To the

setual shesring. The local relief of gas pressure resulting
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from these cracks would csuse the concentrastiop of the vola-
tiles from the immedistely a&djscent leves. The oxidation
cansed by these liberated gases would be respossible for the
minute disgonal flecks of red.

In this mechsnism the fluidily of the lave would probesbly
be sufficisnt %o @f%w&ﬁﬁ the lines of shesr from feveloping
agtual fractures slong the plsnes of lessl distortion. This
conteuporapsous associstion in obsidisn of fiuldity and brit-

tleness has boen previscusly noted by Penrer st Estmsi.® 1t is

*Ponner, C.H. Xatmei Regiom, Alaska, Journal of Ceeclogy, Vol.
28 (1920), p. 590.

also illustrated by seversl specimens collected by the suthor
at Yewberry lountaig, Theese show the irreguler socurrence of
gaping %%ﬁﬁiﬁﬁﬁl’@?&ﬁkg combined with & contorted fliow sur~
face,

The shove mechenisn

_sppeers slso to have Lesriang on the
origin of the laminations freguently observed in acidic lavas.
This structure is considered by Iddinges "fc be direstly due %o
the smounts of vapors sbsorbed in the varions lsyers of the

lave and to their mimersliszinmg influence."® 1In the cases il-

*ladings, J7.P. Hsture spd Origin of Lithophysse and the Lam-
ination in the Aeidie Isava. Am. Journ. Sei., 70l.183
fl@g?,% s Bha Z6-45,

lustrsted in this article the tensionsl crscks would have been
developed Just prior te the final solidificetion. If = simi-
lsr mechanism, however, permitied & local comcentration of

volatiles in parallel lines before the masgma resched its
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extreme viscosily, the fluidity of the enriched layer would
ingresse while the adjscent lsyer would become more viscous,
This loeal concentiralion of mimerslizers might sct as s lubri-
gent ia flow. At the seme time it would loeally inecrease the
tendency toward crysiellisation. This hypothesis iz substan-
tisted by the fregusa: ﬁ&ii@ﬁ%ﬁﬁﬁ of spherulites in persllel
hands in the cbeidlen, and slso by the presence of vesienler

bands, both of which are chbserved at lewberry Yountesin, ITike-
k]

wise the highly lesminsted hyversthene 4ssite™

ghows alisrnate bands of Lleck snd red. This

*ﬁaﬁaz%, Aaron. A Struetursl snd retrographic Miaéy of the
Gless Buttes. Unpublished thesis, University of
#ashington, 1927.

ated with the obsidisn, =nd is undoubtedly due to the ﬁyﬁﬁtaiw
lizstion of a banded red and bluck glass., In this case, how-
ever, in spite of the color no texiursl change wes obssrved.
By this interprelation ihe author endeavors to show the
liklibood that the alternsie concentraiicm of wolatiles,
vhich is probsbly respoasible for agidic lamination, may
logically be caused by the mechanics operative in the move-

ment of s very viscous lava, snd not only by the mere fluxion

of & love exirpded with 2 vorisble concentrobtion of yolatiles.

The suthor gratefully scinowledgzes the use of meterisl
ecllected by lr. ¥aters in his recent sindy of the Glsss

Tutteg.
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The Older Basalts

The oldest rocks exposed in the Glaes Buttes reglon sre
a series of sugite and olivine basslts. 7This series is ex~
posed heneath the dscites and sndesites on several of the
feult scarps in the Glass Buttes and slso forms & coansider-
able area in the northwestern périi@mfaf the range. Ho esti-
mate of the thickness of this series can be‘ak%&in&ﬁ in the

Glsss Butles region.

Petrogrephy: The flows belonging to this series are

remarksbly slike in thim sectiom. They consist of the ususl

ophitiec and intergranulsr a

ggregates of labradorite, sugite,
olivine snd magnetite and do not differ from the usugl types
of bassll thst ocecur in other loecalities. They sre slightly
more altered than the younger bssalis but sre very fresh.

Some types are very porphyritic, showing thiekly studded

phenocrysts of lsbradorite up to sn inch long.

‘Belstion of the Voloanic RTocks st the Glsss Tuites

to the Southern Oregom Voleesnic Field

laves of basic and acidic composition sre widespresd

throughout southern COregon. The acidic snd %3%&1@1@ flows
are eveérywhere conformsble and ot seversl locslities sre

interbedded (26). Basaltic flows of very recent origin are

(26) Puller, 2. B. Per. Cit.
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also widespresd. The older bassalis and scidic lavas have

been referred to the Hiocens {27), while the younger basslts

{87) Wering, G.h. The Geology snd ¥ater Resources of the
Harney Besin Zegiom, Orvegon. U.3.Geol.3urvey, W.S3p.Paper
231 (1%0%9).

are known %to be very recent. In the Glsas Juttes regiocn the
glder baesalis and the dascites probsbly correspond to the ¥i~
ogene series exposed on Steens lountainm amd st other loecali-

ties in south-gentrsl Oregon.



PLATE IV

Fig. 1. Enclave homoeogens in hypersthene dacite. lesgnifica-
tion, 110 times.
Fig. 2. Zneclave in hyversthene dscite. Isgnificetion,62

times,

b
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3. Resorbed guertz phenceryst in spherulitic sugite
dscite. llagnifieation, 375 times.

2. 4. Resorbed andesine phenoeryst with dark cclored

corone in andesite vitrophyre. Ilisgnifiecation,

35 times,.
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PLATE Y

Resorhed phencceryst of sndesine with marked corona

of oolorless crypioerystalline grains in

andesite. Usgnification, 3D times.

guarts

Corons of magnsetite and scaly reddish materiasl sur-

rounding & phenceryst of hypersthene in hypersthene-

sugite dncite, Isgnifiecstion, 110 times.

Cryptospherulites in brececisted pumiceous obsidien.

Vagnification, 630 times.

¥icrophotograph of hypersthene d=zcite showing pheno-~

cryste of hypersthene, andesine and gusrtz sur-

rounded by the glassy base of the rock.

tion, 35 times.

2

vagnifieca-~
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Tig. l. Microphotogreph of am ophitiec textured eolivine ba-
galt which ocours as a8 ten foct flow sdjscent to the
Conder Cone. Uagnificstion, 46 times,

Fige. 2. Yicrophotograsph of asugite bssalt overlying the flow
represented in Fig. 1. Uagnification, 46 times.

Fig. 3. licrophotograph showing the common textural rels-
tions in the older basslis.

Fig. 4. Iicrophotograph of brecciated obsidiasn. Isgnifics-

tion, 20 times.




PLATE VI {to follow page 42)




l. Very finely leminsted obsidien showing the develop-

Coridized minate tensionasl coracks 8t an

angle to
included

tion, &2

the lsminatien. Tor explensiion see the
artiecle by iir. B. B. Puller. isgnifice-

S

Laminated obsidiam. Xagnification, 20 times.

Pinely laminsted cbsidian showing the rotationsl

movement of phenoecrysts. iagnification, 62 times.

Laminated cobsidisn. lsgunificstion, 20 times.







