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GEOLOGY OF THE ANA IUVER SECT!~, S£Jl..AfER LAKE, OF.EGON 

I NTRODU CTI )N 

Location 

The Ana River section of lake beds is located near the north­

western margin of the Summer Lake basin o£ west-central Lake county, 

Oregon, and in the extreme northwestern portion of the Basin-and-Range 

physiographic province of the western United States (plate 1). The 

basin that immediately surrounds Su.mmer Lake is approximately 20 miles 

long and 10 miles wide and lies between latitudes 42° 4.5• and 42° 58• 

North, and longitudes 120o 40 1 and 120° SQ• West. The section of 

Pleistocene and Recent lake beds exposed along Ana River is located 

more specifically in the N\V i , T. 30 S., R. 17 E., Willamette Meridian . 

Summer Lake post office is 106 miles south-sou~~east of Bend, 

Oregon, by way of paved highways U.s . 97 and Oregon 31 . Lakeview, 

Oregon, is 71 miles southeastward on paved highways Oregon 31 and 

u.s. 395 and is the seat of Lake County. Secondary roads in the 

Summer Lake basin are in part graveled, and minor dirt roads leading 

to almost every part of the basin are usable throughout most of the 

normally- dry year. In addition to the post office at Summer Lake 

there is a store and gas station which serves the ranchers or the 

area . 

PUrpose of Investigation 

The basin is of interest geologically because during Quater­

nary times it was occupied by two or more deep pluvial lakes . The 

presence or these former large undrained lakes is indicated by a 
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multiplicity of shore line features around the margins of the basin . 

Drilling within the basin has penetrated considerable thick­

nesses of lake sediments indicating a long, complex history, as yet 

only partially known . The Ana River section exposes for detailed 

study the uppermost 50 feet of these sediments and despite their 

limited extent, is valuable for reconstructing the final phases 

of the pluvial lake history of the basin. Several layers of pumice 

indicate eruptions of Mount Mazama (Crater Lake) and Newberry Crater. 

Tne pumice layers are sufficiently recent to be useful for dating 

and correlating throughout much of so~th-central Oregon, the Crater 

Lake pumice being especially useful for dating archaeological finds . 

Fresh-water mollusks and arthropods are interspersed through­

out the lake sediments and aid in reconstructing the environmental 

conditi ns present at the time they lived. A detailed study on the 

ostracod shells , which are abundant throughout most of the section, 

might serve to give definite proof o£ changing salinity or water 

temperatures at various stages of the lake and possibly relate major 

lake changes to corresponding facies changes in the sediments . 

Since this region lies at the northwestern edge of the Basin­

and- Range province it expresses a type of structure common to large 

areas of the western United States . inter Ridge , bounding the 

western edge of the Summer Lake basin, is one of several major fault 

scarps in southeastern Oregon. 
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The primary purpose of this study is the examination and inter­

pretation of the lake sediments exposed along the banks of Ana River 

to add to the increasing knowledge of the pluvial lake history of 
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t his basin . 

Previous ' ork 

The first geological study of the Summer Lake basin was con­

ducted by l . C. Russell during a hasty reconnaissance across south­

eastern Oregon in the year 1882 . His findings were embodied in the 

United States Geological Survey's 4th Annual Report published in 

1884. In connection with a stuqy of t 1e water supply of south-cen­

tral Oregon, ~aring (49, pp. 21-31) made a more comprehensive s tudy 

of the Summer Lake basin. His work included the first reconn~ issance 

geologic and topographic maps of south- central Oregon. Bven today 

this area has no topographic maps, other than Waring • 3 , and only a 

fevr scattered areas have been geologically mapped in detail . A 

more recent general discussion of the geology of south-eastern Oregon 

was published by Smith in 1926 (43 , pp. 199-256) . The results of 

analysis of Summer Lake water have been published by Van "inkle 

(48 , p . 119) , and by Allison and Mason (3 , p . 3) . 

Recent workers in the Summer Lake basin have been primarily 

concerned with the pluvial lake history, climatic successions in the 

late Pleistocene and Recent ·times , or archaeological studies . 

Allison (1 , pp. 789-808) studied the lake history and pumice beds 

at Summer Lake and named the pluvial lakes formerly present in the 

basin. I n 1946 Allison (2, pp. 63-65) published a geological back­

ground of the south-central Oregon region to which archaeological 

findings could be applied. Archaeological studies have been con­

ducted at the Paisley Caves , and other sites in sou~1-central Oregon. 



The Paisley Caves are not in the Summer Lake basin proper, but their 

origin is due to the wave action of the pluvial lakes which extended 

to the south from the S\li!llrer Lake basin. Consequently the dating of 

the archaeological finds is dependent upon the dating of the lakes . 

These archaeological studies have been carried out by L. S. Cressman 

or under his direction. Publications by Cressman include: (12, pp. 

300-306), (13, pp . 1-155), (14, 236-246). Hansen (24, PP • 164-171) 

has studied forest successions based on pollen profiles as a ide to 

postgl acial clirna tic changes . His work includes a chronolo<~ of 

postglacial time. Hansen (25 , p. 1252) dates the Crater Lake and 

Newberr,y Crater pumice through their relation to the climatic stages , 

as indicated by pollen profiles from peat sections in central Oregon. 



GillOHAl-'liY 

Physiography 

Basin-and- Range Province 

The Basin-and- Range province ~s a physiographic feature or 

rather indefinite boundaries comprisino approximately one- tenth of 

the area of the United States and continuing southward into Mexico . 

The province ~s characterized by tilted fault blocks generally 

trending north- south and separated by inter- montane desert basins . 

To the northern half of the province , an area or interior 

drainage , the name "Great Basin" is applied . The name was given this 

area by Fremont in 1844, after crossing the region and noting that 

it had no water running to the sea . Despite the implication of 

the name , the region is not a single basin but rather is composed 

or more than 90 separate basins and more than 160 mountain ranges 

(10 , · P• 11) . The mountains occupy about half of the t.otal area of 

the Great Basin section of the Bas~n-anct-Range province . The Great 

Basin extends north of the Oregon-Nevada border for about 160 miles 

and embraces approximately 16 , 000 square miles of central and 

southern Oregon (40, pp . 435-4J6) . On the north and east it is 

bounded by the hydrographic basin of the Columbia River while on the 

west it is bounded by the drainage or the Klamath and Pitt Rivers . 

The exact boundaries of the -.xrea t Basin in Oregon are in­

definite , the edges being determined by hydrographic boundaries which 

are uncertain in many places . In the past the boundaries have 
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chaflued, in a hydrographical sense, as at Klamath Lake wr. · ch became 

tributary to the ocean during t . e Quaternary and forced t he boundary 

of tne province e st1ard of the Sierra Nevada-cascade mountain crest . 

Otr.er local boundary changes can occur, as at Malheu Lake, where 

only a low pass keeps the lake from becoming tributary to the 'alheur 

River . A slight increase in the level of t he lake would accomplish 

t his and again alter t 'te margin of the baain. Properly, however, the 

province s h uld be considered only i n a physiographic sense and thus 

would include such boundary area regardless of the precipitation . 

Because of t e interior position and large ranges of eleva­

tions , the climate of the Great Basin is generally semi-arid, but 
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loc lly it varies from arctic climates above timberline on t he highest 

mountains to true desert conditions near sea level in t he southern 

part . In t he northern half , the vre t B<tsin proper, water drains 

into enclo;;;ed basins while in t he southern po:::-tion there are slopes 

on 1bich water could ~~n directly to the sea, but the resion is too 

arid to supply a continuous nor~ or has no r unoff at all (17, p .. J26) . 

The first theory of origin o the individual mountain r anges in 

the Great Basin was published by King in 1870 (30, pp . 451-473) who 

considered the ranges to be a series of eroded folds . A short time 

later, Gilbert (18•, p . 41) formulated the idea that the ranges of the 

Great Basin were the result of differential elevation of crustal 

blocks, bounded on one or both sides b~r profound faults showing vert­

ical displacement , 'with .little or no folding . The idea was adopted by 

Powell in his outline of the types of mountain origin under the heading 

"Basin Range type . " King agreed to the idea of extensive faulting , 
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but he emphasized that the faulting had been superimposed on the 

earlier folding . 

hile the general character of t he mountain ranges of the 

Basin-and-Range province is that of the fault block or Basin Range 

type, the individual ranges display several fundamental types of 

structure . Louderback (33, pp . 354-355) reports one col!!lllon type 

of the basin ran.:;es t o be that of a tilted block with a scarp devel­

oped on one side . One slope of the range , noi'm3lly the longest, con­

tains Tertiary formations tilted by block rotation . Another common 

type has scarps de~eloped on both sid~s ~f the range . In ~1is in­

stance, the Tertiar.y formations are truncated by both scarps and may 

expose pre- Tertiary rocks at each base . The range scarps, then, are 

principally the result of procressive development by faultin~ . The 

recent phase of this faulting is seen at the base of the scarp where 

occasi ~nally renewed faulting in ccent t ime exposed uneroded fault 

scarplets . .bile the early exposed portions of major scarps have 

suffered degradation, most have not been eroded enough to destroy 

the evi~ence of fa~ting or to cause doubt as to which side is the 

scarp . In sever&:\. places of Recent movement along these fa•1lts 

there has been but slight retreat of the range scarp _rom the fault 

line . 

Drainage 

Because of the barrier effect of the cascade Mountains and the 

resultant low precipitation beyond it, the Summer Lake hydrographic 

basin is characterized by an insequent, nonintegrated drainage pattern 



(4.3 , p . 56) . The drainage area of Summer Lake is approximately 550 

square miles , but because of the low precipitation, no streams of con-

sequence enter the basin·. At high water stages the lake occupies an 

area of about 70 square miles but shrinks to nearly half that size 

during dry years . The lake is l a rgely independent of local run- off 

for its water, its principal source being Ana River which is fed by 

at least 5 springs that rise in the sediments at the north end of 

the basin. The total flow of these springs is quite constant at the 

rate of about 145 second feet (49 , p . 32) . Ana Springs is one of the 

largest fresh water springs in the United States . From the springs, 

the river follows a meandering course for about 7 miles to where it 
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discharges into Summer Lake . 

Although Ana River is the main feeder of Summer Lake, its flow 

is supplemented by that of smaller springs and by seepage . 1aring 

(49 , p . 42) reports t he flow of Ana River to increase from 155 second 

feet near t he springs to 179 second feet near the mouth . Numerous 

other springs tributary to Summer Lake rise along the western side 

of the basin but the total discharge of 16 springs measured by W ring 

amounted to only 4 per cent of that of Ana River . 

The te.mperature of the water of Ana Springs is 66° F . At 

the southeastern end of the Summer Lake basin one spring, t he ~ oodward 

hot spring, is reported by Waring (49 , pp . 54-55) to have a temperature 

of 123° F . 

At present Summer Lake is one of the largest lakes of the north­

ern Great Basin.. Its waters contain sufficient · dissolvJ salts to 

render it uninhabitable to fish life , but it swarms with crustaceans of 
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the genus artemis, or "brine shrimp'' as they are more commonly called. 

Since the early settlers moved into southeastern Oregon small 

changes have been noticed in the level s of the nearby lakes. Because 

of the shallowness of these lakes, the water level can change but 

little without destroying them. While some of the lakes have enlarged 

and even overflowed, a few, as Silver Lake in the years 1888-1889 , and 

again in the 1940 ' s, have temporarily dried up {49 , pp . 37- 38) . No 

notable changes in the level of S~er Lake , however, have been re­

corded. Although Summer Lake has a constant sou.ree of water supply, 

s everal arid seasons likewise could reduce its area to a fraction of 

that existing today by the unbalancing of the rate of evaporation to 

that of inflow . 

Climate 

The Summer Lake basin is characterized by a semi-arid climate 

with cold winters , hot swmners, and 1'1id-e diurnal temperature changes . 

The seasonal precipitation occurs chiefly between the months of October 

and March with a secondary maximum during May and June, followed by a 

relatively dry summer . The prevailing wind is southerly in winter 

months but changes to the northwest in the summer. 

The only United States ieather Bureau station near Summer Lake 

is located 29 miles to the southeast at Paisley, Oregon, at approxi­

mately the same elevation. From data recorded for more than 25 years, 

the mean annual rainfall is 8 .9 inches while the mean annual tempera­

ture (15 years record) is 48 .4°-F . 

In accordance with Koppen ' s quantitative classification of 
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climates, as modified by Trewartha (47, pp . 357-361), the climate 

would be classified as Steppe (BSks) • This emperically devised classi­

fication. is based primarily upon annual and monthly means of tempera­

ture and precipitation. The letter designation BS refers this climate 

to that of a semi-arid, Steppe climate; k indicates the coldest monthly 

temperature to be less than 32° F . ; and the letter s corresponds to 

the rainfall which is distributed such that it gives the area a dr,r 

season in the summer . 

Vegetation 

The harsh climatic conditions prevalent in the Summer Lake 

basin and adjacent region is reflected by the scanty flora . The 

basin is situated in the upper Sonoran vegetation province (one of 

the 5 life zones of the northern Great Basin) near the northern bor­

der of this typically more southern zone . 

The flora is separted into 2 main groups depending on the 

alkalinity of the soil. The halophytic flora includes several 

varieties of saltbush, the most common being Atriplex confertifolia. 

Greasewood (Sarcobatus vermiculatus) and salt grass (Distichlis 

spicata) are also locally present. 

The most ubiquitous plant of the basin is sagebrush, the pre­

dominating variety being Artemisia tridentata, while rabbit brush or 

golden sage (principally of the genus Cbrysothamnus or Tetradymia) is 

less abundant . 

The Canadian life zone covers the higher part of the mountains 

of t his region, including Winter Ridge. The upper half of Winter 
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Ridge cont~ins a notable stand of predominantly ponderosa pine timber . 

(42 , PP• 99-109) . 



PI.EISTOCEJlE ~ID CENT EIST:)RY OF '!'Hi!, SUJ.fVER LAKE BASIN 

Pluvial Lakes and Their Origin 

Throughout the Great Basin evidence of an extensive series of 

Pleistoce e luvial lakes is apparent and well known . Evidence of 

their former existence is seen in well preserved shore line features 

and characteristic deposits . Such is the case in the Summer Lake 

b sin where .ave- cut cliffs and terraces and lacustrine depos~ts 

record a similar, contemporaneous history. 

The early orkers in the Great Basin, as Russell (188l) and 

Gilbert (1890) , first recognized the relationship of expanding lakes 

in the 3outhte3t to the glacial stags in the north . The existence 

of such lakeo was thought to have required a much cooler and moister 

climate than that existing totlay . Uore recent workers in the region 

as ntevs (1925 ;1938;1941), Blackwelder (1931;1948) , ~inzer (1922) 

and others have accepted and expanded these relationships . 

13 

Antevs (5, pp . 51-114) has shown the chief events of the Pleis­

tocene lake history to have par·alleled the larger events in the north­

ern part of t e continent . _ile in the north at least 4 glacial 

stages with arn interglacial staees have been recognized, in the 

Great Basin glaciation and pluvial lakes alternated with periods of 

aridity . The maximum mountain glaciation and hia,hest levels of the 

lakes were c..:>ntemporv.neous with, or slightly later than, the climax 

of gl ciati n and early stages of ice retreat . The st ges of aridity 

corresponded to interglacial sta es . 

'l'he lakes of the Great Basin, then, ere caused by the combined 



effects of decreased evapor tion because of low summer temperatures 

and relatively heavy precipitation connected with climatic changes 

association with glaciation elsewhere . These humid and semi- humid 

stages are referred to as pluvial sta es . The lakes held fresh w ter 

ttJ.ring the cooler epochs, but these lakes probably dwindled to playas 

or salinas in t he intervening dry tiQes . 

Antevs (7, pp. 63-76) has further shown the climatic conditions 

of the Southwest to have been influenced most by the state of glaciation 

in western canada. As the last continental ice cap advanced and neared 

its maximum the glacial anticyclone became strong enough to force the 

storm paths southward into the region of the Great Basin . The heaviest 

precipitation then occurred well to the south of the ice border . The 

increased precipitation in the region of the Great Basin, as the result 

of t his dislocation, produced tne ~eat pluvial lakes and mountain 

glaciers . The forcing o! the storm pa'ths to the south led to the 

undernourishment of the ice and, as the western ice- sheet began to 

shrink, the anticyclone weakened and the polar front moved northward 

so as to diminish precipitation in the Southwest . 

The difference in humidity between the northern and southern 

parts of the province apparently was greater in the Pleistocene· than 

at the present . The existing southw~rd increase in the rate of evapo­

ration and decrease in pre.cipitation apparently was accentuated 

during this time . 

Meinzer 05 ~ pp. 541-552) has compiled a series of maps show­

ing t he distribution of Pleistocene lakes of the Great Basin which 

further substantiates Antevs ' findings . These maps clearly show the 
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important relations ip of latitude to the size end abundance of the 

lakes . The Pleistocene lakes were crowded in the northern p1rt of 

the province and generally were large , while those to t."le south were 

smaller and lcs abundant . Other southern basins prob bly held ..yater 

but never of sufficient permanence to leave racogni~able shore lines . 

Jones (29, p . 47) a .fter studying the Lahontan basin dvo ates 

the extreme recency of take Lahontan and consequently other co tempora­

neous lakes of the Great Basin. He estimates the lake to have had its 

be inning between 2,000 and 4,000 years go , and to have reached its 

maximum depth extent about 1,000 y ars ago . Jones's dating (2J, p . 28) 

is based on the f• ct that if the present lakes are' remnants o.f Lake 

Lahontan t e age of the lake can be calculated from t he amount of 

salt in the present lakes in the Lahont n basin and the ratt-3 at which 

streams are carrying salts. into these lakes. For further substanti­

ating evidence he refers to Hantington ( 28, pp . 1-255) who studied 

sequoias as a guide to climates . Huntingt..?n ' s rain! 11 curve 

(28, p . 172) shows wet per~ods at about the· time of Christ, 1,000 A.D., 

and 1,350 _.J) . From this dating ,Jones believes the lake to have had 

its beginning durint; the first et period about 2,000 yeo.rs ago and 

to have reached its maximum d~ring the secund about 1,000 A.D. Jones 

further refers t o the fact that many animals , the remains of which 

arc found in the basin, no longer exist and concludes such extinctions 

could take place in a short ti~e , referring as evidence to the many 

extinctions of animals in historic time . 

The dating advocated bv Jones has been refuted by Antevs 

(8, p . 211), Hay (26, p. 147), and others . Hay does not accept this 



dating on t he basis that it \ ould require the rapid ext inction of 

camels, native horses, and ot."L:ler animals existing in t he region 1,000 

years a go . 
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Blaclovelder ( 10, p . 12) has recently pointed out that the lakes 

could have exi,Jtcd even wit' out t he presence of inc:i.""eased precipita­

tion . He s-ag~.;;sts t hat during the coldest a~es the temperature was 

probably 8-12° F below long t erm verages and consequently the region 

would have been less arid, even without increased precipitation . 1'he 

surplus winter snow could then f or m in ice fields at the heads of moun­

tain canyons and at the S3m.e time lakes could have formed in near .y 

all basins as the result of t hE: balance between inflcm and evapora­

tion changing in favor of inflow. 

Because of t he close relationship of glaciation to pl uv:al lake 

stages , the dating of various lake stages can be made from a knowledge 

of the glacial stages . Coincident with t he pluvial lakes, alpine 

glaciers f ormed on all higher mountains in the Great Basin, and 

especially on t he major ranges to the east and west . The known moun­

t ain glaciers in t he Grea·l:. Basin, however , were sma~l and t heir de­

posits comparatively insignificant. 

On the east slope of the Sierra Nevada, Blackwelder (9, p. 870) 

has reco~~ized u stages of glaciation . To these gl acial epochs he 

assigned the names Tioga , Tahoe , Sherwin,. and McGee and correlated 

them with the late Wisconsin, Iowan, Kansan, and Nebraskan glacial 

stages of t he eastern United States . 

While there has been no continental glaciation in Ore0 on, Thayer 

(45, p . 30) has recognized 3 alpine gl acial stages i n the North Santiam 
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River valley of the scade M.?untains a nd to these he has assigned the 

names Tunnel Creek, Detr it, and Mill City. He tentatively correlated 

these with the Tioga , Tal1oe , and Sherwin glacial sta ges of the Sierra 

Nevada, respectively . 

Lake Stages Recognized in the Summer Lake Basin 

Throughout the Gr at Basin the last tw.) glacial ages are fairly 

well known, but. t e rest of the epoch is poorly recorded . Blackwelder 

(1 , p . 11) states th t judging from the limited record available, the 

second glacial age as more extenaive than the third, and the third 

greater than the last . A long interglacial epoch separated the second 

and t hird whil~ the t hird and fourth had a s horter interval between 

them . .although the last two glacial stages have left a fairly clear 

record in the ureat Basin by shore l ine features and lacustrine sedi­

ments , the history of early Pleistocene is lacking or prf,l!served only 

in the sedimentary de osi ts nm" buried beneath the floors of the basins . 

In the Summer L..ilce basin no direct evidence of lakes earlier 

than middle f-leistocene h ve been found . .Allison (1, p . 793), however, 

reports the penetration of 960 and 1286 fee t of soft, blue lake ~~ds 

in the Summer i.ake b sin during unsuccessful attempts to obtain arte­

sian water . The presence of quantities of lake sediments of this rr.agni­

tude would seem to imply a history much longer than that recorded by 

the existing shore line features . 

Several distinct lake stages are recorded in the Summer Lake 

basin . he highest lake 3tage is marked by shore line features ap­

proximately 355 feet above the r-reBent level of Summer Lake . Other 



shore line features , one being e p cially ~ell pronounced at a level 

215 feet above Snmmer Lake , indicates intel"J''ledidte stages . To the 

former deep-V1ater lak , Allison (1, p . 793) gave the name "pluvial 

Lake Chewaucan11 and to the la · pluvial lake recorded at an int r­

medl:-te level e ~ave the a e winter Wke . 11 
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At t' e ti!ne of its ·ronru.m dcvelo ment , Lake t;he• aucan extended 

to t _ ~ s:>utheC:~.st to a d th of 20') to 250 feet over the Upper and Loi'ier 

Chm. ucan marshc nd , bert Lake . The r Lcl.ke-Chewaucan Marsh yor­

tiun of this 1 kc extended southea ... terly "'or 45 miles to the Abert Lake 

basin where it 0ranch d to the north for n additional 15 miles or 

more (1, p . 792) . 

Uubbs and :rt.iller (27 , p . 22) advocate the use of tne nae1e of 

Ftecent lakes for 1:.}· pluvial lakes of tr!e same basin and refer to Lake 

Bonneville and Lake La on tan s classical examples . In view o the 

priority of pu.blication and t e contir.ue reusage of t ,1e mmes r'pluvial 

Lake C. ewaucan11 and "pluvial ~;inter Lak , ., the se of tl.ese names will 

be continued in t l is paper . 

Relationships to other Pluvial Lakes of t he Great BaG"n 

Despite t 1e snall drainage area of the SUl're:lcr Lake basin (550 

square miles) · s com red to tl~e .1.s.jor drainage asins of L<..~ke Don-

n ville (19 , '750 squure miles) · nd Lake Lahontan (8 , 422 square miles ) 

a contemporanco· s lake history in these basins is to be ~xpectcd . 

Those conaitions necessary for the formation of lakes in one b sin 

similarly a ~ected adjacent basins at the s e pproximate latitude . 

'I'Jhile there is a di.:'fere ce of 2° h5 1 in latitude bet een Summer Lake 



and the area occupied by Lake Lahontan they are within 100 miles o.£ 

being equal distances inland and have similar barrier e£fects as a 

result of the westward-lying mountains . 

19 

Early studies of the pluvial lake history of the Great Basin 

were conducted in the Bonneville and Lahontan basins . Since that time 

considerable effort has been expended in the eorre1a tion of equivalent 

lake stages and corresponding shore lines between the two basins . ¥ ith 

the succession of lake stages established in the large basins, correl­

tions can be made fr-om smaller nearby basins. 

Two high water lake stages have been recognized at Lake Bonne­

ville and Lake Lahontan . In the Summer Lake basin two lake stages have 

similarly been recognized. There are four principal terraces recog• 

nized in the Lahontan basin1 while at Summer Lake the highe~t shore 

line and one shore line at an intermediate level arc the most prominent . 

Other less easily classified shore lines do exist, however, at both 

intermediate and lower levels . They are yet to be resolved. 

Summer Lake never overflowed during any of its high water 

stages , nor did Lake Lahontan . Hubbs and. Miller ( 27 1 p . 39) working 

with ichthyological evidence believe Lake Lahontan to have had an out­

let , although t hey admit none is readily apparent after studying the· 

lowest passes along its periphery . Lake Bonneville , while \lithout 

outlet during the first high water stage overflowed during t he second, 

discharging its water into t he Snake River . 

Postpluvial Climates and Dating of Postpluvial Time 

Antevs ( 7, pp . 73-76) divided postpluvial time into three maj,n 



c imatic ages . He considers postpluvial time to have started after 

the last pluvia. climax, at the time the climate h d become about 

th'lt of today . The postpluvial arparently started soog hat earlier 

than did t he pos t glacial of the northern United States and comprises 

t he ast 10,000 y _ ::1 rs . On the b<1sis of sunnner temper<1 tures , ntevs 

has further s'J.bdi v dod the postpluvial into early, middl~ and late 
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p stpluviaJ.s. he first, from 0,000 to 0,000 years ago was nore 

ooist than today . The eeond or middle postpluvial l2LS distinctly 

laner and drier than that of today and bj.' correlation with the Tlarmer 

midd e posta"lacial of the glaciated re[;ions , has been dated at b ,OCO 

to 4,000 years a o . The last postpluvial saw the change from a dry 

to a moist clin~te about 4 , 00C years ago which has continued, with 

minor vru:ia tion, up to today . 

Pollen anc:.lysis has been employed in the interpret..;.tion of cli­

matic trends .. f os·tr;lacial times . Fro, the analysis of 70 post-glacial 

oodim.entary secti ns of tbe Northwest, Hansen (24, p . 165) has divided 

postglacial tir~ into our climatic phases . The first was cool and 

m~ist and prevailed from the time of the glacial maximum to about 

15,000 years ago (10 ,000 yPars, Antevs) . The second phase was marked 

by in reasin<: l'Iarmth and dr.rness and prevailed from 15,000 to about 

8 ,000 years ago . Th3 third phase exi~ted from 8,000 to about 4,000 

years ago ·3.nc.l' was the time of maximum w<:lrmth and dryness . The fourth 

and final phase se1w t 1e return of a colder and moister cJ.ima te which 

has persisted o the present . 

However, recent developmen s fr m radioc rbon dating would reduce 

postglaclal ti"ne to about ll,OOO yeurs and telescope postpluvial time 
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to even less than 11 1000 years. Somewhat pluvial conditions still pre-

vailed in Summer Lake basin when Mt . Mazama erupted 6450 years ago. 

During the dry phase previously dated from 8,000 to 4,000 years 

ago the earlier lakes are thought to have dried up and their precipi-

tated salts buried or blown away by deflation (40, p. 462). The 

lakes, then, could have begun relatively fresh after complete desic-

cation during t his dry period . This interpretation is largely the 

result of the moderate salinity of Summer and other undrained lakes 

of the Great Basin . Since the lakes did not overflow, the salinity 

is too low for them to be the direct descendents of the former large 

pluvial lakes. Van Winkle (48, p. 123) has assigned a conservative 

age of 4,000 years to the present lakes, basing his calculations on 

the concentration and area of the present lake water, the composi-

tion of the influent waters, and the rate of evaporation. Such 

values, however, are subject to many variables that are not readily 
. 

determined. A paleoecologic study of the ostracods, gastropods , and 

fish (where present) might serve further to validate this dating. 

The return to moister conditions in the late postpluvial occurred 

about 2,000 B.C., a date that is in complete agreement with the 

value assigned by Van Winkle . 

In the Summer Lake basin, the return to a wetter climate after 

the xerothermic climatic phase seems to be indicated by an abandoned 

sandy beach standing 10 to 20 feet above the present hi.gh water stage 

of the lake. Allison (1, p. 794) reports tr..is beach appears to have 

truncated a series of north-south dune ridges which he refers to the 

dry st.age of the previous few thousand years . Since the formation 
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of the beac'1 , drler c ._mdi tions h:lVe reduced the lake to its present 

size . 
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Z.JLOCiY 

Lithology 

Two ma · 0r ll t ol gic t.rpc rc cvncerne in t e tu y of e 

Summer ke baJln , tlc ole nic rocka surr0unling th 1 b sin proper 

and the lake s ·1 ts , ., nds nd gr· vels ;i thin the ban in nd alon its 

rr"argins . 

In the e rliest stu y of the$ lit ologic 'l.l.nl.ts , ~o.-. ring (49, 

p . 21- 25) divided tl e roc~s int.:> t re divisions : (1) 11 older acid 

r:;_,~.u.siv-.::3 _, 11 2) ",:,ld i' bas ltic e fu.,lves , !' and (J) "1~ecent eruptive 

rocks . 11 To the first. group he ssignod the ades-~. tcs , r J..yoli tes , and 

rolatt:d obsidian of Co ote Ilills , !i:ibbi t hills , Gray B tte , Big Juniper 

'ountain, <:nd others and a.3signed the ge of early ·rerti r or pro­

·r rtia:ry . Th ::;ccond -roup comprises t e extensive series of asal t 

th t cov r wost of Lak C-unty ~long ~it related tuf1 deposits . 

1."'ring consid red the basalt e uivalent to the Columbia P-iver b salt 

of northeastern 01"0,:;on . The third group represents local flo-."JS and 

sr:1all vvlcanic c.mcs principully in nort.he n Lake County of prooable 

Pleistocene se . These flo-.'Ys and ssociat d tuffs ove ·lie the older 

bus lts uith <leci ed unconformity . 

If the basalts arc cor elated ith the Columbia hiver basalt, 

the age of midclle lJiocc.me TJJ.ay be a3::;igncd t em. liecent str· tigraphic 

"1 rl{ 'by Low ·y and Baldwin ( 34, p . J) h s s 1orm the Colur.1bia ..i ver 

bdsalt to be interbedded with the oarine Astoria formation o.f middle 

Jiocene ag , in he lo, er part of tl:..c Columbia River V lley . Units 

older th&n the Columb-· a Liver asalt , otl:.ur than 11ol er acid 



eff'>J.si ves," are not exposed in the vicinity of Summer Lake, since the 

basalt covered the pre-existing topography to such a depth that des­

pite later uplifting, gentle folding, and large scale faulting , the 

pre-basalt lithologies are not exposed . 
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A much younger age for the basalt is indicated on the United 

States Geological Survey ' s Geological Map of ~ United States (1932) 

which indicates the entire region of southeastern Oregon to be covered 

by "basaltic lavas younger than Cascade Anuesite . u The Cascade Andes­

ite is upper Pliocene in age . 

Within the basin, the fine-grained lake sediments serve as the 

valley floor . These lake sediments h~ve a thickness of more than 

1 ,000 feet but only the uppermost 50 feat are ex~osed for study. 

Other Pleistocene (and Recent) deposits include the gravels around 

themargin of the basin. Some of these gravels , as along the east 

side of Sun:.mer Lake , have been cemented by calcium carbonate to form 

a conglomerate . 

Deposits of alluvium form local lithologic units in the Summer 

Lake basin . At the south end of the basin, the Che\"faucan River during 

one of the lake stages built a delta deposit which now serves to sepa­

rat e the Summer Lake.basin from the Chewaucan marshes . 

One other minor unit of Recent ori~in is the loose sand that 

bas blown up along the east side of Summer Lake . Smith (43, p. 57) 

describes this as "surficially like sands of the sea coast but having 

the nature of eolian desert material. " 



Structure 

Origin ~ Summer ~ Basin 

The Summer Lake basin is bounded on the test by a major fault 

line scarp { .,.inter Ridge) and on the east by a scarp of much lower 

slope, so the resultant structure of the basin is that of a graben. 

The north end of the basin is separated from the Chrlstrras Lake val­

ley by the slopes of an east-west trending anticline (49, p . 53) . 

To the south, delta deposits serve as a hydrographic boundary be-

t een Summer Lake and the Chewaucan marshes but the structural re­

lations continue. 

The ~ ' nter Ridge fault runs in an approximate north- south 

direction for a~proximately 20 miles {plate 2) . Near the north end 

·of the basin, tho ault divides into many smaller branches . Russell 

(40, pp. 448-449) reports a continuation of the fault, or a branch 

of it, a~ain to appear and continue along the shore of Silver Lake . 

\r.inter Rid e rises more than 2,000 feet in the distance of a 

few miles and has a gentle (30) dip toward the west . The displace­

ment has been estimated by Russell (40, p . 448) to be not less than . 

2,500 to 3,000 f eet . This fi~re is quite fitting since, in addition 

to the height of the fault line scarp, it is now known froM recent 

drilling wit hin the basin that the down-faulted block lies oore 

than 1,200 feet below the surface of the valley floor. 

~inter Ridge is eh~racteristic of the fault line scarps of the 

northern Great Basin in that it has, as yet , suffered ra~~er slightly 

from the effects of erosion, has quite small accumulations of talus 



Figure 1. Panorantic view of ·winter Ridge near th north end of 
Summer Lake basin . West is one- fourth the distance from 
the right margin . 

at its base, and is still in the youth of its first erosional cycle . 

Also characteristic is the fact that the throw of the fault , hile 

sizeable , has not exposed any structure other than that of a great 

til ted block of lava . The faults bounding Summer Lake are similar 
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to other major faults of the Great Basin in that they run in a general 

north-south direction. 

Age .£!: Faulting 

The age of the faulting responsible for the formation of the 

Summer Lake basin has not been determined in the immediate vicinity 

nd probably can not be . In vie of the lack of detailed geologic 

mapping in the area the age and relations of the rocks concerned are 

poorly known . Until such work is done the units will of necessity 

continue to be ·clas ed in a general way as Miocene, Pliocene or 



Figure 2. Panoramic view of the north end of Summer Lake basin • 
. inter d.dge is at the txtreme left . Tilte f ult blocks 

are prominently seen near the left edge of the picture. 
North is just left of center . Nontypical vegetation and 
minor irregularities of the basin floor. 

"undifferentiated Tertiary volcanics •11 as a result , the faulting 

can be dated only as being later than one of t ese epochs . Under 

these conditions , the assumption must be made that those processes 

responsible for t fa 1 ts in the 3rea t · sin, whi ch are stru.c-

turally siz:ri.lar and apparently orogenically related as to origin, 

took place at a similar time and the dating carried in fro such 

regions wrwre the time rel ations are more clearly seen . 

Because of t e immensity of the Ba in-and- Range prov:nce the 

time of faulting probably varied somewhat from one rea to anot.~er 

and the many workers of the region ave accordingly assigned differ-

ent dat s . Louderback (33, p . 38) refers to block faulting in the 

western part of the Gr at Basin as having started in late Pliocene 

and post- Pliocene time , but havine been completed before late 

Pleistocene . He urther states that while move nt has taken lace 

at intervals up to within a few years , the Recent displacement rep-

resents but a small fraction of the t otal . 
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In general agreement with Louderback is t-aolan (38, pp . 183-104) 
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who has summed up the literature concerning faulting in the Basin­

and- Range province and states that "the best conclusion that may be 

reached from present information is that block faulting as a process 

pro bly began in early Oligocene time and has been more or less con­

tinuous ever since . ·Topographically expressed faults , however, proba­

bly date back only to the late Pliocene or early Pleistocene time, 

though there may have been still earlier movement along such faults . 

There are two possible qualifications to the conclusion of inter­

mittently continuous faulting . One of these results from the ap­

parently widespread distribution of upper Miocene sedimentary beds , 

many of which were deposited in closed basins, for this suggests that 

block faulti ng with concomitant formati on of such basins was especially 

widespread before or duri ng late Miocene time •• • • The second quali­

fication is the apparent greater age of the faulting in t he southern 

portion of the province, chiefly southeastern california and south­

western Arizona . " 

Stratigraphy of the Lake Sediments 

Source ~ Samples ~ Methods ~ Sampling 

The best exposur es of the lacustrine sediments of the Summer 

Lake basin are found along the banks of Ana River . The thickest sec­

tions occur near Ana Reservoir, the thickness s omewhat dimi nishing 

farther downstream . Two sites were selected for sampling to obtain 

a complete stratigraphic section . 

Site A was excavated along the bank of na River approximately 

200 yards downstream from na Reservoir (plate 2) . This southern 
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bank exposes for study 48 feet of ~ediments . The lowest one third of 

this exposure is very wet and physically diffi cult to vork because of 

the clayey nature of the sediments. The next 15 feet stand as a 

talus- free face (fig . 3} . The low rainfall in this area and the con­

sequent lack of sidowash greatly reduce the gullying of the banks , 

but some slumping, especially in the lower half of the bank, has 

occurred (fig . 4) . total of 86 samples was collected at this site . 

In sampline this and site c, the hard, dry surficial materials 

were removed with a shovel and the slope benched for convenience in 

working . Inasmuch as the beds generally could be subdivided into 

units of 2 feet or less , they were measured directly with a steel 

tape . The layers sampled were divided into the smallest possible 

units to obtain a sample as nearly homogeneous as possible . After 

exposin~ the beds , the surfac was scraped clean and a representative 

s mple taken from all parts alone the face of the l dyer . The samples 

were collected in pint waxed paper containers with moisture- tight 

covers . The containers were numbered immediately upon collection , 
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the numbers corresponding to numbers used in the description of each 

unit , Every effort possible was made to prevent contamination from 

overlying and underlying units. Since the sediments are moist , the 

unit overl ying that being sampled rarely tended to break away and con­

taminate the sample, but in the many thin ash layers slight contamina­

tion may have occurred. For these units , the ash was carefully 

scraped into a container with a knife blade , the sample collected 

constituting only the center portion of each ash layer . These 

samples , hmvever , are not trul y representative because of the graded 
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Fi ure 3 . 1ma ivcr section, site 

bedding of the ash . 

Site C is located on the south river bank about 1/2 mile down-

stream from Ana Reservoir and constitutes the uppermost portion of the 

Ana River section studied. A total secti n of 8 feet was measured and 

27 samples collected. 

The bottom of the section at Site is detennined by the later 

level of Ana hiver . The sediments immediately below the evel of ana 

River wer~ sampled but found to represent a down ard continu~tion of 

the layer at water level and therefore were not saved. o effort was 

made t o use an auger or other device to collect sampl s below t is 

level . 

Site A is the same collection locality used by ~llison 

\ 
'/ 
~ 
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Figure 4. Aha River section, site c. 

(1 , PP• 794- 795) . 

In the following description of the Ana River section, a nota­

t ion of the color of each unit has been included. The colors were 

twice recorded, once when the sample was wet and once when dry, since 

the samples were wet at the time of col lection and their color changed 

markedly upon drying . The color chart used was the ''Rock Color Chart" 

(1948) as prepared by the rock-color chart committ~e of the National 

Research Council . 

B,y using the rock color chart , a definite color is assigned 

each layer that c n be accurately referred to at any time and is free 

from the ambiguities common in general descriptions of color . A few 

samples contained such a variety of colored constituents that no color 
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seemed dominant or characteristic, in which case no value was assigned. 

In the description of the section the color name and number are re-

corded the first time it appeared, thereafter only the number was 

recorded. 

Detailed Description ~ ~ River Section 

Number Description 

---surface of basin---

1 . (C-1;1 ,2) Silt, with intermixed clay, 
fine sand, and volcanic ash. Uppermost 3 
inch s rather coarse because of much-included sand 
and subrounded basalt granules . Color: et, 

Thick- Cumulative 
ness in thickness 
inches . in feet . 

dusky yellowish brown 10 YR 2/2; Dry, pale yel-
lowish brown 10 YR 6/2 . 15.5 1 .3 

2. {C-2;3,4,5) Rework3d volcanic sh . 
Sevsral 1/16 inch, nearly silt- free , ash layers 
in this 2 1/4 inch thick layer. 

f'wnice, fine grained, nearly crystal-free , 
ascribed to Newberry Crater . Layer 1 inch 
thick . Color: Wet , Light olive gray 5 Y 6/l; 
Dry, very light gray N 8. 

·Pumice, coarse- grained, crystal ri.ch; 
basal portion of Newberry Crater pumice . 
Color: V'et , 5 Y 6/1; Dry, N 8. 4.0 1.6 

) . {C-3) Like silt with clay forming 
faint , poorly- defined laminations . Ill- de­
fined layer of white ash occurs at level 1 1/2 
inch below top of this unit . Color: iet , 10 
YR 2/2; Dry, 10 YR 6/2 . 11.1 2.5 

4. (C-4) caliche . Top, case-h rdened, 
weathers dark . Underside, soft, light-colored, 
predominantly ash . Color: (top) Dry, 10 YR 
6/2; Bottom, yellowish gray 5 YR 8/1 . 0.3 

5. ( c-5) Very fine sand. Basal 1/2 
inch contains abundant intermixed oolites . 
Thickness of layer variable because o£ 



Number Description 

undulating surface of underlying bed. Color: 
et, grayish brown 5 YR J/2; Dry, 10 YR 6/2. 

6. (c-6;9,10,11) Volcanic ash, cemented 
with 1/8 inch calcareous deposit on top and 
bottom to form a "sandwich" 7/8 inch thick. 
This unit discontinuous and gives way laterally 
to a l-inch layer of fine grained volcanic ash 
with oolites at the base. The oolites and ash 
( 1/4 inch thick) underlie the tt sandwich" where 
present. 

Silt, with intermixed 93.."ld. 3/8 inch thick. 
Cemented ash, l/2 inch thick. 
Color: Wet, 10 YR 6/2; Dry, N 8. 

1. (C-7;12 113) Silty, very fine sand, 
upper 2 inches contains one thin layer of gray 
ash. Basal 7 inches of l ayer contains numerous 
basalt pebbles. Color: Wet , 5 YR 3/2; Dry, 10 
YR 6/2. 
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Thick- Cumulative 
ness in t hickness 
inches. in feet. 

2.5 2.8 

2.0 2.9 

1).0 4.0 

8. (C-8) Caliche . Top 1/8 inch es ,cially 
well cenented; bottom side, predominantly ash, 
soft, and crumbles easily. Color: (bottom side) 
·1et, 10 YR 6/2; Dry, light olive g~ y 5 Y 4/1. 0.4 

9. (C-9;15,16) Sandy silt {top 4 1/2 inch). 
Two traces of buff-colored ash 3 3/4 and 4 1/8 
inch below top of layer. 

Clayey silt (basal 3 inches). .Lfark\3d by 
pron unced, closely spaced, desiccation shrinkage 
cracks. Lowermost 1/4 inch predominantly sand. 
Color: et, medium gray N 5; Dry, 10 YR 6/2. 

10 . (C-10;17,18) Pumice , upper 2/3 of 
la7er fine-grai ned, slightly compacted. One 
1/4 i nch layer, almost at top, darker colored 
from included silt. 

Pumice , crystal rich, containing abundant 
flakes of biotite (1 1/4 inch thick). Color: 
.et, Medium gray N 5; Dry, medium light gray N 6. 

11. (C-11;19,20,21,22) Sand and calcareous 
oolites. This 1/4 inch thick layer contains 
abundant ostracod shells and subrounaed basalt 

4.75 

4.0 5.0 



'Number Description 

pebbles ranging up to 25 mm in length. 
Sit (1 .1 inch thick). Three caliche layers, 

1/4 inch thick, top, middle , and bottom of layer. 
rumerous brown calcareous oolites in .luded, and 

many included ostracod shells have a thin cal­
careous coating . Subrounded basalt ranules 
and pebbles , masuring up to 1 1/L. by 1 3/4 
inch , present . 

Silt, with intermixed sand, oolites , cal­
careous-coated ostracod shells, and basalt peb­
bles. Top 3/4 inch of silt marked by prominent 
shrinkage cracks . 

Silt ( 14 l/2 inch layer) • Lowermost 1/2 
ir.ch contains 4 or 5 paper-thin layers of ash . 
Basal half ef layer has closely spaced shrink­
a;:;e cracks . One pebbly layer noted at level 
5 1/2 inch below t op of unit . Pebbles predomi­
nantly basalt but includes jasper, and andesite 
(?). average size of pebbles, 3/4 by 1/2 inch. 

12. (C-12) Caliche . Layer has included 
sand, calcareous coated ostracod shells , and 
occasional rock granules, especially in the 
basal half . 

13 . (C- lJ) Silty clay , displays pronounced 
shrinkage cracks throughout layer. Top 1/2 inch 
of 1 yer contains abundant intermixed ash . 

lh . (C- 14.;25) Silty ash ( reworked) . Ash 
contains diatom tests . 

15. (A-2) Pumi ce , cr,ystal rich; top half 
of Crater Lake pumice. Colon Dry, light gray 
N 7. 

(A-3) ~~mice , basal half of Crater L ke 
pumice . Slight color gradati on within this 
unit; bascal 0 .6 inch dark grays from numerous 
included dark minerals ; overlying 0 . 75 inch 
igher g,ray, and top darker gray-black . 
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Thick- Cumulative 
ness in t hickness 
inches. in feet . 

18.1 6 . ..$ 

0 . 2 

7.0 

3.3 

2.6 7.6 

1.4 
16. ( - 4) 1-ke silt . Color : t':e t, grayis h 

br own 5 Th J/2; Dry, yellowish gray 5 Y 8/1 . 0.5 
(A-5) P.miee , uppermost 3/4 of layer finer 

grained than the basal 1/4. Ascribed to M.t. 
Mazama . 0 . 25 



Number Description 

(A-6) Silt, with interspersed fine sand. 
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Thick- Cumulative 
ness in t hickness 
inches . in feet . 

Color : Wet, 5 YR 4/1 ; Dry, yellowish gray 5 Y 
7/2 . 0 . 25 

(A- 7) Volcanic ash . Up~r half of layer 
shows slight intermixing of silt . A.sh contains 
a few diatoms . Ascribed to Mt . Mazama . Color: 
Wet, 10 YR 6/2; Dry 5 Y 8/1. 0 . 25 

17. (A-8) Sandy silt . A few ostracod 
shells and occasi onal basalt pebbles ranging 
in size up to 0 .3 inch included in layer . One 
calcareous- cemented sand, granule , and ostracod 
shell layer (1/8 inch thick) in lower third of 
unit . Color: v,et , dark yellowish brown 10 YR 
4/2; Dry, 5 Y 7/2. 

18. (A- 9) olcanic ash . Upper half con-
tains minor quantities of intermixed silt . 
Color: Wet , 5 Y 7 /2; Dry, 5 Y 8/1. 

19 . (A-10 ) Fine sand . Occasional small 
basalt pebbles and ostracod shells intermixed 
in layer. ~liche (1/8 inch thick) occurs at 
levels, 4, 6, and 10 inches above base of unit . 
Color : wet, 10 YR 4/2; Dry, 10 YR 4/2 . 

20 . (A- ll) Calcareous cemented layers of 
sand, small pe bbles, occasional ostracod shells , 
and slight traces of white ash . These layers 
are mu1tiple, hard, a n d average 1./4 inch in 
thickness . Color : V1et , 5 Y 7/2; Dry, 5 Y 8/1. 

21 . (A- 12) Clayey silt . Included layers 
of clay gives lower lh inches of unit a varved­
like appearance . Widely spaced (1 inch or more 
apart) shrink~ ge cracks evident in t his portion 
of the layer . Next 4 i nches exhibit closely 
spaced (less t han 1/2 inch) shrinkage cracks . 
Occasional ostracod shells intermixed throughout 
layer and one thin gray ash layer occurs in 
upper t hird of layer. Color: ~et, 10 YR 
4/2; Dry, 10 y 6/2 . 

22 . (A- 13) Caliche . Top coated with 
1/8 inch layer of nearly pure caco3 and has 

5.12 

1.5 

11. 25 

22 .0 

8.2 

8.3 

9.2 

9.3 

11 .2 



Number Description 

irregular furrowed surface . Underside of layer 
less cemented and contains intermixed sand, 
ostracod shells , and small pebbles of basalt . 
A thin sand-oolite layer underlies caliche . 
Top surface level, but lower surface irregular 
up to 1/2 inch . Golor: \et, 5 Y 7/2; Dry, S Y 
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Thick- Cumulative 
ness in thickness 
inches . in feet . 

8/1 . 1 .0 

?j . (A-14) Silt, with varved-like ap.­
pearance from included clay. Top 3 inches 
darker colored due to included fine sand. Oc­
casi onal ostracod shells throughout layer . 
Color z let, 10 YR 4/2; Dry, 10 l)t 6/2 . 

(A- 15) Volcanic ash . Color: ~et , 5 Y 
6/1 ; Dry, N 8. 

(A-16) Silt, with thin layers of included 
i'ina sand ~ivinr:~ varved-like appearance . Two 
faintly seen ash layers 3.5 and 6 inches above 
base . Ba3al S/0 inch of layer composed of 
oolite-sand . •Jell defined 5hrinkage cracks 
throughout unit . Occasional ostracod shells . 
Color : 1et , 10 YR 4/2; Dry , 10 YR 6/2 . 

24. (A- 17) Calcareous cemented sand, 
oolites, volcanic ash, and ostracod shells 
comprise top 0 . 2.5 inch of layer . iragmental 
fish b ones abundant at bottom of t his hard 
layer. Unconsolidated fine sand, oolites , 
and ostracod s~ells comprise the r emaining 
lower portion o£ the unit . Compacted ash , 
0 . 2 inches thick marks the base . Color: V.et , 
olive gray 5 Y 4/1; Dry, light olive gray 5 Y 
5/2. 

25. (A-18) Lake siH., ith intermixed 
ostracod shells, fine sand, and occasional 
large oolites . Upper half of layer exhibits 
poorly-defined shrinkage cracks. Color: Wet , 
5 Y .5/2; Dry, .5 Y 5/2 . 

26 . (A-19) Sand, ostracod, oolite l ayer . 
(Oolites li.'Tdted). Many small subroundad basalt 
pebbles intermixed . Color: \iEtt, 10 YR 4/2; 
Dry, 5 Y 7/2 . 

15.75 

0 .05 

9.75 

2 • .5 

7.0 

2.7.5 

13 . 4 

13 .6 

14.3 
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Thick- Lumulative 
ness in thickness 
inches . in feet . 

27 . ( A-20) Sandy silt, with many in­
cluded ostracod shells , less abundant oolites , 
and small angular tasalt pebbles . Layer grades 
from coarsest, at basal 2 inches , to slightly 
contaminated silt near top . Ostracod shells 
most abundant ncar base . Color: r.et , 5 I . 7/2 ; 
Dry 10 YR 4/2 . · 11. 25 15.3 

28 . (A- 21) Oolites , with ma.ny well- rounded 
to sub-rounded rock fragments . The largest peb­
ble measured was 1 by 0 .9 by 0 . 3 inches . A fell 
ostracod shells included in layers but minor. 
Lower contact extends downward as finger- like 
extensions of oolites which fill holes in the 
underlying l:iyer . Color : l et , dusky yellow 5 Y 
6/4; Dry, 5 Y 7/2 . 1.4 15.4 

29 . (A-22) Silt, showing faintly- dis­
cernible laminations from included sand . Top 
of layer marked by 1/4 inch thick pitted caliche 
layer . The holes are 1/16 t o 1/8 inch in diameter 
and average about 10 to the square inch . A 1/ 2 
inch thick oolite layer occurs at a level 10 1/2 
inches above base of unit .. The basal 3 inches 
contain fragments of a t hin , previously compacted, 
and now broken ostracod shell layer . Color ( silt): 
Wet , 10 YR 4/2; Dr.y, 5 Y 5/2. 12.5 16 .4 

I 

JO . (A~23) Volcanic ash , dark mineral• 
rich . CoJor: 't.et , N $; Dry, light bluish gray 
5 B 7/1 . 

Jl . (A-24) Sandy silt. One 2 inch thick 
layer, J 1/3 inches above base , nearly black 
because of abundant dark sand . A. few ostracod 
shells occur in a l - inch layer i mmediately below 
the black sand . Color: Wet, 5 Y 5/2; Dry, 5 Y 
7/2 . 

32 . (A- 25) Fine sand, faintly bedded and 
banded. The basal 1/2 inch composed principally 
of oolites and calcareous-coated ostracod shells . 
Color (sand): Wet, 5 Y 4/1; Dry, N 6. 

JJ . ( - 26) Oolites , overlain ith many 
scaly sheets of caliche . The sheets average 

0 .12 

17 .2 

2.25 17.4 



Number Description 

about 3/16 inch thick and servo to separate 
oolites from 5/8 inch layer of sand, ostracod 
shells , ooli tes , and subro,mded rock pebbles at 
top of l a)'l::r . 

J4. (A-27) Sandy silt, containing ostracod 
shells . Top 1 inch darker colored from included 
black sand . Upper surface undulating; irregular 
about 1 inch . Color: Wet , 10 YR h/2; Dry, 5 Y 
7/2 . 

35 . (A-28) Pumice , with many i ntermixed 
ostracod shells, min r quantities of oolite , 
and very fine sand . Occasional granules of 
basalt included. Unit discontinuous ver short 

hO 

Thlck- Cumulative 
ness in thickness 
inches . in feet . 

2 . 2.5 

1 • .5 17 .8 

lateral distances . 0 . 2.5 

36. (A-29) Silt , containin~ a few ost­
racod shells, abundant gastropor shells, and 
less abundant tiny pelecypod shells . Color : 
· ct , olive gray 5 Y 3/2; Dry, 10 YR 4/ 2. 

(A-30) Vole ic as h, fine-grained and 
mineral rich . Contains a few ostracod shells 
and numerous diatom skeletons . Color : het, 
5 Y 7/2; Dry, .5 Y .5/ 2 . 

{A- 31) Silt, containing a few ostracod 
shells and occasional angular basalt pebbles . 
Color : Wet , 10 YR 2/2; Dry, 5 Y 7/2 . 

37 . (A- 32) Pumice, mineral-rich . Top 
3/8 inch fine-grained ~hile basal 5/8 inch 
coarsely crystalline . Color : ~~et, 5 Y 4/1; 
Dry, 5 Y 6/1 . 

38 . (A-3J) Silty volcanic ash, numerous 
included ostracod s hells and many diat ms . 
Lower limit of layer unc.ula t i ng causing unit 
to vary in thickness from 1 to 2 inches . Color : 
het, 10 YR 4/2; Dry, .5 Y 5/2 . 

(A-34) Pumice, coarse, crystal rich . 
Color: Wet , .5 Y 5/2; Dry, 5 Y 7/2. 

39 . 
2/2; D-r; , 

40 . 

(A-35) Lake silt . Color : ~et , 10 YR 
5 y .5/2. 

( - 36} Pumice sand . Color: 1et , 10 

12 .0 

0.4 

2.0 18 .8 

1 .0 18.9 

1 .0 

0.4 19 .1 

2.12 19 . 2 
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YR 2/2; Dry, 5 Y 5/2 . 

41. (A-37) Silt, faintly banded from 
included fine sand. Sand especially prominent 
at le·\:els 2 and 5 inches above base . Top of 
unit undulating; irregular ab:m.t 2 inc,.es . 
Numerous ostracod shells throughout layer . 
Color; '.~et , 10 YR 2/2; Dry , 10 YR 4/2 . 

42. (_ -38) Fine sand, with abundant in­
cluded ostracod shells and basalt pebbles ranging 
in size up to 1 . 3 by 0 .8 inches . One thin (1;4 
inch) layer of sand and pebbles slightly cemented 
by calcareous cement. Color: tet , 5 Y 3/2; Dry, 
5 y 5/2 . 

43 . (A-.39) Lake silt. Lower half of layer . 
clayey, slightly darker colored. Calcareous 
cemented silt layer, 2 inches thick, occurs 2 
inches above base . Thin layer of brown sand 
with intermixed ostracod shells underlies the 
cemented layer. Color (silt): '~et , 5 . 3/2; 
Dry, 5 Y 7/2. 

44 . (A-40) Caliche (top 1/2 incn) . 
Underlain by 1.5 inch layer of silt with inter­
mixed sand . Basal 1 inch composed of fine sand 
containing numerous ostracod shells .. Color 
(sand): ~et , 5 Y 4/1; Dry, 5 Y 5/2 . 

45 . (A-41) Silt, with two 1/4 inch 
layers of fine sand near top . . few ostracod 
shells noted throughout unit. Top of' l ayer 
even but bottom undulating . Color: ~et , 5 YR 
3/2; Dry, 10 YR 6/2 . 

(A-42) Volcanic ash . Conforms to un­
dltlating surface of underlying layer . Color: 
Wet, N 6; Dry, 5 Y 7/2 . 

(A-43) Silt, containing intermixed ostra­
cod shells . Top of 1 yer und l ' ting; irregular 
arproxinately 3 inches . Color : tet , 5 I 3/2; 
Dry, 5 Y 7/2 . 

46. (A-44) Caliche, contains numerous 
ostracod shells and minor quantities of ash . 
Color: i:et , 5 Y 5/2; Dry, 5 Y 8/1. 

4l 

Thick- Cumulative 
ness in 
inches 

0 . 25 

19. 5 

1.60 

3.0 

) . 25 

0 .. 25 

17 . 25 

0.25 

thickness 
in feet . 

20 .9 

21 .0 

21 .3 

21.6 

23 .3 



Number Description 
Thick- Cuffiulative 
ness in thickness 
inches . in feet . 

47 . (A-45) Silt, nhows faint banding 
as the result of included clay ' nd occasional 
seams of fine s nd. Layer of nearly pure 
ostracod shells occurs at level 22 1/4 t o 22 
1/2 inches above base . ~;hite ash (1/8 i nch 
thick} occurs at level 19 1/4 inches a· ove 
base . Occasional small basalt pe bles occur 
throughout laj!er . Color: v~et, 10 YR 4/2; 
Dry, 10 YR 6/2 . 24.5 

(A-46) Caliche, contai ns i ncluded ostra­
cod shells, granules and occasionally small 
pebbles of basalt, and about S% volcanic ash . 
Color: wet, 5 y S/2; D~, N • 0.5 

(A- 47) Clayey silt . Ostracod shells 
numerous i n the upper 5 1/8 i nch of l ayer. 
Next 2 inches alternating fine sand and silt . 
Basal 4.6 inches clay with occasi onal ost racod 
shells . Color: Wet, 10 YR 4/2; Dry, 5 Y 7/2 . 11.1 26 .4 

48 . (A-48) Caliche, with included ostra­
cod shells and subangula1"' b-:J salt peo1:: l c s ra.tlbin ~ 
in size up to 1 .3 by 1 inche~ . Broken edge of 
caliche tends to alter to a r eddish-brown color . 3.0 26.7 

4 • ( -49) Coa se silt , contains about 
15% included volcanic ash and occasional ostra-
cod shells. Color: ~et, 10 YR 2/2; Dry 5 Y 7/2. 9 . 25 

(A- SO) Fine sand, containing abandant 
ostracod shells . C<Jlor: ~et , 10 Yh 2/2; Dry, 
10 YR 6/2 . 0.75 

( -51) Silt, wit distinct thin sand-
ostracod la7ers near middle of layer. Color: 
et, 5 Y 4/1; Dr3, 5 Y 4/1. 3.0 27 .7 

5o . (A-52) Volcanic ash , top 3 inches 
fine-grained and somewhat contamina ted by silt . 
Basal 1/2 inch coarser grained, silt f ree . 
Color : Wet , 10 Y 4/2; Dry, 5 Y 6/1 . 3.5 

(A-53) Pumice sand (top 3/16 i nch) . Basal 
5/8 inch silt . Color (silt): Wet, 10 Yrl 4/2; 
Dry, 5 Y 7/2 . 0. 7 28 .1 

51 . (A-54) Fine sand, with intermixed 
ash and ostracod shells . Ostracod shells especially 
~bundant in upper 2/3 of l ayer . l .S 28 . 2 



Number Description 

52. (A-55) Clayey silt, (top 3 3/8 inch). 
Basal 3.75 inches alternating clay and ostracod 
shell layers with intermixed fine sand. A total 
of five clearly defined ostracod layers counted. 
Color: ~et , 10 YR 4/2; Dry, 5 Y 7/2. 

(A-56) Silt, with some included black sand 
{top 4 3/4 inches) underlain by distinct 1/8 inch 
layer of black sand. Basal l-inch fine sand with~ 
a fe t basalt pebbles ranging in size up to 1/2 
inch. Ostracod shells occasionally present 
throughout layer. Color: 1et, 10 YR 4/2; Dry, 
5 I 6/1. 

53. (A-57) Galiche , shows occasional streaks 
of limonite stain. Dark minerals fonn a thin band 
near the base. Color: et, 5 Y 7/2; Dry, yellow­
ish gray 5 Y 8/1. 

54. (A-58) Silt, with thin sand layer 
approximately 3 inches above base. Color: 1et, 
dusky brown 5 YR 2/2; Dry, 5 Y 7/2. 

(A-59) Volcanic ash, fine grained, and 
ripple marked. Crests marked by bands of 
limonite stain. Ripple narks run in S 880 E 
direction, have an amplitude of about 1/16 
inch, and are 1/2 inch from crest to crest. 
Color: Wet , 5 Y 5/2; Dry, 5 Y 7/2. 

(A-6o) Silt, exhibits banding due to alter­
nation of silt and lighter colored clay. Color: 
\',et , grayish brown 5 YR J/2; Dry, 5 Y 7/2. 

(A-61) Volcanic ash, fine grained and 
containing occasional ostracod shells. Color: 
Vet , 10 YR 4/2; Dry, N 7. 

(A-62) Silt. Upper half exhibits faintly 
seen, irregular banding. Thin (1/8 inch) ash 
layer occurs 3/4 inch above base of unit. Color: 
Wet , 10 YR 4/2; Dry, 5 Y 7/.2 • 

55. (A-63;32,33,34) Silty ash, two equal 
layers (1 1/8 inch thick) separate d by 1/4 inch 
layer of blue-gray ash. Color: Wet , N 5; Dljr, 
grayish black N 2. 

Pumice, mineral-rich. Bas-<il l/4 inch brown, 
upper 1 1/8 inch gray . 

Pumice. Upper 7/8 inch coarse. Color: et, 
5 Y 4/1; Dry, 5 Y 6/1. 
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Thick- Cumulative 
ness in thickness 
inches. in feet. 

7.1 

5.8 29.2 

0.5 

9.25 

0.25 

0.9 

0.1 

7.6 30.8 

31 .. 2 
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56. (A-64) Silt. UpPer 1 1/2 inch ir­
regularly banded because of included fine sand 
layers. Indefinite white ash layer occurs at 
level 2 inches below top of unit. Color: et, 
10 YR 4/2; Dry, 5 Y 7/2. 

(A-65) Volcanic ash, with dark minerals 
concentrated in lower third of unit. Several 
dark ridges mark top of layer. Ridges have 
S 10° E direction but apparently caused by 
cracking of this slightly compacted layer with 
subsequent re.filling · of fracture cracks. The 
ash contains diatoms. Color: .et, medium gray 
N 5; Dry, N 7. 

(A-66) Silt, with slight included sand 
near top. Color: ·.at, 5 Yn 3/2; Dry, 10 YR 6/2. 

(a.-67) Pumice sand, coarsest light-colored 
shards and mineral grains comprise basal 3/4 of 
layer. Upper 1/4 fine- grained, slightly consoli­
dated ash. Color (ash): iet, N 4; Dry, N 1. 

(A-68) Lake silt, with abundant ostracod 
shells in basal half of unit, decreasing in 
number toward the top. Faint trace of fine 
sand at base of layer. Color: ¥Vet, 10 YH 6/2; 
Dry, 5 y 6/1. 

(A-69) Lake silt. One 2-inch thick layer 
exhibits poorly defined laminations at a level 
7 inches above b a se. This is overlain by a 3 1/4 
inch layer of oolites, the oolites becoming more 
coarse toward the top. Some ostracod shells dis­
tributed throughout the layer. Color: 'iet , 10 YR 
4/2; Dry, 10 IR 6/2. 

(A-70) Silty sand, composed predominantly 
of dark mineral and rock fragments with numerous 
intermixed ostracod shells. Color; net, N 2; 
Dry, N 5. 

(A-71) Lake silt, with abundance of included 
ostracod shells. One 1/2 inch thick layer of 
calcareous oolites occurs 4 inches down from the 
top of the unit and is underlain by a thin layer 
of ash. Basal l/4 inch composed of clayey silt. 
Color: .et, 5 Y 4/1; Dry, S Y 1/2. 

57. (A-72) Caliche, upper surface ir­
regular, case hardened. Underside soft with 
occasional included ostracod s hells. 
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Thick- ~umUlative 
ness in thickness 
inches. in feet. 

6.5 

0.4 

36.25 

0.4 

5.0 

23.25 

0.25 

2h.O 

0.25 

)6.2 

39.3 
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Number Description 
Thick- OUmulatJ.ve 
ness in thickness 
inches. in feet . 

58 . (A-73) Lake silt, abundant intermixed 
ostracod-sand at top. Fine black sand gives banded 
appearance to unit at level 4 inches above the 
base . Two light gray ash layers occur at levels 
1 and 9 inches above base . A small gastropod 
shell was found in a 1/4 inch sandy layer, 2 1/4 
inches above t he b se . Color: Wet, 10 Y.R 4/2; 
Dry, 5 Y 5/2. 17 .0 

(A-74) Silt, with abundant intermixed octra­
cod shells and slight included volcanic ash , con­
taining diatoms . (Upper and lower limits indefinite , 
cruld be included with overlying or underlying 
layer) . 10 . 0 

(A-75) Clayey silt, with occasional inter­
mixed fine sand layers, forming poorly- defined 
banding. A few ostracod shells internd.xed. 
Color: Viet , 10 YR 4/2; Dry, 10 YR 6/2 . 28.5' 43 . 9 

59 . (A-76) Caliche . Top, typical ir­
regular precipitate surface . A few ostracod 
shells and volcanic ash included in soft basal 
half . Color: set, 10 YR 6/a; Dry, 5 Y 7/2 . 

60 . ( A-77) Clayey silt, contains many 
ostracod shells and a fine sand layer at the 
base . few basalt pebbles included, the lar-
ge .. . , iHG.1sured l by 0 .6 inches . Color: Yiet, 5 
y 5/2. 

61. (A-78) Ostracod-sand layer . Color: 
let, 10 Y:R 4/2; Dry, 5 Y 7/2 . 

62 . (A- 79) Clayey silt , basal 1 .$ inches 
contain abundant intermixed ostracod shells . 
Poorly consolidated ash 0pebbles" ranging r1p to 
l inch in diameter included in the silt . Color: 
Wet, 10 YR 4/2 . . 

63 . (A-80) calcareous cemented ash , silt . 

0.25 

6 . 25 

25..5 

Abundant ostracod shells , a few oolites , and 
many basalt fragments ranging from granules to 
pebbles 3/8 inch in diameter underlie hardened 
layer . Pebbles predominantly sub- rounded. 
Color: et, 10 YR 4/2; Dr,y, N 8 . 0 . 25 

44 . 4 

47 .1 
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Number Description 
Thick- CUmulative 
ness in thickness 
inches . in feet . 

64 . {A-81) Clayey silt, hard and exhibit­
ing varved-like appearance . Thin limonite-stained 
ash layers occur at levels 4, 5 1/2 incr es above 
base and 8 inches below top of unit . &!sal S 
inches banded from included sand. Color: Viet , 
10 YR 4/2 . )1 .0 

65 . (A-82) Caliche , limonite- stained and 
containing a few basalt pebbles , measuring up to 
1 by 0 . 7 inches . Color: Wet, 10 !R 6/2; Dry, 
5 y 8/l. . 0.5 

66 . (A- 83) Silt , with irregular thin clay 
partings . Top 1 inch sandy and possesses a 
varve-like appearance because of the thin, dis­
continuous layers of sand. Many sub-rounded 
basalt pebbles included with sand. Color: et , 
10 YR 2/2 . 

67 . (A-84) Pumice sand, crystal-rich . 
Upper contact irregular; approximately 1 inch , 
and lower contact alreost equally uneven . Color: 
:et , 10 YR 4/2 ; Dry, 5 Y 6/1. 

68 . (A-85) Clayey silt , hard and contain­
ing a few thin layers of sand and occasional 
ostracod shells . Color: uet , S YR J/2; Dry, 
5 y 6/1. 

Interpretation 2!_ Sediments 

)1 .5 

4.0 

8 .00 

49 .8 

52 . ) 

53.5 

The sediments of the Ana River secion contain a suite of allo-

genic minerals characteristic of basic rocks . This however is supple-

mented by volcanic glass and minerals similar in composition and size 

to those of the interbedded pumice and ash layers . The presence of 

volcanic glass in quantities averaging about 15% of most samples em-

phasizes the importance of volcanic eruptions to the formation of 

sediments in the lake basin. Forty- two layers of pumice and ash were 



measured in the Ana i ver section while many others exist as traces 

or quantities t oo small to sample . The ash and pumice layers have a 

random distribution in the section although the layers of greatest 

quantity are c ncentrated near the top . This distribution indicates 

the persistency of volcanism throughout the time of accumulation o£ 

the lake sediments . 
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Considering the Ana River section as a whol e , the greatest per­

centage of' its constituent materials are silt- sized, all containing 

some intermixed fine sand and less abundant clay- sized p9rticles. Al­

though the fine-grained nature of the sediments is characteristic , 

included oolites, granules and pebbles of basalt and calcareous cement­

ed layers repres~nt changes in the conditions of sedimentation f r om 

time to time . The constituent minerals are comparatively angular , 

the slightly atraned fragments showing highly irregular edges as would 

be expected of weathered rock fragments trans~orted a short distance 

rom their place of origin . 

The mineralogical composition of the sediments inrli.cates the 

assemblage to be an unstable one .. The presence of minor quantities 

of olivine , an unstable mineral as compared to the moderately stabl e 

plagioclase feldspars , lypersthene and augite suggests these allo~enie 

minerals have not been subjected to extensive weathering and therefore 

recently sedimented. Minor alterations of the minerals have I);::Cll.l'red; 

many plagiocla e crjStals contain dusty coatings of kaolinite and the 

surfaces of most of the particles of volcanic glass are coated wit h 

clay minerals apparently of the bentonite group. These changes are 

not of sufficient importance to cause difficulty in the identification 



of the original mineral . 

The place of origin of the materials comprising the lake sedi­

ments seems to be the volcanic rock$ surrvunding the basin, while the 

air borne volcanic ash and pumice was carried in from areas probably 
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to t he west and northwest. The presence of detrital magnetite , plagio­

clase feldspar (andesine and labradorite), basaltic hornblende, and 

_ minor quantities of hypersthere, augite, and olivine can leave little 

doubt that the basalt which comprises nearly all of the rocks in the 

Summer Lake drainage is the main source and the ash the second source . 

The place of ori~in of the constituent ash and pumice is less apparent. 

The kno~n occurrence in the na River section of several pumice layers 

from Mt. !Jazama and Newberry Crater irmnediately suggests these well 

known vents as po~sible sources of the remainder of them. Crater Lake 

is 65 air line miles nearly due west of Summer Lake while Newberry 

Crater lies about 55 air line miles away in a north-northwest direc­

tion. Both Mount Mazama and Newberry Crater are known sources of at 

least part of the pumice of central Oregon . The distance of these 

vents .from the Summer Lake basin, however, would cause a limitation 

o.f the quantity of pumice that might be deposited. Also, the pre­

vailing directi n of the wind throughout more than half of the year 

is southerly which would tend to carry the finer materials , that 

ordinarily might be deposited in fringe areas such as this , to the 

north and hence away from the Summer Lake basin . 

Although the drainage area of Summer Lake is comparatively 

small, the transportation to the lake of even hal£ of the ash deposited 

in this 550 square mile area would represent a sizeable addition to 
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the detrital b salt minerals carried dawmw.rd by streams. Eecause the 

time of deposition of most of the sediments is referred to the pluvial 

sta"'es the precipitation woc..ld have been adequate tp transport the ash 

and mineral fragments, even from the outor edges of the hydrographic 

basin , 

The predominantly fine-grained character of the sediments in­

dicate the luke to have been deep enough for the settling of silt-

size particles during the formation of most of the n.na hivcr section . 

Ripplemarks on the surface of one l~;~yer (A-59) indicate the st.ore lir..e, 

at least at that time, to have been almost due north. The nearest 

prominence north of the section is a small tilted fault block. This 

block is about a mile distant and r epresents the closest feature ex­

posed to the limited wave action during the lower water stages . The 

more distant sloping surface marking the north end of the b!:!sin w:1 · 

the s~ ore lii e during deeper water stages . The distance from the Ana 

River section to the shore lines on the gently sloping north margin 

would have varied greatly with small changes in the depth of the lake . 

i~y of the silt l·yers contain intermixed clay and sand . The 

included clay often gives a varve-like appearance to the layers and 

probably is the result of annual or irre ularly spaced changes of pre­

cipitation, the result of which ould be a variation in the ability 

of surface water to transport different sizes and uantities of detri­

tus t o the lake. Fluctuations of the lake level could account for the 

greater percentage of clay, but the alternation of thin 1 yers of clay 

and silt would require many major changes of the lake level to accom­

plish this, and so are not to be expected . 
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The sand intermixed with the silt is most probably the result 

of minor, possibly seasonal, fluctuations at a time when the lake was 

at its lower levels. The oolites, not uncommonly associated in minor 

quantities with some layers of silt, ar~ mor~ certain evidence of 

fluctuations of t he lake level, as they represent times of low water 

and high concentrations of calcium carbonate. The intennixed oolites, 

sand, and bas lt pebbles represent times when the lake was shoaling 

and t he shore line was at or near the general area now represented 

by the Ana niver section . A thin section was cut of oolites f rom 

sample A-21. The requisite concent1·ic deposition bands are present, 

but poorly shown, while tho radial fibrous crystal structure is·-"Well 

displayed (fir,ures 5 and 6} . It is nat known whether the oolites 

are composed of aragunite or calcite since a good interference ficure 

could not be obtaiYJ.-:.d . Considorin'"' the time since t he formation of 

the oolites and their expo~~re to moist conditions throughout ~ost of 

the ensuing time, t he oolites prob.ably are composed of calcite. The 

photomicrographs show the tendency for the growth of secondary deposits 

on the side of the early-formed oolites . This is probably the result 

of a renewal of condition favorable for their growth some time after 

the center portion had been formed . 

Ot,.""ler indicati.ons of low water and temporary exposure of the 

lake bottom are t he numerous thin caliche layers. 'l'h&.se cemented 

layers often have included sand and pebbles indicating a low level 

of the lake prior to cementation. The formation of the caliche 

might also be referred to more r cent. effects of circulating ground 

waters, the layers cemented being determined by their permeability. 



Figure 5. Photomicl;'Ograph of oolites showing poorly-defined 
deposition bands . ~ ote secondary deposition on edges 
of early- formed oolite . Ordinary light, JOI . 

However, inasmuch as nearly all of these layers are firmly cemented 

on the top, often with a 1/16 to 1/8 inch coating of pure calcium 

carbonate on the upper surf ace , and the bottom half of the layer 

is poorly cemented and CI'\lmbles readily, their cementation <bfing lo 

iater stages seems to ~ve been the dominant ~ause of t heir origin . 

A few silt layers , especially in the upper half of the section, 

exhibit desiccation shrinkage cracks . The formation of these cracks 

is referred to recent drying of the layers , since the cracks are not 

filled as they would be had t hey formed during temporary exposures of 

the lake bottom. 



Figure 6. Photomicrograph of oolites showing pseudouniaxial 
interference cross. Crossed nicols, 301. 

Fossils 

One layer (A-29) contains abundant remains of one gastropod 

species and one tiny species of pelecypod. A possible new species 

of gastropod is also found in this layer . Several other layers con-

tain occasional mollusk shells, but the total containing sheJls con-

stitutes a very minor percentage of the na niver section. 
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Phylum MOLLUSCA 
Class GASTROPODA 

Family PLANORBIDAE 
Genus Parapholyx Hanna 

Parapholyx packardi Harma (plate 4, fig . 1 a,b,c). Hanna., G. 
Dallas, Fresh water mollusks from Oregon, Univ .. Ore. Publ ., vol. 1, 
no . 12, p . 6, 1922. 
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Shells small, composed of J~ whorls which increase rapidly; 
sutures deeply impressed around the last whorl. Spire is elevated 
but apex flattened and smooth. Whorls are marked by fine, even rib­
bing. Specimens reasured showed an average height of 6.6 mm and an 
average diameter of 7.9 mm and are considerably smller than the type 
specimen reported by Hanna which have a height of 1$.4 mm and a di­
ameter of 13.2 nun. 

Parapholyx n . sp. cf. Parapholyx packardi Hanna. (plate 4, 
fig. 2 a,b,c). 

Class PEtECYPODA 
Family SPHAERIID E 

Genus Pisidium C. Pfeiffer 

Pisidium variabile Prime. (plate 4, fi g . 3 a,b,c). Prime, 
Temple, New Species of Pisidium. Boston Society of Natural History 
Proceedings, vol. 4, p . 163, 18$1. 

Shell small, stout, very oblique; striations rather heavy for 
so small a shell . 

Three specimens of the gastropod illustrated in plate 4 

(fig . 2 a,bJc) were collected that seem to be the same as Parapholi~ 

packardi Hanna except that they are marked by mox·e prominent growth 

line ornamentations. The shells apparently belong to the ~1.es 

Parapholyx, possibly representing a new variety of !· packardi. 

These shells were submitted to a fresh water gastropod specia-

list for confirming identification, but since this identification has 

not been completed at the time of this writing , no new varietal nares 

will be advanced. 
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1 a, b, c . 

2 a, b, c . 

3 a , b . 

PLATE 4 

Paraph .lyx :packardi Hanna . Side, 
bottom, top view . Page 53 . 5X. 

Parapholyx n . sp . cf . Paraph.olyx 
packardi Hanna . Side, bottom, 
top view. Page 53. SX. 

Pisidium variabile Prime . Exterior, 
interior ~ew . Page 53 . 121. 



Plate 4 

G.;~stropod and pelecypod genera represented in the Ana River section. 
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One of the most notable occurrences in the lake sediments was 

t he abundant ostracod shells. These shells were found in nearly all 

layers from the bottom to the top of the s eotion. The ostracod shells 

are less common in the silt layers but are abundant in the sandy layers 

where the shells comprise one- third to one-half of the volume of some 

of these layers . 

A detailed study on the ostracod shells was undertaken by Mr. 

Donald L. Minar , graduate student at Oregon State College, during the 

winter term of 1952 . The identifications and findings here reported 

are the result of his efforts . 

All the forms identified were bottom dwellers , crawling over 

the lake bottom or burrowing in the mud . This portion of the lake 

could have changed from deep . t~ter to swampy or marshy conditions 

with corresponding changes in the salinity: of the water without af­

fecting most of the forms present. Ostracods are tolerant of many 

types of water and often thrive in waters too foul for most inverte­

brate animals to live . Only a few ostracods are £ound in clear cold 

spring or well ater . 

The samples studied were taken at irregular intervals through­

out the section and represent different periods of time when the res­

pective layers were being deposited . Since the brackishness of the 

water is closely related to the seasonal precipitation , the ostracods 

serve to record such changes in the climate at the time they lived. 

or the 7 samples studied the following climatic conditions pre­

vailed at the time of their deposition: A-28 conditions were wet; 

A- 38 , medium et ; A- 48 , dry; A- 50 , wet ; A- 73 , very dry; A-74, medium; 



and A-78, very wet. 

Family GYTHERIDAE 

Phylum RTHR~PODA 
Class CRUSTACEA 

Subclass OSTRACODA 

1. Limnicythere cf. reticulata Sharpe. 'f',ard, H.S., \\hipple, G .c., 
Fresh-water Biology, John Wiley and Sons , p . 806, fig. 1250, 1918 . 
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A bottom dwelling form, burrowing in and creeping over a muddy 
bottom; often found in brackish waters. 

Family CYPRIDIDAE 

Can dona 

A creeping or burrowing form. Some species live in brackish 
waters . 

a 
2. C.01ldona cf. bala tonica Duday. Dobbins, C .N. ~ Fresh-wa tar ostra-
cods from r shin~ton and other western states, Univ . \rash ., publ . in 
Biology, vol. 4, no . 3, pl . 3, fig. 8, 1941. 

3. Candona cf. candida (0. F. Muller). Dobbins, c. N., Fresh-water 
ostracodS from Washington and other western states, Univ. Wash ., publ . 
in Biology, vol. 4, p . 242, pl. 4, fig . 10, 1941. 

4. Gandona cf. candata Kaufman var. occidentales n. var. Dobbins. 
Dobbins, C.N., Fresh-water ostracods from Washington and other western 
states, Univ. ash., publ. in Biology, vol. 4, p. 245, pl . 4, fig. 2, 
1941. 

5. Candona cf. dec ora n. sp. Furtosa. Furtosa 1 M. C. 1 The ostracods 
of Ohio, Ohio Biological Survey, Bull. 29, voL6, p. 471, pl. 8, 
fig. 4, 1933. 
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ABUNDANCE CHART 

1 . Li.mnicythere cf . reticulata Sharpe 

2 • Candona. cf . bali tonica Duda.y 

3 . Candona cf. candida (0. F . Miller) 

4. Candona cf . caudata Kaufman var. occidentales 
n . var . Dobbiril>" JE--::.r---+-=-t-=f--'"'1'"'--"P~ 

5. candona cf . dec ora n . sp . Furtosa 

Conditions of moisture VI fo1 D W vo M VYI 

Key: 1- 5 =~ VD = very dry 

6-10 =D D = dry 

11-50 =• ll = moist 

Over 5o == II · = wet 

VW = very wet 

Occasional diatom tests were noted at irregularly spaced inter-

vals in the Ana River section . The diatom teats occur in layers of 

silt--most of which contain abundant altered volcanic glass--and are 

even more abundant in layers of volcanie ash . This occurrence a rees 

with the observed world-wide association o! diatoms and related sili-

cous sediments with volcanic products , especially volcanic ash . 

Murray and Irvine (37, PP• 232-233) report the silica used by 

the diatoms is made available in the form o! hydrous aluminum silicates 

and silicic acid . Since the hydrous aluminum silicates are more solu-

ble than silicic acid they probably furnish most of the silica required 

for the formation of the diatom tests . The formation of the hydrous 



silicates requires the alteration of volcanic products. The alteration 

to hydrous silicates apparently takes place prior to deposition; in 

the volcanic vent, or very close to it, or by gasses and solutions 

emanating fran the volcano. Likewise, any silicic acid liberated by 

the reaction of less stable volcanic ash with water, or introduced in 

any other way, is available fo utilization by the diatom. 

In the Tertiary of California, Taliaferro (44, p. 36) reports 

that altered volcanic ash is believed to have been the chief source 

of supply for the rapid and continued growth of the diatoms. The 

growth of such unusually large numbers of siliceous organisms apparent­

ly was contingent upon the presence of equally large amounts of hydrous 

silicates and silicic acid. 

Inasmuch as volcanic ash is abundant in the Ana River section 

it is puzzling why more diatoms are not found. At no place in the sec­

tion was a layer found where diatom tests were abundant-much less in 

quantities necessary for the formation or diatomite. The relative 

freshness or salinity of the lake water at the time these forms lived 

should not have been a hindrance to their growth since diatoms have 

been found to live in fresh, brackish, or marine waters. They live 

only in the upper layers of water affected by sunlight, but again 

this would not have been a limiting factor. The principal reason for 

their limited numbers, then, may be the lack of alteration of the ash 

or the lack of phosphates and nitrates that are known to be necessary 

for their growth. 

A number of different genera of diatoms awear to be repre­

sented throughout the section, but no effort was made to identity 



them. Instead, a photomicrograph (figure .5) of one of the most 

abundant species is included in this report. 

One sample (A-17) yielded fragmental remains of fish life. 
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The remains are principally broken pieces of bone and a fe whole 

ribs. Unfortunately the bones occur in a cemented silt and volcanic 

ash layer which hinders efforts to remove them without breakage . In­

asmuch as the number of f1-a.gmentS is limited and their identification 

improbable, no special effort. was made to remove the bones . 

Vertebrate fossils previously have been collected in the Sunnner 

Lake basin. Hay (26, p. 101; p. 24.5) reports the discovery, in 1882, 

of tha remains of a camel. One of the bones is believed to belong to 

Camelops huerfanensis and the remaining bones belong possibly to .£. 

kansanus. Other bones collected were identified as a species of 

Equus, a peccary of some species of Platygonus, and a piece of the 

breast bone of a swan, Olor. Another collection of vertebrate fossils 

was made in 1883 and included 3 bones of a very large camel, camelus 

ma:ximus. Both of these collections are now housed at the United States 

National »useum. 

Since that time, bison teeth are reported {26, p. 24.5) to have 

been found at Summer Lake and Paisley, Oregon. 

No vertebrates other than fish are known from the Ana River 

lake beds. 

Statistical Analysis of Sediments 

Undisturbed Settling Velocity Tests 

Inasmuch as the Ana River section is composed of predominantly 



Figure 7. Photomicrograph of one species of' diatom from sample 
A-34. l$OX. 
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fine-grained sediments a series of undisturbed settling Velocity tests 

was initiated to detern.:ine the relative quantities of clay and silt-

'sized particles . Eleven samples were tested using a modification of 

the settling velocity method described by Tickell (46, pp. _12-17). 

In accordance with the procedure outlined in this article, individual 

twel ve-inch test tubes were used, but the liquid and unsettled parti-

cles near the top was decanted with a pipette for measurement instead 

of computing the percent of sediments settled and collected in a brass 

cup at the bottom of the test tubes . 

As a further test, the method of analysis was changed to the 

pipette methdd, using one-liter graduate to hold the suspension, in 

accordance with the procedure outlined by Krumbein and Pettijohn (31, 
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pp. 166-170). The samples tested were first dried and sieved, the 

materi.al passing through a 200 mesh screen being used for the settling 

tests. The samples were then weighed with accuracy to the third deci­

mal place and dispersed with N/100 sodium oxalate. After thorough 

agitation, twenty cubic centimeter volumes of the suspension were with­

drawn at time intervals of 58 seconds, 1 minute 56 seconds, 7 minutes 

44 seconds, 31 minutes, and 2 hours and 3 minutes to give size values 1 

corresponding to the entworth grade scale, ranging from 1/16 mm. 

d0W111'1ard t.o the 1/256-1/512 mm. size. A total of 18 samples was 

tested using this JOOthod. 

The results or the settling velocity tests were graphically 

plotted in tre hope they could be more easily read and compared, one 

unit against another, than could a list or numbers. 

Of the 18 samples tested by the pipette method, the results were 

plotted as histograms (plates 5 and 6) which readily portray the silty 

nature of these minus l/l6th mm. sediments. Histograms of fourteen of 

the 18 samples settled shOW' the maximum quantity of any one size range 

to be the 1/32-1/64 mm. size . Of the remaining four samples, three 

show the l/64-1/128 mm. size to be most abundant while one sample 

shows the 1/16-1/32 mm. size dominant. In all instances n:ore than 77% 

of each sample settled as various grades of silt and the clay-sized 

particles made up the comparatively minor remaining percentages. One 

sample contained 93% silt-sized particles. 

One third of these samples showed about 20% of their constituent 

particles to be less than 1/256 mm. in size 1 but the distribution of 

these layers in the section is random and does not suggest any greater 
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abundame of clay-sized particles in sediments at the base of' the sec­

tion than those near the top. 

Differential thermal analyses indicated the particles of less 

than 1/256 mm size to be almost devoid of clay minerals or, if present, 

to be in quantities of less than 10% of the total . Samples A-35 and 

A-58 contain a total of ll . 8% and 18. 8% of the material less than 

1/256 mo, respectively, but upon bein0 tested gave no indication or 

a differential thermal curve for clay. Samples A-12, A-.43 and A-66 

similarly showed no differential thermal curve. 

Of the 11 samples tested using the test tube method, all show 

predominantly silty character as do the samples tested by the pipette 

method. Settling velocity curves were drawn for the samples and in 

each instance they show a rapid settling of the particles during the 

first 1 minute 56 seconds , with the curve starting to latten, because 

of the reduced settling rate, by the end of 7 minutes 44 second. At 

the end of 31 minutes the greater percentage of the naterial had 

settled and fran this point the curve shows a slow, continuous rise 

indicating the less abundant i'ine ~teria 1s were settling steadily. 

Three settling curves were plotted for inclusion in this report 

(plate 7) to show the general characteristics of 11 eleven samples . 

The curves are clustered in one small area on the graph, as the set­

tling velocities they portray are very similar i'or all the samples . 

Two of the curves, representing the extrenes of settling rates for the 

group, were plotted along with a curve representing an average of all 

samples tested. Even the opposite extremes of tr~ rate of settling 

velocity show a curve simiJa r to that representing the average and the 



66 

group does not exhibit a. very ereat spread along either the ordinate 

or the absaisaa. 

the stt ples port yed by these curvee occur at v· rious intervals 

thrott.Bhout a strati · rhic seoti on of about L5 .feet thieknesa . -:llo 

similarity in th"' size f!Tado o£ th respective units is notable since 

other s.odintento ot the At» Hiver ueotion imtieat.e great ct.!Anccs of the 

1· ke took place cf..u1n,.. the int rve:1ing · e bet;~n tl,e sodimontatlon 

of theso:~ various ine- gt"'olined layer • 

it. nu.tllhor of ;>a ~ were dry nievad :ror sopa r· tion into size 

rl'l"ade:s . The samples ere dried , split into app:oorlmately $0-gram 

:mples us:in~ Jo ~ .J ~' 'iple plitter, :,. nd ""i;;:ved fo:t' a period i' 10 

!"d.nutes in a Cenc ... in~er sieve shat~r .. A tota1 of 33 s.a~1plaa was 

tested. Tyler Stdn~ard ieves hav:!ng nesh sizes of 9 (1 .981 ·) ~ 16 

(0 .991 am) , 32 (o.49S I:J } , 60 (0.2~6 ) , 1)0 (0 . 24 w.) and 200 

(0 .07h 'mn} were used for these tests . 

b-.onty ot.h r S&snples were dry sieved usi.ng a Tyler .. o.-Tap 

machine . For t.~ese test s , 10-grar:: sar.: plea lt'aro weighed and 3ieved 

for a riod of 10 minutes . L.ecnus r the ina -r:.\ined nat'J.r of 

the s ~yles , th& use cf tha 9-:<•osl sct-ee.n & disc~ t i. ued ror these 

tests . The fine- grained nature or 1ibo sediments and ash was res­

ponsible for S:)lnQ lossas from dustiriff during ieving . Th siev lo e.s 

of samples tested with the Genco- einzer a!eve shaker ran~ed r~~m 

0 .03 to .3 per oent. Of the 10-'.;~ fla'~iplt1s sieved ith th Tap, 

sieve losses ran£;ed rom 0.1 to b per cent. 'The hi~ st perc nta 
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loss from dusting occurred during tests with the Ro-Tap machine. 

To better describe and understand the character of the sedi­

ments and pumice of the Ana River section, several cumulative frequency 

and frequency curves have been drawn ( plates 8 and 9). From data 

derived from the curves, a statistical description of the samples is 

possible in concrete terms that may be used for the comparison of 

various samples, especially those eY~ibiting slight or no a oparent 

varia tion to the observer. 

It is known (31, p . 223) .th~t by arranging the frequency dis­

tribution in the order of magnitude of the particles, the smallest 

particles at one end and the largest particles at the other end, cer­

tain particles representing significant values can be chosen. The 

median is the size of the middle most particle and represents an average 

of the gr oup. The medians of samples C-5 and C-7 (plate 8) are ( .12 mm 

and 0 .115 mm , respectively, indicating the two samples to be nearly 

alike in grain size. The spread of the distribution around the median 

is indicated by the first quartile (Q1), just larger than one-fourth 

of the distributi on, and the third quartile (Q3), just larger than 

three-fourths of the distribution . As indicated by plate 8 , sample 

C-5 has much less distributive spread than C-7. 

Quartile derivatives are a measure of the average spread, which 

is usuaJly used with the median. QDa is the arithmetic quartile 

derivative, a measure of half the spread between the two quartiles . 

QDg is a geometric quartile derivative based on the ratio between the 

quartiles. 11So" indicates the sorting coefficient of the sample. 

Krumbein and Pettijohn (31, p . 232) report a value of So less than 
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2.5 to indicate a well sorted sediment, with a value of about 3.0 

a normally sorted sediment. Samples C-5 and c-7, accordingly, are 

ver.y well sorted vdth So values of 1 .37 nd 1 . 89 respectively. 

Sanp es c-S nd C- 7 are classed as very fi ne sand, and silty 

ve"r~J fine sand, respectively. The curves {plate 8) L'ldicate this by 

the fact that the great bulk of both samples is of the 1/4-1/16 mm~ 
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fine to very fine sand , size . Sam le C- 7 possesses the smaller median 

number, however . The curve correspondingly indicates the finer charac­

ter of C-7 by the fact that over 25% of the total is finer than 1/16 mm. 

The greater quantity of fine sand, 1/4- l/8 mm, size and the smaller 

am~~t of silt, cause sample A-5 to be classed as very fine sand . 

The median and q:u.artlle values are of greatest value for des­

cribing the Crater lake pumice (plate 9) . The -top half of the pumice 

is nearly trlice as fine as the basal haJ f as indicated by the respec­

tive medians . The basal half median occurs between 1/2 mm and 1/4 mm 

hile t he top half median occurs be~veen the 1/4 om and 1/8 rnm size . 

Imsfi1Uch as the curve for the top ha_"f of the pumice had not yet 

cronsed t he 75% line, Q1 could not be computed . Other ~ethods of 

size dctermin~tion for t his material, less than 1/16 mm, would have 

to be e~ployed to derive t his value . 

Size distributiJn chart for volcanic ash and pumice from sam­

ples collected at Site Sa ples sieved for a ten minute period in 

a Tyler no-Tap shaker. _umbers indicate weight percentages: 
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Sample Sieve Mean S:tzes Sieve 
Number 16 3~ co !1$ ~00 200 Losses 

(V olcanic .Ash) 
A-7 o.o o.o 1.6 ) .8 14.6 78 .5 0. 27 
-17 1.2 9.3 28 .5 22 .7 19 .8 . 18 .6 0. 10 

A- 23 o.o 2.1 24 .. 7 26 .4 8.5 )8.3 0.13 
A-30 o.o 1 ,.9 18.$ 34. 2 5.6 39 .8 0.12 
A-32 1.8 18.0 24 .3 14.9 7.7 33 .3 0.20 
A-34 o .. o 2.1 17.2 21.7 13.5 w~ .3 0.20 
A-36 1.3 47 .7 26 .8 5.9 6.5 11.8 0 .10 
A- 42 o.o 6 . 7 10 .9 3.9 7. 2 n .J 0 .22 
A-52 o.o 1 .. 9 o.B 3.1 13 .0 81..2 0.10 
A-54 0.9 4.2 11.0 14.4 26 .3 43 .2 0 .10 
-59 o.o 3.4 1.7 7.6 13 .. 4 73 .8 0.07 

A-61 o.o 2.3 2.0 5.6 13.9 76 .2 0.30 
A-63 o.o 16 .8 49 .6 12 .0 L. .-4 17 .2 0.35 
A-63 - o.o 9.2 39 .9 16.9 3.1 30.9 0 .18 
A-65 o.o 1.0 6 .9 9.7 1) .6 68 .7 0.17 
A-78 o.o 6.4 24.6 22 . 3 24 .9 21:8 0-.20 
A-84 T.O 25..5 L.6 .9 6.!t ) .0 10 .9 0 .. 40 

Size dist.ribution chart for sediments from samples collec-ted 

at. Site l!. . Scl.mples sieved for a ten minute period in a Tyler a-Tap 

shaker. Numbers indicate weight fercentages: 

Sample Sieve Mesh Sizes Sieve 
Number 16 3~ 05 11> 200 255 Losses 

(Other Sediments) 
A-19 u.3 5.3 41 .5 ll.7 17 .0 20 . 2 0 .• 10 
A- 50 o.o l1 .7 6.7 25 .0 us .o 11.$ o .o1 
A-7b l. J .8 27 .4 2u .1 20 . 4 21.5 0 . 20 

Size distribution chart for volcanic · sh, pumice, and other 

vedimcnts from saop1es col ected at Site A. Samples sieved for a 

ten-minute period in a Cenc Meinzer sieve shaker . Numbers indicate 

7eight percentages . 
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Sample Sieve Mesh Sizes s i eve 
Number 9 16 32 bO 115 2oo 2oo Losses 

{Volcanic Ash) 
A-7 o.o 0.1 0 .1 4.0 4.4 14.2 76.5 0. 85 
A- 9 o.o o.o o.B 5.2 10 .2 14.9 68.5 0.60 
A-23 o.o 0.3 . 2.) 25 .4 25 . 7.9 3 .3 0 .07 
A-30 0. 2 0.1 10 .6 21.3 33.2 10.0 34.4 0.65 
A-32 o.o 0.1 18.3 22.) 16 .6 B.o 33 .1 0. 73 
A-34 0.6 0 .2 2.0 19.3 21.8 ~2 .3 43 .7 0.25 
A- 36 o.o 0.6 50 .8 24 .2 5 .1 6. 7 12 .0 0.95 

(Other Sediments) 
A-21 o.o 2.5 16 .9 67 .8 4.5 4.9 3.3 0 .25 
A-25 0 .6 o. 7 13.9 25 .7 11.5 26 .0 21 .1 0.95 

Size distribution chart for volcanic ash, pumice , and other 

sediments from samples collected at Site C. Samples sieved for a ten-

minute period in a Cenco-Ueizer sieve shaker . Numbers indicate 

weight percentages . 

S..im~le sieve ~osE si'zes s~eve 

Number 9 16 32 5o !1; 2oo 2oo Losses 
(Volcanic A3h ) 

C-2 o.o o.o o.h 5.4 so.o 15.8 28 .) 0 .03 
C-2 o.o o.o o.o 3.6 ) . 3.4 89 .9 0 .02 
C-2 o.o o.o 2.6 6.5 4.5 10 .8 75 .3 0.42 
C-6 o.o 0.3 2.8 23 . 2 15.9 39 .0 18 .8 0.70 
C-10 o.o o.o 0 .2 2'. 2 )6 .6 35 .3 25 .4 0.28 
C-10 o.~ o.o n .0 7.6 5.0 56 .0 )1.2 0. 24 
C-14 o.o o.o 1.0 3.9 ) .9 6 .4 84.9 1.04 
C-lh o.o o.o 2.6 27 .6 26 .0 8.6 35 .1 0.90 
C-J.4 o.o 2.9 12.5 41.1 15 .3 7.8 2 . 1 .35 
C-16 c.o 0.5 8.4 12 .4 9 . 2 7.1 62 .1 0.42 

(Other Sediments) 
C-1 0 .8 o.o 2.6 l :J .5 16 .4 53.1 16 .6 0.70 
C-1 0. 2 0 .3 6.0 9.6 11.8 47 .0 25.2 1.50 
C-3 0 .2 1 . 5.4 12 .9 l O. S J0 .5 )8 .8 1.10 
c-5 0 ~4 o.n 2 .0 8.8 33 . 2 43 .1 11.0 1 .48 
C-7 o.o 1. 2 6 .1 l6 .3 15.8 39 .3 20 .5 0 .97 
C-7 o.o 2.4 11.9 13 .9 11.6 19 .<) 41 .1 0.15 
C-9 o.o 2.2 8.5 11.0 9. 2 22 .6 45 . 0 .93 
C-9 o.o 0 .9 1 .8 8.9 11 .0 21.7 54 .9 0.91 
C-11 o.o 2. 2 16.5 46 .4 14 .1 1.0 . 8 9 .9 0 .07 
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Sieve Mesh Sizes sieve Sample 
Number ~ 16 j2 t>o - i12 20' ~00 Losses 

C-11 o.o 5. 24.1 27. 14.5 17.0 11 . 0 .58 
C-11 0 .2 2.6 12.7 20.2 15.3 14.7 34.1 0.55 
C-11 0 .8 1.8 5.1 1 .1 12 . 25 .1 ~3 . 7 o.o6 
C-13 o.o o.6 0 .3 4.9 11.5 18.9 64.3 0.92 
C-15 o.s o. 0.8 6.2 6 .1 16.l.t 69 .4 0 .25 

Organic Carbon Determinat ion 

In view o the light, flu_fy gytt j a-like character of nany of 

the sediJnents pon being dried, it was thought they might c ntain 

above average q antit~es of orzanic carbon. El even sam1 les were 

tested usinG • lk ey and ck's rapid titr tion method (3?, .P• 

223-227) . 

The (lalklcy clnd Black method i based upon tu1e digestion of 

the soil b r chr.:>m:lc and su phuric acids ' ,., kln6 u .. e o: th ~ heat I"Jf 

dilution of the sulphuric acid . The e ·cess cbronu. cid, not reduced 

by the organic matter of the sample , i determ ned by ~itr tion with 

stan ard errous nJphate . It has been foi.lnd that 1.c e percen~ge 

recov~r.r by t21is method aries fru"'l 60 er cent t 90 per cent i th 

the t1ean recover ~ et.'1cen 70 and 80 per cent . Tlle va.Ju -S ottai ned 

f rom the"'e te ts are 11air ~ e W1lu11" detcr'1li.."l.:Jti o:l., end will be 

desi0fiated a· 110r:;ani Carb n , ·· allc C.f an :3lack va ue .. . tt 
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A- 10 O.OOO% Organic carbon, lillkley and Black values . 

A-29 0 .098% II II 

A- 37 0 .119% If If 

A- 49 0 .128 n tt 

A- 5S 0 . 244% " It 

A-63 0 .000% n tt 

A-64 0 .199% ff II 

A- 75 0 . 247% n If 

A- 77 0 .180% " n 

A- fn 0 .157% ff ,, 

A-85 0 . 237% II II 

As shown by the table none of the samples tested showed the 

presence of any significant quantity of organic carbon . 

Indices of Refraction of Volcanic Glass 

A study of the index of refraction of the glass found in the 

many included volcanic ash and pumice layers indicates about half of 

the samples of glass to have an index of refraction ranging from 1.502 

to 1 • .512 . The index of refraction of the remaining halt ranged from 

1 .512 to 1.$26 . According to the average indices of refraction of 

natural glass reported by Grout (21, p. 114) the great bulk of the 

glass has a medium refractive index and hence a modera tely silicic 

composition . The refractive indices of glass have wide ranges and 

some of the samples may represent extremes of a basic or acid parer.t 

magma instead of an intermediate dacitie , trachytic , or andesitic 

origin . 



A tabul~ tion of the refraction indices of the volcanic glass 

is presented in Chart 1 . 

CHART 1 

jsample 1.502 .504 .506 .508 .516 .512 .514 .516 .518 .520 .522 .524 

~-1 

~-2 

A-3 

A-4 

~-5 

'A.- 7 

A-9 

A-17 

~-19 

~-23 

A- 25 

A-30 

A- 32 

A- 33 

A- 34 

A- 36 

~-42 

A- 50 

A- 52 

~-54 

~-59 

76 

.52c 
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Sample 1 .502 .504 .506 . 508 .510 .512 .514 .516 .518 .520 .522 . 524 .526 

A-63 

A.-63 

A-64 

A-65 

A-67 

A-74 

A 4 

C-1 

C- 2 

C-2 

C- 2 

C-6 

C-7 

C-10 

e-ll 

C-14 

C- 14 

C-14 

C- 15 

C-16 

Correlation and Age of Ana hiver Section 

Correlation £l Snore Lines 

Antevs (7 , pp. 74- 75) correlated the highest stages of Lake 

Bonneville and Lake Lahontan, attained during the Bonneville pluvial , 



with the Tahoe (Iowan or early isconsin) glacial stage. To t he Provo 

shore line in the Bonneville basin and the Dendritic Terrace in the 

Lahontan basin he correlated the Tioga (Mankato or late Wisconsin) 

glacial stage of the Sierra Nevada . 
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In tile Summer Lake basin, the highest levels of Lake Chewaucan 

were thought by Allison (1, p, 793) to have been attained during or 

shortly after the Tahoe glacial stage and some of the lowest beaches 

during or shortly after the Tioga glacial stage of the Sierra Nevada. 

i ithin the past few years, radiocarbon dating and continued study have 

shown the previous dating within the Great Basin to be at least 

partially in error and in need of revision . As the result of these 

findings , the high level stage of pluvial Lake ' hewaucan is now con­

sidered by Allison (4) to have been attained during the Sherwin (Kansan) 

glacial stage. The most prominent shore line features at an inter­

mediate level 210 feet above Summer Lake are correlated with the Tahoe 

(early V isc nsin) glacial stage and the lower lines with the Tioga 

(late Yiseonsin) sta ge. 

The correlation o£ shore line £eatures with corresponding sedi­

ments of the Ana li iver s.ection seems improbable. Mlny sandy layers, 

intermixed pebbles and evaporation products represent low water stages, 

but their relation to the abundant layers of silts and clays deposited 

during times of deeper water is unknown. 

Mount llazama ~Newberry Crater Pumice 

The age of at least the uppermost 7 feet of the sediments of 



the Ana liver section can be closely estimated because of t he presence 

of Crater Lake and Newberry Crater pumice . The Crater take pumice 

is recognized over much of central Oregon and facilitates the dating 

and correlation of localities and the conditions present at these 

different localities at the t.ime of the eruption . 

Pluvial Winter Lake, at the time of the climatic outburst of 

Jlt . Mazama, is reported by Allison (2, p . 63) to h ve been about 85 
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feet deep . The level of the lake indicates the pumice fall took place 

during late pluvial times, but since the lake had previously been 210 

feet deep it .tnUst represent the final portion of the last pluvial stage . 

The dating of this pumice fall, then, can be based on the esti­

mated time of the climax of the last gl4cial sta.ge and pluvial and post­

pluvial time . Based on the estina ted age of the climax of the last 

glacial stage and the amount of time required for the reduction of 

:iinter Lake to the level it had at the time of the Crater Lake erup­

tion, Allison (1 , pp. 801-802) assigned a value of ab 0ut 13, 500 

years as the age of the main Crater Lake pumice and an age of about 

10 , 500 years for the Newberry Crater pumiee . Hansen (23 , p . 533), 

basing his evidence on Uae thickness of peat deposits overlying the 

Crater Lake pumice, estimates the pumice to ~~ve been erupted between 

5 ,000 and 7 ,Soo years ago . Williams (So, pp . ll3-llh) estimates the 

time of the cataclysmic eruption of Mt . Mazama to have been 5 , 000 

years ago , with 4,ooo years t be minimum and 7 ,ooo years the maximum 

estimated time . 

Very recent adjustments of the dating of the final glacial stage 

and of postpluvial time to 11,000 years cause any age assignment of the 



80 

Crater Lake pumice previously made on the basis or the dur tion of post­

glacial time to be changed correspondingly. The most recent and ap­

parently accurate dating using radiocarbon methods would assign an age 

of 6,450 years ago as the time of the main Crater Lake eruption. Hence 

the top layers in the na River section way be only about 6,000 years 

old instead of 10,000 to 14,000. 

Correlation ~ Fossils 

The correlation and determination of the age of beds containing 

fossil remains is often possible on the basis of "guide fossil" or the 

overlapping ranges of certain restricted genera. ftnile the Ana River 

section contains gastropod, pelecypod, and ostracod shells, the shells 

seem to be of no value for aoe determination but are useful for the 

most general sort of correlation. The gastropod and pelecypod shells 

represent genera that range to the present and the ostracod shells, 

while not studied in detail, most probably do too. The comparative 

recency and short time interval represented by the Ana liver section 

makes improbable any major change in the invertebrate £orms since the 

time they lived. 

ear Fossil Lake in northern Lake County, Dole (16, p . 61) re­

ports several localities where the ground is ne rly white as the result 

of pelecypod and gastropod shells weathering out of the sediments. 

Abundant ostracod shells are reportedly internuxed with these lar~er, 

more conspicuous, mollusk shells. Four genera and 9 different species 

of gastropods are reported by Dole (16, pp . 62-65) from this locality. 

Of t hese , only one genus Parapholyx pa.ckardi Hanna is present in the 



Ana River section and occurs principally at a level 34 feet above the 

river. ! · pa.ckardi , however, is very abundant in the gravel deposits 

3 . 2 miles north and 0.3 mile east of Summer Lake post office . 

Similar occurrences of ! • packardi are reported by Hanna (22 , 

p . 6) from the vicinity of amer Lake , where the species was named. 

To the assemblage of f ossils at this locality, Hanna (22 , p . 6) as­

signed the age of Pliocene , but the geology was little known then and 

the species were new . 

Inasmuch as all three of the previously mentioned areas repre­

sent sites of contemporaneous pluvial lakes , the presence of the same 

species of at least one genera of gastropods suggest that similar 

conditions favorable for their growth existed in the separate basins 

at the same time . The position of the shells in the section however 

does not suggest that they represent any one unit or r icd of time 

that can be compared to an equivalent layer or time unit in the ad­

jacent basins . The greatest percentage of the specimens coll~cted 

did come from one layer (A- 29) but a few specimens were found at a 

level below this and further excavation probably will reveal other 

gastropod-bearing layers . 

few tiny bival ved shells representing one genus of pelecypods 

was collected at Summer Lake in the same layer as that containing the 

most abundant gastropods . These specimens are thought to be Pisidium 

variabile Prime . Dole (16 , p . 65) reports the presence of Pisidium 

va ria bile Prime cf . magnum Sterki near Fossil Lake . P. varia bile 

Prime cf . magnum Sterki is the same as P. varia bile except for its 

great size . 
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Eu atic Boulders 

Throughout at least part of the Sununer l..ake basin , occasional 

erratic boulders are seen . These boulders seem to be distributed in 

equal quantities on the playa deposits and the slightly irregular 

basin fl oor around the playa margins . No time was devoted to looking 

for these boulders outside a radius of several miles of the Ana River 

section , but their presence throughout the rest of the basin is strong­

ly suspected. 

The erratic boulders are composed primari ly of basalt, much of 

which is vesicular basalt, with some less common red scoriaceous basalt 

also present . Most boulders noted had an average diameter of about 14 

to 18 inches • Angular boulders predominate although all show slight 

rounding of previously sharp edges . Fi~ure 8 shows a typical erratic 

boulder, the base of which is less than 2 inches below the playa sur­

face . Other erratic boulders can be seen in the background of this 

picture . 

The type of rock of which the erratics are composed leaves l it­

tle doubt that the pb.ce of their origin was the margins of the basin . 

The transportation and random distribution of these erratics in t he 

basin seems to h ve been accomplished by the acti on of ice . The time 

of f ormation of t rds ice w~uld seemingly be referred to the l ast 

pluvial stage. Ice for med along the shore line could attach itself 

to the boulders , and be broken up later by the action of winds roiling 

t he lake, if the ice did not cover the entire lake surface , or b~ spring 

thawing that would allow the ice and entombed boulders to float out 



83 

--- ,..... - ~ ---..,- _z-;---~---- ..: _ 
_:..~ ~ - -- . -.:.~.:..-~~ ~---. .--- .-.___ ~...:. - --

Figure 8. Ice-rafted erratic boulder . 

into the lake, only to have the ice melt and the boulders dropped to 

the lake bottom. 

Although some of the boulders are nearly buried, many lie on 

the surface with their ba se buried no more than inches . Their ex-

posure in part may be the result of the wind removing the surficial 

sand, silt , and ash that completely or partially covered the rocks 

previously. 

Mineral Efflorescences and Analysis of Summer Lake Water 

While th alinity of Summer Lake is moderate as compared to 

that of other lakes of the Great Basin the utilization of its contained 

alkalies has been considered but seems uestionably feasible . long 
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the playa immediately adjacent to the lake, salt incrustations occur 

in quanti ties of equally doubtful economic value . Other major occur­

rences of alkali deposits in Lake County are known from Abert and Alkali 

Lakes, with .tUkali Lake t he most promising . bert and Summer Lakes con­

tain nearly equal quantities of dissolved salts and surface incrusta­

tions, but are of doubtful value primarily because of the low pros­

pective tonnage, seasonal exposure of surface salts , distance from 

market, and the lack of local fuel . 

From time to time numerous analyses have been made of Summer 

Lake water in connection with plans for soda recovery . One of the 

first references to such an analysis was published by Chatard in 1890 

(12 , p . 51) . This article served to draw attention to the Oregon lakes 

and in 1901, 1902, and 1911 analyses were run for various investors . 

van inkle (48, p . 119) also analyzed the water in 1912 and compiled 

all the previous analyses . The most recent analysis is that of Allison 

and Mason (3 p. 2) which is embodied in the latest report on the 

sodium salts of Summer take . MUch of the material embodied in this 

report has been taken llbe~lly from their account . As a result of 

their study, it was found that the lake water would be an unlikely 

source of soda because of its low salinity. Of the surface salts 

exposed on the Summer Lake playa, sodium carbonate predominates , but 

in quantities of doubtful economic value . 

Allison and Mason (3, p . J) report t he following analysis of 

Summer Lake efflorescence salts: 



Analysis of Salts from Summer Lake Playa 

(in percentages by weight) 

1 2 

Na2co3 70 .80 35.54 

NaHC03 9.45 s .ol 

NaCl 12.12 6.43 

Na2so4 7.83 4.15 

1.64 
~ -

K2S04 .87 

Water o! 46 .ooa/ 
crystallization 

Total 101 .84 100.00 

A/ By difference . 

1. Composite of 3 samples averaging 54 per cent soluble salts 

(in anhydrous state), taken September 1944. Analysis by L. L. 

Hoagland, State of Oregon Dept. of Geology and Mineral Industri·es. 

2. Same, recalculated to percentages -of original composite 

sample. 

Of the subsurface samples studied, Allison and ason (3, p. 4) 

report all the lake muds to carry at least 1% (hydrous) soluble salts 

with the content ranging from 7% ( nhydrous state) in the upper 6 

inches downward to 2% or less at a depth of 7 feet. 

llison and !lason (3, p. 2) list 4 separate analyses of water 

of the lake . Of tbe analyses, numbers 1, 2, and 3 represent reeal-

culated values from analyses of Summer Lake water previously 
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published by 1an ~:iinkle (48 1 pp . 119-120) 1 1'1hile the fourth was 

analyzad by the regon State Department of Geology and Mineral In­

dustries in 1944. Their chart is as follows: 

Analyses of Summer L8.ke Wa ters 

(grams per kilo~ram) 

1 2 3 

Na2co3 23.4f}U./ 
14.67 8.01 

6 .77lJ,/ 3.81hi NaHCOJ 

NaCl 9. 27 8.)3 4.$8 

Na2so4 2.15 1.82 1 .03 

KCl 1.)8 1.07 .Sl 

NOJ n . d. n . d. . trace 

Si0.2 . 27 . 29 .10 

ca, Mg, Fe trace 

Al .02 

'flotal dis-
solved solids 36.55 )2.95 18 .06 

SA/ Total carbonates as Na2co3 
:el 
r;./ 

By difference 
K2S04 instead of KCl 
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4 

12.43 

s .oJb/ 

8.84 

1.69 

.. 68t:.l 

n . d . 

. 23 

n . d . 

n . d . 

28.90 
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CJNCLUSIONS 

The Summer Lake basin is a well defined fault block depression 

bounded on the west by the fault line scarp, Winter Ridge . The fault 

bounding the east side of the basin is lower and less pronounced . 

At least two distinct pluvial lakes occupied the Summer Lake 

basin . These former deep water lakes were named 11Lake Chewaucan" 

and "Winter Lake" by Allison (11 p . 793) . The correlation of 

shore line features formed by these lakes with corresponding sedi­

ments of the Ana River section seems improbable . 

The Ana River section exposes for stuqy 54 feet of lake sedi­

ments . The sediments are predominantly silt- sized, with the 1/32 mm 

to 1/ 64 mm size dominant. Inter calated sand, pebbles, oolites , and 

caliche record changing levels of the lake . Pumice and ash layers 

occur throughout the section, the layers ncar the top beinE the 

thickest . Several eruptions of Mount hzama and Newberry Crater 

are recorded by these pumice layers . 

The sediments of the Ana River section contain about 15% 

included ash , but the main s ource of the detritus was the weathering 

of the basalt which comprises most of the rocks of the drainage 

basin . The mineral variety is not great and represents an unstable 

assemblage . 

Ostracod, pelecypod, and gas tropod shells were found in the 

section . The ostracod shells are the most abundant and ccur in 

nearly every layer from the top to the bottom of the section . The 

ostracod shells are more abundant in the sandy layers than in the 



silty layers . The shells are of no use for dating the Ana River sec­

tion . A few diatom tests are found in the volcanic ash and fine­

grained sediments of the Ana River section . 

The top of the section is atout 6, 000 years old • 

... 
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