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A STRUCTURAL AND PETROGRAPHIC STUDY OF THE GLASS BUTTES, 

LAKE COUNTY, OH.EGON 

INTRODUCTION 

The northern portion of Lake County and the adjoining 

sections of Crooks, Deschutes and Harney Counties in Oregon 

is a region characterized by a great expanse of desolate 

sagebrush covered plateau above v1hich project numerous small 

isolated mountain ranges, pea.ks and buttes, arnl upon whose 

surface may be seen innumerable small ephemeral lakes. .i.'lle 

de scln tene ss a ... '1.d desert character of the vee,:e ta tion of the 

ret;ion have resulted in the application of the nan1e. Grent 

Sandy Desert, to this district on all of the United Jtntes 

and t1any other maps. 'l1he name is somewhat of a misnomer, 

hovJever, be cs.use it brings to mind a region of shifting sc.nd 

dunes instead of the nide expcmse of vegetation covered pla

teau that is characteristic of this re~ion. 

lhe elevations that rise above this plateau full into 

many diverse types when an attempt is made to classify them 

as to originv structure or petrologic t~,7pe. Some of them 

are undoubtedly volcanic craters of very recent origin. 

Partially dissected craters are also common, perh::-tps the 

best example from this district being Hev1berry Crater which 

rises high above the surface of the plateau in southern 

Deschutes Countyo Iron Mountain (1) in western Jarney County 
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(1) Waring, G.A. Geology and Water Resources of the Harney 
Basin Region, Oregono u.s.Geol.Survey, w.sp.Paper 231, p. 
19 (1909) .. 

has been described as an early volcanic cone which remained 

as a steptoe above the later lava floodso Other eminences 

undoubtedly owe their origin to structural forces that hav6 

affected the surface of the plateau and buckled or faulted 

it up into small isolated mountain rant~e so 

Of this latter type are the Glass Buttes. a S,.iP.11 

mountain range in the northeastern corner of LRke county. 

:i1he attempts of the white man to inh8.bi t or utilize the 

arid region surrounding the Glass Buttes have, in general, 

met with scant suc:cesso 1.J.1he Buttes v:ere of great importo.nce 

to the Indians. hov1ever, be cause at this locality occurs n 

plentiful supply of easily worked obsidian which was much 

uAe~ by the Jndi~n tribes in mRkin~ various imnlementso In-

numerable localities in this region are covered with brol:en 

and chipped obsidian, showing the localities where the Indian 

people congregated to fashion their toolso Jroken and defec

tive implements are very common in these loco.li ties. v1hilo 

im}Jle:nents of perfect workmanship are not rare o 

The white men first turned to stock raising. Piles of 

bleached bones surrounding the only flowing spring in t:ne 

district give mute testimony as to the success of the yenture. 

During the period of the 'Norld nar the greatly inflated price 
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of wheat caused practi~ally all of the region immediately 

surrounding the Glass :auttes to be homesteaded. \'/ells sunk 

to a depth of about 300 feet were found to yield a plentiful 

supply of water and as a result much of the land was fenced 

into desert claims occupying one section each. '.L'he scanty 

rainfall of the district provea insufficient to support a 

paying crop of cereal except in times of excessively high 

prices, however, so that the hoLlesteaders were forced to 

abandon their claims one by one until nov;. of perhaps f'ilt~l 

or sixty that originally settled in thiu district. there nre 

only three left, 

]eological Literature ]elating to the Glass 3uttes ::e 'ion. 

The Glass Buttes, in common with much of the volcanic 

area of southern Oregon. have remained almost unknown. roo

logi cally, to the prG sent day. 'l1he Glass Jutte s were visited 

b~T ":. a. ~~ussell in his reconne.issi:mce in southern Ore.rron (8\. 

( 2) Russell, LCo A Geological J.econnaissance in ;Jouthern 
Oregon. UoSoGeological ::3Urvey. Anno Jept. 4. p. 4:40 (li382) 

- - _.. -. .::. ...... -... -~ .,.. ::- -:-- -: .::.= ·' ___ .. ____ _ 

'':i:he Glass luttes were :found to be coni,cosed of 

rhyolite. together with larre quantities of obsidian. 

or volcanic glass. Ho evidence that they were once 

volcanic craters was observed; and no -oasal tic over

flows, or other pheno~ena. were seen to indicate that 

they had recently been centers of volcanic action." 

,, 
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Curiously enough, in a later publication(~). Russell says: 

(3) Russell, I.Co Preliminary ?eport on ttle Jeolo~y n~ 
··tater ~~e sources of Central Oregon. -;; • S. Geel. 0urvey, Jul 1. 
252, p. ~9 (1905). 

11 To the west rise the Glass Buttes , consisting of 

two rounded do es and several lesser hills, which, as 

known from a previous visit, ure remnants of ancient 

rhyolitic or andesitic volcanoes, now c.eeply dissected 

by erosion. t'hey for,n not only a :aost prominent ob

ject in the vast desert land.scape, but 2.dcl o touch 

of color to the provailing gray oi tho 8Urroun~ing 

sagebrush-covered plain by the tawny yellow of lhc rip

ened bunch grass and t1ie dark shades of the trcoB U11.t 

grow on the northern sides of their prominent riLL~eu. 11 

It see'.:is likely tj1at in this later paper _·ussell confuccd 

the Glass ~3uttos with ono of tl~e nui,ierous volcanic cones 

~hich he hnd stnaiod in this diat~ict. 

the topography or structure of the Glass Ju ttes to suc::cst 

that they are the re.;1ains of a dissected volcano; a f2ct 

which he 11<1d recornized in his earlier paper . '.i.'he re1·erence 

to trees also seems out of p"qce in a description of tje 

Glass Buttes. In this locality trees Pre numerous only at 

the northwestern end of the range and in c. s.:mll area on 

its sout11ern slope, but they arc v10ll developed on the ulopes 

of some of the craters in south-central Oregano 

Pirsson (~) noted the occurrence of obsidian rt this 

·(~) Pirsson, 1.v. .., 
Jocks anLl :.Iiner::i.ls. 



local ity i n his text (publi~hed in 1915). Tue writer has 

failed to find any other citat ions to this district in the 

literature o 

THE S'r~UC'l1URE OF 'rlIB GLA,3S JU'.rTES Ri'i.HGE 

1elat ion to J ro ade r structural Features in douth-central Oregon 

~:orthern Lalce County occupies a strategic position for 

an investip-ation of the mountain making· moveirwnts tnat h,ve 

affected ~aste1~n Oregon, parts of it ha.ving been a.ci'ected. b~/ 

each of the movements that f ive the state its present struc

tural and physiog:raphic form • 

.:..::astern Oreg-on is di videcl into four uain st1·uc tural t nu 

ph~7siographic provinces. On the we st the _;ascatle ; :ountain~ 

rise ton general elevation of from G,000 to G,000 feet nbove 

tne sea with man~r volcanic cones reQching elevations of ovor 

10,000 feet. Althou;)'h towering high abo·?e the lorJ-lying 

"fillamette '!alley to the west the Cascades nre not impresGive 

·::hen vier:ed from the eastern side, due to the fact t11nt t ne 

greater part of eastern Oregon has a general elevation of 

from 4,000 to 5,000 feet above the sea. _;\my tirns form an 

as;rrnmetrical mountain mass borde:recl on the west by tho low 

J illamette Valley and on the east by a hifh plateau. 

1he folded structure of the Oregon Cascades is easily 

apparent in the grea t cross section cut in them by the Uolum

bia. in whose go r ge the middle I.Iiocene lavas mc.1y be see~1 

thro1n into steeply dipping folds. Elsewhere tho structure 
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is not so obvious for the folds in the interior of the state 

have been covered with a great deluge of recent l avas large

ly emitted from the numerous volcanic cones which dominate 

the er e st line of the range. 11ransverse folds similar t o 

those of the Cascade s in Washington, are we ll developed in 

the northern p ortion of the Cascade province of Eastern Ore 

gon, v1here they have the same northvJest-soutlleast trend cl18r

acteristi c of the transverse ranges in Jashington . Fnrtner 

south these transverse systems have not been observed, but 

they may lie buried beneath the very recent volcG.Ilics south 

of ··i end . :lhe widespread warping of south-centrel Orer·on, o.s 

exe1!1plified in the broad structural depression 111 VJ!lich ::l1.l

heur o.nd llarney Lakes lie, has been attributed 1Jy "/ar inp; ( b) 

( ::i ) "faring , Go.Ao Je ology and '.later ~1esources 01' the Harney 
Jasin ]egion , Oregon. t!.3.Ge ol. ,)urvey , !. :ip • .i'u.per 2~H. 
PP. 2i.:i - 27 ( 1909) • 

------------------------·--------·-----
to e arth movements operating at the time of the uplift of the 

Cas cades. If this warping does owe its origin to structural 

forces operating a.uring the folding of' the Ore §:' O!l Cascade~; 

these forces were certainly of' ifferent nature then thoLle 

forming the northern Cascades. In ''Iashington the trsnsverse 

offshoots of the Cascade mass extend only for short distances 

across the Colur.nbia River and are characteristically shnrp 

ant i clinal folds trending northwest-southeast. In south

central Oregon the de formation is exernplifieLl by \·Jidesproad 

shallow warping which extends eastward into Idaho n:1d w ntn

VJard into :Jevada o ·_1he war ped are .,.;:.:; 2.re ...;o StJO.llow and irrcgu-
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lar that their axial trend is seldom well defined or constant 

in direction for sny great distance 9 the downwarped areas ap

pearing as shallow spoonlike depressions which are separated 

by irregular dome-like anticline so 'J.1he writer sees no more 

obvious reason for connecting this warping with the uplift of 

the Cascades than for connecting it with the late Tertiary 

orogeny in the Jlue L:ountains to the north, in the nockies 

to the east. or in the Great Jasin area of iJevada and Utah 

to the south. Each of these districts was the center of pro

nounced late ~1ertiary mountain-making movements. and. it sce::is 

more probable that the warping of southern Ororon i~ the re-

sul t of all of the :forl.:e s operating in the nearby areas, 1. nd 

is not to -be traced to a single cause. .L'he irregular axial 

trend of the warped structures lends ad.ded weig·ht to thiB 

hypothesis. 

'_'.:he 3lue :.:ountains of Oregon e.re s. complex :nountain d~,rs

te::i, the structur&d and historical relatio:rn of r:hich are at 

pre sent not fully understood., I .. ppe[iring i'iT st au t11e high 

-: .. 'allov:as and ,3trawberry :.:ountains in the northe~1stern r,art 

of the state, they trend across the interior ,1ateau to tneir 

junction with the Cascades in the vicinity of tbe town of 

Prineville. ?he CTallowa :~untains of eastern Oregon are con

tinuous across the .:inake 31 ver Canyon with the ,.:.icve:a Devi ls 

which, in turn, merge into the Rocky ~ountain system of 

Idaho. They are similar to this eastern extension as well 

in thet they bring to light early I.Iesozoic sediments ur.d 

volca..11ics which are cut by late Jurassic betholiths. '1'.rrn.t 
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they were uplifted to their present position since middle :.:i

ocene time is testified by the fact that the basal flows of 

the Columbia River Lav~ cap the highest peaks of the system(G)o 

(6) Personal Citation. Profo Go Eo Goodspeed. 

In the light of this evidence it seems doubtful that the larg

er part of the 3lue I.Tountain mass of northeastern Oregon re

mained as steptoes or peninsula above the basaltic floods. ro 

the west of the ':lallowas the :i3lue I..~ountain uplift lies at a 

slightly lower elevation and exposes in its core rocks of late 

Le so zo ic and early 'l1ertiary r:.ge instead of the older ue tamor

phics which crop out to the east. 'lhe absence of ti1e Cre:tc.ce

ous and ~ocene deposits in the eastern part of the range tes

tifies to the fact tnat this portion existed as a land mass at 

the ti::ie these sediments were being deposited anL1 110.s 1wd o. 

r.rnch different pre- 1.rertiary histor;y t11an the vrnstern })Ortion 

of the mountain mass that it now forms a part of. The structur

al relations of the eastern and western part of' tho :3lue :.:oun

tain mass also a.ppet1r to be different. The steepness and t,l'J

rupt character of the mountain scarpS 9 together with the wide 

intermontane valleys of the eastern part of the district sug

gest that the mountains owe their present form to the erosion 

of great fault blockso '.ro the west the upturned c.:olurnbia 1,2.vas 

and associated :;,:asca11· and John Day beds sugrest that the fold

ing has been the dominant agent in the uprising of the mn.ss. 

:,:uch more evidence rnust be collected before the various e~eolo

gical relations of these mounts.ins will be completely knov:n. i.:he 

junction of this uplift with the Cascades is ob2curel b~r o. 
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covering of recent lavaso 

1.rhe Columbia River Plateau occupies that portion of 

eastern Oregon which lies north of the Blue Mountains uplift. 

Its flows of basaltic lava slope northward from the summits 

of this mass until they meet and join the much greater ex

panse of the plateau in eastern Ylashingtono 

i 1he fourth, and from the standpoint of the Glass Buttes, 

the most inportant physiographic province in :.C:aote:rn Ore/·on 

is the northern continuation of the Great Basin ::.1ep-ion. '.2his 

province, which includes the greater parts of the states of 

IJevada and Utah with various portions of the edjoining :::;tates, 

extends northward into Oregon, it~ northern margin beinf de

termined by the southern limb of the Blue t:ountains uplift. 

J.1i:1i-s province, therefore, embraces the whole of r.:alheur. Er.1.r

ney and Lake as well as part of the adjoining counties in 

Oregon and thus occupies consi(1era.bly more e:rea than an;/ 

other physiogrephic province in the eastern part· of the state. 

'.i'he structure of this part of Oregon is identical with that of 

the 8-reat Basin to the south. Great orographic blocks ho.ve 

been broken and tilted at variouF ar1gles into woll definecl, 

asymmetrical mountain ranges. 0outhern Oregon has perhaps 

the finest exru::i.ple s of fau 1 t-blo ck mountains of any region in 

the vJorld. These mountains 9 composed entirely of the e:reat 

thickness of lavas that cover all of this portion of OreGon, 

have remained practically unmodified since their uplift. so 

that their present topographic aspect ;Ls due r.lr:iost e11tirely 

to structural movements. 'l'he graben structure is ch[;.racteris-
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tic of southern Oregano Alvord, Guano and '!larner valleys 

are all well defined grabens 0 which face steep fault scarps 

on either side. Guano and '.'/arner valleys are fairly sym

metrical, the faulted valley walls on either side rising to 

about equal heights, but in the Alvord graben the eastern 

wall of the valley rises only a few hundred feet while its 

western limit is defined by the tremendous fault scarp of 

Jteens uountain. which rises over 5 0 500 feet above the valley 

floor, reaching an elevation of over 11 9 000 feet above the 

sea. 'l1he se graben valleys, during the later part of the 

Pleistocene and throughout the Quaternary v1e:i·e occupied by 

great lakes \Vhich 9 at least in some cases, v1ere connected 

with the vast ·~us.ternary Lal:e Lahontan in nevadao 3il tG and 

sands deposited in the la.lees havt reached thicknesses of over 

5,000 feet in places and deposition has proceeded to such sn 

extent that it practically everywhere masks the bedrock struc

ture of the graben floors and leaves each valley as a f'lc1t ex

panse of lalrn sediments from one major fault scarp to tho next. 

During the late 1;.J,uaternary and in recent times most of 

these lakes have gone out of existence, so that at the pres

ent time the graben valleys are a desolate expanse of perfect

ly level undissected, vegetationless.silty clay. above which, 

along the sides of the valley. various beach lines testify 

to the former depth and fluctuations of the lakes. 1.:any of 

the lakes have dried up within historic times. lhe Warner 

1alley was occupied by an extensive system of shallow lakes 

as late as twenty-five yee.rs ago. ..1..1he::se have undercone 
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g r adual detiiccatiou until at the present tiltle the only perU1a

nent body of water is a small lake at the southern end while 

the very l arge depressions in the upper par t of the valle y 

have not held standing water for over ten years . ~no ther 

good example of the desiccation of the l akes of this arid re

g ion is s een in Lake ~bert. ibis lake lies in the depression 

facing Aber t Rim , a scarp that hqs been described as the best 

example of a fault block in the Fnited .:itates. It once cover

ed a ver:l wicle area but has 1Jeen repidly dryint · up in the 

past few years so that it is greatly reduced in ci~e at the 

present tir.:1e and is bordered evar:;rwhere by a oroud O:hrpo.1:ue of 

white alkaline dep osits . It is prcd.i c; teu. the.t it ':1 i 11 ~rn en

tirely dry in a few years . 

lne fault blocks of Crec:on are most pronouncecl tow~,rd 

the southe rn boundary of the state ana. grflcl.ue.lly die out to 

the northvmrd as the base of tho .luo ~ ounteins uvlift is 

approached. Alonf the northern border oi the province fault-

ing is much in evi u.en ce sti 11, out the scarp::::; rarely have a 

thro v o f over s. few hurnlred feet ond t,1o re nro none of ti1e 

ve.st fault escarpments characteristic oi' the 1:-,outhern part 

of the state. 

lhe widespre ad warping of this portion of the state hos 

already been referred to in a discuscion of the Cascades. !n 

ge::ieral the grabens occupy 1,,1hat appeer to h'. Vt iJeo.1 foruer 

ant i clines , but it is possible that this structure is the re

su 1 t of movement of the olo cks n t the time of f'a11 l tint:; , . .Lnd 

that true anticlines without dr..opped ::1xe s never c.licl. exist in 
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t:i:1e ~rea now occupied by the grabeu Vb.lleys. Anticline f:3 of 

even moderate size which did not have faulted and downdropped 

arches have never been observed by the writer anywhere in 

this district . 

Structure of the Glass Juttes 

1.rhe Glass "Juttes range occupies a part of the extre1:1e 

northerly border of the faul t-bl0ck district of Oro ton . Its 

exact position may be obtained by reference to the enclosed 

oap of southeast~rn Oregon (Plate I)o ~ising abruptly out of 

the desert plateau in the vicinity of the postof1.'i.ce of Joly

at it trends away t o the southeast in a shallow arc . dyinf out 

in a low range of hills about 22 mile s from its western berin

ni!lg. :~he e--reatest r1idth of the rang-e is about 22 miles fro.n 

the western end where a small transverse ridge cuuseLl ~ maxi

:oum extension of about 8 miles . In general it is o.1)0ut u 

a1iles irou1 one ;:;;;iue to b,noti.wr •. u1e ro.i1ge ribv.3 c•<JuLlt lt.JJu 

feet nbove the surroundine plateau \'.1hich, at thin lo ce.li t~.' , 

nas o. general elcva t ion of bctv1oen ~, 000 nrnl 5,000 feet. 

Fror:1 the surrunit of th8 Glc.ss '3nt tes topographic for.:1~ of 

constructional origin are present on every side. In the ~rid 

climate of this district drainege has not as yet been defi

nitely established and the average oleva t ion tiH1t riser, :.1bovc 

the ple.te au has rer:iained practically um.10difiecl by erooio~1. 

Hundreds of sm2.ll leJ:es and ali:aline flats that lie in purcil~0 

structural depro ssions may be soen from tho sur .. 11:ii t of Lho 

range, testifying to the i r .. 1mat"uri ty of the drRinage in this 
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districto Small fault scarps are everywhere in evidence upon 

the surface of the plateauo rrhese wander across its surface 

in an exceedingly irregular manner. branching and coalescing 

to form a most intricate pattern. 11hese scarps are capable 

of no other interpretation than through faulting. l,lo erosion

al agency could approach the forms that they assume and they 

cannot be interpreted as the edges of lava flows on account 

of the fact that they commonly truncate and expose more t}rnn 

one flow and also show by their irregular branching pattern 

tnat the;y cannot re3)resent the ends of 'ilows. 1\;1e fault 

scarps on the plateau are co:m;1only of lov: elevation, seluom 

exhibiting a throw of over 200 feet with the i;i'..1jori ty of tlwi,1 

less than 100 feet in height. ihe branching, irreeulur trc11l 

of the scarps makes the fitting of' the :t'aul t lines into nn/ 

ref;icne.l structural trend sorn.ewhat of a problem, but it 1~oe::1::, 

probable that they fit into two rather definite into rue ct inc: 

structural lines, one trending northwest-southeast, the o tJ11::.:r 

almost north and south. .1_'he nortl1west-southeast trernl is tile 

do2inant one as is also the case in the Glass Juttes ranfe. 

Off to the northwest at a distance esti~8ted between 15 

P.nd 20 miles a complex mountain mass apparently of' much the 

same size and type as the Glass 3uttes, rises in a course 

roughly paralleling them. ?ar off to the northeast the view 

is bro1:en by another similar mass. Iiiany small eminances, 

hriving the appearance of small basal tic cincler cones, can oe 

seen from the summit of the 3U t tes. 

'.i1he Glass 3u ttes Hange cons..ists entirely of volcanic 
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rocks representing three periods of extrusion. The first 

flows were of olivine and augite basalts. These early flows 

were covered by a. conformable lava series in vJhich such petro

graphic types as augite and·e site. quartz ande site, hypersthene 

dacite. augite dacite, hypersthene-augite dacite, perlite. ob

sidian and vitrophyre have been found. ihis series is in 

turn covered, on the plateau adjoining the range. by very re

cent flows of olivine and augite basalt. 

'.:!hen viewed fi-orn the ere st line of the Glass 3u ttes Ju2:1ge, 

the lr,va flows canoe seen to tilt aws.y o.t ro.t11e~t steep ,E1rlos 

on either side until they fle.t ten out o.n: join the hori zcntal 

plateau below. The clo1ninant structure of the rnnce i~.::: l~l10wn 

from tlrnse relations to be en anticline. nncl the :l'.'Ct:10e iL: ;Ji:a

ilar in this respect to the anticlinal r;iountains that i'orru tlw 

eas\;ern spurs of the Cascades in i/B.shington ( 7) and Orer·on. 

( 7) .=specially excellent exe.raple~: of these anticlinal moun
tains may be seen in the Tillensburg Folio, Vashington 9 of the 
Geolo;ic ~tl~s of the United ~tateso 

1.Iinor topographic irregularities of the 2iunge i:we clue mainly. 

not to the erosion of this anticline. but to a uomplicatell 

system of normal faults which traverse the structure. '1 
-1. _,1e 

top of the anticlinal arch has been downdropped into a grP~en 

which forms a great longitudinaJ valley in the very heart of 

the range. This central valley extends throughout the entire 

eastern three-fourths of the uplifto dmall transverse grabens 

intersect this lnrc-:er one e.nd U1ere is a profusion of r:::no.11 

normal faults nnd frnctures on the sides of the anticline. 
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Numerous small faults also occur on the floor of the plateau 

adjacent to the range and their uneroded scarps can be seen 

winding cross its otherwise featureless surface . Field evi

dence indicates that the faults are purely tensional and not 

compressional. The anticlinal sides of the main graben valley 

a.re cut by normal faults which define these sides as horsts; 

a condition t hat is considered highly improbable in a compres

sional graben. 

'i'he mul tipli city of ver;/ snall norual fau 1 ts and fre.c

ture s is perhe.ps the most interesting pheno1;1ena in the struc

ture of tho Glass Buttes . '.1.'hese s1.w.ll faults are uxtrerael~' 

nu::1erous. ..:neir tnro·: re.rely exceeds fi :fty feet arni t1101·e 

are many examples · of slips of ten feet or less. ,Jrnal l ;:iinor 

faults see:n to be characteristic ct the -very recently fault

eu. blocks of southern Oree-on. D • . l. Johnson ( D) quotes Dr . 

( 8) Johnson, .J.'.'!. :Jlock Faultinp: in the :;::lrunath Lal~EJG ~epion, 
uregono Jour.Geol., volo2o, p . 2;j6, l~lo. 

G. ;: . Gilbert as statin5 that. in tho ~:lamath I.:ountains, re

construction of the prefaul ting surface v1hould be a clii'ficul t 

task, because the great fault 'blo cks ho.ve b(0en "intricately 

sliced and dislocated on a s.nall scale; and one of tne mar

vellous features of the re /:' ion is the .s sociation of 1mjor 

faulting v.1i th elaborate contemporaneous minor faulting." 

l.:ajor faults also occur at the Glass '·rnttes. ' ... 1he larg

est throw measured on a ny one fault exueods 1
0
000 foot. 

rnere are, however, in this portion of central oreron none 
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of t he va st faul t escarpments such as those defining t he 

e a.s t e rn s lope of Steens ;,Iountain or the westward facing wall 

of Aber t Rim. 

A concept i on of the intricate fault pattern· at the Glass 

3uttes may best be obtained from a study of the encloseu sket ch 

map and structure se ctions (Plates II and III). The writer 

wishes it distinctly understood that this map is not present

ed to depict the accurate location of the fault lines in the 

Glass :3uttes district but only to show the character of the 

faul t pattern. ·l1l1ere io no rnap which could. be used as a bo.se 

map in the study of the Glass 3uttcs . In various Ll9pS of 

Orecon the Glass Juttes are placed in differont positions ·ind 
' 

are r iven different axi a l trends. J1119 8.})penclc<l map \'I as ur.uc 

by traversing the region in de tai 1 with a ,3run ton and .i.ncro id. 

Distances were plotted only by r cing and may be in error as 

,;mch as one mile in ten. ~he rnep does f ive on accurate re)

rese ~1tation of the character of t11e fault pe.ttern ot the ,,h,

trict, hov1ever. and is of value on this s.ccount. 

i~s r:e.s noted 02rlier in this yJe.per mountv.in r rtnfes \'i th 

e. faulted ant iclinal ctructure similar to that of tho Glnss 

Juttes are common throughout southern 01·egon. ,Jteens =·ount ain , 

the 'arner ]ange s, and ''/inter ::~im furnish examples . /i1c~ '.ffe 

seen to be ti1e northern extension of the fault-block ranPeS 

of Jevada . .i:he exceedingly unerodcd charo..ctcr of the fo.nlt 

scarps in Oregon in contrast to the co~ewhat dissected ones 

of .Jevadn surcests that the faulting in southern orop·1Jn, 

\'lhile following the same stru~tural lines as th3t to the .~outh , 
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was of later date. In the Glass Buttes region mino r faulting 

affe cts a series of lava flows so recent that vegetation ap

pears to have on ly l a tely gained a foothold upon them. The 

soil cover of these flows is nowhere over a few inches thick 

and is largely of a transporte(l variety. ?aulting of l)Ost 

La.hon tan elate i s clescribed by Russell ( 9) as occurring in the 

( 9} Russell, LC. The Ge ologi cal 1Iistory of Lake Lo.hontan, 
a Quaternary Lake of No rthwestern )evada. U.0 . Geol.:Jurve;r 9 

:.:onograph 11, pp. 163-166 ( 1885). 

"'=\ l a ck ]eel: Desert of northwestern ,fevnu.a. ."'..:1 rom these con

side r a tions it Tiould seem probable thot a co~sidercble por

tion of the faulting of southern Orufon does not do.to bo.c~;: 

of the Pleistocene. 

Phe Younger Jnsalts 

Three se ries of l ava flows of diffe~ent periods of ex

trusi on occur at the Glass Juttes. lhe youn ~er of thede is 

a serie s of basaltic l avas so recent i n age that the flows 

still preserve their orig inal surface features although they 

have been covered ,.ith a few inches of transported soil . 

1.I'his series of l a va flovrn appears to h2.ve be en erupted con

to1:1:oorane ously ni th the faulting in the Glass Jutte s cl i stri c L, 

for not only do the se lava flows lap up against the .. iain 

fau lt bloc}:s of the Gl ass Buttes ~ange, but thO;i' are i n 

turn cut by other fau 1 ts of slight di sp l ace::ient . i'hj_ s ser i e ~; 

-
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of flows has remained unmodified by erosion since its extru-

siono 

Evidences of recent vulcanism are v1idespread throughout 

southern Oregon and central Idaho (10). Uany of the recent 

(10) Russell , I.e .. notes on the Geology of Southwestern 
Idaho a.nd Southeastern Oregon. u.~1.Geol.6urvey, Bull.217, 
pp.36-58 (1903), and 
·1aring , G.A . Geology and Water Resources of the ~arney Basin 
Regi on, Oregon. U.j.Geol.Survey, 'J.Sp.Paper, 231, pp.22-23. 

basal tic eruptions have been descri becl by L C. ]ur:;sell and 

by other authors, and in fact, these recent volcan ic pro

ducts have received more attention than the ~uch thicker 8nd 

~ore TiiJe.pread lavas of earlier age thet occur in centr~l 

Orezon. Famous localities of very recent basal tic levas 11 1'0 

the Craters of the r.:oon District in Idaho and tho ,'Jordr>.n 

Craters in southeastern Oregon. ?hese eruptions ~ere app8r

ently of a very viscous type. characterized. 'by TOJJY surfac s 

( 11). Unfortuwc.tely little hAS 'been yrnbliRhed of strictl~r 

(11) ':!ashington, HoS. Petrology of the ~Iawaiian Islands; IV, 
1he Formation of AA and Pahoehol. Am.Jour.Jci., Vol.G, pp. 
4:09-423 ( 19 23) 0 

petrographic nature co nee rning these be.salts, the principal 

aim of previous workers having been to place on record de

scriptions of the surface features of the i8.va. flows and of 

the -bombs and ejectmenta from the craters irrespective of 

the composition of the magma involved. 

Cinder Cones: In the area of' the Class Juttes recou,.; 

lavas occupy a portion of the _plateau directly to the north 
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of the central portion of the range. ?hey are probably rep

rese:1ted at oti1er ne::irby localities on this plateau as well . 

From the summit of the Glass Juttes several small cinder cones 

can be seen, all but one of which appear to be at least twenty 

miles frcim the range. This nearer cone, situated a few miles 

north of the central portion of the range, rises from 200 to 

250 feet above the level of the plateau and .has a circumfer

e~ce of a little less than a quarter of a mile at the crater 

lip. It is co m:1osed. of s:.:;all lapilli, bombs of various si~~e 

and shape, and larr e blocks of solidified lava that 1ave n~

parently been broken loo se from below and ejected from L,ill 

era ter. ;1.1he southwestern side of tne cinu.er cone h; l ·· c,:irw. 

~owe~er, if this portion was breached and carried v~ay by 1n 

excessive flow of lava, showers of eject,:ienti. ht,.ve since cov

ered the lava filling which ori gi nally occupied tbe brePuh. 

On the western side of the cone a small wall-like mass 

extends '.!i th a i::entle elope fro:-..1 the lip of tho cro.ter to 

the plateau below. It has the appearance of a thin, unerocled 

dike but examination reveals it to be composed entirely of 

lapilli and "driblet lava" from which it seeL1s :prob2.blc that 

this rid?e represents a fis~ure extending out from the cone 

along vJhich nu~Jerous "driblet cones" or (12) "ovens" (13) 

(12) Dana, J.P. Characteristics of Volcanoes . 

(1~) Jussell, I.e. Notes on the Geology of Jouth~estern 
Idaho and .3outheastern Oreg·ono U • .:3 . Ceol • ..iurvey, :3ull.217, 
p. 52 (1903). 

were developed which have since been broken ~nd fragmented. 

~ecent .Lava Floi.vs: .It is probab ... e that the .-1ajori ty of 
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the bcs~ltic flo~s that cover wide areas of tho plateau in 

the vicini t y of the Glass Juttes belong to the same period 

of eruption as the cinder cone, but they cannot be separated 

petrographic a lly from an older series of basalts, and can 

only be determined stratigraphically whe n an intervening 

series of a cidic lavas are present. 

'.1.\vo flovrn can be definitely correlated with this 9eriod 

of vulcanism. 'l'he;,r vrnre erupted up on a soil layer contain

ing pCLrticles of ob sid i an , pumice and clacite thus furnishing 

defi~1i to evic.lence tho.t they o.re younger t.wn the f;.c idic f'l•.1\::.:-, 

vJhi ch lie upon the older ~erie s of bas:::1 1 ts. '1.1110 cinder cone 

re s t s upon these two flows v1hi ch shovn; t 1w t t:1oy re ~-8ho d the 

surface slig·htl ;y before i ts formation. 'l1he flo'::~ :_:1:p;)E1rentl;:,r 

c ri t i iw.te soue,,111ere nerT the iJase of tho Ginder Jone or i:.1-

~e l i ately to the west oi it. lhe older one occupies n con

s iderable a rea between the Cinder Cone and the ~ain Glass 

Ju tte s range . It avers[ef::J about ten feet thick, ernl is c!ir·r

a cterize l by ropy surfaces and very little scoriaceous or 

vesicular rno..terinl. :.:icroscopical exw:1i 11at ions sh,:·,v the 

roc~c to 1)e entirely holocrystalline. It i s composed oi' lnb

rr:.d ori te. au r i te , and olivine with minor amounts of .narne-

ti te. -2he fe l dspars are \'iholly or }J&rtly include(l \Ni thin 

larre individual s of augi te formi ng a t ypica l o:phi tic texture, 

(,l i vine i 13 abundant in lo.rge roundeu cryst£1ls . 'i.1he rock if, 

very fresh . lhe only a lteration product conLlists of a thin 

rio of bro wnish- red sub s t ance occurr i ng on the border of 

olivine which has the color but lacks the cle avage of 
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iddingsite. Very small olivine crystals are entirely replac

ed by it. Phe other minerals are perfectly fresh. The crys

tallini ty of this flow is remarl{able o .Although only ten 

feet thick the f low is holocrystalline almost to its boraers. 

A flow of porphyritic augite basalt occuro clirectly 

above the earlier flow. The two are se,ar ated inn fow 

places by a slightly baked soil layer of puniaceous sanc1 of 

transported origin. The surface of the flo~ is of the pahoe

hoe type. Pressure cracks from ten to fi:fty feet long are 

much in eviclence upon its surface. 'J.
1he flov, differs consiti

era-oly from the earlier one in mineral cornposi tion [,nu cr::,c

tallinity . It is a porphyritic rock containing small pheno

cr;ysts of less calcic labrr.dori te thr.n tne olden· :Clow . ·}he:3e 

phenocrysts are thickly stuQded with inclusions of block 

glass E~ncl of aciculfar to hair-like cry~tals of P 'bro·,mich

yellow mineral with very hig11 refracti vo index. i1hc g:1 ou1,J-

::iicrolites of sodic labradorite, g r ains of o.u;~·ite, patuhcs of 

rnacne ti te and an intersti tia.l mesostasis of bro\mish-blc,ck 

glass. Ii1101,v structure is :ironouncecl, especio.lly in tho.t por

tion of the e-:coundmass imme<.liatelJr surrounding the phenocr;ysts. 

tlo alteration products were observed. 

Change in C.:omposi tion of the Flows: 11he clii'ference in 

composition shovm by the analysis of these two flows points 

to rapid changes in cornposi tion of' the original magma from 

which the flows were fed in a very short sp uce of time. "'~1-

though they are in part separated by a soil layer, this soil 
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is of a transported variety and the original surfaces of the 

flows show scarcely any alteration from weathering. In the 

older flow counts made of the proportions of different miner

als by comparing areas occupied in the thin section show the 

rock to contain about 65% olivine and augiteo In the younger 

rock the amount of augite present is only about 30,S and oli

vine is entirely absent. Al though considerable amounts of 

glass are present it is improbable that the difference in the 

quantity of the mafics shown in the crystalline portions of 

the rock is compensated for in the composition of the gl1:-1ss. 

In a recent article (14) William o. George has attempted 

-------------------------------·----------··----
(14) George. jilliam O. The Relation of the Physical Pioper
ties of Jatural Glasses to their Chemicnl Composition. Jour. 
Geol.~ 7olo32. ppo353-373 (1924). 

a corr_ele.tion of the chemicel compo:::i tion of natural f"l8.sses 

with their physical properties. ~.}everal :Jet.noels of r,:tt[,c~;: 

v:ere ::.·o~lowed and a very interesting serios of results W8-S 

obtainedo It was found that a nur.:lber o:i' physical }")roperties 

of natural glass vary in a regular order Tiith the percent&fe 

of silica which the glass contains. One of the ,;lout relin1Jle 

of these properties is the variation in index of re~raction 

~ith silica content. The more basic glasses have the hi[her 

index, the index clecroas ing in a fD,irly regl1lur manner from 

lo58 to lo60 for a glass with about 50; silica to about l.{9 

in rla:.:,ses of acidic composition. A careful cletermi1rnti0n 

of the glass in the base of the younrer flow was mnJe ~nd 

gave the surprising result of l.489 0005. ~his would 
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correspond to a very acidic glass. It seems hardly possible 

that the glass in the base of this rock can contain over 70% 

silica as its index would indicate. It is probable that the 

excessive ly low inde x is due to some other factor . On the 

other hand this low index is of interest in that it helps to 

prove the far ereater ac idity of the younger flow over its 

predecessor. 

]he labradorite in the younger flow is also of a less 

cal cic variety than thet in the older. Caanges in viscosity 

attend the change in composi tion,-al thoug·h the older flow is 

of the sa::1e thickness as the ;:louncer it oust hove been ma1·.: 

edly more fluid . Jt is holocryotalline and of ophitic tex

ture while the younrer flow has an intersertal groundmazs 

characterizeJ by large amounts of glass and warked fluxionnl 

strJcture . Jhe ~~rked crystallinity of tho lo~er flow cannot 

oe exp 1£''.ined by assurJing that the 2e ilows wero ~1e 2.rly contet1-

poro.1ieous . i:_~uu Lnc.t tue llpyer J..luv, acteJ. t-i.l::i a tut1.L'1:1u.l ulaun:~i.. 

for t11e lower. oecause a thin soil la;;.rer io :.:.een to sep arf'.to 

tirnm. 

i1he Glass Juttes ,jeries 

r}he name Glass Juttes .Jer ies is used in this pa}Jer to 

designate a closely related series of volcanic rocks cf 

a cidic com:oosi tion that iorm the main portion of the Glass 

Juttes Tiange . rhis series is repeated by faulting at sever-

al places with in the range which gives a false idea of its 

thickness . jeven l ava flows belonging to this series, each 
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of which are at least 50 feet thick. occur on one fa.ult scarp, 

while two other flows are exposed on the dovvnthrown block of 

the seme scarp. This brings the total known thickness of 

this se r ies up to over 400 feet. It is improbable t:hat the 

series is much thicker, f or the older basaltic f'lows upon 

which t he e.cidic types were poured out a re exposed on several 

of the fault scarps beneath the younger acic1ic lsvas. 

In the fielQ the most striking feature of the lavas of 

the Glass Buttes ::..ieries is the pronounced lamination which 

p r actically a ll o f the l arger flows exhibit. ~o pronounced 

is this feature tho. t when vj.ewed fro::1 a slight di stance these 

rocks look li~e a vast series of sediments with very Dell de

veloped bedding. 1
1.

1he banding is relllarkably parallel in the 

lo~er and middle portions of the flow but touard the top it 

generally becomes very mu ch conto rted and is finally :LoiJt in 

the thicl: pumiceous ancl brolrnn obsidian c aps nl1ich cover 

mo st of the flows o ·211e curi'ace s of the lavD. flows o i' t,.c 

Gla.ss Juttes .3eries rnust have been entirely covereLL 1.:i th 

loose blocks o f obsidian and pumice at the tiue of the eruo

tion. /i. simi l a r t;:,rpe cf eruption has been clecc:ribed by '.'/:,.~11-

ine;ton fron.1 Jou que 1:umeni on the island of Santorini ( lG). 

(15) ~ashington, U. S. Jantorini ~ruption of 1925. Geo l. :3oc . 
Am . , 3ull. 37, PP o34~-384 (19 26 ). lhe section from page 3b9 
to ~63 is of especial value . 

?etrography: 'l1he we ll banclecl portions of the lavas of 

the glass Jutte o arc generally light brownish-red in uolcr 

and shoVI per:I°ectly allignec1 phenocrJ,rsts of felusµor ancl bLnd.s 
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· of flattene·d vesicules partially filled with rounded ~ggre

gates of colorless hyalite. In thin section the feldspars 

prove to be. andesine which often shows a ragged oscillatory 

zoningo The addition of more oalcic zones to a sodio nucleus 

must have been preceded by some resorption because in each case 

the calcic zones were deposited on an irregular nucleus 0 

while where more sodic material was added to a more c&lcic 

nucleus the border between the two is ·well defined.; l~uci te 

and hypersthene occur in a.11 of the banded lavas studied e.nd 

are characterized in all cases by marked reaction rims con

sisting of finely divided reddish-brown materio.l with much 

included magnetiteo In several of the rocks hypersthene is 

represented only by pseudomorphs of mo.gneti te ancl of the red

dish r.:.10.terialo Quartz phenocrysts occur in several of tho 

re cl::s. r.r11ey appear to have been very unstable and vvhere pres

ent are very badly resorbed and corrodedo ?he resorption has 

ta.::..:011 pl::..ce irre,;ulc.rly so t~w.t the phe11oc1\/Gtic 1·e;.i;:1c.nts t:..rc 

often of peculiar shapes vii th finrer-lilce extensions nrnl nar

rO'l.v embayments along their sides. lJo synantetic minerals are 

present surrounding these resorbed phenocrysts, the glassy 

base of the rock penetrating into the inner~ost recesseE of 

the resorption cavitieso 

In three of the roclcs t:i1at ,.vere studied nndesine appear

ed to be unstable. as v1e 11 as quartz. h;ypersthene ancl aur:i te, 

and showed corroded outlines and marked reaction rims con

sisting of a fine mat of colorless cryptocrystalline grains 

and scaley material showing low polarization colors. The 
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usual explan~tion for the resorption of an already formed 

mineral by the magma from which it crystallized is that pro

gressive change in the composition of the magma has proceeded 

to such an extent that the earlier crystallized mineral is 

no longer stable in the liquid which surrounds ito Such an 

explanation le aves something to be desired, however, in the 

case of a rock in which such diverse minerals as hypersthene, 

augite, andesine and quartz are all unstable at the same 

time o 'J1hat the equilibria. conditions under which intratel

luric phenocrysts form would be greatly altered by e~trusion 

and conseauent loss of the volatile constituents of the ma~ma 

and relief of pressure is well lcnown, and it has been pointed 

out that o. logical result of these equilibria cllnnges is the 

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

( 16) I{olmes, Arthur. Petrographic ;.:ethods and Calculations, 
p. 340 . London (1921). 

especially noted that in certain lnvas olivine phenocrysts 

brought from below tend to be quickly rosorbed (17). "A con-

(17) Fenner, C.lJ. The !~atmai I.Iagmntic Province, Jou:r.Geol., 
Vol.34 , p 0 699 (1926) 0 

---------------------------------
dition necessary for its existence seems to have been lost 

upon extrusion. 11 

The resorption of minerals by the magma from which they 

crystallized has long been a problem of great interest to 

petrologists. From the earliest days of the use of the 

microscope in the study of rocks the reaction ri~s or coro nas 
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of enstatite and hypersthene around olivine were noticed and 

were correctly attributed to the reaction of the mineral with 

the magma to form these new products. Within the last few 

years 0 however, our knowledge of these reactions and the 

changes producing them has gr_own by leaps and boundso It is 

also being clearly realiz~d that the resorption of phenocrysts 

by the parent magma is a process identical with the assimila

tion of wall rock by the magma (18). 

(18) Of the voluminous literature on this subject tho follow
inf publications are worthy of especial note: 
(a) Fenner 0 ColJo rrhe Katmai I.Iagms.tic Province, Jour. Geel. 

Supplement, Vol .. 34, pp .. 675-772 (1926) .. 
( b) Harl::er O Ao The 111ertiary Igneous Hocks of :3kye. J.:emoirs 

of the Geol. 8urvey of tbe United l:ingdom (1904). 
( c) Adams, F .D.. and Jar low, A oBo Geo logy of the W-::ili burton 

and Bancroft Areas. Depto of i.Iines IIemoir, ;:Jo.G, p.87 on 
( 1910) 0 

( d) Berkey 9 C .P •• and ]ice. r.:arion. ,}eology of the ·-;est Point 
Quadrangle. new York .. No Yo state :,Iuseum Bull. 225 ancl 226 
(1921). 

(e) Read, H.H. Geological Liage.zine, Vol .. 61, pp.443-t.:44 (192L'.c). 
(f) Foye. '.'l.G. Hephelite Syenites of Haliburton County, On

tario. Am. Jour. Sci., Volo40 (1915) 
(g) .:...:nig:i1t, Co',Vo Geology of the Judbur;;· ;~rea. iieport of the 

Royal Ontario Nickel Commission (1917). 
( h) Harker. Ao Differentiation in Intercrustal L:agma I3asins. 

Jour. Geol •• Vol.24 (191G). 
(k) Daly, R.Ao rrhe Secondary Origin of Certain Granites. 

Am.Jour.Jci •• Volo20 (1905). 
( 1) Sederholme On Higmati tes and Associated Pre-Carnbrian 

Rocks of southwestern Finlando Commission Geel. de 
Finlande, 3ull.58 (1923)0 

(m) Fenner, C .. N.. Application of the Law of I.:ass Action to 
Phenomena of Resorption in Igneous Rocks. (abst.) H.Y. 
Acad. Sci., An 19, pp.325-326 (1910). 

(n) Bowen, IL.L. Jour.Geol.Supplement 0 Vol.23, ppol-89 (1915). 
Am. Jour.Sci., Vol.39, ppol75-191 (1915). 
Amo Jour .. dci., Volo40, pp.161-185 (1915). 
Jour. Geol.g Vol. 27, pp.393-430 (1919). 
Proc .. NatoAcad .. Sci.,Vol.6,ppol59-l62 (1920)0 
Jaure Geole 9 Volo30, ppol77-198, 513-570 
(1922)0 . 

·:rhe widespread assimilati.on of wall rock by an intruding 

I .. 

Ii 
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batholith has been accepted by the French geologists (19) 

(19) See especially the work of Lacroix on the Pyrenees. 

from very early times but has been much slower of 

adoption in Americao The heat supply for assimilation has 

a lways been the stumbling block for the acceptance of the 

theory by American geologistso On the other hand Adams and 

Barlow (20) in Canada and Fenner (21) in America have advanced 

(20) Adams, F.D., and Barlow, A.Eo Geology of the Haliburton 
and 13ancroft Areas. Department of :anes I.remoir lJo.6 (1910). 

(21) Fenner, C.N. The !~de of Formation of Certain Gneisses 
in the 3ighlands of Uew Jersey. Jour. Geol ., Vol.22, pp.594-
612 (1914). 

exceptionally conclusive evidence of the wholesale assimila 

tion of limestone and the production of a synthetic 11iagma by 

this process. In both of these cases the limestone was not 

actually the material engulfed and incorporated into the 

magma but the actual assimilation wus preceded by widespread 

transfer of volatiles carrying lime and magnesia from the 

magma v1hich completely altered the lir.:1estone over great areas 

into an amphibolite. I'his a.mphib .... J.ite, and not the limestone, 

was the material with which the magma actually came in con

tact and which it engulfed. Inn verJ/ interesting orticle 

Professor George 1::" Goodspeed ( 22) has ad VRnceu. undoubted 

.~~~------~ 
(22) Goodspeed, GoE . iffects of the AssimilRti on of {enoliths 
in a small Porphry Dike . i o be published in Jour.Geol. during 
1927. 
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proof of the extensive assimilation of xenoliths of a basic 

schist by a two foot porphry dike. If assimilation can go 

on in a·magmatic system of this size it undoubtedly would be 

of considerable importance in a magma of batholithic dimen

sions o 

.Reaction phenomena are ver"' marked in the acidic lavas 

at the Glass 3Uttes. 'rhe ma.in ei'fects are confined to the 

resorption of phenocrysts of various minerals and the pro

duction of coronas about the sameo In addition to these it 

was noticed that various types of enclaves are present in 

many of the rocks O the relation and origin of which are not 

fully understood.. rrhe majority of the enclaves are pro1Jably 

enclaves homoeogenes and represent simply an enrlier st~:;.g-e 

in the cooling and in the textural development of the rock. 

I.Iany of these encle.ves appear to have undergone the ei'fe cts 

of magmatic corrosion and have been converted over into the 

type more correctly de scribed as enclaves pcl~T:ene s. ::.n some 

cases the inclusions mentioned as enclaves polygenes may Jwve 

had a foreign origin but if this is the case the nature of 

the rock from which they were derived is not apparent. 

Zoning of minerals is another common feature of the 

acidic rocks from the Glass Buttes. The zoning exhibited by 

andesine phenocrysts has already received comment in the 

earlier part of this sectiono In addition to the andesine. 

however, it was noticed that augite in some of the specimens 

studied had a marked zonal structure. individuals var7ing as 

much as 20° in extinction from the center to the periphery. 

The higher index of refraction of the more central portions 
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of the crystal indicates that this zoning consists in a de

crease of the lime content from the center to the margin of 

the crystalo The zoning in augite is distinctly of progres

sive type but, as was the case in the feldspars, addition of 

less calcic material to a more calcic nucleus seems to have 

been preceded by a considerable amount of resorption because 

numerous zonal breaks may be noted ·where the inner material 

shows the ragged effects of corrosiono A distinct sympathy 

is seen between the zoning in the feldspar and in the augite. 

In both cases the arrangement of the zonal layers indicates 

that the i:rngma was becoming leaner in calcium as crystalliza

tion went Ono 

Zonally arre.nged inclusions of glass are very coin:Jon 

in the andesine phenocrysts. They vary from the glassy base 

of the rock in that they are perfectly collrless and do not 

contain inclusions within themselveso 

1be croundmass of the well bcnded portion of ~be flo~~ 

from the Glass :~ttes generally consists of a yellowish

brown glass containing innumerable crystallites of variou8 

typeso I.Iicrolites of oligoclase-andesine are also numerous 

and in some of the lavas become so abundant that they give 

the groundmass a felted aspect of trachytic nature. Fluxion 

banding is pronouncedo · Microlites and crystallites are all 

alligned parallel to the direction of flowae:e and the streams 

of microli tes can be seen to bend around. the larger pheno

crysts. An exception is seen in one series of trichites 

which show no relation to the flow structure and were 

,/ 
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apparently formed after flowage had ceased. Small, drawn 

out vesicules, partially filled with aggregates of hyalite 

are numerous. Quartz is also present in some of these ves i

cules. 

In the uppe r portions of the fl ows , in which the banding 

is much contorted. the groundmass of the rocks takes on a 

slightly different appearance. The glassy base appears brec

ciated and shows decided changes in color. 0ome portions of 

the glass are nearly opaque. while adjoining areas may be 

nearly colorless. Aggregates of minute spherulites are very 

common in these portions of the flows. 

J omenclature: The nomenclature of these rocks presents 

several problems. :~st of the specimens studied contained 

phenocrysts of hypersthene, aueite , andesine and quartz set 

in a gl assy base containing many mi crolite s of oligoclaso

andesine . ~ocks of this nature would obviously be referred 

to the dacites and would be called hypersthene-a.ugite df:lciteo.In 

so me of th~ flows, however, quartz is very rare, occurring in 

small , badly resorbed crystalS 9 while in a fev; of the roclrn it 

could not be detected at all. I addition quartz was not detec

ted in the groundmass of any of the rocks. '}.here is no reason 

to believe t hat t here is any appreciable change in the cor!lpo

sition of the diff erent f l ows belongi ng to this seri es
9 

either 

fro m their relations in the field or from their study in thin 

section. In those rocks in which the quartz phenocrysts did 

occur they were unstable as is shown by their corroded and 

embayed outlines. It is significant in this respect that in 
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those rocks whose groundmass ia of trachytio nature the 

quartz is either totally absent or very rare o The name 

"dacitoid" (23) was used by Lacroix in describing lavas 

(23) Lacroixo CoRo Acado Scio. Volol68 0 p., 298 (1919)0 

which correspond in composition t dacite but which do not 

contain modal quartz. More recently 1.7ashington has proposed 

the name "hyalodaci te 11 ( 24) for lavas of this type. 30th of 

(24) Washington. U.S. Santorini Eruption of 1925. Dull.Geolo 
Soc.Am •• Vol.37, po382 (1926)0 

these names are based on definite evitlence a.s to the composi

tion of the rock obtained from chemical analysis. however. e.nd 

cannot be applied to the lavas of the Glass Buttes on the ba

sis of the evidence now at hand., Owing to the inability of 

obtaining analyses it is necessary to retain the name ande

site for those rocks in which modal quartz is not preoont. 

although it is highly probable that chemical analyses would 

show them to corresp~nd more closely to dacites. It might 

be pointed out as evidence fagainst this vie\vpoint that the 

mafic minerals. hypersthene and augite, are characteristic of 

andesi tes. while hornblende and bioti ta are more corru:ionly 

found in dacites. Pyroxene dacites are not rare, however, and 

have been described from several localities in the West (25). 

(25) Iddings, J.P. Igneous Rocks. Vol.II. 

Obsidian: Obsidian. although very common as boulders in 

(·' 
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the dry washes and as loose blocks in the pumiceous sand of 

the Glass Buttes region, is rarely found in place . Om flow 

of perlite is exposed at the southwe stern corner of the Glass 

:Juttes range that contains blocks of black obsi clian that are 

not affected by the pe rlitic cracks . In the central portion 

of the range a thick flow of daci te contains blocks of ob sid

ian in its upper, pumiceous part, 

l1he obsidian is of two types. One of these is a jet 

black color in thick: pi eces but is almost perfectly trans

parent in slices one-fourth inch or less in thickness. lhe 

other is a varie gated type which contains angular black f1·ae-

r.1en ts in a brilliant brownish-red opaque base. ,j ome o l'. the 

variegated types show alternating bands of red and black. 

'i1he obsidians from this locality ,,ere studied-in detail 

by :.:r. J . ~ . ?uller. 'rhe results of his investigation ~:re to 

be published in the Journal of Geology during the present 

year. ~r~ ?uller very kindly consenteJ to the roproJ~Gtiou 

of his article in this thesis . 

'I1118 I.~ODE OF ORIGI.lJ OF '11lIE COLOR 01!' CER.i:AIU 

VARI C OLOIIBD OBS IDif HS 

By Richard E. Fulle r 

Abstract 

Irregular pig~entation is due to the oxidetion and the 

subsequent re-fusion of flow breccias. In banded varieties 

the oxidation occurs in minute tensional cracks developed by 
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the di f f er ential r ate of flow ·between the successive layers 

of lava . ~hi s same factor may be the cause of the laminations 

in a ci dic l avas. 

The red and brownish opaque colors frequently observed 

in black obs idians have been proven to be due to the oxida

tion of the smal l iron content . * A microscopic examination 

*Iddings . J . P. Obsidian Gliff, Yellowstone national Park, 
U. S. Ge ol . Jurv., Seventh Annual Heport (1886), po274. 

of speci~ens of obsiuian from the Glass 3uttes anQ 3eatty ' s 

Jutte in south-:- central Oregon furnished evidence of two 

t~-pes of mechanism by which this oxidatio n occu:crod. .L
1rie 

interpretation was strengthened by field observation of the 

very r ecent acidic flow on Hewberry :.Iounto. in, about tv.renty

five miles south of 3end, Oregano 

'i1he most corrunon typ e is due to the oxidation of local 

zones of flow brecciation. The finer narticles in t~ese 

zones would be easily oxidized by the gases o scapi ng from the 

more fluid lava below. The heat of these gases, reinforced 

by their own exothermic reactions would ago.in fuse the a1norph

ous mass. leaving the larger more re si stan t b lac.,;: frr,rsrnents 

in a matrix of the red. '.i.1hen v,i th continued pressure the 

viscous mass could suff~r contortions or additiounl fractur

ing with a repetition of the process. 

Thin sections testify to the progress of oxidation 

along the cracks in a breccia. A hand specimen frequently 

exhibits a trans i tion from an angular breccia to a contorted 

mass. At Newberry Mountain oxidized fracture zones were 
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examined vvhere the heat had been sufficient to cause refusion 
.. 

only where the breccia had been subjected to continued gas 

action along the major contractional jointso 

At times 9 however 9 the pigmentation is present in fine 

parallel bands. which may exhibit such extreme regularity as 

to give the rock a satin-like lustero Although varying both 

in fineness and in regularity 9 they always appear in thin sec

tion to show one common characteristic. The bands consist 

largely of an aggregate of fine reddish fle~ks, the individu

als of which have a common orientation diagonal to the main 

direction of the banding0 

An observation of s~all feldspar crystals in this banded 

obsidian shows a uniform rotational movement that must be de

veloped by a differential rate of flow between the adjacent 

layers of the lava in which they are imbedcled. l1his differ

ential rate of flow would develop a series of rotational 

stresses between these adjacent layers. To consider an incip

ient stage of this rotational stress in terms of rock: dynamics. 

the maximum elone;atio.n of the resulting strain ellipsoid vJOuld 

form an acute angle with the direction of flow (Fig. lo Ten

sional cracks would then tend to develop at right angles totl1e 

dire ct ion of the maximum elongation. ;he sc cracks have been 

* shown to be especially well developed in a rather plastic 

( *) J.!ead, WoJ., l!echanics of Geologic Structures~ Journal of 
Geology Volo28 (1920) 9 Po 5120 

substance and to result from rotetional st:::.~ess prior to the 

actual shearingo The local relief of gas pressure resulting 
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fro m these cra cks would cause the concentration of the vola

tiles fro m the i mmediately adjacent lavas. The oxidati on 

caused by these liberat ed gases would be responsible for the 

minu te di agonal flecks of red. 

I n t his mechanism the fluidi' - of tho lava woul<i. probably 

be sufficient to prevent the lines of shear from developing 

actual frac t ures along the planes of least distortiono This 

contemporaneous association in obsidian of fluidity and brit

tleness has been previously noted by Fenner at :i~e.tmo.i. * It is 

*Fenner, C. U. Katmai Region, Alaska, Journal of ~eology, 1ol. 
28 ( 19 20 ) • p O 5 90 • 

also illustrated by several specirncns collected by the author 

at :~ev;berry r:ountain. '.l1hese show the irregular occurrence of 

gs.ping tensional cracks combined with a contorted flow sur

face. 

The above r:1echanism appears also to have berc.ring on the 

origin of tho lc.r:iinc,,tions frequently observed in ~ci1lic luvuo. 

'I1his structure is considered by Iddings "to be directly due to 

the amounts of vapors absorbed in the various layers of the 

lava and to their mineralizing influence."* In the cases il-

*Iddings , J.P . Nature and Origin of Lithophysae and the : ~u
ination in the Acidic Lava. Am. Journ. dci., 101.183 
( 1887), pp . 36-45. 

lustrated in this article the tensional cracks ~oulJ have been 

developed just prior to the final solidification. If a simi

l ar r.1e chani sm , however, pormi tted a local concentration of 

volat i les in parallel lines before the magma reached its 

• 
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ext reme viscosity, t he fluidi ty of the enriched laye r would 

i ncre a se while t he ad jacent layer would become more vi s cous. 

Thi s l ocal concentration of mineralizers might act as a l ubri

cant in fl ow. At t he same time it would locally increase the 

tendency t owar d crystallization . rhis hypothesis is substan

tiated by the frequent allignment of spheruli tes in parallel 

bands in the obs i dian, and also by the presence of vesicular 

bands, both of \'Jhich are observed at Hewbe rry I.Iountain. Like

wise the hie;hly laminated hypersthene dcci te* et Glass -3ut tes 

sho,,.rs alterno.te bands of black and red. ·~1his rock is nssoci-

"'"Taters, Aaron. A Structural and Petrographic .~tudy of the 
Glass 3uttes . Unpublished thesis, University of 
.. /ashington , 1927 . 

ated with the obs i dian. and is undoubtedly due to the crystal -

lization of a banded red and black glass In this case, how-

ever, in spite of the color no texturo.l chsnge vms observed. 

Jy this inte1·pretation the author c;r1uet1.v01·s to l:i1ow the 

liklihood that the alternate concentrati on of volatiles, 

;:-1hi ch is probably responsible for acidic lamination, m0,y 

logically be caused by the mechanics operative in the Llove

oent of a very viscous lava, and not only by the Llcro fluxion 

of a lava extruded with a variable concentration of volatiles. 

'l1he author grate fully a cknowled f.'S s the use of mate rial 

co l l ected by Er. ''!a.tors in his recent study of the Glass 

Jutte s o 
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The Older Basalts 

:2he oldest rocks exposed in the Glass Buttes regi on are 

a series of augite and olivine basalts. This series is ex

posed beneath the dacites and andesites on several of the 

fault scarps in the Glass 3uttes and also forms a consider

able area in the northwestern portion of the range. IJo esti

mate of the thickness of this series can be obtained in the 

Glass luttes region. 

Petrography: The flows belonging to this series are 

re~arkably alike in thin section. They consist of the usual 

ophitic and intergranular aggregates of labradorite. augite, 

olivine and megnetite and do not differ from t~e usual types 

of basalt that occur in other localities. They are slightly 

more altered than the younger basalts but are very fresh. 

i.JOme tyyies arc very porphyritic, showing thickly studded 

phenocrysts of labradorite up to an inch long. 

3elation of the ·.rolcanic :!.iocks at the Glass ·:3uttes 

to the Southern Oregon Volcanic Field 

Lavas of be.sic and acidic composition are widesrlrond 

throughout southern Oregon. The acidic and basaltic flows 

are everywhere conformable and s.t several localities are 

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

--------------··---------
(26) Fuller, Jo Ea Per. Cit . 
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also widespreado The older basalts and acidic lavas have 

been referred to the Uiocene (27), while the younger basalts 

(27) Waring , G. A. The Geology and Water Resources of the 
Harney Basin Jegion. Q;vegon. u.s.Geol.durvey, '. / . Sp.Paper 
231 ( 1909). 

are known to be very re cent . In t11e Glass Buttes re g ion the 

older basal ts and the daci tes probably co r respond to the I~j -

ocene series exposed on ;:;teens Uountain and at other locali

ties in south-central Oregon. 

........ .. . .. .. . .. . .. ~ .. .. . -... ,;, .................. .. 
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PLATE IV 

Pi[". lo l::nclcwe homoeogene in h;y-persthene dacite. r,:agnifics.

t ion, 110 ti1Jes • 

.?i:!o 2. Jnclave in hyperstheno daci te. ::agnification, 62 

times. 

~
1ip· . ~1. ~~eso:tbecl qur-:rtz phenocryst in spheruli tic 2.u5i te 

dD.cite. ::agnificntion, 375 times. 

Ji-. 4. Rcsorbcd ~ndesine phenocryst with dark colored 

corona in andesi te vi trophyre. :,~agnification, 

~5 times. 



PL:'~ 1.r~ IV { to follow page 40) 

:? i g 3 



~-;iig. 1. '{esorbed phe;1ocryst of andesine r1i th marked corona 

of colorless cryptocrystalline grains in qu~rtz 

andesi te. 2:agnif'ication, 35 times . 

ii~. 2. Corona of mapnetite and scaly reddish ~aterinl sur

roundtng r phe1locr~1St of hyperstheno in h:,,-persthene

r:iuri te-daci te. Iia,r·nifi cation, 110 tia1es. 

T,1 irr o 3. CTY))tospheruli tes in brecciated pumiceous obsidian. 

Eagnif'ication, 6jQ time so 

·-'ig. 4. : :i crophotoernph of hype rsthene daci te shorlinr pheno

crysts of hypersthene, andesine and quartz sur

rounded by the glassy base of the rock. ;.:agn i fica

tion, :35 times. 



PLNrE V ( to follow page 41) 

Fig . 1 

?ig . 3 }ig. 4: 



PlA'.i:'E VI 

:
1 ig-" 1. I:i crophotograph of an ophi tic textured olivine ba

salt w.:·1ich occurs as a ten foot flo\'/ adjacent to t}:1e 

,.)onder :Jone. :.:agnifice.tion, 46 times • 

. :'i'.':. 2. ~.:i cr-opho to['raph of aufi te basalt overlying the flo,;J 

represented in Pig. 1. r.:agnif'ication, 46 times. 

::'ig. 3. l."icrophotogreph showing the coiamon textural re 1 e.

t ions in the older basaltso 
.... , • -. L1 
·' 1 c. o .1:: o ~-~icrophotograph of breccie.ted obsidian. 

tion, 20 timeso 

: :ar.;ni fi ca-



PIJ~TE VI (to follow page 42) 
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PLATE VII 

Yir: o 1. '!e rJ' finely le.minn ted obsidian shordng the O.eve lop-

1:-1ent of oxiclized minute tensional cracks at an 

a.ng·le to the lnr..1inntiono ?or explanation see the 

included article by : :r c H. _;__: o Fuller. ::~f::ni :fi crt

ti on. 62 timeso 

2if.'.'. 2. Laminated obsidian. ?,:agnifica tio:n. 20 times. 

Jic. 3. Jinely laminated obsidian showing the rotational 

1;,io-ve:-::ient of phenocryots. :.:acnification, 62 tirj;es. 

?h:o 1;,. Lrnainated obsiclinn. :.:s.gnification, 20 ti:-nes. 



PLA 1r.E VII ( to follow page 43) 
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