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Le1e sedtmentß fl uAterrury tige l'rom the ort Rook-p 
Chrlstniaa ìaIce-FoasX1 Laico batn at riorthern Ltke Couil17 
Orüon abtr1nd :riot trcncho n4 pits du in the batn 
floor have been subjectedto netroiph10 nna1y1s. 

On the bosta or the cteee or opa tian mid.aie or 
prt11e the sed1rins re: i}1v)ded 1no two 1a3eS: 
the lower, 1ity, more comp et beda md the upper, iocsae, 
sndy beçth, In general, the size !ned1n o the :Lower 
bees ar ot silt size, cnd the a1z4 11rn of the tipper 
ectn rt 01* '1'ie nd vry i inc rtt s1i. The ¿Eie 

or particle or the bet8 1nd1ccttes ttat the lower tede 
hre jfl d'ositet In a coiperM;tvety deep 1'tke, ana the 
r!1orc sridy beds In. a rather shi1ow laice. V:eil-developed 
i:oaeli rlde::es (It tìieation OÍ 4470 sind 4t520 1ee eøtnb- 
Ush the laice level in which ruei or the lower s11t were 
ctex:1ted ts 1bO-OO feet ubove th present level f the 
baaln floor and the a11 structures in the sndy betis 
tfl1eLt tht the Loose be were depoitet In wattr btt 
a ei mot ceep. 

The that r.aice up the et1xicnts re x1neroi 
rLnr3 V 1uxiie :1;es (vrirylng rrcri n1nute 1as siìaz'cts 

'to pebblea oÍ' pux10 thohe In 11Leter), oss11s, 
b8ait rraents, nd rragment coinposeL 01' the underiy1n 
1are aiit 

Plagloolase teld8pnrs were the most comaon minerai 
trains, azic there were iesar amounts ot pyroxene, migne- 
tite, aric hornblende, Biotite wa Jbunt'in ix &impies. 

The 1rge iourits of 1es in th e setiments suest 
tb3t VO1OU1O 8h and pumice have been the principal source 
or the mteri1s. From the siintirity o? the minerai graina 
or the seflnoents to the minerai grains or the pumice round 
s ùyers in the sediments nd the dJ1mtiìrity 0t the ieß 

or tuo layers to r1oe rrorn c do1nte Grater Lake source, 
it is sug(;ested tht the source ol' rno8t 1' the pumice nd 
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hae boen tx'orn Mt. zax. 

The toait1ø toun in ihe setxnente re d1a'omø and 
bird, fiith, iìta1 iones, and ostrcos, pelecypoda, 
and eatropod sheUa. The diatoms maco up 1ae per 
ccxt(.&;t3 or the Lower bees *fld z:i1r rerent:e o 
the upper bede, The main rnma1 bone horizon 
1i;thec a ti1n zoxie iyin nsar the b;e or tho sin47 
bede by the ti ndln« of 1ort bones In place, l2ius tndtcatrn 
ini; tt te 1e te mic redueeL in size whcn the boneø 
were deposited In the s*4*aenta, The ostracod trid moi1u*. 
shtUc cro £oun In tlAe upper amndy The pelecypod 
,&$ tdonttried as belonging to the genus ot ta1dim and 
tba tropocts as be1onin o :1norb1s, and 
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PEThOGRAPHY OF Q,UATERNÀRY LI SEDThIENTS 
OF NORTHERN LAKE COUNTY, OREGON 

INTRODUCTION 

Geographical Relations 

The sediments described. in this thesis were tacen rrom 

the Fort Roc1-Christmas Laie-Fossil Lake-Silver Lake basin 

northern Lake County, Oregon. The basin is approximately 

rorty-rive miles wide in its greatest east-west wid.th, and 

twenty-seven miles iong in its greatest north-south length. 

The area lies roughly between latitudes °UO' and 4°3O', 

and. longitudes 121010? and. 12o°20', ano. is in the north- 

western part or the Basin-and-Range Province or the western 

United tates, ana in the part of Oentral Oregon that is 

often referred to as the "low desert" country. 

Fig. 1. Oregon - Lu±e Gounty outlined.. 
Area covered by map shocm in biacic. 
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Silver Lake, (population 9?, 1940 census), in the sout- 

western part, is the only incorporatea town within the basin. 

Fort Rock, in the northwest, and. Laioe, near the south cen- 

tral part, are post ornees serving the settlers or the 

region. 

Fort Rock is sixty-seven miles by highway south-south- 

west or bend, Oregon, ana 116 Elles by highway north-north- 

west of laiceview, Oregon, the seat of Lake Oounty. 

PUBPOSE OF S TIJDY 

This area is or interest geologically because ciuring 

the Q,uaternary when the climate was more humid than at pres- 

ent, a large inland. lake occupied the basin. Evictence or 

this large lake is shown in beach ridges more than 200 feet 

above the basin floor, wave-cut benches high on the sides of 

the hills, wave-rormea caves which were later occupied. by 

early man, and. fresh-water mollusks, arthropods, and. datons 

in the sedlmens. The paleontologist is interested in this 

area because or the rich vertebrate fauna that comes from 

Fossil Lake. 

It was only natural that the sediments of the former 

lake should be examined to see what inrormation they could 

give as to its history. This thesis is the result 01' such 

a study. 



GENERAL SETTING OF T1E BASIN 

Geology 

Types an Ages of Rocks 

The rocks that compose the hills an mountains within 

the basin and the area bordering the basin are aJ.l or voi- 

oanio origin. The rocks can be roughly aivided into pyro- 

elastics, basalts, and rhyolites, ana they range in age 

from perhaps middle Tertiary to Recent. 

Pyroclastics 

On his approximate geologic cross-sections Waring (1) 

has shown pyroclastics to underlie most of the western, 

centrai, and southern parts of Christmas Lake Valley. 

They outcrop to rorm the northern part of .ine Ridge, at 

the eastern part or the basin, Seven Iiie Ridge at the 

souern end or Christmas Lake valley, ano. rort Rock near 

the postorrice of that name. They are also found under a 

basalt capping in several of the buttes, most noticeable 

or which is the mass underlying .Lable toek. The pyro- 

elastics are a tawny, rather firmly cemented material, con- 

sisting of effusive rocks ana. volcanic cinders. They 

1. Waring, G. A., Geology and ìater Resources of a Portion 
of South-Central Oregon; U. S. Geological Survey Water 
Supply Paper 22O, Diagrams G and H, p. 6, 1908. 



probably belons -to the sanie general period. oI eruption as 

the basalts vinich are found. overlying them. 

Ba salts 

The basalts are by far the most extensive or the mater- 

ials; they occur on all sides of the basin, within the basin 

and. at least as part of the basement rocics. They may be 

d.ivid.ed. into three age groups. The olctest or these are the 
flows that are probably equivalent to he Golumbia River 

Lavas or Miocene age. .Lhese roes form most or the fault 

blocKs surrouna.ing the basin and. tile basalts or the base- 

ment roois. The basalts or able tocìc ana. the older Iiows 

the northeast also probably belong in this group. e 

seoonct group comprises the basalts that are younger than 

the Miocene Ilows and. olaer than the la1e sed.iments. 

Hayes Butte and. the remainder of the Oonnley dills, the 

Blacic Hills, Green £ounta1n, and. the other fairly well 

dissected eones to the north belong in this second group. 

The third group o1 basaits is younger than the lefle sedi- 

Inents (or partly contemporaneous) and. includes the lava 

flows in the northern part of .'ort Rocic Valley between 

Menkcenmaier Well and. Cougar Mountain, the Iour small vol- 

canic cones to the east of U-reen 'ountain, and. probably 

Lava ountain. The flows in tile northern part or Fort 

RocK Valley are younger than the laKe sediments because 

there are no laKe sediments on tile flows and. it is reported 
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that a well drilled several miles from the eage of these 

lavas struc laite silts under the basaits. As this lava is 

partly coverea. by pumice and the lavas of the small cones 

to the east oi Green Mountain are not, it is thought the 

latter are probably still younger and that they represent 

an eruption perhaps not more then several hundred. years 

old. All lavas of this last group show young features such 

as pressure ridges, blisters, blocis, ropy lava, and. a very 

roagh surface. 

Rhyolites 

The third class of rocics, rhyolites, is round only on 

the northern edge of the basin. Cougar Mountain is corn- 

posed principally or rhyolite and. associated. obsidian 

flows. Rhyolites are also found in the Newberry Crater area. 

Structure 

The many fault bloccs to the south, east, nd west of 

the basin indicate that faulting has been a dominant factor 

ìn the orographie development or the area and perhaps in 

the formation of the basin itself. 

In general the strie of these blocics is north-south 

and their dips are to the east or west. Some bloc&s rise 

hundreds of feet above the basin floor ana are continuous 

for several miles. At their bases are fairly large slopes 



ot talus. These íau1t b1oeis are typical or the Basin 
Rance structure and. presumably the rau1tin that has pro- 
auoea them tooi place at nearly tli.e same time as the rault- 
in in tile other parts o1 the Great Basin. Louderback (i) 
in speaid.ng oi the bloeic tauiing in the western part or 

the Great Basin, states that "the evidence in hand points 
to a Later Pliocene or post-Pliocene tine ror the beginning 
oi the raulting. The greater part or the derormation was 

oompletecberore the late leistocene, and while movements 

have taken piace at intervals up to within a rew years, the 
Recent aísplacements are only a small rraction oI the 
total.1' 

The long scarp, Pine Ridge, on the east side or Christ- 
mas Lake Valley suggests tflat at least the eastern side oi 

Christmas Laite basin and perhaps the whole basin might be a 

down-raulteci block. The scarps tnat Dorder the east and 

west side or Silver Lake suggest that the Silver Lake por- 
tien or the basin occupies a graben. Waring (2) however, 

attributes most or the scarps bordering Silver Lake and to 
the south or Christmas Lak9 Valley to weathering rather than 
to raulting. He gives a tentative description or the 

1. Louaerbacic, G. JJ., Period oÍ Scarp Production in the 
Great Basin; Univ. Calir. Pub, in Geol. 6ci., vol. i, 
p. , lY4. 
2. Waring, G. ..., Geology and Water Resources oi' a Portion 
or South-Central Oregon; U. S. Geological Survey Water 
Supply Paper #220, p. 27, l08. 



structhre or the area in this manner: ttThere is a major an- 
ticline running rroni Silver Laíe to Goose Laice...The anti- 
dine is piungin northwarci. ana iorms the southern boundary 
or Silver Laice basin..,.There is a cross-anticline separ- 
ating Suinnier Lace Basin rroin Chrisxuas Laie basin." This 
would m.ean, then, that the Silver Lake and rhaps the Fors 
Roc parts or the basin occupy the downwarpeo. end or a major 
anticline and that the central and western rts or Christ- 
mas Lalce Valley ano. the eastern part or Fort Roek Valley 
occupy the d.ownwarpeo. siaes or the cross-anticline separat- 
ing Sumnier Lake basin rrom Christmas Lake basin. 

It is noteworthy that the rorces that produced the es- 
carpmens died out northward, rar the long, narrow orograph- 
le blocks that are conspicuous on the southern, eastern, and 

western horizons are not as noticeable to the north. 



Topography 

Bord.ering the Basin 

Fault blocks and. volcanic cones are the striking 

reatures ot the topography or the country surround.ing the 

Fort Rock-Christmas Lake-Fossil Lake-Silver Lake Basin. 

Fault blocks aominate the southern, western, ana. eastern 

margins or the basin but are less prominent to the north 

where volcanic cones are the outstanaing features. 

Silver Lake basin is bora.erea on three siaes by scarps. 

Winter Ria.ge, a long sloping block to the west with minor 

fault ana erosional scarps, rorms the southern bound.ary. 

The western bouna.ary is determined. by small blocks. The 

eastern edge is a high scarp behind. wich are several 

blocks that forni the southern Doundary or the Christmas 

Lake-Fossil Lake basin. The eastern boundary of the Fossil 

Lake basin is the westward. racing escarpment or .ine Ridge. 

Bounding the northern part or the basin are several 

fairly large volcanic cones and many smaller ones. Perhaps 

the largest or these are the aulina Mountains which form 

the southwest wall or Newberry Crater and are about fifteen 

miles north of the basin. To the east or »ewberry Crater 

and. clearly visible on the skyline are Jast Butte ana. China 

Hat. Other cones or consiaerable size and directly border- 

ing the basin are Cougar £iountain, Lava ountain, and Green 
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Mountain, Besides these larger mountains, there are many 

smaller unnainec1. Volcanic buttes. Notable among these are 

the four very symmetrical cones that lie in a nortia-north- 

west line just east or Green xountain and to the north of 

Alicail .tilat, ana, at the northwest corner of tile basin a 

crater approximately one-hair mile in alameter ana several 

huna.rea. feet deep, named hole-in-the-Ground. Various ae- 

grees of dissection are e.xilíbitea Dy tnese cones and they 

must consequently represent several different episodes or 

intense vulcanism. 

Within the Basin 

The Oonniey hills, a group of hills arranged in gen- 

eral north-northwest line in the southwestern part of the 

basin, separate Silver LaKe Valley from Port Rock and 

Christmas Lake Valleys. .Lable Rocic, a prominent lanamaric, 

is a basalt capped butte at the southern end of the Uonnley 

Hills. North of Table Hook is Hayes Butte, a dissected 

volcano, and, forming the northern end or the Uonnley Hills, 

are a group or unnamed. hills of volcanic origin. Th the 

west of the latter are the Black Hills, the dissected re- 

mains or a volcanic cone. About six miles north of, and In 

direct line with, the Lonniey Hills is Xort Rock, a horse- 

shoe shaped mass open to the south that rises 24 feet rrom 

the basin floor with perpendicular walls over 200 feet above 
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:Ls talus slopes. Noteììect into its open enas luO reet above 

the floor or the valley is a wave-cut bench about twenty 

reet wiae. This bench cuts across the dip oi the material 

maiing up the mass, so there can be little question that it 

was wave-romeo.. In the northeast corner of the basin is 

another landmar calleö. Bunch Grass Butte. Besides tilese 

buttes within the basin there are several riaes or volcan- 

los protruaing from the surrounaing hills. 

On the sides or these hills there are some well-devel- 

oped wave-cut benches and beacnes. These are especially 

noticeable on the Uonnley hills, ana. as already mentioned, 

Fort Rocic, ana they are less nolceabie on Bunch Grass 

Butte. 

As can be seen from the elevations on the map, the 

basin floor proper as a whole is very flat. Level lines 

were run for miles with a change or elevation of only a few 

feet. On the basin floor the minor topographic features 

are mainly the result or tne work or the winds. At the east 

end or Fossil Laze is a field or moving sana dunes more than 

six miles long and two mlles wide. Their steep sides face 

east ana. their gentler sides slope to the west, indicating 

prevailing winds from the west. Inaiviaual dunes reach a 

height or more than twenty feet. The wind has caused the 

dunes to creep up over .ine hidge for a distance of three 

miles or more. Besicies this field or aunes there are many 

dune ridges in the basin composed mainly or pumice and soil 
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blown oft the tiela.s when the land. was cJ.earea tor cultiva- 
tion. 

The wind, has excavatea. a.epressíons to a depth of forty- 
five feet and. up to one-halt nIle in length at various 
places in the basin floor. These are cailea "sinics" or 

"blowholes" by the settlers or the valley. In the area 
near the base or the east siae or Table Rooi near Thorn 

Laice careful measurements were mad.e in two of then. One 

was a hole twenty-two feet aeep excavateo.. in the lalce bea.s, 

which we named. Arrow SInB; the other, a hole forty-five 
feet a.eep, narnea Four Mile On both there was a r1ge 
or excavatea. aterìal on the leeward rim. The measurements 

Indicated. the beds had. not been aisturbed and. in no way 

would. it have been possible for water or other agents to 

have carved tnem. 

At Fossil La1e proper, small hillocics stand. above the 

floor of the la.e eight feet and. more. These are "resia.- 
uals' of ia±ce beas that llave been preserved in part by 

their sagebrush capping. In the aune area the hillocics are 

more numerous ana in a better state or preservation. Some 

of the hillocKs sticz &hrougki the siaes or sand dunes and it 
is thought liicely that burial by aunes has been an import- 

ant factor in their preservation. 
Playas are conon reatures w1nin the basin. They vary 

in size from a few square feet to several acres. Most of 
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them have very smooth surraces but some or them, as AJJa11 

Flat, have a rougn, hard. top. This is aue to the higher 

percentage or minerais in the water that drains into these 

minor basins an is subsequently precipitatea. to forni a 

crust. 

One ot Ìie most interesting topographic reatures or the 

basin is the set of "rossil" or ancient snore-lines and. 

beach-ric.ges. At some places they are plainly visible, but 

at others they are picied out only with great airriculty. 

In the latter event aerial photographs or the area were 

invaluable as they reveal riugings where the eye could 

scarcely detect them. These were then proved to be beaches 

by pebbles and cobbles. best developed 

beaches were found on the east and south siaes of the basin 

and at mouths or certain canyons and draws. Their forma- 

tion at these places can be attributed to two factors: 

strong wave action, and an abundant supply or detritus. 

As has been pointed out in describing the sand dunes, the 

prevailing wina.s are usually from the west. The east side 

or the basin, then, was subject to strong and steady wave- 

action due to the wind sweeping over the broad. open space 

of the iae. The eastern edge or ttie basin is a fault scarp 

and the material weathered from the race furnished. an ade- 

quate supply or material. The wind direction, however, is 

not always troni the west as shown by the distribution of 



the pumice around Newberry Crater, which caine from the 

northwest. The beaches to the south have been formed by 

waves evia.entiy caused by nortilwest or northerly winds. 

The well-developed beaches in the canyons and draws owe 

their rormation to the second factor (available material) 

more than o the first. .Uuring the spring or the year when 

the snows are melting the streams are swollen an carry 

heavy ioaa.s. Such streams contributea aaequa'te amounts o1 

material out of which the la1e formed prominent beaches. 

For exactly the same reasons, uhere are poorly cievel- 

oped. beaches on the western side of the basin and. on the 

baec slopes of the fault bloc.cs. The less strong wave- 

action on the west side accounts for the absence Of the 

well-formed beach ridges so noticeable on the east side. 
The gentle bacc slopes or the fault blocKs are particularly 

unfavorable for beach development as any slight change in 

the water level would cause the margin of the lake to f luc- 
'tuate laterally over a long distance, thus destroying any 

concentration of wave energy. It would also be difficult 
for tne waves to obtain sufficient material from these 

gentle slopes to work into beach ridges. 

The two beaches that occur at elevations or about 

44'7O feet and 4b20 feet are better developed and more 

easily recognized than the others, ana they represent two 

periods when the lake must have stood at these veis for 
long periods of time. The 4b20 root beach marks the highest 
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limit at which a beach was round and probably marics the 

upper limit or the laKe that occuìed the basin. There were 

many other beach ridges lower in the basin but they were not 

as continuous or as well developed as the rirst two. These 

lower riagings presumably mari coraparatively static Stages 

or the la1e as it was slowly rececting. 

The valleys ot bort Rocí, Ohristrtias Lake, Fossil Lake, 

and Silver Lake were occupied by the same lace at the time 

the high beaches were forraed. ror the elevaions or the 

beaches exceeded that or the barriers now separating the 

valleys. The Connley Hills, Jiort Rock, ana uncb Grass 

Butte were islanas within the lake. t the present time, 

Silver Lake is a nearly closed basin, separated rrom the 

others by the Connley dills and the Black Hills, except in 

times or neavy rainfall when water trom Silver Laice over- 

riows northeastward to Thorn Lake and Christmas Lake Valley. 

Fort Rock Valley is separated. from Christmas Lake and FossU. 

Lake Valleys by a low level gap approximately miles wide 

between Seven Kile kidge to the south and lava cliffs to 

the north. rossil Lake and Christmas Lake are playas in the 

eastern part or the basin. 
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Drainage 

The arainage area or the Fort Rooi-Christrnas Laite- 

Fossil Laie-Si1ver Lake basin is limited to the hills im- 

mediately bordering the basin. There are only three perman- 

ent streams that drain into the basin ana. they are all in 
ttie southwest. Water entering the basin either evaporates 
or sinks una.erground.. 

The three streams that crain into the basin are Buck 

Creei, Bridge Creek, and Silver Creek. Buck Creek ana 

Bridge Greek have their tieaa.s at ttle northern ana north- 
eastern slopes or Yamsay Mountain and Silver Creek receives 
its water from the eastern slopes or Yamsay Mountain and. 

from Thompson reservoir at the southwestern base or Hager 

Mountain. U. S. Geological Survey Water Supply recora.s 

available for Silver Oreex, the largest or the streams, show 

an average discharge per month over twenty-seven years or 

26.0 second feet. These three streams discharge into Paul- 
ma Marsh which overflows into Silver Lake proper. Peter 
Creek and Walker Creek in the northern part or Christmas 

Lake Valley are the nearest approaches to living streams in 
this valley but even in the spring they usually r.Low no far- 
ther south than their "sins9, In ort Rock Valley there 
are no perennial streams but as in the rest or the basin 
many short intermittent watercourses come down to its edge. 
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Recent Status or Laites 

At the present time water does not stand anywhere in 

the basin the year around. However, Silver Laice, Fossil 

Lake, Christmas Lake, awl Thorn Lake have been persistent 

lakes several times since the early settlers first came. 

The available record.s (1) show that in 1879 Silver 

Lake was only four feet deep ana. Thorn Lake was dry. In 

June or 1882 Silver £ake was ten feet aeep nd was confluent 

with Thorn Lake. In 189 it dried up ana sagebrush found 

on the lake bottom showed that it must have been ry sonie- 

time before the arrival of the first settlers in 1888. 

This period is thought by Antevs to have been during the dry 

period of the i 40's. The following season (139O) Silver 

Lake ana. Thorn Lake vere filled, and. water overflowed into 

Christmas Lake Valley. In the springs or 1904 and 190b 

Silver Lake and. Thorn Lake were again conneotea. by water. 

In 171b the greatest depth or Silver Lake was four feet 
and its average depth was two feet. In March of that year 

Thorn Lake was a sniall pond. from 1918 to the present time 

these lakes bave been dry every sunmer and. lately most or 

the wnole year. 

The records for Fossil Lake and Christmas Lake are not 

as complete as those or Silver J-ake, but it 1S likely that 

1. Antevs, ., Rainfall ana Wree Growth; joint pubi. Oar- 
neie Institution Wash., ana Amer. Geog. Soc., pp. 1-18, 
i 9 ó3. 
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the stages of these laices correspondea somewhat to the 

fluctuations of Silver Lake. Both have been dry about 

thirty years. 
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Sources ot Samples 

The samples oI the sediments which were taken ior study 
are niainly froni the Fort Roc-Chr1stmas Lake-Fossil Lake 

portions or the area. Most or the samples are Írom the im- 

meciiate vicinity or Fossii Lake proper, in the eastern part 
or the area, ana rrom a locality just east or the base or 

Table hock in the southwestern part of Christmas LaKe Val- 

ley. The reivainer or the samples were taken at scattered 
places, two only from silver Lake basin. They represent 
the sediments primarily or the lake bottom; coarse beach 

gravels shore phases are not included as 
dici not appear to orrer much userul data. 

At 'ossi1 Lake a total or nine pits ana. trenches were 

dug and twenty-eight samples rrom rive pits and one sample 

rrom the modern dune sands were taken. e rive pits rrom 

which the samples were taken will be rererrea. to by name 

throughout the thesis, thererore their general locations 
will be given. From east to west they are: dune it (I 
on map), an eight-toot pit in the lake beds in the western 

part or the sand dune area and about two miles east or mod- 

ern Fossil Lake; Fish Bone site Pit (II on map), a three- 
root pit on the southeastern edge or the modern playa; Bird 

Bone Site Pit (III on map), a seven and one-hair foot 
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p1-C about two hundred yards north or Fish Bone Site pit, 

still on the ecige or the playa; Elephant Site Pit (IV on 

niap), a one-root pit about one-half mile west of the playa; 

Southwest Pit (V on ixap), a five-root pit on the southwest 

rim of the wind excavated area a little over 20 yards 

southwest of .lephant dite. 

The aeepest seotions studied were at the area near the 

northeastern base or Table .ktock, where the wind. haa exoavat- 

ed. depressions to a depth that would have 'been impossible 

to reach with the hand. tools available. Three "blow-outs" 

were carefully examined and twenty-three samples were taicen 

from two or them, 'Xhe two "blow-outs" sampled for conven- 

lence were named Arrow Sink ana Pour-ile Sink. Arrow inAc 

(Ix on map), is about one mile east of the Arrow Gap road 

sign post that is halfway (six miles) between the Popars 

Ranch and. the Premont Highway ana 1our-Mile Sink (X on 

niap), is about four miles east of the sign post. 

Pits were aug in two playa lakes. One or these was in 

Alkali 1lat (VII on map), which is located in the north end 

or Christmas iaaice Valley ana is probably part of Christmas 

Lake during wet seasons. The other, termed Race Track 

Flat (XIII on map), because or its very smooth top, is four 

miles southeast of Fort Rock on the Fort Rocic-Poplars Ranch 

"short-cut" road. 

The two samples taken rrom the Silver Lake basin were 
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troni a sand and. gravel pit two ana. one-rourth miles north- 

west o the Silver Laie post oftice on the Silver Lake-Fort 

Rook road. (XIV on map). 

The locations or the remaining samples were not chosen 

ror any speciric reason. 

In all, seventy-eight samples were taxen from thirteen 

pits and, trenches. In actd.ition, ten other pits were dug 

but not samplea.. 

The locations or the pits are shown on the map by 

Roman numerals corresponding to the numbers ot the pits. 

Method of Sampling 

Several methods were used to get good cross-sections O 

the bels and. make them available for observation, measure- 

ment, and sampling. Perhaps the simplest method. was trench- 

ing. This was used on e.c. posed. races such as the deep wind. 

depressions, hiliocics, and the small terraces found. ord.e- 

ing the shallow wind blown a.epressions. 1here no races were 

exposea, pits were aug so that at least one wall was verti- 

cal and. the length was enough to give good e posures of the 

beds. ÀXter the bed,s had been carerully measurea., studied., 

and photographed., samples were cut out or the smoothed 

sides. Â soil auger was used. at the bottom of several 

pits to see ir there was any change in the lower beds, but 

samples from its cutiings were never Kept. Three samples 



(#69, #70, #91, location X ana XI) were obtainea. rrom well 

aulup s. 

Detailed. sections of eleven of the pits are given on 

the following pages. 



SECTION AT DUNE PIT 

(I on map) 

22 

Ft. In. 

Whitelaicebectcapping..................... b-9 
Grayish-brown sand with ion cross- 

beading, sanipie11................... 2 b 
Wavybedaeasanctsanasiits..............,. i 
W1aiteash, saniple#1O...................... 
Loose mi.c. ea gray ana. trown sands 

(undercuts). Pieces or basait 
up i;o /4 in size, sample #......... 2 7 

Bottom or hii1oc and beinnìn 01 pit ---------- 
A rifle lalce ted breccia. Tough, resists 

w ma, sample 8....................... i i 
Gray sand, no basait rragments, sampLLe f7.. b 
Compact :siity sand witu iaice bed granules 

s ampie fr&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 3 
Disturbed sand layers witfl many iae 

begranuies, 2 
Lalceoectbrecoia, sample................ b 
Dari gray sana, sample 3.................. 
sana.y silt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . b 

Granule 1aLe bea. breccia, sampie 4........ i 9 

Compacsiit, samplei.................... J. 1O, 

14 

SECTION AT FI 5H BONE SITE PIT 

(II on map) 

DarÌ gray to blaci fine sandy layer. 
Two layers or 3' each, upper one 
minutely cross-bedded.. Many rish 
bones round here, sample i'6.......... ô 

Sand with many grains ot iaie bea.s, 

san1e l4. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Tough burr to brown compact lake bed, 

sample fflb. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

3 4 



(III on map) 

25 

Ft. In. 

White silt capping. . . . e e i . . e . e e b 
Thin bedded daric gray sand; bedding 

Irom light ano.. dark colored sands. 
Root holes and some secondary 
clay, sample lo. . . . . . . . . . . . . . . . . . . . . 9 Wavybandorclayeysilt..........,.....,.. * 

Sand. (like above) . . . . ..... . . . . . . . . . , . . . .. . . 
Silty sand, yellow when moist. 

Nests and irregular masses or 
clayattop,sample17...,........... 8 

Yellowish compact silty sand. 
Forms bench, sample #18............... i l0 

Gray sand with numerous mollusk shells; 
many small pebbles ot lake beds, 
sample l9............................ 

Sand. with pebbles or rock ana. lake beds, 
sample .......... ,0 . 1 

Compact silty sand; part break in 
flakes, part with network oÍ mineral 
inriltration. Many mollusk shells.... 2 

'7 10 

SECTION AT ELEPHANT SITE PIT 

(IV on map) 

Porous spongy lake bed with many 
mollusk shells, samplett22............ 10 

Yellowish-white massive-appearing 
lake bed, sample #23.................. 4 

1 2 



SECTION AT SOUTHWEST PIT 

(V on map) 

24 

Ft. In. 

Soll and. sand. on slope..................... 
Nearly wiute pumice sand, smp1e 24....... ¿ 
Graymixeasand, 
Mixed gray ana pumice $and, partly 

s egregatea.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Wiute pumice and, lairly even............. 
Altornatin layers, partly crossbeed, 

pumice ami dark sands, sample ¡126..... .1. 

Crossteaaea mixed sands, some silt, 
pebbles (some weil rounded). 
Bone rramens - iisb and birds in 
zone -? inches tr]ick.,..,........,.., 

---------- uneven contact ---------- 
Zone or disturbed beds or sands and 

small rounded granules oI iakebects, 
rishbone rragments. Fossil bone 
horizon, ssmple2?................... i 13. 

Layer or pebbles, mostly lakebecis, 
s ample f28. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Coffee-brown, moist sandy silt. Penetrated 
6m at bottom or trench with 
auger - no perceptible change 
in material. . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

li 

SECTION AT PIT TWO MIIS NORTH O? L P.O. 

(VI on map) 

Loose pebbly sand, sample 34.............. 
Sand, somewhat cemented with caliche, 

s ample . . . . . s . . . . . . . . . . . . . . . . . . i 3. 

Flaicy silt laice beas, sample j2........... J. ¿é 
Sandrociclayer, sampiejl................. 2* 
Concretionary sandy iaxcebed.s, sample O... I 1O 

4 7 



SECTION AT ALK.kLI FLAT PIT 

(VII 011 map) 

Irregular aUa1i crust, sample b......... 
Mineralized sLlty clay, smp1e ff6......... 
Sandy silt With granules or la!ebed.s, 

slightly xuinere.lizeu., sample 7...... 
Dari saii With pebbles or basalt and 

lakebeds, sample 38. . . . . . . . . . . . . . . . 1 

Yellow sandy silt, top wet ana. sticic., 
s ample #9 e . . a . i i . . . s . s i 0 s 

Sandy silt, blue when wet, white wnen 
dry, sample j4() . . . . . . . . . . . . . . G S 

Hard, platy sandroek layer. 1ue when 
moist, gray when dry, sample #41...... 

Flaky silt. blue when moist, yellow when 
dry. Penetrated ia" in bottom or 
pit with auger. No vìsible change 
In cuttings. hater at bottom, 
s ample #42 . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2b 

Ft. In. 

b 

1 10 

i 

10 

e 

4 

9 8 

SECTION AT PIT WEST OF ax (Sprague) WELL 

(VIII on map) 

Loose sand. . . . . . . . . . . . . . . . . . . . . . . . . .-. . . . . . . 

Porous silty sand, spongy texture.......... 
Harapan of cemented pebbly sand, sample W42 2 
Light gray. sand with many sand size 

particles or laicebeds, semple j44..... i 4 
Gravel or lakebeus and dark grains, in 

beds about i inch, alternating. 
Verynarci, sømple#45................. 67 

.1 



SECTION AT FAN ON WEST SIDE OF ARROW SINK 

(IX on nap) 

Sanl, aust, roots, anca organic matter 
s ample j46 . . . . . . . . . I s a e s s a . i . . . . 

Pebble pumice (none present ZOO' to 
southeast on edge of ttsinic) 
s ample 47 . s i s . . . . i . . s s . . . . . . i . s 

P umice sand. . . . . . . e . . . . . . . . . . . . . . 

sill; . . . . . . . e e e e s e e e e e e . s e e e e s e e s e e s e e s 

Pumice sana.. ..... ...... e.... sesees....,. 
Slit . . . . , , e e e C C C 5 e e s s C a a i S C C 5 5 5 C S 5 5 S C 

Coarsepumicesanci, sample fr45............. 
Slit. . . . . . . . s e s e e s e s e s s e e e e s i s C C S S 

BlacJ.c volcanic cinciers, sample jy9.......... 
slI5e SSCC SSS SSaS.mSC C SS SSSSSSC C 
sana., . . . , . . . . . . . . . . . , . . . . . . . . . . . . . . . . 

Slit. . . . . . . . s S C C C C S S S S C C S S C S S S S S S S S S C C S S 

san555555555.....55..5555.,..,,.5.5.5. 
Lnate lakebects. . . . . . . . . . , . . . . . . . 

Sanu. . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . 

Unirorm lalcebeö.s (same as top laicebed or 
main section at Arrow ink)........... 

26 

Ft. In. 

b 

2 'J. 

2 
i 
.1 

1fr 

ti4 

I 
1 

4 

6 11 



MAIN SECTION AT SOUTH SIDE OF AIROW SINK 

(Ix on map) 

2? 

Ft. In. 

Sancty zone, sample jEb1..................... 8 
Laminated. zone.... ..... .................... 2 2* 
hite colored. laiebec1, sample bó.......... i 

Sandyseam, sanipleb4..................... 1* Whtteooloredlajcebeci...........,........... i 
Daric gray sanay seam, sample 1* Thite coloreo laiebect, sample #bô.......... 10 
Daric brovin, wh.en moist, 1aie bed, sample #b? 4* Yellow colored lakebect, sample uìb8......... 
Pebblepumioe,samp1eW9................,. i 
Lakebed. silietfied. to hard rocic, sample #60 b 
Top or lowerbed grauin into sand, 

sample 6l. . . . . . . . . . . . . . . . . . . . . . . . . . . . '1 

Crear. colored laicebea, sample #62.......... 
Pebble and granule pumice and basalt 

san1e *63. . . . . . . . . . . . . . . . . . . . . . . s . . . 1 
White colored sample #64,......... 

31 6 

SECTION AT RA.OE ThACK FLAT PIT 

(XIII on map) 

Minutely (1" or less) sun-cracked, thin 
white cap, sample 1/J.ö-l/4 

Coarsely cracked (1") silt layer, 
s ample 74 . . . . . . . . s s s . i . s . . . s . . . . . i 3/4 

Tough clay with some sand and occasional 
pieces oI rock, sample ff?6............ 2 

Gravel and sand., pebbles mostly less than 
1", much or it "shot gravel". Pumice 
granules rainy abunctant at 4v", 
sample #76............................ 1 8 

4 4 



Generai Features 

On the basis of the aegree or compaction and Size Of 

material the sediments may be d.iviaed. into two general 

classes: (a) the lower, generally finer, more consoli- 

dated beas ana (b) the loose, sandy upper beus. 

The lower beas are white to cream colorea, fairly well 

consolidated, massive-appearing, and composed principally of 

silt-sized. particles. Individual beds are usually several 

feet in thicicness, but some are only a few inches tnic.. 

The becAs are separatea by differences in color and by seams 

or darK colored sana, ash, or pumice in layers 1/2 inch to 

lb inches thicic. They are flat-lying and. show no structures 

within them. 

The top or this series or beds is at an elevation of 

4OY feet at Four-Mile SinK and at 4U6 feet at Arrow ink. 

At Arrow SinEc the silts are overiain by a fan-shaped depos- 

it which has prevented their erosion and preserved the orig- 

inal thickrness. 

The base of the series was not seen. Even the U- ano. 

bO-root wind blown. depressions or Arrow Sinic ano. Four-Mile 

SinK ï ' ailea to reveal it. In table i is a list of test 

holes and wells taKen from U. S. Geological Survey Water 

Supply Paper #220 and from ìr ormation furnished by Mr. 

J. E. Upson or the U. S. Geological Survey. The latter 

(mariced by an asterisK) is aepth or "unconsolidated mater- 

ial " 
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TÂBI I 

LIST OF WELL AND TEST HOLES IN FORT ROOK-CHRISThAS- 
LA1-FOSSIL LAKE-SILVER LAKE BASINS 

Localion Depth in 
No. Tsp. Range Sec. reet Maeriai passed through 

i 2b 18 e 2 Laite si1s 
2 ô J_b - b ü-13, silts; lb-2b ree& 

rotlen baselt 
2b J.b 2b 12. Lake silts, a little rot- 

en basait at bottom 

À b 13 2 4 0-1*, silts; 1- 
rotten basi1ts 

2t 1 29 Lake silts 
6 2 19 ]. 12 Lake silts 
1 26 19 -- 1? Laice silts 
e 26 1 -- ll.t Lake silts; a little 

basalt at bottom 
9 2 18 -- 2b Laice silts 

10 26 16 -- l Lalce silts 
11 27 18 -- 16 Lake silts (?) with 

.. 
basalt Iragnients 

12 27 18 -- 2 O-lb, laIte silts (?); 
16-2, basalt rragments 

27 16 7 19. La1e silts 
14 27 17 -- 2? Lace silts 
lb 17 -- 19.Ô 0-19, sands and moist 

clay; l-l9.b, tule 

16 26 lb -- 7.3 0-.b, silt and sand; 
6.b-?.b turr 



Location Depth in 
No. Twp. Rance Sec. I'eet Material passed through 

1? Ö L;, -- .L6 Silts, sanas, ana c1ay; 
d-9, moist sana con-tain- 
in rresh-wter shells 

l 2o J. -- 2Ô O-ab, latce slits; 2-26, 
t utI 

19 2? 1? -- o ü-, laKe silts; 4-b, 
-t; un' 

20 &d lb -- 24 O-lb, laie silts and 
clays; 16-24, moist clay 

21 23 lt -- lb Laite silts 

22 14 -- 24? 0-108, laite silts and. 
sanas; iOd-22, turn; 223- 
241, basalt (?) 

2 8 J4 -- O Lake silts (?) 

2 2b l 2 bO All "consoijdated' 
ma t e r ìal 

2b 26 lb 4 ÖL) unconsoiictatedtt 
ma t e r ial 

* 26 1 12 24O All 'tunconsolidated." 
ma t e r la i 

J7 * 
2 lb 22 iÖO liard rock at bottom 

* 
26 lb 60 1-2O, t'uncorìsoïluated"; 

20-60, hard rock 
29* 26 l' 21 37 Hard rock at bottom 
3Q* 27 1? i or 12 400 Encountered hard rock at 

? some depth between O0- 
400 reet 

'j* 2/ 17 22 2(?) Encountered nara rock at 
2 reet 



It is not surprising the wells drilled near Bunoh Grass 

Butte and Seven Mile Ridge (well #2, /f, ana. ffl) went 

through the la.e silts at such shallow depths, roI' Bunch 

Grass Butte was an island or roci in the la.e (as ina.ioated. 

by the wave-cut benches on its sides) and. Seven ii1e Ridge 

was a rocì reet. 

It is very dffticult to estimate the thic.ness or these 

lower beas with any degree or accuracy. However, it is 

sare to say there is a blanket tens or reet thick over the 

entire basin iloor. 

When these silts were examined under the microscope 

they were tound to be composed or the same materials -- 

diatoms ana. glass maKing up the buUc or the material with 

minor amounts or mineral grains. The diaoxa content varied 

rrom Z50 percent to almost pure diatomite. Sample #6 (ftom 

a well in trie miudle or the basin) and one sample from Four- 

Mile Sink was estimated to contain 8b percent diatoms, and 

three out ot the seven silts rrom Arrow Sink were estimated 

to oonain 60 percent. One sample, taken from a white out- 

crop on the northeast siae or the Oonniey hills (sample #?2) 

was estimated. to contain b percent diatoms but this sample 

will not be consiaerea. in the discussion as the strati- 

graphic position or the deposit is not certain; it appears 

to be associated with olaer rocs. The silts contain a 

smaller percentage or mineral grains than the upper beds, 

but the minerals are the same. The mineral grains aifrer 



rrom those found. in the more sanay beos in that they are 
smaller, more angular and. 0.0 noc snow weLLl-a.eveloped crystal 
oulaines. 

The upper sandy bed.s vary in color rrom d.arlc gray to 

white. They are loose, except in tXie Iew areas wnere per- 
colating mineral waters have cemented. them. The buJ. 01 the 

sanas are in nne to coarse sizes, although bouid.ers or 

basalt were founa on e surrace and pebbles of basalt and. 

rewor.ced. iaAcebeo.s up to Z inches in size and. pieces or 
pumice as large as inches were found in some beds. The 

inciivia.ual layers or beas vary in thicKness rrom less than 

one inch to slightly over two reet ano. fleir thicicness 
varies Over short distances laterally. Within the beas are 

many minor structures such as crossbed.d.ing, ripple iarks, 
and. minor tolds. The tops or the sections are usually un- 

even due to the erosional woric of the wind. ana, because 

or tills, their total thickness is from a little over one 

root to not more than ten reet. Beo.uing is ind.icated. 

mainly by o.irrerenoes in color and sizes or perieies. 
Diatoms mage up minor amounts of the oea.s, most or the 

samples showing only a trace and '/ percent uiatoms being the 

largest amount round. Mineral ,ains and. glass shards are 

usually in about equal amounts. The mineral grains are 

larger than those f ouna in the lower silts ana they often 

show good crystal outlines. 



The transition ¡rom the upper loose, siandy bede to the 

lower compact lake silts is usually qui&e abrupt. In digging 

the pits and trenches the change was very noticeable, aue 

to the greater resis-ance that the moro compact laice silts 

ofrered, This transition is locally xaarkced by a eongloxier- 

ate made up or flat pebbles composed ot tne uncterlying 1ae 

beds or a breccia made up 01' angular granules composed. 01' 

latce bects. The flat pebbles an the angular granules when 

pulverized have the same appearance and composition as tile 

compacted laKe silts. 

The materials that inae up the sealments are fraents 

ot roci (mostly basalt), fraents composed or the under- 

lying laice beds, volcanic glass (varying trom minute glass 

shards to pebbles ot pumice), mineral grains, diatoms, and 

other fossils, ana. mineral salts. 

Volcanic glass m.alces up the bulic of the material; 

mineral grains are always present in appreciable amounts; 

diatoms are a large percentage or some beds but are en- 

tirely lacicing in others; rocic ana. fragments or the unaer- 

lying laice beds are sole constituents of some beds, but are 

scattered through the finer sediments in minor quantities; 

and mineral salts occur as crac fillings and ertlorescence 

on the sediments. 



Statistical Analysis or Grain Sizes 

The results of a statistical analysis based on ain 

counts on all samples except the breocias and conglomerates 
ano. on screen analyses or 4 samples (mostly of the upper 

beds) are given in graphs and a chart In the appendix. 

Method 

The grain count was made on the loose material of 

-28 mesh size by traverses across the microscope field aided 
by a meonanical stage ana on plus 1 mesh material by tra- 
verses over a glass grid. with binoculars. The grain 
scatters used were ta1en from the results of the screenings. 
Not less than 100 grains each were counted from the lOOlbO, 

-48,'lOu, -&ij48, and -l4 fractions or each sediment. ie 

percentage of the different grains present was then multi- 
plied by the weight percentage represented by the fractions 

figured on a 100 percent basis. The diatom content was es- 
timated ana actjustxnens were made so that the total would 

equal 100 percent. All figuring was carried to the first 
decimal place and then in the final figures the decimal was 

either dropped or changed. to a whole number, depencting on 

whether or not it was more or less than hali or one percent. 
In the compacted laice silts trie percent or minerals and. 

diatoms was estiate. by examining ten slides or each sample 

and using the average of the results. Each of the ten 



slia.es was taien at dirrerent times and recorded on difler- 

ent pages to prevent as much as possible repetition ot rig- 

ures due to suggestion. 

Screen sizes usea. were 4, b, 14, b, 100, 10, and. 200 

mesh, all o the Tyler Sieve series. These were chosen as 

ali. but ibO mesh represent the lower limits o1 the Wentworth 

grade scale Irom pebble to very iine sand sizes. The 150 

mesh screen size was used because much or the material was 

in the riner sizes and. a greater separation was thougilneo- 

essery. Firty gram samples and a screening time of seven 

minutes in a Tyler Ro-Tap machine were usea. The screening 

time was aetermined by running six test samples for periods 

varying rroni two to ten minutes o determine the time neo- 

essary to get the material through 200 mesh, and two test 

samples of laice silt and pumice granules for rive to twelve 

minutes to determine the amount of fines producea. Screen- 

ing for seven minutes obtained percent or the -200 mesh 

xnaerial and less than 1 percent fines. Loss due to dust- 

ing varied. from 2* percent to less than 1/2 or i percent, 

depenaing on the fineness or the material. 

Results of the screening or the breccias and of the 

material containing granules of la±e sílts are not very 

accurate as that material would not break down to individual 

grains and therefore gave size values that were too large 

and. other values that were misleading. Disaggregation in 
water ani in solutions or NaOH and. HOl was trie but the 



granules themselves uld breaic d.own and. Other sized. par- 

tides would. rorni on ctry1n. 

Results 

Perhaps the greatest contribution the grain count 

brought out was the large percentage or diatoms that was 

Iound. in the lower laite silts as comparea to the loose upper 

bea.s. In general, the count showed a greater concentration 

o± minerals in the upper beds, the greatest concentration ol' 

lake pebbles and granules on top or the laKe silts and. in 

the lower beas or the loose material. 

Oi the sea.iments screened, l have size medians with- 

in the ttvery rifle sand" range (1/ib to 1/b mm.) oi the 

Ventworth grade scale, l ìn the I'ine sand" limit (1/8 to 

1/4 inn.), 6 in the "medium sand" (1/4 to 1/2 nun), 2 in the 

"coarse sana" (1/2 to 3. mm), 2 in the "very coarse sandtt (1 

to 2 ìinn.), ana. i in the 'granule" size (2 to 4 mm). In the 

eleven seaiments which are larger than rifle sand size, rive 

are breccias or conglomerates i?ouna. in the Fossil LaKe pits 

(sample #4, #14, #8, #1?, suck #2), rive are pumice, cinder, 

ana soils round in the Arrow Sink cuts (samples #48, -#6, 

#49, and #46) and one is the pumice, basalt and lake silt 

granule bed. round at the base or Race Track pit (sample #'76). 

The one or granule size is the loose pumice layer round in 

the laKe silts at Arrow in1c (sample #69). 
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Ir, as Trasic (1) f ouna, "a value or So less than 2.0 
indicates a well sorted sediment, a value of about .0 a 

normally sorted. sediment, and a value greater than 4.b a 

poorly sorted sealment" then ail but five of the samples 

screened are weil sorted, and of these five, three are 
normally sorted, ana two are poorly sorted. The two that 
are poorly sorteo. are breccias (samples //4, #17) and. of the 
three that are normally sortea one is a well compacted 

bed of pumice, iaie bes, ana basalt pebLles (sample #76), 
one is a breccia (sample #8), and the other is the bed of 

blac± volcanic cino.ers round in the ran at Arrow Sjni 

(sample #49). 
The logarithm to 

in oraer that the So values coula be directly compared (2). 
The quartile deviation (measure o1 average spread.) of 

the curves of most or the seclinients is not very great but 
this is to be expected. because or the good sorting. The 

samples in which the quartile aeviation were large were the 
same as the normally and. poorly sorted. sediments. 

The amount or skewness or the curves is also slight, 
although there were only two curves (samples #12, #20) 

wriich were symmetrical. 

1. Trasi, P. D., Origin and nvironiuents or source Sedi- 
ments of etroleum, pp. ö7-?6, 
2. Krumbein, W. C., & Pettijohn, F. J., Ivianual of Sedimen- 
tary Petrography, p. 22, lt3. 



Materials ot' Sealinents 

Rooi Fragments 

Occurrence arid Origin 

Thirty-seven out or the seventy-eight samples contain- 

ea. amounts or rock ranging rroln a trace to thirty-nine per- 

cent or the total. The samples rrom the dark sandy layers 

round at Fossil Lake had the largest percentages. The 

beach ria.ges are composea almost wholly ot basalt pebbles 

and cobbles, and. shingle beacnes 01 basalt are quite con- 

non at the 4'/O and 2U root elevations. 

An interesting occurrence or basalt rrauents is in 

the lag materials rouna. in the wind e. cavated depression8. 

At Fossil Laice proper, they are especially numerous and 

they are scattered all over the basin rloor. Their sizes 

range I'rom granules up to boulders - one boulder noticed 

was nearly three reet across in its longest aìmension. 

Fragments ten ana. twelve inches in size are common. Al- 

though no pieces larger than a Iew inches across were taund 

in digging the trenches, these large Iraents have un- 

questionably weathered out of the sediments as they were 

most numerous where wind has formed. "blow-outs". Fragments 

o this size could not have been blown out to 'ossil Lake 

by volcanic explosion as the nearest vent or any size is 

many miles away. The method or transportation of the 



boulaers to the basin that seems the niost plausible is rait- 
ing by ice. Evldence that loe rorniect on the basin is i ound 

in the baa.iy aisurbed. beds at tne base of Southwest k1t 
which have been interpretea. as arreced by ice shove. Yarn- 

say Mouirtain at the head or Bridge anct uei Creeis or Silver 
Laice basin shows eviaence or having been gleciateci. The 

weather at the time the iae was in tile basin was surely 
cola enough for the formation of ice for even today the U. 

s. Geological Survey water ciiecKin slaiion on Silver Creeì 

records ice hampering the flow or wacer during the xuontfls 

or February and. March. Mr. H. M. ParIs of the Poplars 
Ranch reniariced. that rrost may occur in any month of the 
year. It seems entirely possible that masses or ice bord- 
ered the ancient lake. The boulaers or basalt were probably 
ìn part brougnt down to the iaìe shore by torrential wash 

or the streanis and. in part pluc.iced rroin the basali ledges 
and buies (such as Bunch Grass Butte) that are within the 
basin. One rnay easily imagine ice rorming around the basalt 
boulders, later to be broien up as ice floes or icebergs 
carrying their boulder cargos to all parts or the lake, 
where, upon melting or the ice the boulders were aropped. 

as erratics. 
The reason wny the bouia..ers are most numerous in the 

area or the loose sana.y beds is no clearly understood by 

tile writer. The weather at the time the silts were depos- 
ited. must have been as cola, as when the sands were 



depositea, 1so the availability or boulers must have been 

similar. There was, however, a aecided dirierence in the 

areas or the two laKes--the lake that deposited the silts 

was larger, as will be snown in later pages of the thesis. 

Perhaps the greater area or the large laKe resulted in the 

ice floes attaining a wider distribution ana. therefore villen 

the ice dropped its load the boulders were wldeiy scattered. 

In the smaller laKe the boulders were aropped in a smaller 

area and consequently were more noticeable. 

Description 

The fragments or rock which were round in. the samples 

were or very fine sand to pebble sizes. In the field many 

boulders were seen lying on the ground in the blow-outs, 

The roc was mostly blacK colored, fine-grained, ana often 

vesicular, and as rar as could be determined, was basalt. 

Occasionally small red grains were noticed that were pieces 

of volcanic cinders probaaly derived Iom tuffs or scorias. 

Some of the very fine sand and fine sand snowed some round- 

ing as did some of the pebble sizes, but most of the sana. 

and practically all or the granule and larger size material 

was angular. 
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Praents Coniposed. or the Underlying Lake Beds 

Oocurrence and Origin 

The xnaeriai composed. or the unaerlying la&e beds does 

not ma±ce up a very large percentage 01' the total or the sed- 

iments but its occurrence as conglomerates and. breecias and 

the presence or the sand sizes in minor amounts in almost 

every bed. makes it important. The bed8 that contained the 

greatest emount or pebbles were round on top or the lake 
silts and. in the bottom beas or tne loose sandy upper beds. 

The sana. ana. granule sizea. material was scattered through 

the loose upper beds. 

The most notable occurrence or the breocias is Ib und in 

the Dune Ï1t where there are three beds composed entirely 
or angular pieces. These beds were l inches, inches, and. 

21 inches thick and were at the surrace (sample #8), and. 41 

inches (sample W4}, and b inches (sample fr2) from the sur- 
tace, respectively. The pieces range in size rrom tine sand. 
to granules and show no sign or rounding or any definite 
shape or size arrangement. (ong1omerates were seen in a 

rew pits and a sample (#?O) taken rrom a well three miles 

northeast 01' arrow ink was a conglomerate wïth r.Lat pebbles 

up to one ana three-cjuarters inches in diameter. 

The conglomerates, the flat pebbles, and round sand 

sized. particles and the granules with well rounded edges 
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were undoubtedly rorined. by the reworking of the underlying 

silts. It is possible that much of this material was 

frozen during transportation and. rounaing. The breccias 

were probably formed by trie wetting, drying, na cracicing 

or trie lower silts during periods of low water when the 

beds were repeatedly exposed, and as such can be consIdered 

"d.essication breecias" (1), or they might have been formed. 

by repeated. freezing ana. thawing of the silts. 

Description 

The frauents composed or lake silts are cream to 

white colored, rine-graìnei, and can be crushed easily be- 

tween the fingers. The sands are usually well rounded; 

the granules are well rounded when they are found in minor 

quantities of' a bed but are angular when composing all of 

a bed; the pebbles are usually nat and. have well rounded 

edges. 

1. Twenhof el, VT. H., Principles of Sedimentation; p. 2l, 
1Y. 



Glass 

Occurrence ana Origin 

Disregarding the breccias and. conglomerates, the lowest 

amount of glass found in any of' the samples was l percent 

(sample ¡2b); amounts 01' bU percent and more are conmon. 

Fine- ana. very-rifle sana sizes are prea.ominant in the Upper 

loose, sandy beds and. silt sized particles in the lower 

beds. Pebbles and granules of pumice are found scattered 

over the suraoe or the entire basin. Two beas (sample 

#4?, and. #b9) at Arrow Sinlc were composed wholly or pumice 

pebbles and granules ana one bed (sample j6) at the same 

place, was b6 percent pumice granules. Several of the other 

samples contained minor amounts of pumice granules. 

As glass is found associated with and. clinging to the 

mineral grains the origin of the two is probably the saine, 

therefore the source or the minerals and the glass will be 

discussed together on a later page. 

Description 

Glass is Louna in sizes varying from minute shards to 

pebbles or pumice. Some of the glass or fine sana size and. 

smaller is transparent and clear, but most or i is oi a 

dull, whitish color. The pieces taie the form or fibers, 

bubble walls, finely striated filaments, ana. grains with 

smooth sides. The shapes are all angular, and the edges are 
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Tica1 glass shard.s tound in the sediments. 
Note bubble ìn the vesicie or and. the bubble 
walls in and 4. Magnification -1OX 
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usually rough. Under crossed nicols the rraents snow 

total extinction. Many ot the larger pieces have mineral 

grains as inclusions, 

The pumice or sample ¡j47 occurs in pieces up to j 

inches in size and in hand. specimens it is grayish in color 

and has a satiny lustre on fresh tractures. It can be 

easily crumbled and is finely vesicular; the walls at these 

vesicles resemble nests with fibrous coiled structures ot 

tine glass Iilaments. In sample 44 the pebbles are cream 

colored ana are tairly well rounded. Weathering has tinged 

the outside a light yellow. 

Minerai Grains 

Occurrence 

The mineral grains that are tound in the sediments are 

plagioclase teldapar, pyroxene, magnetite, hornblende, and 
biotite, These mineral grains are second only to glass in 

quantity Ot material ot the seaiments. They make up as 

much as ? percent or the total or some beds (sample #25) 

and rarely less than percent. With the exception o1 bio- 

tite, the minerals are ali present in every sample. Biotite 

was tounci in six samples - all rrom the Fossil Laite area. 

Five ot the samples were from the Dune Pit (samples 9, #7, 

#6, #, and #) and the other was in the sample taken tram 

the recent aune sands (sample jl2). The samples contained 
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rain Scatters 

1. Typical grain scatter or upper sand.y beds at Fossil Laite snowing glass, hypersthene, ano. teldspars. 
2. Grain scatter o± volcanic ash Iound at Dune Pit, sample #10. Colorless grains are glass 
ano. dar gains are ìnerals. Note o.iatoms 

Magnirication lOX, plain light. 
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trace, O percent, 2 percent, percent, trace, and trace, 

respectively. In the sandy beds the reldspars will usually 

malce up about one-third or the total of the material, and 

they are Lound in lesser amounts in the compact silts. Py- 

roxene ma1es up a i ar less percentage or the seoLmenis than 

the rel.spars, in no instance much over 10 percent o1 the 

total, and usually about 2 percent; however, it is the next 

most abunaant mineral. IAanetite occurs as ìnciivldual 

grains nearly as abunantiy as &he pyroxenes. hornblenae 

was seen in such small quantities in the seaiments that it 

was not incluiea in the percentages oI the mineral count. 

It occurs, however, in every sample. Because of the simi- 

larity or the large grains ot hornblende to hyperstilene and 

the small ones to augite, it is possible that some horn- 

blende has been counted with these minerais. A very care- 

rul chec on io or the saBlples proved that hornblende is 

by tar the least numerous or the minerals and. thus ir some 

has been counted with the pyroxenes, it will not have 

changed their values by an appreciable amount. 

Description 

The plagioclase teld.spars are the most common mineralS. 

They vary rrom minute silt-sized particles to grains nearly 

2 mm. in length. Stociy rectangular subhearal to euhearal 

crystals are often seen in the more sanay beds. The grains 



range in composition from oligoclase to labractorite and. the 

greatest number are and.esine. The determinations made from 

their index of refraction gave maximum values for oligoelase 

of Ab ?2-An 2 and for labradorite 01' Ab 22-An 6. Andesine 

with a composition of about Ab 64-An &6 was found. most f re- 

q,uentiy. Most ol' the grains are clear ano. show no altera- 

tion. Some, however, are completely masKed by alteration 

and. some are slightly attacked.. The secondary products are 

grouped in ran-shaped. clusters and. unuer the highpower ob- 

ec'tive, are blade-like ana. snow high birefringence suggest- 

ing sericite. Many or the grains eontain inclusions of 

hypersthene, magnetite, apatite, and. brown glass. Clear 

glass is round. on the edges of most of the grains and in SOBE 

instances it entirely surrounds them. Zoned. crystals are 

seen occasionally and less frequently crystals exhibiting 

polysyithetic twinning. 

Hypersthene is the more common pyroxene ana. there are 

minor amounts of augite. The Ìiypersthene occurs in greenish 

black, rod.-sha.;ed crystals up to l mm. ìn length. It is 

pleochroic, from apple green to light bronze in color, 

usually has many inclusions of magnetite, and is nigh in 

iron. Only a little of the augite occurs in sizes more than 

1/2 mm. in length. It is fraentary and aoes not have good 

crystal outlines. Liie the I' eld.spars, many grains or the 

pyroxenes have little pieces of glass attachea. or encompass- 

ing them. 
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Plaßioelase Pelaspar Grains. Note the glass on the edge 
or the grains in 1 and 2. The roa-liice inclusion in i is 
hypersthene. The large daric mass on the grain in 2 is 
alteration around hypersthene and. magnetite inclusions; 
other inclusions are magnetite ana brown glass. 3 is a 
zoned. teldspar. Grossed nicols. Magnhl'ication lObX. 
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Inclusions in Plagiociase Feldspar Grains. The long 
need.le-li1e inclusions in ) arid in the grain or the 
upper right hand corner or 3 are apatite, and the thic1- 
er roà-1ie inclusions oi 1, 2, ana. are hypersthene. 
The dark inclusions in the grain or i and the lower grain 
or are magnetite and. brown glass. The grain on the lert 
edge or is glass with relaspar and hypersthene. Plain 
light; Magnification 10tX. 
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Hypersthene Grains. 

i. Note glass on edge and weil-d.evelopea. grain or 
manetite partly includea. in hypersthene. Glass 
rain at right. 

. The grains in the center an upper lert are 
hypersthene. Note glass on edge ano. inclusions or 
magnetite in center grain. Grain in upper right is 
a reld.spar and others are glass. 

Plain light; inagnirication lOX. 
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1. Grain in center j magnetite surrounded by glass. 
eiaspar at right. Small grain between re.Lo.spar and 

magnetite is augite. 
2. Upper grain is manetite, relaspar, ana. class. 
Lower grain is magnetite with augite attached to it. 

. Typical biotite grain. 
Plain light; magnhl'icacion lUbX 



Magnetite occurs as inclusions, especially in hypers- 
thene, fiore orten than by itseir. The grains are small and. 

rew show gooa. crystal outline, being liKe augite in that 
respect. Particles or glass ana other minerals are usually 
round on is sides. The minor amounìs oi hematite that 
occur in the sedi.ments are thought to have been derived 
largely trom alteration or the magnetite. 

The biotite is in blacK, tabular flakes up to 2 x. in 
diameter. lt d.oes not have inclusions, show any alteration, 
or have attachea mineral particles or glass. The grains 
do not exhibit any pieochroism ana they are aaric under 

crossed. nicois. 
The larger 'ains or hornblende look very 

the grains of hypersthene, the only difrerence being that 
the hornblende is usually pleochroic from light green to 

aar1 green and. its inaex of refraction was slightly lower. 
The smaller grains were angular and. had rough eages. 

Minerai Efflorescence 

Q,ualitative chemical analyses were run on the follow- 

ing samples: 

a. xinerai efflorescence wnioh formed in a few days 

on the siaes of the freshly cut trencnes at Arrow Sink, 

sample ffO. 

b. Crac. filling in sample Ó, sample #b2 (also from 



Arrow Siziic). 

c. The salts or sample # soluble in water (surrace 

or Alkali Flat). 
d. The salts or sample ? soluble in water (subsur- 

race beas at Al1ali .tlat). 
e. The salts or sample soluble in water subsur- 

race beds at AlKali Flat). 
The rollowing ions were jOE entirleu: 

Sample No. SOC- c1 
pp t. 

CO Na Ca Mg 

a (#50) Ieavy Medium Strong Heavy Sligh Trace 

b (jbö) Heavy Slight Strong Heavy Slighl None 

o (#b) Heavy Trace Strong Heavy Slighi None 

d. (#?) Heavy Trace I ione Heavy Trace None 

e (#42) Heavy None None Heavy Trace None 

By comparison with the analyses or the salts, water, 

and soils listed by Waring (1) NaSO4, NaHGO, CaCOs, NaO]., 

and. MgC12 are thought to be the salts represented by the 
above 1OS. 

1. Waring, G. A., Geology ana. V1ater Resources or a Portion 
oI South-Oentrai Oregon; U. . Geol. Survey, Water Supply 
Paper #220, pp. 72, ?4, lYO3. 



FOSSilS 

The Fossil Laite area has been a ramous collectin 
ground for rossil mammal ana bird. bones since W7Ö when 

Governor Whiteaier, Oregon's first governor, nade an ex- 

peition through this country. In ±aot, Fossil Laice gets 
its naine rroin the abunciance or the rossil bones touna. here. 
Most of the tossii bones are Iouna in a roughly triangular 
area that has its apex about l nues west oI the moaern 

playa or Fossil Laice1 ana its base, about a hair a mile 

long in a north-south ciireoion just west ot the modern 

playa. The principal zone that contains the bones is a 

thin, grayish-colored nue sand. containing iake silt gran- 
ules. It is i'ouna. at an elevation or about 429e feet, just 
above tne intrarormational conglomerates or lake sìlts and 

near the base of the loose sana.s. The source was confirmed 

by the rinaing of large bones of mammals, such as horse and 

elepnant, in place. Eviently the animals had come down to 

the laice when it was shallow and naa. waded out to drink. 
It was inevitable through the years that many animals should 

die here and their remains are what we now find as fossils. 
The species of mammal bones that have been identified by E. 

D. Cope, N. Hoilister, W. D. Mathew, J. S. Gia.iey, A. M. 

Alexanaer, H. O. Elf tman, and U. Stocic include: 



antelope ground sloth 
badger 2 horses 
bear jackcrabbit 
beaver mouse 
3 camels ocelot 
coyote 2 pecoaries 
elephant puma 
fox wolf (dire) 
gopher wolf (timber) 

Several hundred bird bones were found oy Dr. Allison 

ana. his field party during the summer of l4O in the vi- 

amity of Biro. Bone Pi-t. The bird fauna identified by E. D. 

Cope, R. . Shufeldt, ano. L H. Miller include: 
6 gulls 
i haw 
1 heron 
2 muö.hens 
i owl i pelican 
1 phalarope 
i prairie chicien 
1 quail 

terns 

i blacibird 
i cormorant 
1 crow i ducKs 
2 eagles i flamingo 
7 geese ana. brant 
6 grebes 

grouse 

Fish bones were found in nearly every bed eamineo. from 

the iowesl laite silt to the upper sandy beds and in various 

parts of the basin. !or the most part, the bones were frag- 

mental but a few fish jaws showing dentition and many verte- 

brae were collected by Dr. Allison. D. . foro.an has iden- 

tirieci. he King or Ohinoo1 salmon from this area, and. E. C. 

Cope and E. Staris bave identiried. one species or silverlin 

two species or suok'ers, and -two species or Siphateles. 

or the b$ species or birds identified, 20 are extinct, 

and of -the 2 species of mammals, lb species are extinct. 
The King salmon is -the only living representative of the 

fish life. 



The large quantities 01' diatoms in the lower compact 

silts is another or the world wide oceurrences 01' the assoc- 

iaion ot cuiatoniaceous earth ana volcanic products. The 

reason ror this association is attributed. to the unusually 

great amounts ot silica present during volcanic outbursts. 

It is tnought that the silica is made available ror use by 

the diatoms ìn the Iorm or Îiyarous aiuminui silicates (1) 

and silicio acid. Hydrous aluminum silicates are much more 

soluble than silicic ac1. so it probably furnishes the bulc 

01. the silica necessary for the formation or their tests. 

To obtain the soluble silicates calls l'or the alteration of 

the volcanic material. It has been snown that the change 

or basaltic, rhyolitic, and aacitic glasses is negligible 

when allowea. to stano. in sea water (2) ana. so it is suggest- 

ed that the alteration taxes place prior to deposition - in 

the vents, or very close to them, by gases or solutions 

emanating from the vents and, the volcanic material itself 

(s). Altered volcanic as is consid.ereo. by Taliarerro (4) 

1. Murray ano. Irving, On Silica and 'the Siliceous Remains 
of Organisms; Proc. foy. Soc. Edinburg, vol. 18, pp. 229- 
2to, 1ß9LL. 
2. Taliarerro, N. L., The Relation of Volcanism to Diatoma- 
ceous and Associated Siliceous Sediments; Univ. Calif. Pub. 
in Geol. Sciences, voi. 2, l, pp. 4b-4t, i9'1. 

. Hewitt, D. ., Geology ana Uil ana. oal Resources of the 
Oregon Basìn, Meeteetse, ana. Grass Creek basin quadrangles, 
Wyoming; U. S. Geol. urv., Prof. Paper 14b, p. o, lb. 
'. Taliarerro, N. L., Ibia., p. 4, i96. 
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Grain scatters rronj. the compact silts showing 
the high percentage or a.iatoms. 
1. Prom sample j?2 
2. Freni sample 6b 

Magniricalion LùoX 



to be the chier source or supply r or the repid. and. continued 

erowth or diatoms ana. other siliceous organisms in the Ter- 

tiary or Calirornia. 

Unaoubtea.ly the source or the silica ror the alatoms in 

this area has also been altered volcanic ash. The presence 

or glass shards, glass rrined minerai grains, ano. layers of 

pumice ana volcanic ash making up the bulk or the seaiments 

is aerinice proor or that. The locale has also been favor- 

able to their rapid growth. Conclusive prooi or favorable 

environment is rurnisheo. in tile absence of coarse uetritus 

and the aim est 100 percent presence ot silt-sized particles. 

The very surprising thing is that larger deposits or pure 

d.iatomite are not found.. ieasons why they are not may be 

the lac1 or alteration of the ash or the lac1 of nitrates 

ano. phosphates which Murray and .Lrving nave shown to be 

necessary (1). The ad.o.ition or quantities of material so 

rapidly as to retard their growth is not liKely, for the 
rate or growth is thought to be airectly in proportion to 
the availability or the necessities. 

Regaraless of the reasons for tue airrerent quantities 

of diatoms in the compact silts tile occurrence is interest- 
in because their relative abunaance nelps bear out the 
presence or a comparative deep laite when little coarse 

1. Murray ano. IrvIng, Ibid., pp. 22-2bO, ldtl. 
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Grain 8catters rroin the loose sandy beds 
showín various diatoms. 
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material was being a.epositea. ana. of a shallow ìa.e wen the 
material was coarser. The large numbers or diatoms also 
suggests that volcanic ash has been the uiain source of the 
materials. 

There are undoubtedly many cLilterent species or aiatorns 

represenea. in the sediments for several d.ìrrerent sizes and 

shapes were noticeu. io attempt will be maa.e to o.escribe or 

identify them but photograchs or several of the varieties 
are given. 

At several places on the basin floor near iossil Lace 

the ground is nearly white with the many gastropod ana pel- 

ecypoci shells tnat have weatherecL out or the beds. These 

shells occur mostly in the upper sands. In the analysis of 

the seaiments the shells are most oi the 'totflr fossils" 
percentages. Ustracoas were lound associated with tile gas- 
tropocis and pelecypocts. whey were but a few millimeters 
long and were wnite ana. al&hougil tney were not 1Q.entif led, 
they are all thought to belong to one genus because ey ap- 

pear to be similar. our difrerent genera of gatropods 
were found and one genus of pelecypoo.. Tnese are described 
on tne following pages. 



Phyllum MOLLUSCA 
Class GASTROPODA 
Family POIPHCLIGIDÂE 
Genus Cariniie. binney 
Carinirex ? sp. er. Q. Ionsonbyi 

Fig. 1, A. ana B. 

The only mention or . ponsonbyí is íound: Henaersor, 
Roaeci, Journ. aieon. Sept. 14, p. 2o9. s'In U. ponsonbyl 
usually the spire is slightly elevatea. above the top of the 
lasi whorl." 

The sÌiells consist or rive whorls separated. by well- 
aefinea. sutures. Spire elevatea. slightly above the last 
whorl an tnis is more marKed in some inaivi.o.uals. .Lhe 

shoula.er is somewhat eelea., umbilical crater is moaerately 
broad and a.eep, eflneo. by a hign, sharp ridge. (ìreatest 
wid.th of umbilical pit, U. miri. Apical angle obtuse. Growth 
lines numerous, varying in prominence and spacing. body 
whorl expans slightly a aperture. Uuter lip thin. The 
top surface of each whorl more or less unaulating, cue to 
high ridge on shouluers. Altituae lO. min., width 16 

There are several specimens which may be closely allied 
to the above described specimens. They ØJ.fr er in having 
higher apical spires ana less prominent rid.ges around the 
umbilical crater. 

Figure 1 
About /4 natural size. 

B 

C 



Panaly PNOR.tIDA 
Genus PLANORBIS Guetara 
Planorbis (Gyraulus) vermicularis ouid 

Fig. 1, 0. ana ). 

Planorbis verruicularis. Stearns, ±'roc. Acac.. hat. Sci. Pnila., 1g3i, p. lOu; Utah Laite, uan. í3aer, Bull. Amer. 
Mus. Nat. Eist., XLI, 191?, pp. o29, 52; Lily Laie, near 
Elaora, uolo., aititucte î ' t. x-ienaerson, Naut., LïVII, 1924, p. ?; Lily Lake, near Lalce Eld.ora, Colo. 
Planorbis parvus. .Liencterson and Daniels, Proc. Acad. at. 
Sci. Phila., LXIX, 191?, pp. b, o, b4, '16, query as to 
pp j, 7, '13, '1'?; near LcCamrnon ana north end Bear Lake, 
Lia; Newton ton Reservoir ana. Provo, Utah. 
Planorbis (Gyraulus) vermicularis LTouid. henuerson, Univ. 
Colo., stuales, XIII, no. 2, lY2, p. 180, ±92e. 

Shell, planorboia, composed regularly increasing 
wnorls, somewnat expundea at aperture. Apical cavity 01 
about 120°, apex slightly depressed, nearly below mealan 
plane or whorls. i4nes or growth are numerous, iine, and 
even. tTmbilicas deep. Aperture somewhat triangular, 
rounaea on thin outer lip. I)iameter 1 mm., height .9 nun. 

Genus Parapholyx Hanna 
arapholyx paciarc1i Hanna 

Fig. 2, A. 

Parapholyx packaral Eanna. Hanna, Dallas, .ossil Fresh- 
water I1o1lus!s £rom Oregon, Univ. Oregon Publicaïon, vol. 
1, no. 12, August 1922, p. b. 

Shell moderately small, composed 01' 3 whorls which in- 
crease rapialy in size; suture deeply impressed around the 
last whorl. Spire is elevated above the body whorl, apex 
rlattened and smooth. Thor1s n1arîea by conspicuous growth 
lines. four specimens were measured, with a.Ltituaes ranging 
rrom '.8, .4, ?.b, '1.9, ana. diameters ranging f ron b.b, 6, 
8.7, .2 respectively. 



Figure 2 
About /4 natural size. 
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Fam11yLINAEIDAE Ke1erstein 
Genus LINAEA LanlarcK 
Lymnaea stagnalis appressa tSay) ? 

Fig. 2, B. 

Lininea stagnalis. Ingersoll, h Ann. Rept. Haya.. Surv. (ror 1674), p. 40b: between the Animas ana La Plata, Colo.; Southern Utah; Proc. Day. Aca. Nat. Sei., II, lb'7?, p. l2; LTah Lake ani Spring Lai'e, Utah. 
Linnaea stagnalis. Binney, L. ana F. W. Shells N. Am., Pt. 2, l6b, p. 2b; southern Utah. Tryon. £7TOC. àcaa. Nat. Sei. Phila., IXV, l3?, p. 286; Utah. Yarrow, flee1er Surv., V. i7b, p. 941 (part); Loma, Rio Gre.ncie and Del 
Norte, Col.; Utah Lake, Panquich Lake and ditches near Salt LaLce City, Utah. Loekerell, Science Go cup, 1e88, 
p. 2b; uolo.; Tourn. Conch., V. l3b', p. 64; San Tuan District, Colo. (Ingersoll). Call, U. S. Geol. urv., Bull. il, 1884, p. l'ì; Semi-rossil in Sevier Desert, Utah; living near Salt La!e City and. in Utah Lake at American 
Fork, Utah. Elroa, Univ. Iont. Bull. lu, 1902, p. IbO; 
Swan Lake, Mont. 
Limnaea stagnalis apressa. Elrod, Univ. ont., Lull. 10, 
1902, pp. 112, 160, 1?; Bitter t-oot River and Swan Lake, 
Mont.; Naut., IV, 19u2, p. 110; sûme localities. 



Lymnaea stagnalis appressa (Say). Henderson, Mollusca or 
Colorado', Utah, Montana, Iaaho ana. wyoming, Univ. Colo. 
Studies, V. XIII, No. 2, 1924, p. 161. 

Shell large, elongate, soniewnat rusirorm, thin. Con- sists 0±' about live whorls. Apical angle acute, apex sharp- 
ly pointed, outer lip thin. 'hin callous on pareital wall. 
Lines or growth crossed by distinct impressed spirai. lines, saiin rinish, shiny. Sutures aisinct, somewhat impressed. 
Height l?. mm., diameter 8. mm.; aperture ovate, height 
i.9 mm., a.iameter 'e.0 mm. 

Closely resembles L. stagnalis jugularis Say, but 
diÍ±'ers in size and number or whorls. The number oÍ whorls 
(5) corresponds to L. stagnalis appressa (Say). 

Class PELECYPODA 
?amuly SPHAERIIDE 
Genus PISIDIIThI Preifter 
Psiaium variable Prime, er. magnum 

Ster k i 
Fig. 2, C. 

Pisidium variable Prime, Bost., Proc. IV, 1851, p. 16. 
Pisidium variabile magnum. Sterici, Ann. Carnegie Museum, 
X, 191?, p. b; Wash., Carnegie Institution oI Pittsburg. 

Shell small, obliquely cuneii'orni; inequilateral, 
anterior side longer; hinge Line s&raight. SurI'ace finely 
irregulârly striatea, not polished, but shining. Length 
14.s inni., height 11.5 mm. 



INTERPRETATION OF SEDIMENTS 

Source or Materials 

The similarity in the minerals and the mineral content 

and. the presence or glass on. the edge or the minerais and. 

in large amounts in the sediments must be more than a coin- 

cidence; it must mean that the materials or the seaiments 

were derived rroni a similar source. 

The large amounts of glass in the beds ana. the glass 

still clinging to the minerais suggest that the main source 

or tile sediments was volcanic ash. There is a very regu- 

lar 2 inch layer of white ash near the top or the section 

in the Dune Pit, (sample iO) which is undoubtedly an ash 

rail that was deposited in the la1e, ano. marks a time of an 

eruption or a nearby volcano. It is not a sign 01' deep 

water because the change in color and size of particles 

between it ana. the bed lying on and unuer it is very abrupt. 

Then this ash was examined it was OUfl to contain the same 

minerals ana the minerals were in similar proportions to 

each other as was found In the rest ot the beds. The size 

median of tnis sample was less than 1/16 mm. In fact, 1.4 

percent or the material passed. through 200 mesh. This 

agrees very closely with the size ueo.ian ol' the lower com- 

pact beds. Most or the material in the loose upper beds, 

however, have medians in the very fine sand. range (1/8 to 

1/16 mm.). The material from which these sediments were 



ier1ved must have been much coarser. .s the fine and very 
rifle santi sizes o± the pumice layer at Arrow Sinic (sample 

#bY) were composea essentially or the minerals wnich were 

found in the other sedi.ments, the pebbles o± pumice were 

grouno. up to see ir they eontainea tnose same minerals. A 

heavy mineral separation was iaaae ana. lb. pereen of the 

weight was found. to be composea. of these minerals. ?urther- 
more, the minerals on examination had. glass still clinging 
to them and they ooniparea favorably to the sizes or the mm- 

eral gains in the loose upper sanc.s. 

The materials from which the minerals and the glass of 

the 1ae sediments were cterived then, must have been volcan- 
io ash and weathered. or comminutea. pumice. Ash and. pumice 

containing the same minerals as the sediments, the abundance 

of glass in the sea.iments, and especially the glass fringed. 

minerals definitely establish that. The amount that ash and 

the amount that coarser pumice eontributea is difficult to 

estimate. Because of the size or particles it seems logi- 
cal that the silts should. be maa.e up almost entirely of ash 

altnough pumice that was grouno. up or aisintegrated and. sub- 

sequently transported to the laKe as rifles may have been a 

factor. In the upper beds or sand. sizes the material has 

probably been derived. mostly rrom sandy pumice with ash 

falls playing the minor role. 



The most obvious sources or ash ana pumice that could 

have supplied this area are the Crater Lake and. fewberry 

Crater vents. The edge or Crater Lake is southwest approx- 

imately bb miles air-line distance from the postoffice or 

Fort Rock, and. East Lake within Newberry Crater, is north- 

northwest approximately 2b miles air-line o.istance. Other 

possible sources include the Devil's Hill area, northwest 

nearly bo miles air-line and the numerous volcanic cones 

surrounding the northern eage or the basin. Measurements 

are from the postorfice or Fort Rock as it is a few miles 

inside the western margin of the basin of the former lake. 

B. N. Moore (1) and Howel Williams (2) have mapped the 

distribution of pumice from Grater Lake, Newberry Crater, 

and Devil's Hill. Their maps show that the pumice of 

Devil's Hill is limited and lacks at least thirty mlles 

of reaching the edge or the lake basin. The volcanic cones 

on the northern eage of the basin so rar as i'nown have not 

thrown out pumice; thererore, these areas have not been a 

source or pumice for the lake sediments. It is not at all 

unlikely, however, that fine ash could have come from 

Devil's 11111 and that at some time in the history or the 

cones to the north ash or cinders were erupted. The amount 

1. Moore, B. N., Nonmetallic Mineral Resources of Eastern 
Oregon; U. S. Geological Suxey Bulletin #87, pl. 16, 

2. Williams, Howel; personal communication. 



ot material that they have contributed to the sediments is 

probably very small, ir any at all. That leaves as the 

possìble sources o± the sedimentary material Grater Lake 

and. Newberry Grater. 

Moore has mapped the eastern limit or the "younger 

pumice ot Crater Lake" to the eage or ?ort Rock basin. The 

material as mapped. was "about one root tnicic along the 

boundary" (1). Williams agrees rairly well with him, 

although his six-men isopach line is slightly rarther to 

the west or Moore's bounaary in some places ana. at others a 

little rarther to the east. No matter which map one rollows 

material rrom Crater Lake is close enough to indicate that 

Mt. Mazama must have blown considerable pumice and ash into 

the basin. The streams that were craining into the lake 

rrom the west would bring large quantities or this pumice 

to the basin and. the winds would, probably bring much more. 

The Newberry Orater pumice as mapped by Moore is quite 

restricted and, not shown withIn the Port Rocl Basin. 

Williams has mappea. the Newberry Crater pumice as occurring 

well within the basin. Pumice lies on the lavas that come 

d.own into the ia1e basin north or Port Rock, undoubtedly 

rrom the Newberry area, so the extent or the pumice that 

Williams has snown is probably the more nearly correct one. 

1. Moore, B. N., Nonmetallic Mineral Resources or Eastern 
Oregon; U. S. Geological Survey ulletifl #em, p. i, l/. 
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Ir so, then Newberry Crater could also have f urnisheo. 

materìal to the basin. 

Very important in the a.eterniinaion ot ie source which 

rurnished. the materials or the sediments are 'the three pum- 

ice layers round in the cuts at Arrow Sink. One or these 

(sample #63) is a .L3-inch thicic Layer that occurs on the 

lowest laice silt observable at the bottom or the sink, 29 

reet rrom the top or the section. Another, seven ana. a half 

feet higher, is a 1t-ineh layer o1 pebble pumice (sample 

¡9). In the fan on the west side or rrow W.nk is a 

27-inch ihici layer oi pumice With pieces up to inches 

in size (sample #4?), feet from the top of the section. 

Pumice from these samples was ground to pass 1Qt) mesh and. 

heavy mineral separations were mad.e. Bromororin wíth. a 

speciric avity or 2.4 was usea. ior the separaion. Three 

separations shovie sample to contain an average of 'i.2 

percent heavy minerals. Two samples each or sample b9 

ano. saz.le 4? showed 1b. percent and. percent heavy 

mineral content, respectively. Ten grain samples were used. 

tor sample and sample ? ana io gram samples were 

used ror sample j/. 

The pumice trom sample #4? and sample j,9 that was 

crusned. for the heavy mineral separalQion was pebble size and 

the pumice from. sample was anuie size. Perhaps the 

sma1er sized particles or pumice may account for the low 
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percentage or minerai grains round in sample Evidence 

that tills may be so is Iuna in tne Íines oI this bea which 

snow a high percentage or reldspars plus a lesser percentage 

or pyroxene ana. magnetite. t was noticed, also, thac in 

several pieces or the lump pumice rrom Orater iake some Or 

the mineral grains occurred in clusters in the pumice. 

Weathering ana erosion would tenti to loosen these clusters 

causing tnem to rail out, thus lessening the mineral content 

cons icterably. 

The heavy mineral separations from these pumice bea.a 

were compared with two heavy mineral separations made on a 

sample or pumice taien from a railroaa cut on the west side 

or China hat, a definite evberry source, and 13 samples 

takcen from road cuts and. from lump pumice found. on the top 

of the grouno. along the sid.e of Oregon tate Highway 

between Frospec ana Trail, delinite Crater LaKe source. 

The (hína Hat pumice contained an average or Q.6 percenc 

heavy minerals ana the l samples rrom Urater Lake varied 

from a low of 9.7 percent to a high of 14.9 percent with 

an average of 10.2 percent heavy minerals. .ifteen gram 

samples were used in the separations. 

The heavy fractions from the Arrow Sinic pumice separ- 

ations were next examined for mineral content. Samples 

#63 ana #b9 contained the same minerals that occur in the 

sediments, that is, plagioclase relaspars, hypersthene, 



augite, hornblende, and. magnetite. The plagiociase teid.- 
stars rance troia oligociase to labraciorite and snowed. the 
same crystal outlines that were observed in the rest Ot 
the s&iiments. Hypersthene was in roo.-shaped 'ains and. 

had inolusions or magnetite. .ugite and. niagnetite occurred 

as small angular grains witîìout good. crystal outlines and. 

the magnetite usually haa sonie other minerai attached 
to it. Hornblende was present only in traces. the ratio 
or the amounts oÍ the aitterent minerals to each other coni- 

pared. tavorably to those observea. in the sediments. The 

sizes or the grains were similar to the mineral grains or 

the upper sandy eas. In ract tile reniar1abïe similarity 
or the mìneral grains of the pumice and the minerai grain8 
or tile sediments can leave littie doubt that their source 
must have been identical. The heavy tractions ot sample #4? 

were almost ail piagioclase ield.spars. Whereas the heavy 

tractions or the other pumice beds loolced gray because at 
the dar minerais mt2.ea with the white spars, by contrast 
the heavy rraction at sample #4? was almost pure white. The 

minerai grains were much smaller and. aid not snow any good. 

crystal outlines and. because the grains were so small and. 

the pumice was not ground any rifler than 100 mesh the 

grains were usually enclosed. by glass. This macle their 
determination by their inaex at refraction very difticult. 
The tew determinations that were made showed a range troni 

labradorite to and.esine. The few aar. minerals present were 

identified as augite. 
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The examination of tI-ie heavy minerals or Crater Lake 

and China Hat showed that the Crater Late heavy minerals 

were similar to the heavy minerals of' sample #6 and sample 

#9 in every respect. The composition, the sizes, and. the 
shapes were all similar. The heavy niinerals of the pumice 

from Uhina Hat were plagioclase reldspars and. minute aaric 

minerals identified. as een augite and nypersthene. he 

minerai grains were anaalier than the minerals irom the pum- 

ice or Crater Lake and they aid not show gooa. crystal out- 
lines. Augite was more prominent than in the Crater Lake 

pumice or the sectiments. 

The results or the heavy mineral separations on the 

pumice layers at Arrow inI and the pumice Irn Uhína Hat 

and Crater LaKe can be suìimed. up as rollows: 
1. Pumice from Crater Lake has a higher percentage 

or heavy minerals than the pumice troni Ohina ±at (10.2 per- 

cent vérsus O.6 percent). 
. The heavy minerais rrom the Crater Lake pumice are 

almost exactly like the heavy minerals or sample #b9 and. 

sample #6 ana. the minerai grains 01 the loose upper sand.y 

bea.s. 

. The heavy minerais rrom the Crater Lake pumice are 

the same minerais that are Íound. in all the sed.imens with 
the exception or the biotite rounu. at the aune site, and. the 

ratios or the minerais to each other are simìiar to the min- 

erai ratios rouna. in the sed.iments. 



4. The percentage or heavy minerals rouna in sample 

# 59 compares Lavorably with the percentage or heavy minerals 

round in the pumice rrom t.rater L*ake, whereas the percent- 

age ot heavy minerals rrom sample 4? and. sample #6 (.ô 

percent ana 4.2 percent, respectively) is less than the 

percentage or heavy minerais from Crater Laice (10.2 per- 

cent) although greater than the percentage of heavy minerals 

from the pumice of China Hat (O.6 percent). 

The percentage or heavy minerals in sample 1f6 is 

thought to be low because of the size of the pumice part- 

icles that were used for grinding. ihe true values pre- 

sumably would. be close to the values tor sample #b9 and. the 

source of these two is probably the same. 

The similarity or the pumice of sample and sample 

#b9 to the pumice from Crater Laica suggest that the pumice 

layers were cterìvea. from a Crater Lake source. Also the 

similarity of the minerals in the sediments to the minerals 

in the pumice suggests that they had. a common source. hø 

last statement is borne out by the occurrence of the pumice 

layers in the latce silts. The possibility that material 

troni Crater La.e coula be a source is shown by the pro2i- 

mity of Crater La±ce pumice as mapped by Williams and. by 

Moore. 

The size of the pieces, the difterence in mineral con- 

tent, and the position in the ran over the lakce silts of 
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sample fjt47 shows that during the later stages or the lake, 
that is, when the a.eep laIte had. almost disappeared and a 

ran was being built out onto the basin rloor by streams, 
pumice rroni a source other than Crater ake was being 
brought to the lake. This source is thought to be the 
Newberry Crater area, although it must be confessed there is 
very little proof. It shoula be pointed. out however, that 
the one sample taken from Newberry Ora'er for comparison 
was trom the west sìd.e or China Iat ana. accoIing to 
Williams (1) there were four cones within the crater and 

two, including china ±at, outside which were sources or 
pumice. 

The source ror the biotite round in the Dune Pit and. 

the dune sana has not been satisfactorily determined. No 

pumice that was found. in the area is KflOvJIl to contain bio- 
tite ana few or the rocks or the area contain it. One 

possible explanatìon is that at some time a light ash tall 
containing biotite was aeposited. in the shallow la±ce and 

due to continued. washing, most of it was ariven to trie east 
siae. Then by reworicing, lesser quantities were washed in- 
to the overlying beas and. later blown into Lthe dune sand. 

from the disintegration of the beds. 

1. Williams, Howel, Newberry Volcano of Central Oregon; 
Geol. Soc. Amer. iull. j2, vol. 6, p. 27i, l95o. 



Oona.itions or Sedimentacion 

The conaitlons uncter 'which the two classes or seal- 
ments - the upper loose sanas ana the lower compact silts - 
were laja. a.own, are aerinitely ctirrerent. As the recora. ot 
the compact silty laKe beas is best exposea. at Arrow 1nk 

ana the loose sandy lake beas at the pits in the ossi1 Late 
area these two areas will be discussea. in aetail and Consia- 
erect as representative or the conaitions or sedimentation. 

Carerul measurements by leveling with an alidade with- 
in rrow SinK proved that there haa been no sliding or 
raulting or the bects - the same beds were continuous on all 
sides. Excavations in the bottom showea the Lowest exposed 

lake silts conformable with the overlying lake silts. The 

record is not marred, by any outside factors. 
The materials and sizes of the silty beds are the 

same throughout, the only airference appearing in the per- 
Cent Of diatoms present. Thererore all these beds must have 

been Í'orraea under similar conditions. The eonaitions nec- 
essary appear to be quiet waters and a distance great 
enough from ttie source or nterial that sizes larger than 
silt would have already settlea.. The large percentage of 

diatoms in the material also demands quiet waters. 
Arrow SinK 18 about 20u0 feet rrom the din's of pyro- 

elastic rocks north of Table 1ountain. There are several 
ary washes coming from the cliffs ano. bloeis of talus are at 
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their base. Ir a laice had. been lapping against this clifr 
or ir streanis hac. been pouring a.own its sides, ivaterial O 
at least nne san sizes would be founa. where the silts 
are. The reason why senas are not there must be that the 
1a±e was aeep enough to cover the benches and extend beyond. 

the clì1ts. That waters did. do this is certain as there 
are wave-cut benches above tile clìrl's and wave-cut caves 
on the sides o Table ounamn. Laite levels at elevations 
indicated. by the high beaches would mean that 160 to 210 

Ieet of water woula be aDove the site oi the top laie silt 
and this woula. answer the requirem.ents necessary for the 
deposition oi tile silty bea.s ana provide water quiet 
enough ror rapia Qiatom growth. The low percentage o dia- 

toms in trie top silt (sample b) is probably due to the 
1ace aeclining in a.epth suiiiciently so that the currents or 

the waters were strong enough to reach the bottom ana. cils- 
turb the diatom growth, but not strong enough to carry nne 
sands out. The ciutrerence in the d.iaom pereenage 01 the 
other 1aie silts may be attributed. to the interruption oi 
their growth by the aeposition or the sandy seams. 

The thin seams 01' very tine sand such as samples #b, 
#b3, and ¡Ìb1 which separate he silts were probably the re- 
suJ ot 'the laKe becoming shallower so that this size mater- 
ial could. be carried out into the lake. The beds or pebble 
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size pumice which separate he silts were probabiy oarrìeö. 

ouG in the lake rrom the shores. They might possibly have 

been carried there by winds ouring an eruption or as rioat- 

in particles arterward. 

The eight reet or loose material iich lies on op oI 

the compact silty lake beds at the main section OI Arrow 

Sink is divisible into two zones. The lower zone which is 

two reet two inches thick is a laminated zone oi alternating 

layers or sand an silt ana the upper rive reet ten inches 

is loose material containing roots ana other organic mater- 

ial and is probably or aeolian origin. 

On the western siae or Arrow in±c opposite a ry gully 

coming this Iorrns a lenti- 

cular aeposit very suggestive or a ran. This was trenchea 

down to the laKe sïlt ana saniples ana measurements were 

taken. The lower lb inches was a zone 0± alternating sands 

ana. silts mostly about one inch thicic; it was ma iea, now- 

ever, by one two-inch layer or black volcanic cinders, one 

three-inch layer or coarse pumice sand, and one I'our-incki 

layer or silt. Above this zone came a two-root three-inch 

layer or pebble pumice which had some pieces reacnïng a 

size or inches. his was cover Q. with three reet oi 

loose material that contained root and other organic ma- 

terial. The rreouency or tne sand layers alternaiing with 

the silt at tì bottom or the section suggest that the lake 
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hau awinalea. to a size such that a stream flowing from the 

gully was depositing these sediments in the laKe at differ- 

ent times, or, more Likely, the lake was fluctuating and the 

sandy layers mark the shallower periods when íhe stream was 

able to carry the sand. sizes farther out on the basin i'loor. 

The volcanic cinders ana, the pumice layers mark perioas or 

eruptions 01 some nearby crater, ana the thick pumice layer 

aenotes a time of an eruption large enough to deposit quanti- 

ties or pumice over the surrounaing terrain so that the 

stream was carrying pumice as the bulK or its load. The 

upper three feet of loose material is unaoubtealy debris 

carried there by the winds. 

The record froni the bottom of the lake silts to the 

top of the loose material is thought to be continuous, the 

fan formed from the stream protecting the lake silts from 

erosìon and. preserving the deposite of the deep lake. The 

top of the loose material may be partially destroyed., but 

a sujficient amount is left to correlate with the loose 

material of other pits and trenches. 

The other "blowouts' which exposed considerabLe 

depths or lake silts were very similar to this one at 

Arrow Sink. They had. the massive-appearing lake silts 

capped. by loose material and this loose material in the 

section in the "blow-ou't to the north-northeast of Arrow 

SinK had faint long erossbeaaing. At the top or the lake 

silts ano, below the loose material at Four-Mile Sink there 
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was a laice silt conglomerate. ThLs is perhaps comparable to 

the sand-silt phase which overlies the silts oÍ Arrow Sinic 

ami rurther proves the existence or shallow water at that 

period. The aug well about three miles northeast or Arrow 

Sink (sax1e #70, #71) also shows a well-äevelopea iaie-bed. 

conglomerate under the loose material and on top or the laIte 

silts. 

The bases o1 the trenches at Fossil Laine showed rather 

compact massive-appearing laie silts or breccias and con- 

glonierates made up or the underlying lake beds. The silts 

were undoubtedly laid down under the same deep water condi- 

tiens as the silts in the Arrow Sin1 area, and. the condi- 

tions or rormation or the conglomerates and breccias above 

the silts are probably comparable to the shallow water con- 

ditions that formed the conglomerate or Four-Mile Sink and 

that deposited the sand-silt phase or Arrow Sinic. Above 

the silts, in the trenches at Fossil Lake, came a series 

or rather thin sandy beds that varied over short distances 

laterally. Some or the sand. layers are quite dark and have 

low percentages or glass and large amounts or roci rrag- 

ments. This indicates that the iae in which the silts were 

deposited was then shallow enough so that material o1 sand 

ami pebble size could be carried out into the basin. In a 

pit on the north siae or Fossil Lake, visiteo. several days 

atter it was excavated, ripple marks in the sands had. been 

eteheo. into relier by the wind. in several or the sandy 



bects niinute cross-beading was visible. The thin be.s and 

the small slruetures within them prove that the lake in 
which the sands were deposited was only a Iew teet aeep. 
The presence or quantities or shallow water niollusca and 

ostracods and. the low aiaZoin content ot the beds also point 
to a shallow laite. Because the bones are Íound. only in a 

rather limited area in the middle ot the basin, the laKe at 
the te the bones were incorporated in the sediments may 

have covered only a small portion of the area or the basin 
íloor. However, many nah bones rouna in some or the upper 
sandy beds show that the lake meanwhile aid flot dry up en- 
t ir ely. 

The tops of the sectìons at Dune Pit, Fish Bone Site 
Pit, and. Bird Bone Site Pit are a cream to white-colorea 
silt approximately b inches thick. A light colored. silt 
eovers a sandy bench that borders the north end of the 

Fossil Lake area and many or the hïllocics within this area. 
The silts are probably the remnants or the deposits of a 

laize that was a.eep enough that only silt-sized particles 
were being aeposited, and as such marx a time when the lake 
again was fairly deep. Only remnants of the deposits of 
this stage of the lace are found as the wind has removed 

most of the material. The sand aunes to the east are large- 
ly the result of the material removeci from sandy beas 
unaerlying this silt cap. 



CONCLUSIONS 

From the stua.y that has been iziade or 'the sediments or 

the Fort Rook-Christmas iaie-Fossi1 Lake basin the rollowing 

conclusions can be urawn: 

1. Â 1ace whose shores were at elevations oI 44?0 and 

4b20 reet stood within the basin ror long periods or time. 

This meant 10 to 200 r eet or water over much or the present 

floor. 

. The lower compact silts or the seaiments were de- 

posited in this a. ' eep lake. 

. The deep lake shrank to a size that was only a i ew 

reet deep and much reduced in area. 

The upper loose sands or the sediments were a.epos- 

ited in a lake or shallow aepth and smaller size. 

b. The main mammal bone horizon is near the base or 

the upper sandy beds and the top of the lower silts. 

The size medians or the sediments or the upper 

beds is between 1/4 ana 1/16 mm. 

1. The sediments on the whole are well sorted. 

8. The materials or the sediments are mainly 0± vol- 

canje origin. 

9. The bulk or the material of the sediments is vol- 

canic gLass. 

10. The variety or the minerals in the sediments is 



not great, and. wìtb one exception, all minerais are found 

in every sea.iment. 

J.1. The similarity of the minerais or the sediments 

and the lower pumice layers or Arrow Sink to the pumice and 

mìnerais or the pumice from a definite Crater Laice source 

suggests that the origin of most or the materials of the 

sed..iments was bit. azama. 
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