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PLUVIAL FORT ROCK LAKE 

TNTRODUCTION 

Fort Rock Lake is an extinct pluvial lake that formerly occupied the complex For t  
Rock-Si lver Lake-Christmas Lake-Fossil Lake basin in northwestern Lake t.ounty, OrPeon 
(Fig. 1). Its water scribed stillstand markings along its shores, developed beach ridges 
where suitable materia ls were available, and accumu]ated sediments over the floor of the 
basin. At its maximum stage the lake was more than 200 feet deep . The lake sediments at 
Fossi l Lake in the eastern part of the basin have yie lded a bundant foss ils of mammals, 
bi rds , fishes, and fresh-water mollusks. These sediments have been described separately 
(Allison , l966a) . Snail shells obtained abou t  10 feet below the top of the lake beds a t  
Fossil Lake have a ra<liucarbun age u f  2 9 , 000 years. Tht! mammal bones come from a strati
graphic level a few feet lower in the section and so are older .  Fort Rock Lake was termi
nated by evaporation probably about 1 0,000 years a go .  It was first p l otted by Russell 
(l884a, l884b, 1905 ) ,  and later by Waring (1908), Meinzer (1922), and Snyder (1964 ) .  

NamP 

Previous names for the lake were confusing. In the years soon after their d iscovery 
in 1876, the fossil bones,  actually from the Fossil Lake area, were variously referred to 
Fossil Lake, Christmas Lake, Silver Lake, or the "Oregon de!';ert" region nP:.r SilvPr l.rtkP, 
but until 1939 no clear name had been applied to the former expanded lake . Meinzer (1922) 
referred to it as Silver and Christmas Lakes, and Brogan (1950) used the name Christmas 
Lake, but both names are duplications of modern features. Recognizing the need of a short 
convenient name for it , the present writer in 1939 began u!';ing the naml" Fort Rork l.;,kp 
(Allison, 1940). Fort Rock itself (Fig . 2), standing well out in the middle of a large 
b ay (h erein c al l ed Fremont Bay) of the former lake, is a conspicuous wave-carved island 

remnant wi th wave-cut benches and grooves scri bed against it,  especially near the 4440-
foot level. Mu ltiple wave-cut cliffs and wav e-deposited beaches ,  represent ing stillstands 

at both high er and lo1�er levels ,  mark the former shores elsewhere. There is no modern 
lake of the same name. The h yph enated combination of Fort Rock-Silver Lake-Christmas 
Lake-Fussil Lakt! is awkward. Besidt!s, the t hrt!e lakes last mentioned are (or have been) 
modern lakes in depressions in the floor of the larger extinct lake, and so their use in 
reference to the previous large lake is unwarranted. 
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GEOG�PIIY 

The ortgln and history of Fort Rock Lake a re necessarily related to the physiographic 
selling of the lake bm;in and thl:.' elirnatl:.' then p revn111ng . A climate of higher annual 
p r ecipitation and cooler summers than those of the present was essential . So for a beller 
appreciation of these facto rs , let us summa rize the geomorphic position of the lake, the 
present climate, and th e present vegetation . 

Regiona l Set ting 

The Fo r t  Rock Lake basin lies in the trans ition zone be tween the Basin and Ronge 
physiographic province on the south and the HarnC?y lligh Lava Plains sC'ction of the Colum
bia Inte rmontane physiographic p rovince o n  the nort h .  The part of the Basin nnd Range 
province that extends into south-central Oregon is cl1aracterized by deep fnult t roughs, 
such as tlw bn!-< i ns of Summer L�lkl!, Abert Lake, and l�nrner Valley, and by Lilted fault
block mountains wlth precip i tous r i ms, such os Win te r Ridge , Abert Rim, and Steens Moun
tain . Thl' llnrncy lligh Lavo Pl..1ins <Hea, aujoinjng tht• Great Basin on the north, has 
hundreds of fnults also (Ralsz , 1955) , but the vertical displacement on most of them 
ranges from a lC'w teet to n few tens of fcC'l, or locally to a few hund red fee t .  So the 
dividing line between the two provinces was placed somewhat arbitrarily ncar the southe rn 
limits of the Fort Rock Lake bas in (Allison, 1968). An alternative boundary is the 
Brothers Fault Zone> situated farther nor t h-no rtheast nnd trending N60°\� (Lawrence, 1976). 
This puts Fort Rock Lake in tlw Basin and Range province . 

The Harney High Lava Plo ins nnd the Fort Rock Lake basin are bordered on the 1vest by 
the vo lcan ic ranse of the High Cascades province, but the bounda ry is trans itional , be
cause many young volcanic cones stand well to the enst of the Cascade divide. Of these 
outlying vo lcanic mountains, the chief one is Newberry Volcano, which borders fort Rock 
Vull�y uu th e north. 

Figure 2. Fort Rock , as seen from the south , a former wave-cut island, whence 
the namP Fort Rock Lake 
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Local Setting 

Fort Rock Lake, the. most northwesterly of the large Pl�lslucene pluvial lakes in 
south central Oregon (Meinzer, 1922), occupied an irregular basin which extends about 40 
miles east-west and about 30 miles north-south (Fig. 1). Its ouLer boundaries originated 
by faulting. 

The lake basin has two main natural subdivisions, Fort Rock Valley on the west and 
Christmas Lake Valley on the east. As the Fort Rock Valley portion of the basin is open 
eastward to Christmas Lake Valley, the term Fort Rock Lake will readily be understood to 
include the water of the whole basin and not merely ForL Rock Valley. A former bay in the 
northwest pact of Fort Rock Valley is designated Fremont Bay of Fort Rock Lake, named for 
the former postoffice site near the western shore of the lake. 

The main body of Fort Rock Lake was connected wllh another bay in the modern Paulina 
Marsh-Silver Lake area by way of a strait southeast of Table Rock. For convenience this 
bay is here called Paulina Bay. It is separated from Fort Rock Valley by the Connley 
Hills, a ridge which extends about 12 miles northwesterly from Table Rock, and by unnamed 
volcanic hills farther west. Another bay occupied a lowland locally known as The Sink at 
the northeast extremity of Fort Rock Lake. An unnamed fourth bay occupied a triangular 
recess about 7 miles deep and 10 miles wtde (on its norLh end) in the extreme southeastern 
part of the lake. 

Young lavas encroach upon the Fort Rock Lake basin north of Fort Rock, nt the Devils 
Garden near Cougar Mountain, and west of The Sink. 

Climate 

The present climate of the area is characterized by low but variable precipitation, 
low humidity, and large daily and annual ranges of temperature. According to the Climatic 
Summary, National Weather Service, and Climatological Data, U.S. Environmental Science 
Service Administration, a volunteer observing station was maintained at former Lake P. O. 
(m� corner Sec. 18, T. 27 S., R. 18 E. ) from 1918 to 1945; an intermittent one at Silver 
Lake village, 1897 to 1924, and re-opened recently at the Silver Lake Ranger SLallon; one 
at Fremont (formerly situated atE quarter-corner, Sec. 28, T. 25 S., R. 13 E. , until 
1958 and now a few mile::; southwesterly) from 1914 to date; and one at the Poplars Ranch ln 
the NE 1/4 Sec. 4, T. 27 S., R. 15 E . ,  from 1940 to 1965. 

The rainfall on the west (Fremont, Poplars Ranch, Silver Lake) is slightly more than 
at Lake and Cliff, a former postoffice in the northeastern part of Lhe Fort Rock Lake 
basin (Table 1). Most of the precipitation falls as snow in November, December, and Janu
ary, or as rain in May and June. 

Table 1. Annual Precipitation Data (in inches) 

Cliff 
Fort Rock

8 

Fremont 
Lake 
Poplars Ranch 
Silver Lake8 

Years 
9 
5 

51 
28 
26 
27 

Mean 
9.62 
9.19 
9.78 
6.92 

10.68 
10.83 

Minimum 
7.03 
7. 71 
4.45 
4.00 
5.15 
6.99 

Maximum 
11.15 

9.81 
19.38 
17.45 
17.18 
15.82 

a Incomplete records, Silver Lake, 1889-1915; 
Fort Rock, 1910-1914; J.H. Whistler and J. H. Lewis (1915) 

The temperature ranges arc large and variable. Hot days in midsummer are succeeded 
by cool nights, and hot summers are followed by cold winters. Extremes of temperature 
recorded at both Lake and Cliff were -40° and 107°F. The mean January temperature is 
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about 26°, the July mean about 65°, the mean annual m�n1mum -17° the mean annual maximum 
102°, and the mean annual temperature about 45°F. Frost occurs nearly every month of the 
year. The ground elevation of more than 4300 feel above sea level is a factor. \.Jind 
records are not available. 

These data on annual precipitation and summer temperatures clearly contrast wilh 
those needed in Pleistocene Lime to form and maintain Fort Rock Lake. 

Vegetation 

The vegetation in and around the Fort Rock Lake basin is largely dependent upon the 
amount of ratnfall and subordinately upon the character of Lhe soil. The lowland areas 
having less than 10 inches of annual rainfall support a modest growth of sagebrush, 
rabbit brush, bunch grass, salt grass, greasewood (in alkaline areas), and a number of 
short-season herbaceous plants. On high ground along the extreme west, where rainfall 
exceeds 15 inches, are open sLands of western yellow pine. OLher high places, such as 
Green Mountain (Fig. 3), Cougar Mountain (Fig. 4), and Connley Hills (Fig. 1), b�nr sparse 
stands of juniper trees. A Lract of wind-blown sand on Lhe eastern rim of Lhc Fort Rock 
Lake bas in hns a disjunct stand of wes Lern yc J low pine, the "Lost Fares t" (Berry, 1963; 
Fig. 5). A similar band of wlnd-blown pumice sand on Lhe faulted eastern boundnry of Lhc 
basin north of Buffalo (site of a former we]] at the common corner of Sees. 8, 9, 16, and 
17, T. 27 S., R. 20 E. ) also has enough moisture Lo support juniper trees. Rank sagebrush 
occurs similarly on some water-retaining beach ridges elsewhere. 

Figure 3 . Green fuuntain, a juniper-covered basaltic lava cone on the middle 
north shore of Fort Rock Lake 
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figure 4 . Cougar f-buntain and vicinity. The rroun
i'ain (upper right), rhyoli1.ic in composition, 
has wave-cut cl.ilfs and caves (occupied by 
early man) on its west and south sides. A 
sou Lhwd.X'tl extension of llte Devils Garden 
basaltic lava later flowed onto the wave
washed rocky lake plain 

Figure 5. Juniper forest on pumice sand. The sand was blown off 
the lake floO'r (foreground) and up the P..astern fault-scarp 
margin of the Fort Rock Lake basin 
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PRESENT STUDY 

The writer's interest in the Fort Rock Lake area was first aroused in the 1930s by 
Dr. Earl L. Packard, t hen head of the Department of Geology at Oregon State University, 
who was puzzled by the s t range occurrence of supposedly old fossils at Fossil Lake found 
aL or n�ar the surface of the nearly flat floor of an open basin. Although the paleonto
logical evidence seemed t o  indicate an early Pleistocene age of the fossi l s ,  the geologic
al setting appeared to favor a late Pleistocene age of the fossil-bearing deposits. This 
apparent discrepancy required study. 

History 

Tn the summers of 1939 and p receding years, Dr. Luther S .  Cressman, professor of 
anthropology at the University of Oregon , and his students were engaged in archeo logical 
studies a t  Catlow Cave, Paisley Caves, Fort Rock Cave, and other prehistoric habitation 
si tes of early man in south central Oregon. The cave sites were situated along the wave
cut shores of former pluvial lakes, so an integration of the archeological findings with 
the geological history of the lakes required more informa tion about the lakes than was 

then available . The dating ot the lakes and their depos i t s  was needed to establish the 
time relat ions of the wave-cut caves and their enclosed archeological materials. Dr . 
Howe! Williams, vulcanologist of the University of California (Berkeley), had already 
identified an unbroken laye r of pumice sand separating two levels of human occupation of 
the Paisley Caves as of Mount Mazama (predecessor of Crater Lake) origin, so the Crater 
Lake hist ory was also involved. 

Consequently , Dr. John c. Merriam, then president emeritus and research associate of 
the Carnegie Institution of Washington, who was greatly interested in the Fossil Lake 
problem, Crater Lake , and the studies of early man, asked me in 1939 to undertake an 
investigation of  the Pleist ocene pluvial lakes of south central Oregon as one phase of a 
cooperativ� research projecL. He also nam�d a group of consultants, including Earl L .  
Packard (paleontologist), Chester Stock (vertebrate paleontologist),  Ralph Chaney (paleo
botanist), Warren D. Smith (geologis t ) ,  John P .  Buwalda (geol ogist) , Luther S. Cressman 
(archeologist) , Ernst Antevs (glacial geologist) , Howcl Wil liams (vulcanologist) , and 
Daniel Axelrod (paleobo tanist ) , to confer on the geological, paleouLological, climato
logical, and archeological aspects of the studies in the area extending from Crater Lake 
on the west t o  Catlow Valley on the east. 

Following a preliminary reconnaissance of Lhe Fort Rock, Summer Lake ,  and Goose Lake 
basins, as well as Warner , Catl ow, and Alvord Val l eys , in 1939, my detailed field studies 
were devoted thereafter mainly to the Fort Rock and Summer Lake basins . The work ceased 
during World War I I ,  but field and laboratory investigat ions have been conducted intermit
tently since 1946. 

Previous geologic work and the geology and paleontology of the Fossil Lake area in 
the eastern part of the Fort Rock Lake basin were described earlier (Allison, 1966a) . 
Forbes (1973) later mapped and classified the peripheral shore line features of Fort Rock 
Lake. 

Acknowledgements 

Part of the expenses of this study were met by the Carnegie Ins ti tution of l�ashington 
(via Dr. John C .  Me rriam ) and by General Research funds of Oregon State University. Aid 
in the field was supplied by numerous students and by s everal local residents, particular-· 
ly by the late M. S. Buchanan of Lake and Herritt Y. Parks of the Poplars Ranch. Luther 
S. Cre ssman ,  the late Stephen F. Bedwel l ,  and Laurence R. Kit t leman of the University of 
Oregon also were helpful in supplying data and in discussing mutual problems . 

D r .  Harold E. Enlows , Professor of Geol ogy , Oregon State University, is r esponsible 

7 



(or the portions of this report treating the petrography, chemical analyses, and correla
tion of tephra deposits at Ana River in the Summer Lake basin and the identification of 
corresponding deposits in the Port Rock Lake ba�in. Dr. Ray I.Tilcox, U. S. Geological Sur
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Maps and Aerial Photographs 

The only pertinent maps available in 1939 were the quarter-inch-to-the-mile maps of 
the U. S. Forest Service. Fortlln;,te1y, howPvPr, U. S. Co;,st ;,nd Geodetic Survey bench 
marks had been placed at freq uent intervals along the Fremont Highway, along the road from 
Fort Rock to Silver Lake village, and along a line running from Silver Lake past the 
former site of Lake P. 0. and thence northeasterly beyond the limits of the basin. Aerial 
photographs of all of northern Lake County were made for the Soil Conservation Service in 
1939 and were available for use in the field from 1940 onward. High-altitude photographs 
of the area were made in 1953. The regional topographic relations of the area are shown 
on the Crescent, Oregon, sheet (NK 10-3) of the 1:250, 000 map series of the U. S. Geologic
al Survey issued in 1958 and on the landforms map of Oregon by Rais z  (1955). 

Paulina Marsh and its environs in the southwest part of the Fort Rock Lake basin are 
shown in great detail on the Silver Lake and Hager Mountain topographic maps (1966) of the 
7.5-minute series on a scale of 1:24,000 and contour intervals of 10 and 20 feet respec
tively . Several fault scarps are recognizable on these maps. 

Accuracy of Elevations 

Much of the time during the first field seasons was used to run lines of levels from 
bench marks to various shore features, to Fossil Lake, and to certain deflation basins 
elsewhere. Plane table and telescopic alidade were used ; the alidade was generally used 
as a level, even on fairly steep shore line profiles. At each setllp the striding level 
was reversed and double readings to hundredths of feet were recorded. Fully or nearly 

identical readings were required . If the differences were only a few hundredths of a 

foot, the readings were averaged. In this way it was generally possible to limit vertical 

errors of closur� of traverses to less than a foot. On one long 35-mile traverse the 

difference in elevation upon closure was only 2 . 18 feet. So the elevations given in this 
report are thought to be accurate within a foot or two. 

8 



GEOLOGIC SETTING 

The geo l ogir setting of any area includes its stratigraphy, structur e ,  and geomorpho
logy . In thi s instance, the geologic setting of Fort Rock Lake may be summarized b y  cal
ling it a s truc tura l  basin in a region of volcanic ruck� cul by numerous faults. Fault 
scarps form most of the margin of the basin. 

Stratigraphy 

The Fort Rock Lake basin lies within an arPa whPrP nParly all th� solid rocks are 
Cenozoic volcanic products . The stratigraphy has not been established in detail . A few 
t ownships of the area between Fort Rock and Silver Lake are included within the easter n 

border of Lhe generalized geologic map of Oregon west of the 12lst meridian. issued by the 
U .  S. Geologica l Survey on a scale of 1:500,000 (Peck, 1961). Hampton (1964, Plate 1) 
gave local names to some of t he stratigraphic units in or near the Fort Rock Lake basin.  
Part o f  the area ncar Silver Lake village is included on a reconnaissance map of eastern 
Klamath and western Lake Counties by Peterson and Mcintyre (1970) .  \�alker (l9 73a) in the 
area south of the Fort Rock Lake basin and east of Summer Lake distinguished four catP
goriPs of hPnrork: (l) Late Niocene(?) and early Pliocene basalt, (2) Pliocene tuffs, 
tuffaceous sandstone and siltstone, lnpi l l i  tu f f, and tu ff breccia ,  (3) Pliocene o livine 
basalt, and (4) patches of Tertiary and Quaternary volcanic rocks. �laps by \�alker, 
Peterson, and Greene (1967) and Wal ker (1973a) supply further information. A gene ralized 
st ratigraphic surcPssion of units shown on Walker's 1973 map is l isted in Table 2. 

Tab l e  2 .  Str�tigr�phir Units and Representative Area� 
(After Walker, 197 3 )  

Qd Quaternary dune s and (Fossil Lake-Lost Forest area) 
Qs Quaternary lacustrine sediment ary rocks (lake flat and borders) 
Qb Quaternary basalt flows (Green Mountain) 
QTb Basalt (bench south of Cougar fuuntain) 
Tvs T�rtiary siliceous vent rocks (Cougar Moun tain) 
Tvm Tertiary vent and near vent matic rocks (Hayes Butte ) 
Ts Tertiary tuffaceous sedimentary rocks and tuffs (Seven Mile Ridge ) 
Tob Ter tiary (Pl iocene?) olivine basalt and andesite (much of the 

suulh burcler uf Lhe Fort Rock Lake basin) 

Especially noteworthy rocks in ur ut>ar L!t� For!. Rock Lake basin are certain palago
nitic tuffs and volcanic breccias, as in Fort Kock itself,  i n  Seven Mile Rid ge , in the 
benches near Table Rock (Fig . 6) at the s outheast P.ncl of the Connley Hi l ls, in part of the 
eastern rim of the basin, and in a few rocky �nobs that protrude above the lake flat else
where. Much of the breccia has thP form of luff rings which result�d f rom under-water 
eruptions (Peterson and Grog, 1 963; Heiken, 1971) . 

Tuffs and basaltic lava flows, probably of Pliocene age, make up the western border 
of the basin. Hayt>� Bulle in the Connley Hills is a basaltic lava cone within the b asin 
(Fig. 7 ) . The south, east, and northeast sides of Lhe Fort Rock Lake has i n arP romposPcl 
almost Pntire ly of basaltic la va flows wi th only local i nterflow sediments or volcanic 
breccias. Basalt flows of the Green Mountain lava cone (Fig. 3), probab ly P l i ocene in 
age, make up the basin r lm in T. 2 6  S. , R. 16 and 17 E. , and b asalt supposedly Pliocene 
or early Pleist ocene in age appears in the fault blocks south and west of Cougar Moun tRio 
also . 

The younges t rocks in the area include: (1) lake sediments, (2) late Pleistocene or 
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Figure 6. Table Rock and vicinity. 
The Connley !!ills ridge capped 
by this mesa (upper left) is 
surrounded by wave-ercx:ied 
cliffs (as seen at middle 
left) . Part of the Thorn Lake 
basin (a deflation product) 1s 
at the soulheast corner 

Figure 7. Volcanic Hayes Butte on Oonnley Hills ridge, 
as seen from east 

Recent basalt flows north of Fort Rock, (3) Recent lavas o f  the Devils Garden lava field 
which extends into the basin west of Cougar Mountain (Fig . 4 ) , (4) Lava Mountain (Fig . 8), 
which cove rs about 40 squa r e  miles north of Green Hountain , (5) Recen t lavas and four 
smal I al igned c inder cones (Fi g .  9) on the southeast slope of Green Mountain (Peterson and 
Groh, 1 964),  and (6) surficiAl pumice and Recent sediments, mainly wind-blown sand . 
Descriptions o f  these deposits, insofar as they arc pertinent , are eivPn At <1pp ropriate 
p laces on subsequent pages of this report . 

Structure 

The structure of the rocks of the Fort Rock Lake basin is partly constructional , as 
in the several lava cones and t u f f  rings, and partly deformational, owing to extensive 
regional faulting (Fig. 10). The region is disrup ted by hundreds o f  high-angle faults 
wilh vertical displa cements ranging from a few feet to hundreds of feet . The Fort Rock 
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Figure 8 . Lava MJuntaj n , a basaltic lava cone cover
ing an enlire township north of the fort Rock 
L:lke basin 

Figure 9. Recent lava flows and three (of four) 
aligned cinder cones. The northwest
southeast lines (left and top) are low 
fault scarps 
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Figure 10 . Minor fault scarps cmd 
young ldVil . One fault 
( north<>tsl col"nr>r ) split <� 
prcv iow, vo 1 c.1n iC' conr md 
lowered l he so1 1 l  hwes l s i d � , 
on which later lava spredd 
encircling tongues . The dark 
specks on hip.h p:t'Otmd .lt"(> 
juniper' trees 

Lake bas i n  l ts e l f is o f  mu l t ip le faull-b lock o r 1 g 1 n .  I t  l ies south o f  t he northwest 0nd 
o f  the Brothers Fau l L  Zone desc r i bed by H i gg ins nnd WaU.'rs ( 1 96 7 ) , lllggins ( 1 9 7 3 ) , \.Jn l k£' r  
and o t h e rs ( 1 9 74 ) , and Lawr�nce ( L 976) . 

Scarps f rom these faults are conspicuous fPn t u res o f  the landscape <llong the WC!'l lcrn , 
southern , and eastern pa rts o f  the basi n ,  especially across T .  26 S . , Ran�(.'s 1 6  to 2 0E . , 
where the blocks a rc obliquely ril red . Many o f  Lhc faults H t rikc north-northwesterly o r  
north-northeasterly ln a crisscross pat tern (Allison, 194 9 ;  Higgins , 1 9 73 ) , s o  ln plnces 
the rocks are broken by two sets of faults into rhombic o r  diamond-shaped blocks ('Fig . 11). 

Faulting i n  the a rea between the Fort Rock Lake basin and the Summer Lake basin was 
s tudied by Donath (1958, 1962 ) , who recognized a disc repancy between the rhombit pa t tern ,  
which suggests s t rike-slip movemen t  on conj t1ga te shears, and the normal- fault scarps , 
which seem to lack any s t rike-slip componen t .  lie concluded tha t the high-angle normal 
faults may have f o llowed fractures fo rmed during an earlier defo rma t ion . Trauger (1958) 
also recognized the rhombic wrench-fault pa t te rn ,  but he too consipered the fa ults to be 
normal faul ts . Pease (1969) in a study o f  a comparable area in norLheastern California 
a t tribu ted the no rmal [aulLs to dynamic tension f rom deep-seated lateral shear . \.Jnlkcr 
( 1 9 6 9 )  conceived the normal faults to be an adjus tment of surface and near-surface 
volcanic and t u ffaceous sedimentary rocks to lateral displacement along a "deeply buried 
faul t . "  He l a t e r  ( 1 9 7 3 b )  concluded tha t the crustal deforma t ion tha t formed a "reticu
la t e  p a t tern of normal faul t s ,  broad warps, and areas o f  local crustal collapse'' probably 
resulted from "deep-seated lateral shear and east-\-'es t crus tal extension" related to plat e 
tec tonic s .  

Lawrence ( 1 9 7 6 )  dist inguishes the Brothers and other s i m i l a r  e n  echelon faul t zones 
of right-lateral s t r ike-slip f rom the normal faults in the blocks between these zones , and 
a t t ributes the faults in the maj o r  zones to shear and the normal faults to east-west ex
tension. The i n L e r a c t io n  o f  these movements caused the rhombic fracturing. 

The association of shear and extension (Thompson and Burke, 1972) seems reasonable 
in the light of recently discerned crustal plate movements (Atwa t e r ,  1 9 7 0 ;  Christ iansen 
and Lipman, 1 9 7 2 ) . t�en i n  its westward course the North American continental plate met 
the Eas t Pacific Rise , the San Andreas r i f L  began in California , and related tectonic 
movemen t s  and vulcanism occurred i n  the Great Basin . 
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Figure 11 . PatlPrn of inlPr
sccting f.\tl1ls , soulhwest 
of fort Rock . ThC' ctr'('d i s  
about 3 by '3 miles . Clear 
angular pc1lches are fonner 
homes leads 

As the p recise ages of the faulted lavas o r e  not known , the exact age o f  the fa ul t i ng 
is also uncertain . The p r incipal movement probably Look p lace ln la te Pliocene o r  early 
Pleistocene t i m e ,  but minor displacements may have occurred i n t e rmi t ten t ly l a te r ,  though 
the s h o r e  lines w i t h in the Fo r t  Rock Lake basin seem to have been disturbed very lit t l e ,  
i f  a ny . One no r theas t- s t riking fault (FLg. 12) , down th rown on the southea s t ,  does cu t 
the wes te rn edge o f  the l a t e  Pl e is tocene o r  Re�cnt l ava f i e l d  n few mi l es east-no r t heas t 
f rom l lo J e- in- t he-Ground , and o the r f<lu l ts occur e l s  where i n  thi s Lav<l f i e l d .  The RC'c c n L  
lavas o r  the Dev i l s  Ca rd�n ore not known to be faul ted . 

Add i t iona l d e t a i l s  concerning the strat igraphy, s t ruc t u re , and geomorpho logy , when 
relevan t ,  a re supp l i ed in subsequent sect ions o f  t h i s  report . 
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Figure 12. Faulted northwestern boundary of 
Fort Rock lake basin . The pine tree
covered lava plain ( northwest corner) 
is separated from the lake basin by a 
fault , which continues northeasterly into 
lavas covered with Mount Mazama pumice . · 
These lavas extend alrrost to Fort Rock 
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SIIORE FEATURES OF FORT ROCK LAKE 

Nost o (  Lhc rocks acces s i b le to 1"ave work in Lh e Vorl Rock Lake basin 1"e •·e very 
res i s t a n t  t o  wave a t ta c k ,  and s o  wave-formed features were poo r l y  developed a l ong exten
s i ve s t re t c hes o f the former shores . llere and t here , h01.1eve r ,  re l a t ively weak so l i d  rock 
or a ready supp l y  of previous l y  l oosened s u r f i c i a l  ma t e r i a l  exposed to waves o f  long fetch 
perm i t ted wave-c u t  c l i f f s ,  t e r races , and grooves to form,  o r  wove- bu i l t  beaches and s p i t s  
Lo be b u i l t .  Th se w i l l  be desc r i bed ln c l ockwise order about the margin o f  the bas i n ,  
beg i n n i n g  1" i t h  Fo r t  Rock and former Fremont Boy . 

On Fo r t  Rock 

Fo r t Rock (Fig . 2 )  is a ho r seshoe-s haped res i d ual mass o f vol canic t u f f  and breccia , 
situa t ed in the SW J/4 Sec . 2 9 ,  T .  2 5  S . , R . 14 E . I t s  open slde faces south-sou th�ns t .  
I t  is about 2 , 500 fe e t l on g  along a transverse axis , and a l i t tle more than 200 f c L  high . 
1�c inside o f  the hors shoe and the o u ter rim a re flanked w i t h  talus and o ther prod u c t s  o f  
d is in tegra tio n , b u t  only t o  a moderate heigh t .  The upper pa r t  o [  the o u t e r  wall rises 
nearly ver tically , whereas the inner wall can be climbed without much difficulty . 

Waves on For t  Rock Lake 
horseshoe ( Figs . 1 3  and 1 4 ) . 
brecc i a , t hey a re de f in i te l y  
fe r en t i. a J wc<J t he r lng . 

carved benches and grooved nips on each o f  t he tips o f  th� 

As these benches bevel the inclined l ay e rs of tuff and 
the p roduc t s  o f  wave erosion and n o t  merelv e f fec t s  o f  d i f-

The i nner edge o f  t he bench a t  t he foo t o f  L h •  wave-cut c l i f f ill t h e sou t ln,es t e rn t ip 
o f  Fo r t  Rock has an e l eva t i on o f  4 4 3 1  feet above sea l ev0 l , and i t s o u t e r  edge 30 feet 
away 4 4 2 8  fee t .  Thus the b •nch has appreciable s l ope ; moreover i t s  surface i s  somet"hat 

Figure 13 . Wave-cut terraces on the southeast corner of Fort Rock 
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figure 111 . Wave-cul terraces on the soulhwest corner of fort Rock 

i r regula r ,  in par t  bt•caust- o f  cavt-rnous wect lhcr ing subsequent lo iLs p l anat i o n .  Tmmt-d i
a lely above Lhc bench is a no lch 12 feel high ( h e twcvn 4 4 31 and 4443 fe•l) cul ba c k  ln lo 
Lhe rock Lo a dep th of 3 fee L . Wi thin this notch , be tween the 4336- and 4 3 39- foo L 
Jev els , is a smaller 1-1a ve-worn n ip 3 feel high and 1 foo l deep ( Fi g .  15 ) . 

A l t hough exac t corre l a t i on o f  wa ter l eve l s  wi th e ros ional fea t u res i s  d i f f i c u l t  at  
bes t ,  in t h i s  i ns tance the wa ter l eve l a t  the t i me of the c ut t i ng o f  the bench and perhaps 
the grea ter part of the l a rge notch p robably d i d  not d i f fe r  more Lhan a few feet f rom a 
4440- foo t e leva t ion,  and when ma king the sma l l  inner notch i t  mus t  have been not more t han 
a foo t or two f rom 4 4 3 7  feet . For conven i ence,  t he refore,  this stage of the lake may be 
cal led t h e  4440- foot stage . 

At lower levels on Fo r t  Rock there o re faint  suggestions o f  s t i l l s tands represented 
by sma 1 1  cJ i f f s  and poo r l y  developed benches a l  eleva L ions (in round numbers) of about 
4420,  4405 , 4 385 , and 4370 fee t above sea leve l . These probably were made during the 
dec l i n i ng or perhap� resurgent s tages of the l a ke ' s  existence.  No . r idging or other evi
dence of 1-1ave work 1-1as recognized on the s t i l l l o1o�e r outer s l ope s ,  1-1h ich dec l i ne gen t ly to 
abo u t  4 2 2 5  f e e t  above sea leve l ,  where w i nd-b lown Mount Mazama pumice sand conceals o r  
obscures whatever shore fea tures may once have been fo rmed there . 

On Mcnkcnma ter  Butte  and V I c i n i ty 

�1enkenmaier B u t t e ,  s i tua ted in SH1 /4NE1 / 4  Sec . 2 5 ,  T .  2 5  S . ,  R .  13 E . , on the former 
Henkenma ier horse ranc h ,  is about 1 , 500 feet long . The southern end o f  a rocky spur on 
its sou thwes t edge was also terraced by waves on Fort Rock Lake. The southeast face was 
excavated by waves to form a large open cave or gro t to ( the " Fo r t  Rock Cave , "  or "Co1o1 
Cave") abo u t  15 fee t hig h ,  70 feet wi de : n  i ts mou t h ,  a nd 60 feet dPep . F.videnres o f  
occup a t ion by ear]y man were found here and s tudied by Dr . L .  S .  Cressman and his associ
ates (Cressman, 1942;  Bedwell , 1973) . Sandals woven f rom sagebrush-bark fibe r ,  buried 
undernea th pumice in the cave , were f ound by radiocarbon dating to be 9 , 05 3  ±350 yea r s  old 
(Arnold and Libby , 195 1 ,  p .  1 1 7 ) . According to Bedwell ,  charcoal on top of gravel in 
fron t of the cave yielded a C-14 age of 1 3 , 200 1720 years (Gak-1 7 38) . The pumice , origin
ally thought to be [rom Newbe rry Cra t e r ,  was iden t i fied by Randle , Goles , and Ki t t leman 
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riRUTY' 15. Wave-cut p.;roove on J<wt Rod , .1 l  Lhr> '''!3G- to 1 1 1 139-fool 
level 

(1971) as pumin• from formt•r Nount �1nzamn (on Llw pn·:a•n t :; i t<' o f  C:r<llt• r  l.a kt•) . 
Figure 1 6  shows a v lL•w o f  t h i s  bench and cavP . The L' t i t i l'a l  l' I Pva t l on o f  t he l t>l'k 

f l oo r  of the cave i!:> 4447 to 4449 feet above: scu lcvcl--;.dmost m:l l <' h i ng t h e  e rosion a l  

l e ve l s  o n  Fo r L  Rock .  The top o f  t he assoc i <l l l'd gravel i s  a t  1,41,') l t>e t . 1\ct·ording t o  t he 

second radiocarbon date above , L l w  l'ave cou l d  n o t  have been w i t h in n•ach o f  Fort Rot· k Lake 
111aves aga i n  d u r ing the l as t  1 3 , 200 yl•ars . 

Three o t h e r  sma l l  buL Lt·s lv<>st and sout hlllt'Ht o [  Henkcnma i (• r  lha t l P  lv c r t•  n l so w;tvt•
washed and now a r e  bordert>d bv t·har-"lc L e r i s t i <' shorf! f�a t u res--wavt•-c u L  c l i f f s ,  wave-c u t  

terrace s ,  s t r i pped benches , IH'aclws, bar s ,  and sp i t s .  

Figure Hi . \oletvc-cut bench C left) and Fort Rock C'.ave 
( rigrt ) ,  at Mcnkcrunc:.tic•r• Bulle l ll>r •lltv:esl of fort 
RocY. . "'he cave was inh3.hited hy early man 
13 , 200 t7/.0 rar JQ�ar�n-veAr� APO 
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On thE' I�E'StE't:n ShorE' of Former Fremont Bay 

The western shore of Fremont Bay, within which Fort Rock and the abovementioned 
buttes stood fot: a time as islands, lay at or near the base of a basin-boundary fault 
scarp j us t west o f  the fot:me r  si te of Fremon t pos tof fice at the east quarter-corner o f  
Sec. 2 8 ,  T .  2 5  S . , R .  1 3  E .  This scarp extends south-southwesterly from the east side o f  
a prominent butte in the NW1/4SW1/4 S e c .  2 2 ,  T .  25 S . ,  R .  1 3  E . , for a distance o f  a t  
least 3 1 / 2  miles. 

Lake shore features are barely discernible in this secto r .  A low cliff o f  lava that 
proj ects ne ar the base o f  the scarp in the NEl/4 Sec. 2 8 ,  T. 2 5  S . , R. 13 E . , near Fre�on � 
at elevat ions between 4435 and 4465 feet above sea leve l ,  appears to have been freshened 
by wave-washing . Its level accords roughly with the 4440-foo t shore features on Fort Rock 
and Menkenmaier But te .  

Water-rounded pebbles lie near the base o f  a cl if f  a t · the Menkenmaier well in t he 
SWl/4 SE'c . 2 2 ,  T. 25 S . , R. 1 3  E . , a t an E'levation of about 4470 feet . The foot of the 
c l i f f .  somewhat obscured by talus from the disintegra tion of rock pinnacles above i t ,  
stands ? 7  fE'E't higher. This cliff and assoc ia ted gravel alt erna t ivel y may record a lake 
stage higher than the one graved on Fort Rock, indicate a subsequent uplift along the 
boundary faul t ,  or denote sinking of the Fort Rock area. Since cliffs and beach gravels 
to be described later in this report have been found elsewhere at correspondingly high 
levels, a 4470-foo t lake stage is authe n t i c .  

On the North Side o f  Former Fremont Bay 

Few shore features are exposed in the long stretch from the butte at Menkenmaier well 
on the west to the vicinity of Cougar Mountain on the eas t , an airline distance of 1 3  
miles. Instead, this sector has been f looded by late Pleistocene or Recent lava , which 
for most o f  the way effectually conceals th e underlying topography and lacustrine ma teri
als. 

The ma in mass o f  this lava encroached on the Fort Rock Lake basin from the north and 
northwe s t .  I t  appears t o  b e  continuous with the constructional slopes o f  the lava cones 
of Crater Bu ttes on the south f lank of Newberry Volcano, but part o f  the source vents may 
well have been fis sures instead. The lava completely surrounds F lat Top Butte in Sees. 13 
and 14, T. 2 4  S . ,  R. 1 3  E .  The flows reach as far south as Sees. 2 2 ,  23 and 2 4 ,  T. 25 S . , 
R. 13 E .  Part of t heir southern edge is shown in Figure 1 2 .  

A sma lle r tract o f  Recent lava entered the Fremont Say area from the northeast as the 
southerly extension of the Devils Garden lavas, which c over most of T .  24 S . , R. 15 E. and 
about a third o f T .  2 5  S . , R. 15 E .  This lava is banked against the north s ide of Cougar 
Moun tain and reaches about 3 miles west and 1 mile south of it (Fig. 4) , where the ele
vation is less than 4400 feet above sea leve l .  On the northeast side o f  Cougar Mountain, 
the lava was flowing against a gentle adverse slope about 4480 feet above sea level a t  the 
present lava edge, and so it did not go far in that direction (Fig . 1 7 ) . 

In bo th areas the lavas seem to have spread as a succession of thin sheets. Their 
surfaces show typical flow struc ture , pahoehoe surfaces, p ressure ridges, aa and surf ace 
brecc iat ion , upturned blocks, and flow-unit tongues along the fronta l edge--features 
characteristic of recent lava flows (Fig. 4 ) .  The lava field near Cougar Mountain appears 
to he f reshe r and hencP youngPr th"n th"t north of Fort Rork. Neither o f  thesE' lavas 
shows any visible ef fec ts of wave erosio n . 

The princ ipal shore features in this part o f  the rim of Fort Rock Lake are two sets 
of beach ridges that are exposed in the gap between these two sheets o f  lava. One group 
lies in the southeast part o f  T. 24 S . , R. 14 E. and the southwest corner of T. 25 S . , R.  

1 5  E .  Ano ther group lies mainly in Sec . 7 ,  T. 25 S . , R. 15 E. Both sets trend in a lfNW
ESE direc t ion . Their elevations were not de termined . 

At Cabin Lake Ranger Station, about 9 miles north of Fort Rock village, the log of a 
water well shows that the dri ll passed through 4 feet of pum ice , 21 feet of dark lava , 5 
fee t of f ine sand and sil t ,  and several other lava f lows and intervening beds of c inders 
and p umice before entering pumiceous sands between the depths of 90 to 109 feet, and other 
sands near the 120-foot dep th which possibly arc lacustrine in origin .  A s  a nearby bench 
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Figure 17 . Devils Garden lava 
(black) , Cougar Mountain ( left) , 
and Cougar Gap (middle) . Three 
beach ridges cross the road 
(below center) at 448 3 - ,  4466-, 
and 4452-foot elevations. 
Wave-eroded cliffs surround 
Table Mountain (near east edge) 

mark has an e levat ion o f  4 5 2 1  feet above sea level on an uneven lava surface, the e leva
tion of mos t , i f  not a l l ,  o f  the beds penetrated in the we l l  would fa l l  bel0\4 the known 
upper l im i t  o f  the former Fort Rock Lake leve l .  I f  these beds are truly lake-laid , their 
intercalation in the volcanic sequence would indicate that volcanic a c t iv i ty on this 
southeas tern f l ank of Newberry Volcano took p lace during an early part of the lake ' s  
existence and not merely after Fort Rock Lake had declined to a low level or had d i sap
peare d .  

A sur face blanket o f  Moun t Mazama pumic e ,  thickening locally t o  the \4est  and north
\4es t ,  is of course later than both the lava north of Fort Rock and that near Cougar t-1oun
t a i n .  

Because o f  these lava masses , the precise posit ion o f  much o f  t h e  boundary o f  Fort 
Rock Lake in this sector cannot be determined . 

On Cougar Mountain and Vicinity 

Cougar Mountain,  s i tuated mainly in Sec . 2 4 ,  T .  2 5  S . , R .  1 5  E . , is an eroded rhyo
l i t ic dome that rises abrup tly to an e levat ion of about 5140 feet above sea leve l ,  or 
about 700 feet above the rock bench immediately south of it (Figs . 4 and 1 7 ) . By isotopic 
potass ium-argon dating,  it is about 4 mill ion years old (\�alker and others , 1974) . C l i f fs 

on i t s  nearly s t raight west and south sides meet a t  an angle of about 90° so as to suggest 
that they originated as fault scarps , but regardless of any such prior origin, they became 
s i tes of wave erosion in Fort Rock Lake. A shallow wave-cut  cave at the foo t of the c l i f f  
near the middle o f  the south side and two deep ones near the northwest corner o f  the moun
tain pene trate the base of the c l i f f s . Their elevations are near 4450 feet . A sandal 
fragment made o f  tule fiber, colle c ted by Cowles (1960) from one of the caves , had a 
radiocarbon age o f  8 , 510 ±250 years (Radiocarbon, vol . 4 ,  1962 , p .  1 1 1 ) .  Another C-14 age 
obtained from charcoal was found to be 1 1 , 950 ±350 years o l d  (Gak- 1 7 5 1 ;  Bedwe l l ,  1970) . 

An extensive rock bench south o f  Cougar Mountain,  wave-washed but probably only 
slightly wave-c u t ,  is s t rewn with rounded pebbles o f  b l ack obsidian derived from the base 
of the mountain. The scarp a t  the southern edge of this rock bench \�as wave-ba t tered at a 
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lower lake scage, buc i t  is primarily of fault origin. 

Immediately southeast of Cougar Mountain is a gap throueh the h i l ls about a half mile 
wide, across which waves and shore currents on Fort Rock Lake constructed a series of 
beach ridges or bars (Fig. 1 7 ) .  Their elevations i n  order from northeast t o  southwest 
descend as follows : 4483, 4466, and 4452 feet . Their profile along the road angling 
across the NWl/4 Sec. 24,  T.  25 S . , R. 15 E . , is shown in Figure 1 8 .  The 4483-foot or 
uppermost of the three beaches is a bulky one, about 400 feet wide; i t  stands 11 feet 
above the swale behind i t .  I t  must represent a long-continued stand of Fort Rock Lake 
near the 4480-foot level . The 4466-foot beach ridge, 4 feet higher than Lhe swale behind 
i t ,  is 200 feet wide. The 4452-foot beach i s  narrow and only 2 feet high. Whether these 
two lower beaches of the group represent halts in a declining lake level immediately fol
lowing Lhe 4480-foot stand, or readvances considerably later, is not known . 

4483 4472 
4 4 52 

... 500
1 

.. 1 
4400 

Figure 18. Profile and elevations of beach ridges in Cougar Gap, east of Cougar 
Mountain 

In an alcove northeast of these beach ridges i s  a nearly flat tract covering more 
than a square mile, mostly 4480 to 4500 feet above sea level in elevation, which apparent
ly was partly awash at the maximum stages of Fort Rock Lak�, hut hecause of resistant rock 
i t  was l i t t le modi f i ed by wave work . Only a few rounded pebbles are s trewn over i t ;  
beaches are lacking o r  obscure. 

In the El/2 Sec. 24, T. 25 S . , R. 15 E . , and in the Wi/ 2  Sec . 1 9 ,  T .  2 5  S . , R. 16 E . , 
east and southeast o f  rhe �hove-mentioned beach-ribbed Cougar Mountain gap, is a ragged 
group of hills,  of which Table Mountain is chief (Fig. 17) .  They are composed of basalt 
and volcanic breccia. Their lower reaches came within the range of wave activity on Fort 
Rock Lake, but their diversity of slopes and of basal elevations did not seem to warrant 
leveling to them to make measurements. 

About a mile farther southeast,  a small embayment apparently allowed the lake to 
reach to the SEl/4 Sec . 29, T. 25 S . ,  R .  16 E .  

I n  the Green Mountain Sector 

Green Mountain is a large shield-type volcanic cone culminating at an elevation of 
5190 feet in the southwestern part of T. 25 S . , R.  17 E. (Fig. 3 ) .  Its upper slopes aver
age about 4 degrees .  Regional faulting subsequent t o  its cons truction left a large tri
angular extension of i t  projecting southward into thP north side of the Fort Rock Lake 
basin. The southwest side of this triangle extends about 8 miles from a point near the NW 
corner ,  Sec. 32, T .  25 S . ,  R .  16 E . , into the Nl/2 Sec. 32,  T.  26 S . , R .  17 E .  The south
east side of the triangle extends nearly 7 miles northeasterly to the NW corne r ,  Sec. 18, 
T.  26 S . , R .  1 8  E . , where it i s  cut off by a fault trending north-northwes t .  Cliffs along 
these two sides of the triangle are basically fault scarps running approximately parallel 
to the two main directions of regional faulting. Other fault scarps on the mountain 
within the triangle, especially those of the northwest-southea�t s e L ,  have only small 
vertical displacement .  
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The heieh t of the cliffs along these rims varies , but it commonly ranges between SO 
and 100 fee t .  At certain places, however ,  as in Sees . l, 2, 11, and 12, T. 26 S . , R. 16 
E. and in Sees. 27 and 28, T .  26 S . ,  R. 17 E . ,  the rim is embayed about a mile . These 
irregularities are thought to be the combined resul t  of originally uneven surfaces o f  in
completely overlapp i ng lava flow� on the s l opes of the l �v� rone, and s light subsequent 
wave erosion. 

The elevation of the base of the cliffs is generally between 43SO and 4400 feet above 
sea level. Water-rounded stones in fair abundance are spread over a rock bench in the 
former s trand zone below the cliffs.  

Fort Rock Lake a t  its highest stages lapped beyond the cliffs onto the slopes o f  the 
Green Mountain lava cone, as shown by relative elevations and by scattered wave-worn 
pebbles , but no continuous strand lines are discernible above the marginal fault-deter
mined rims . 

In The Sink Area 

An area locally called The Sink is a semi-de tached basin of about SO square miles 
situated northeas t  of Green Mountain. Ils cenLral point i!i in the north part of T.  2 S  S . ,  
R. 18 E. It receives the wet-weather drainage o f  several townships lying farther north 
and northeas t . Its nearly flat floor has an elevation of about 4330 feet above sea 
level. 

Lava Mountain, a magnificent basaltic shield-type lava cone apparently of recent age, 
covering about a township , borders The Sink on the northwest .  Its fresh lavas reach down 
to 444S feet on the southeast and to 4380 feet on the eas t ,  where one lava tongue pro
t rudes about 2 miles beyond the base of the cone. 

Older lavas surround the remainder of The Sink, excep t at a broad open gap on the 
southeast which connects The Sink with the Fossil Lake-Christ mas Lake Valley portion of 
the grea ter Fort Rock Lake basin . 

Bunchgrass Butte, a small gently sloping volcanic cone which rises to a little more 
than 4600 feet ahove sea level in the NEl / 4  Sec . 2 8 ,  T .  25 S . , R .  18 E . , south of The 
Sink, was an island in Fort Rock Lake, but i t s  slopes were only moderately modified by 
wave work . 

A reconnaissance of The Sink area did not discover any significanL !ihOrt! ft!aturt!s 
about its margins , so no detailed study was made of it other than to run a line of levels 
across the western part of it along the Lake-Millican road. Elevations along the approach 
road from the south range from about 4300 feet near Alkali Flat to 4430 feet a t  a local 
divide, and to 4336 fee t  a t  the Fot·t Rock-Sink road j unc ti on . Much of Lhis rou te i!i ovt!r 
a lava rock bench near the 4400-foot level, on which lie a thin sheet of pumice sand and 
a few apparently water-worn pebbles . At one point the road passes along the foot of a 

south-facing fault scarp about a half mile long, a t  the bas� o f  which are numerous water
worn pebb les and cobbles at or near the 4410-foot level. 

On the Northeastern Margin 

On the east side of The Sink in the extreme northeastern corner of the Fort Rock Lake 
basin, shore features are absent or dim. Beginning in the SEl/4 Sec. 7, T. 25 S . ,  R .  19 
E. , however, and thence toward the southeast and south, the shore lines are dis tinc t . 

The positions of these shore lines were controlled mainly by three northwest-southeast 
fault scarps arranged en echelon. The sandy gravel portions of these shore lines are only 
a foot or two high , but because of their moisture content they support a heavier growth of 
sagebrush than is found on the lavas elsewhere. Such lines show up on aerial photographs 
but are scarcely recognizable on the ground . 

Three �uch high shore l i nes �re found i n  thi s northP�St s•�tor (Fig.  19) . The upper
most one crosses Sees . 8, 9 ,  10, and 1 1 ,  T. 25 S . ,  R. 19 E . , where its elevation is at 
least 4525 and possibly 4540 feet above sea leve l :  the former strand zone above 4500 feet 

is thickly s trewn with basalt boulders, which make precision difficult . In Sec . 11 this 
shore line turns south and then follows a low fault scarp 2 miles southeastward to the 
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Figure 19 . Low fault scarps and asso
ciated beaches in Lhe northeast 
part of the fort Rock Lake basin . 
The highest beach (4541 feet ) cros
ses Sees . 10 and 11 (top) , turns 
sout"he.rtsterJ y ,  ;mel r.on"ti nuP.s rtlone; 
a fault scarp (middle right ) . A 
second beach (near 4440 feet) 
enters (middle lefL ) ,  follows a 
fault scarp more than a mile, and 
then loops into Sec . 23 . A third 
beach at 4370 feet also crosses 
the area through Sec . ?'2 ( sou-th
west part ) 

no r th edge o f  a lnLer f ie l d  o f  sand dunes , which then mask the next 5 m iles of the faulted 
margin o f  Lhc basin (Allison , 1966a , Pla te 10, p .  1 6) . 

A s econd shore l i ne i n  th i s no r t heastern a rea fol l ows a northwest-southwest fau l t  
scarp southeas t1�a rd into the S E l / 4  Sec . L 7 ,  T .  2 5  S . ,  R .  1 9  E . , ��he re i L  tops t he low 

faul t sca rp , swin gs eas te rly ac ross Sec . 1 6  i nto Sec . 1 5  be fo re t u rn i ng southeast across 
the no r theast corner o f  Sec. 2 2  and the western part o f  Sec . 2 3 .  I t  then loops no r t hward 
in t h n o r t h-cent ra l  parL of Sec . 2 3 ,  before resuming a southea s t erly course . I t s  eleva
L io n  is a p p ro x l ma L e l y  444 1 feet above sea l evel , about l ike the markings on Fo r t  Roc k .  

A t h ird shore l ine i n  t h is sector extends from the eas t e rn pa rt o f  Sec . 2 1 , T .  2 5  S . , 
R. l 9  E. , a long a cu rved l i ne across Sec . 2 2  i n to Lhe SWl/4 Sec . 23 . Then i ts cou rse 
loops northeas t e r l y  across a d ry val l ey before cont inuing southeasterly to the above
men tioned dune f i e l d .  I ts elevat ion is 4 3 76 feet above sea leve l .  

A level ing t raverse f rom bench mark B-91 (eleva lion 44 08 . 1 28 fee t )  eastward along the 
north edge of the Los t Fo res t dune field crossed cobble bea ches at 4450 and 4467 fee t 
( Fig . 20) . 

On the Eastern Ma rgin 

The Los t Forest dune field covers pa r t  of the eas tern margin of Fort Rock Lake with 
<In <Iccumul<Jt ion of \vlnd-bluwn �and (Flg . 2 1 ) .  Farther south the margin is comp li cated by 
a c omp l ex fau l t  pa t te rn and by t he ent rance o f  a d ry s t ream bed which descends to an ele
va t ion of J ess than 4 350 fee t  at the edge o f  the basin (Fig.  2 2 ) . The lower reaches o f  
this channel c u t  through a fau] t b J ock , the otherwise smooth top o f  which rises i n  a 1-
mi le d i s tance a long the northeast-southwest road upon i t  from about 4400 feet to about 
4450 feet at the foot of the next scarp. This next scarp rises 10 to 30 feet .  Water
rounded cobbles and pebbJes a rc found on the surface of the block at 4 4 6 7- , 4 4 7 3- ,  and 
aga in at 4 4 6 7- foot levels a l ong the road which goes around the south and east edges o f  the 
sand dunes (Fig.  2 1 ) . The t h i rd of these occur rences of gravel de f i n i tel y  has the form o f  
a low beach ridge . Alo ng a northe r l y  traverse reaching 1 . 1  miles farthe r ,  additional 
defini t e ly wate r-worn pebbles or cobbles were found at 4505- , 4 5 1 5- ,  and 4517-foot leve ls . 

Southward f rom this reent rant o f  the shore near the south side o f  the dune f ield,  the 
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Figure 20 . wst Forest area . \-lind-blown sand 
from the Fossil Lake and Sand Springs de
flation basins overtopped a northwest
southeast fault-scarp boundary of the lake 
basin and continued eastward on the upland. 
The forest is western yellow pine 

Figure 21 . Tail of dune tract east of Fossil Lake 
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Figure 22 . Tilted fault block and dry 
valley at east edep of Fort Rock 
Lake basin . \.Jind-blown pwnice 
sand on fault scarp and upland 
(bottom) supports a s Land of 
jtmiper h'ees 

dm o f  tlw Fort Rock T.nkc hns l n  ;l l ong a 4-ml h• s t n• tch i s  a ('On t lnuous l y high wu l l  cnusc<l 
by p n•- l a kc fnu l t ing . I t  h.t:-; a s l i gh t l y  z i gzag l rt•nd b('\nliiH' o l  J n t,:rs vc t lng o r  en 
echelon s�Ls o f  f.llll ls . I ts ha�w i s  on l y  .1 f\•w ft•t• l  highcr t itan tlw o f ish01c l n kl• flat  
n n <l  shows only m i n o r  beach r i dg i ng .  Evldu1 l l y  llw b.tsn l l  clilfs d id n o l  t u rn lsh muc h 
d e bris to the '"n vc>s except LI I"IW t.t l t iS b l ocks . A l  on !" place.> pumil'c s;lnds from the lake 
floor hnvc bCl'n wind-drivt•n up thl· �d dt• ol t he hnsin in a hand 1 / J  milt• w id e  onto the> high 
lav<l pl ain l/4 ml l e  beyond t ill.' rim ( Fig .  n ) . 

Soulhca s l  o f  Buffalo (Fig . 1 ,  former site o f  a well) the ma rgina l faul t blocks a re 
til ted diagonal ly , and so the shorc l i m•s , especia lly a t high levels , swing a round the 
sha rp corners o f  t h e  blocks i n  an i r regular way o n to a part of the high lava plain . The 
main result is a gap about 3 miles wide 1.rhich reaches from about the middle o f  Sec . 1 5 ,  
T .  2 7  S . , R .  2 0  r: . , to Lhe N\H/4 Sec . 2 9 ,  T .  2 7  S . , R .  2 0  E . The Silver Lake-t�agon t i re 
road leaves the Fo r t  Rock Lake bas i n  th rough this gap . 

A s t ream channel drain ing the wet-wen tller runof f of two townships ( T .  27 S . , R .  20 
and 21 E. ) en te rs the basin from the eas l also via this gap .  The 4500-foot contour,  not 
q u i te at the maximum high-1.ra ter level of Fort Rock Lake , even reaches the middle of these 
township s .  This chann el also carried the overflow from the pluvial lake a t  Alkali Lake 
south of \-'<tgo n t i r e ,  but pres umably only 1"h en Fo r t  Rock Lake also I.Jns a t  a hi.gh level. 

Perhaps l argely because of L he nva l labi l i ly of s t ream-borne gravel and sand , t h i s  
s e c t o r  o f  t he Fort Rock Lake margin souLheast o f  Buffalo displays a l arge number o f  minor 
beach ridges ( F i g .  2 3 ) . The mos l conspicuous beaches in descend i ng order along this por
t i on of the S i l ver Lake-Wagontlre road are a t  l evels of 4523 , 4 4 7 6 ,  4446 , 4394 , 4 3 7 0 ,  
436 1 ,  4 3 4 2 ,  and 4 3 3 2  fee t .  Pumice sand i s  abundant below 4330 fee t . 

The sou t h  end or t ip o f  a t i l ted plowshare- shaped fault block was cut by wave act ion 
near the 4500-foot leve l . This shorp l ine c:1n bE' tr;)ced f' ;) s t e r l y  ;)bout n mi l e wi t h i n  th�> 
gap and d iscon t inuous ly farther o n .  

On t h e  Southeastern ��rgin 

The southeastern part o f  the Fort Rock Lake bas i n  has a rough ly triangular recess 
wh ich extends about 8 miles south of the Si lver Lake-Wagont i re road . The sou thern ed ges 
o f  th is recess are formed by a ve ry s t ri king series of obl ique l y t i l ted fau l t  blocks which 
give the edge of t he basin a zigzag or evpn a barbed form in plan view. So the shore 
patterns in this area are comp l ica t ed by re-ent ran ts be tween t i l ted blocks ( Fig . 24) . 
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Figure 24. Tilted fault-bJock shore 
lines. Severa] water-level l i nP.s 
appear along the main fault scarp 
and on the down-tilted side of the 
partially split block 

Figure 2 3 . Reentrant on southeastern 
shore . Special features are a 
fault-block shore ( lower left ) , 
dry stream course (middle right ) , 
multiple beach ridges (right 
half) ,  and lake flat ( upper left ) 

The fau l t  scarps were a t tacked by waves on For l  Rock Lak(' and l he debris a l ong them 
was ridged a l  several d i fferent l evels (Fig . 24 ) ,  but no measurements were mnde i n  this 
sec to r . 
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In the Lake Sec tor o f  the Southern Margin 

That por t ion of the southern margin of the Fort Rock Lake basin si tua ted between the 
no r t heas t part  o f  T . 27 S . , R .  18 E .  and the Seven Plil e  Ridge in T .  2 7  S . , R. 1 7  E . , may 
convenien t ly be designated the Lake sector, afte r the fo rme r pos toffice site o f  Lake (NW 
corner , Sec . 1 8 ,  T . 2 7  S . , R . 18 E . ) . In this a rea the boundary faul t blocks slope into 
the basin a t  moderate angles . against which multiple s t rand lines a r e  moderately well 
s c ri bed . 

A l eve l ing t raverse was run from bench mark M- 91 ( 4 3 1 6 . 41 2  fee t )  a t  Lake southward to 
an e l evat ion o f  4 5 4 5  f e � l  above sea l ev e l.  The nwin fea t u res me L we n;! <1 I.:Oill.:l!n t r <� t iun of 
pumicP sand a l  and be l ow 4 3 32 fee t , basa l t  o u t c rops at 4 3 50 t o  4 3 6 1  fee t ,  pebble gravel a t  
4 3 7 9  fee t ,  minor beach ridges a t  4 41 7 ,  4440, and 4454 fee t , a well-defined grave l beach at 
4478 fee L ,  and no a pp re c i ab le beach depo s i t  o r  shore c l i f f  a t  any higher leve l .  

Anntlwr soulln,t:t rd L r<wc> r:-;e 2 m i l es east o f  Lnke encoun te red pum ice sand s ,  pa r t ly 
l,t l nd-h l ow n ,  n t  '• 320 lo lt 3 3 3  fcl' l ,  n ln�nch of coa n:: <.> b <HHl l t i c snncl l ll  4 3 5 2  L O lt J S S  fl'l.' t , 
und lwach r i clg•s ol 4 3 6 3 ,  lt 3 9 3 ,  ltlt08, lt lt J 9 ,  lt 4 J O ,  4 4 4 0 ,  4460 , lt 4 7 3  to '• 482 , nnd 4 5 34 fe t 
a bovc sea l e ve l .  Tlw L h rce uppe rmos l beac h s 1-'ere we l l  developed ( Fig . 2 5 )  . 'l'yp l c a l ly 
each bench ridge has n swa l c  o r  fu r row behind i t .  The pumice sands here and across the 
S i l ve r  Lake-Wagon t i re road southeast of Buffa l o  a rc thought to be of Mount Mazama origin.  

Figure ?5 . Series of beach ridges 
near Lake . These curved beaches 
range in elevation from 4534 
feet (bottom) down to 4355 feet 
(above) 

In the Seven Mile Ridge-Silver Lake Sec tor 

The south shore of the For t  Rock Lake basin between Seven Mile Ridge and the east 
edge of the bas in o f  modern S i lver Lake cons ists o f  no rtherly- t i l ted fault blocks disposed 
in a s te p l ike series which becomes progressively lower toward the southwe s t .  A we ll-de
f i ned wave-cut c l i f f  was developed at the h i gh-wa ter leve l ,  but shore features are only 
fair a t  lower leve l s .  Because of the fault-block boundaries , the abandoned shore l ine has 
a pronounced o f fset from one block to the next . 

A leveling t raverse was run f rom ben ch mark S-91 (4 318 . 83 6  fee t ) , which is located 
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ncar Lhe \vesl edge o f  NHl/ 4  Sec . 1 ,  T .  28 S . , R .  16 E. , o bou l 2 l / 2  miles southward t o  Lhe 
fo rmer high-level shore of Fo rt Rock La ke . This line c rossed more than a mile o f  lake 
f l o l  a nd th�n gradun l ly rose along the northward dlp slo pe (abo u t  190 fee t per mile) o f  a 
fault b lock o f  basal t . Owing Lo a dea rth o f  avai lable rock deb ris a long Lhe way , nea rly 

u l l  the beaches on this slope arc very fain t . Only the beach ridge a t  4475 feet ls a t all 
promine n t ;  J t  s tands 6 feet above t h e  f ur row behind i t .  A cl if f , t raceable a long the 
sou thern shore f o r  miles , zigzags sou thwes terly across faul t blocks u neven in height (Fig. 
26) . In te rpre ta t ion of the maximum high-wa te r level here is fraught wi th some uncertaint� 
because the waves were q ua rryi ng up-dip a ga i n s t  a 40-foot clif f ,  b u t  a maximum high-wa ter 
level of abou t 4540 fee t seems p roba ble . 

rigure 26 . lligh south shore line on 
NW-tilted fault blocks . The 
wave-cut cliff ( iLs base aL 
4546 feet) crosses one fault 
block ( lx>llom) Lo a fault-based 
stream course ( southeast cor
ner ) , jogs northward, and Lhen 
continues east-northeasterly 
across the next higher block on 
the right 

Seven Mile Ridge i ts e l f  ( named by pioneers for a former road di s tance to i t )  was 
seve rely b <l t t e red by \vaves o f  Fo rt Rock Lak e ,  especially \vhen i t s no r thern end was an 
island and l a t e r  a peninsu la in the lake (Fig. 27 ) . I t  was p laned to wide wave-c u t  ter
races . Beach gravels occur a t bench mark Q-91 (43 . 39 . 430 fee t )  where the old Si lver Lake
Wagon tire road formerly crossed tlle Ridge at Seven Mile Gap , and at b ther places al ong 
bo th si d es o f  the Ridge . 

The s ides and north end o f  Seven Mi le Ridge were e f f ec t i ve ly eroded by waves on For t  
Rock Lake, so t h a t  embankments o f  gravel now f lank the Ridg e .  Small molluscan s h e l l s  
p i cked f r o m  t h e  gravel a t  an elevation o f  4 3 8 1  feet (Bedwe l l ,  1 9 7 0 )  \vere radiocarbon-dated 
at 1 2 , 980 ±230 years before the present (Gak- 1 7 5 2 ) . The l ake J evel a t  that t ime presuma
bly was 4 385 to 4 3 9 0  f ee t above sea leve l . Ca l i che on the grave l  was found to be 9780 ± 
2 20 ye�rs old (Cak- 1 7 5 3 ) . 

In the Silver Lake Area 

The p resent wat e r  body of Silver Lake occupies a sharply defined , down-faulted trough 
a bo u t 5 miles long and 4 miles wid e .  The long axis o f  the t rough trends northwest-south
eas t . The northeastern and sou thwestern sides are each bounded by s traight high scarps 
alongside fault blocks which decline in height to the northwes t (Fig .  28) . The southeast 
end o f  the basin is d e f i ned by a series of narrow dep ressed blocks which p lunge northwest
ward beneath the l ake basin . The nor thwest end is open. 
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figure 2 8 .  Silver lilke ' s <lry bed 
( r•ip:hl ) ,  l r•,wh ridge ( tmdcr 
road ) , md rilted-faull-blocl< 
P..aste'Y'n torc1�"r 

Figure 27 . Seven Mile Ridec and 
vicini ly . This wave-eroded 
ridge (middle bottom towurd NW 
corner) yielded 13 , 00 0-year old 
Jll()l l usk shells (c1l x) from 
p,r'c1VP1 at 11 381 feel elevillion . 
R i clp;1·s of Mount M.1Zc'l11\-1 pumlcc 
cross the nor·Lhc>rn purl of t he 
area 

Nodern Silver Lnkc has a pr�1minent pumice-sand beach ridge around its north shore . 
It:s p rincipal  supply o f  wa ter is the sur face overflow from Pau J i na Mars h ,  which receives 
wa ter f rom perenn i a l  s t reams nenr S i l ver Lake v l l l nge.  The dep t h  o f  S i lver Lake in recent 
decades has v.,rit>d consider:�b l y .  T n  Lhc ye<�rs ncar 1900 S i l ver Lake i s  said to have over
f lowed nor thward into Thorn l.akc, \vhereas l n  1940 the l ake had d ried

· up comp le t e ly . The 
c l cva t i n n  o f  the d ry f l oor o f  the l ake was found to be j us t  a few feet J ess than 4300 fee� 
In recPnt  years a s ha l low I ake usua l l y  covered a sma l l  part of the basin f loor.  As the 
ove r f l ow l evel i s  about 4 3 1 5  fee t ,  the maxi mum depth of Si lver Lake l s  between 15 and 20 
fee L .  Dnnes on the beach ddge formerly reached 4 3 35 f ee t . 

The s t een c l  i f f:s horde ring two s ides o f  the Si lver Lake basin were \vave-washed but 
not t erraced in Fort Rock Lake . Only t he sharp nor t hern corners o f  the adjacent fault 
blocks bear m11ch evi dt'IH"(! of  wavf' e>rosion ; these c learly were t rimmed near the 4520- and 
4470-foot levels (by aneroid measurement ) .  The southeastern end o f  the Silver Lake basin 
was a sl1el tered hay in Fort: Rock Lake and so it shows only moderate a l terat ion by former 
\�Tave s .  

I n  t he Former Paul ina Bay Area 

The soutlnves tern part o f  the Fort Rock Lake basin is a nearly detached lo\vla nd . I t s  
out l i ne i s  nea r l v  t r iangul a r ,  about 1 0  miles wide across t h e  east-wes t base o n  t h e  south 
and 1 0  m i l es l ong north-sou t h .  S i lver Lake (proper) i s  a t  the southeast corne r , and 
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S i lve r Lake v i l lage and pos t o f f i c e  near the southw�,:;t corne r .  'l he nor t h-�ou t h  J'nrt· Rtwk
Si lver Lake road roughly b i s e c t s  �he t r inng l t• .  The �·t! n L r a l  Llncl uasLurn p<�rL of t h i s  l o\�
land i s  the s i t e  o f  Paulina Narsh , wh�nce the name for former P.wl i n.a U,l\' •>I Von Rock 
Lake . 

This lowland is separated from the rem,l lnder o f  the Fo r t  Rock L.tk�· l>.Js i n  by t h._. bed
rock Connley H i lls-Table Rock ridge , except for ( 1 )  a 1 0\v-lev..:!l 1 1/2-nti lc gap (t'LL•va l i on 
4310 to 4315  f ee t )  immed i a t e ly northeast o f  S i lver Lake and ( 2 )  a h i gh- l eve l ,  L -mi l ._.  gap 
(height about 4455 fee t )  c rossed by Lhe Fort Rock- S i l ve r  Lakt! road nor t h  o f  1\w l L n<l tla rsh 
( Fi g . 29) . 

Three small perennial s t reams , Bm·k Crc<.>k , Br idge C rl'L'k , nnd S l ! v,• r· Cn•vk , 1 i s i u g  
p r i nc ipa l ly on t h e  n o r thern a n d  eastern s lopes o f  Yamsey B u t t� , < In  80R'>-font vo l c-an i �  c-one 
s i tua ted on the Klamath River d r a i nage d i v i d e , enLer the s o u t hwest conwr· of Lll i s  t r iangu
l a r  lowland and d i sappear i n  Pau l i na Harsh. �luch o f  Lhls �;; tream wn tc•r i s  nmv lll-il'U for 
i r r i ga t ion of pas tures and hay f i e l d s .  The over low of Pnu l in<J N.1 r:;h i n  \.J('t vl'nrs g<ws 011 

t o  S i l ve r  Lake. 

\-'hen Fort Rock Lake was a l  o r  ncar i ts m;tximum s tnge , thl• l'.lll l f n.t H;1 1 c-h l 01.11 . 111d was 
occupied by a large bay herein c a l l ed Pau I i n<.l Bny. 1-'Llves nn !'.Ill I i n.t B.ty c u t  .t d i Sl I ncl 
t r.:�ce a l ong the barren southwest s i de o f  tlw Conn l l'V l l i l ls ,  01nd fornwd gravv l h.t 1 s  i n  t lw 
For l  Rock- S i lv e r  Lake gap ( F i g .  29) . They less c l ea r l y  washt-d l'l' r l a ln h l s .t l l ic  l.lll l l  
blocks a l o n g  t h e  southern and western s ides o f  t he bay , and formed d i s t i nc t  bt>url1 1 i Jgcs 
where gravels were available a t  approp r i a t e  lev e l s .  

Figure 29 . \-lave-cut cliff (on 
right ) and associ ated gravel 
dep:>sits on west side of the 
Connley Hills . A curved 
gravel l'idge crosse� llv fort 
Rock-Si lvel"' lAke roa.d (north 
of middle) 

On the Connley H i lls-Table Rock Peninsuln 

This range o f  hill s  northeas t of Paulina Harsh is a bou t 1 5  miles I ong frllnl no rtln-'C'S t:  
t o  southeas t and 2 t o  5 miles wide. One lava cone, Hayes B u t tl' (Fig . 7) , rL•aches a n  
elevation o f  5 740 f ee t ;  anothe r , 5570  feel; and Table Rock, abovt' an area o f  volcanic 
brec c i a , 5630 feet ( Fig . 6 ) . This ridge formed an island during the h i gh-wilLL•r s tages o f  
Fo r t  Rock Lak e ,  b u t  i t  was a J ong peninsula between Paulina Bay <.�nd the muin body o f  the 
lake d u r i n g  much of the lake ' s  l a t e r  exis tence . 
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The tuffs and breccias surrounding Table Rock were especially vulnerable to wave 
a t tack, and so they were conspicuously terraced a t  s�v�ral levels (Figs . 30 and 31) . The 
main wave-cut terrace is generally 100 to 400 feet and locally 700 feet wide.  Its  outer 
edge was found to be about 4430 feet above sea level and its back edge at the foot of  a 
wave-cut cliff about 4450 feet (Fig . 32) . The lake stage represenLed is inferred to be 
approximately t he same as that of the 4440-fool features on Fort Rock. Below the outer 
edge of  this principal terrace stands a low wave-cut cliff . Other wave-cut cliffs,  
grooves,  caves, and terraces appear at  both higher and lower levels.  The mouth of  the 

Figure 30 . Wave-cut terrace at southeastern 
end of Connlcy Hills . Its elevation is 
4430 to 4450 feet 

4 4 3 1  

----

Figure 31. Connley Hills shor'e 
near Table Rock. \>lave
eroded shore (across middle) 
is continuation of Fig. 30, 
as seen fran the east . 

200' 
,.... �I 

Table Rock is on the right 

, 

4300 

Figure 32 . Profile of srore featUY'es east of Table Rock (vertical exaggeration 2x) 
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uppermost cave seen is at the 4489-foot leve l ,  and a horizontal groove 5 feet wide verti
cally occurs between the 4498- and 4503-(oot levels. Minor c l i f fs rise above 4345, 4 3 3 9 ,  
and 4 3 8 1  fee t ,  and a minor terrace is 4363 feet above sea level. These elevations though 
may have been determi ned in part by d i fferences in the erosional resistance of the textur
ally variable volcanic breccia . Bedwel l  ( 1 970) found rock-shel t er occupation sites at 
4449 and 4409 feet . 

A wave-washed bench also surrounds the north end o f  the Connley Hills , and recurved 
gravel ridges flank it on both sides, as on a winged headland . The bench is partly 
s tructur al , but wave work is plainly evident also (Fig. 33) . 

Figure 33 . Wave-eroded north end of 
Connley Hills . The point is 
bordered by a wave-cut rock 
terrace and by gravel bars ( lower 
left ) . The fan (middle ) is 
younger 

West of the Connley Hills, a saddle separates the western part of Fort Rock Valley on 
the north from Paulina Marsh on t he south (Fig . 29) . I t  is utilized by the Fort Rock
Silve r Lake road. The pass i tself is crossed by a gr avel ridge which is plainly a bar . 
Pits for road material disclose its composition and structure. Occasional pebbles extend 
up the adjoining slopes 20 to 25 feet above the saddle . 

North o f  this saddle and gravel bar is a fault-block hollow 50 feet deep , succeeded 
in turn northward by a stubby spi t ,  a broad swale ,  and another p rominent bar 4458 feet 
above sea level, 6 1/2 miles south of  Fort Rock village . This bar (Fig.  29) decli nes in 
elevation and becomes compound to the southwe s t .  A half mile farther north the lake-bed 
plain is about 4370 feet above sea leve l .  T o  the east and northeast of  these gravel bars 
is a rock bench flanking the north end of the Connley Hills, from which p resumab ly the 
gravel for the bars was derived by waves and shore currents , hard-driven by northerly 
winds . 

Several caves occur along a shore c l i f f  near the 4445-foot level . Charcoal from one 
of them yielded a radiocarbon age of 10, 000 ±400 years before the present (Gak 1742 ; 
Bedwel l ,  1970) . 

Southwest of Fort Rock vi llage the boundaries of Fort Rock Lake are comp licated by a 
complex array of variously disposed fault blocks . In this sector the shore lines had many 
re-entrants, peninsulas ,  and islands, along which erosional and depos i tional features were 
only moderately developed , because o f  resistant rocks and l imited fetch of the waves . 

31 



Low-Level Shores 

One occurrence of low-level shore lines deserves special mention. This is a set of 
beaches at  low elevations which are found along the township-line road east of  the former 
site o f  Fleetwood, or 9 mlles east of Fort Rock vi ll age . Within a distance of one-half 
mile near the southeast corner of Sec. 36, T. 25 S . , R. 15 E . , the road crosses a swarm of 
beach or bar ridges (Fig. 34 ) .  Their elevations are 4373 feet (a cobb le-shingled r idge , 

7 feet above the swale behind it) , 4365,  4363, and 4360 feet above sea level (Fig. 35) . 
All are composed of particles of basal t , derived from a rocky ridge to the south. No 
addit ional beach ridges o f  basaltic material cross the road farther wes t .  A pit  3 1/2 
fee t deep dug at the 4329-foot level in the NE1/4NE1/4 Sec . 1 ,  T. 26 S . , R .  1 5  E . ,  re
vealed only hard basa l L ic sand . 

At elevations below 4350 feet above sea level beside the road west o f  this beach 
swarm, the surface is dis turbed by deflation and piling up of blow sand, derived in part 
from lower-lyin� land that had been cleared of sagebrush for farming. A sheet of Mount 
Mazama pumice is general below the 4330-foot level and is locally ridged in post-Fort Rock 
Lake beaches and dunes . The description of these and other Hount Mazama pumice depos i t s  
is deferred to subsequent pages of this report . 

4360 

Figure 34 . Shore cliff and beach ridges near 
Fleetwood, about 9 miles east of FoM' Rock 
village 

250' .aool 

4373 

Figure 35 . Profiles and eJ evations of five beaches near Fleetwood (vertical exaggera
tion lOx) 
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OUTLET OF FORT ROCK LAKE 

The problem of a possible outlet to the former expanded lake i n  the Fort Rock Lake 
basin was raised by Hay (1927, p .  241-242) in the following words : 

"Notwiths tanding Lhe depLh of Lht! waLt!r Russt!ll [his p .  459]  concluded that the 
lake did not overflow. He was able to trace the ancient water-lines continuously 
around the basin. It is difflculL Lo haununi:tt! Lllls vit!w with the fact that Jordan 
had described from the vicinity of Fossil Lake bones of the king salmon (Onchorhynch
� tschawytscha) . . . Whether the species of Onchorhynchus reached Fossil Lake by 
way of the Columbia River or by the Klamath, as did the fish found near Klamath Lake , 
i s  yPt to be dPtPrmi.nerl . "  

In the course o f  the field work on Fort Rock Lake a search was made for a possible 
outlet by overflow. The route to the Goose Lake basin to the south and thence via P i t t  
River in California is interrupted b y  ( 1 )  a 4830-foot divide at Picture Rock Pass between 
Silver Lake and the Summer Lake basin, and this in turn by (2) another divide at an ele
vation of about 4950 feet , separating the Summer Lake-Chewaucan Marsh-Abert Lake basin 
from the Coo5e Lake basin farther south. So a route southward is no t  possible .  Routes 
to the Klamath River basin are likewise blocked by divides more than 5000 feet high. The 
lowest saddle across the high lava plain east of Newberry Volcano , i . e . , on the divide 
between The Sink and Dry River (east of Bend ) ,  is more than 4800 ft!t!t above sea leve l .  
Similarly the lowest divide on the northwest toward the Deschutes River, tributary to the 
Columbia River, is nearly 4800 feet above sea l evel .  Hence under present conditions over
flow at the lake ' s  upper limit o f  about 4540 feet would not be possible. Could past con
di tions have been dif ferent? 

The last-named (Deschutes River) divide i s  formed by late Pleis tocene or Recent flows 
of basaltic lava. These are the western and southwestern part of the great tieid ot lavas 
that border NewbPrry Vol �ano on the south and flood the northern part of For t  Rock Valley 
almost to Fort Rock i t s e l f .  These lavas are clearly younger than the high shores of Fort 
Rock Lake. They lap against the north slope of Hole-in-the-Ground cone, against the north 
side of Big Hole Butte, and continue to the northwest us far as the western part of Sec . 
7 ,  T. 24 S . , R. 11 E. , sou thwes t of Ho ffitt Butte. Here a tongue of lava occupies the 
head of a shallow dry valley at an elevation of about 4350 feet . This dry valley can be 
t raced northweste rly beyond the end of the lava into Sec. 2 2 ,  T .  23 S . , R .  10 E. , and 
thence northerly via Long Prairie past Lapine to the Little Deschutes River in Sec. 10,  
T. 22 S . , R. 1 0  E .  Long Prairie is a swampy swale about a half mile wide, now lrrigaLt!d 
for pasture by water diverted from Little Deschutes River. but it evidently was once the 
bed of a fair-sized stream, as was the now-dry valley tributary to i t .  If this channel is 
the distal portion of the overflow route from former Fort Rock Lake, as seems likely, then 
a span o f  about 15 miles of the former outlet of the lake, i ncluding thP point of ove rflow 
on the rim , has been concealed by these lavas from Crater Buttes on the south flank of 
Newberry Mountain . 

ThP only al ternative to such a lava-covered outlet would be a lava-filled route at or 
near the base of Newberry Volcano , but this possible route lacks a distal channel equiva
lent to the tributary to Long Prairie, and so it is not a probable one. 

If the outlet of Fort Rock Lake happened to be superimposed on volcanic tuff or 
breccia like that in certain nearby buttes which rise above the lava flows which presuma
bly buried the outle t ,  then the outlet may conceivably have been cut down by tens of fee t .  
On the other hand, i f  the outlet lay on lava flows, the deepening of the out let channel may 
have been nil,  or only a few feeL aL mus t .  Inasmuch as an outlet is uncertain , any such 
downcutting is speculative. Because the shore features at the 4474- to 4480-foot level 
are so well deve loped , however, downc u L L ing below this lt!vel ,  if ever reached at all by 
this method , is very unlikely. 

Further evidence for an outlet to the Columbia River is furni shed hy the presenrP of 
the snail Limnat!a , which today is restricted to the Columbia River drainage basin (D. W .  
Taylor, letter to L .  S .  Cressman, 1968 ) .  This snail is found a t  Fossil T.akP >�nrl a t " 

33 



gravel p i t  near the north end of Seven �tile Ridge . 
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STRATIGRAPHY OF THE FORT ROCK LAKE AND OLDER SEDIMENTS 

Reference has been made already co the surficial pumice depo s i t s  on the floor of 
former Fort Rock Lake and to the older beach gravels and sands at higher elevations around 
the pe riphery o f  the basin. The bulk of the lake sediments,  howeve r ,  underlies the floor 
of the basin. Fine-grained sediments of substantial thickness are not found even on 
broad-topped surfaces within the basin at elevations above 4400 feet abuve sea level. 
Either the sediments deposited at such places were removed pari passu wi th the lowering of 
lake levels in a single lake stage, or thPy were washed o f f  during a �rottac ted history 
of waxing and waning stages of the lake, or possibly they were blown off by the wind. On 
a terrain composed mainly of basalt ic l ava flows , except for air- laid fal l s  o f  volcanic 
ash, they may never have been plenti ful . 

Exposures of lake sediments occur mainly where the wind has excavated deflation ba
s i ns or whPrP s t rPams have incised channels into them. Drilling of water wells, digging 
o f  pits, and boring by soil auger have furnished further information regarding the lake 
sediments, hut no studiPs havP hPPn matlP in thP Fort Rock Lake basin comparable in detail 
to those made at Searles Lake, California (Flint and Gale, 1958; Roosma, 1958; Smith and 
others, 1969) , or in the Lake Bonneville basin, Utah (Bissell , 1952; Hunt and others , 
1953; Jones and Mars e l l ,  1 9 5 5 ;  Eardley, 1956; Eardley , Gvosdetsky, and Marsell ,  1 9 5 7 ;  
Eardley and Gvosdetsky , 1 9 6 0 ;  Morrison, 1 9 6 l a ,  1965, 1968, 1 970, 1 9 7 5 ;  Richmond , 1 9 6 1 ,  
1 9 6 5 ;  Shuey, 1 9 7 2 ;  and Eardley and others , 1 9 7 3 ) ; except at Fossil Lake (Al l ison, 1966a ) .  

Near former shores, a s  along the northwest edge o f  Thorn Lake basin, shore-derived 
gravels and sands of Fort Rock Lake are several feet thick. Noteworthy quanllties flank 
the north end of the Connley Hills. Sands and s i lts compose the bulk o f  the sediments a t  
Fossil Lake i n  the eastern part o f  the basin. 

A special search was made i n  the Fort Rock Lake basin for a sel uf lake- laid tephra 
deposits correlative with those in the Ana River section in the Summer Lake basin. The 
most nearly complete section was found at Fossi1 l.ake ; the re<'ord elsewhere is meager. 
Because of the importance of these layers of sandy pumice or f ine-grained volcanic ash in 
the geologic record, let us consider the pet rography o f  these volcani c PjP<'ta bPfnre pro
ceeding with other aspects of the Fort Rock Lake s t ra tigraphy, in which they form dis
tinctive parts. 

Tephra Deposits at Ana River 
By H. E .  Enlows 

The pumice and volcanic ash depos i t s  exposed in the banks of Ana River in the north
western part of the Summer Lake basin are described here for their use in identifying 
correlative deposits made in Fort Rock Lake. They record several different explosive vol
canic eruptions, so they serve as a standard reference se t (Fig . 36) . Their position near 
the top of the strat igraphic section indicates that they were formed at relatively late 
stages in the history of p luvi al Wjnter Lake i n  tha t basin, as also do intercalated sand 

layers and minor disconformities in the section. Their description will be followed by a 
short t reatment of later �fount Hazama pumice which is abundant in the Fort Rock Lake basin. 

Samples from the five main l ayers o f  tephra in the Ana River section have been 
studied in expectation that they would assist in the identification of volcanic ash and 
pumice deposits i n  the Fort Rock Lake bas i n .  ThPy arP numbPretl S 64-1 3 to 64- 1 7 .  The 
first four of these samples correspond to layers 2 , 8, 1 2 ,  and 18 as described by Allison 
(194 5 ,  Fig. 3 ,  p. 796 ; and 1966b) and by Ki t tl eman ( 1 9 7 3 ,  p .  2968-2969) . These beds are 
1 . 5 , 4 . 0 , 4 . 0 ,  and 2 . 5  inches thick, respectively. The fifth layer is 2 inches thick. 
'l'wo minor layers of volcanic ash, each 1/4-inch thick, below the 64-14 layer ar e omit ted .  

Petrography 

The first of these five main layers of tephra in the Ana River section, Sample 64- 1 3 ,  
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Figure 36.  Partial stratigraphic 
section at Ana River near 
Sumner Lake. It recoros 
seven layers of pumice or 
volcanic ash. The dated 
snail shells were from Fos
sil Lake, not Ana River. 
These volcanic layers form 
a standaro refernce set for 
identification of correla
tive layers in Fort Rock 
Lake deposits 



consists almost entirely of whit e ,  fine-grained , vesicular volcanic-ash particles. Tiny 
crystals of plagioclase (An;o) , hypersthene (n 1 .  710) , rare clinopyroxene , and opaque 
iron- t i tanium oxides, herein called magnetite,  make up only about 1 percent by weight . 
l�rnblende is absen t .  

I n  the second main tephra layer, Sample 64-14, about half (by weight) o f  the basal 2 
inches is composed of crystals of plagioclase (An46) ,  hypersthene (� 1 . 698) , c linopyroxene 
(n 1 . 685) , and magnetite, mostly in the size range of 1/4 to 1 / 2  mm. It lacks hornblend e .  
The upper part of the layer i s  laminated volcanic a s h ,  nearly all finer than a 200-mesh 
screen ( 0 . 074 mm) . Partial sor ting by di fferential settling in lake water i s  evident . 

The third in this set of samp les , Sample 64-15 from layer 1 2 ,  is white. rich in bio
tite (much concentrated at the base ) , low in fel dspar (An44) ,  contains hornb l ende (� 1. 698X 
and cummingtonite (Wilcox, personal communication, 1964 ) ,  and lacks both ortho- and clino
pyroxene. it has a distinctive rare-earth lanthanum-ytterbium (La/Yh) ra ti o (R�nd l P ,  
Goles, and Kittleman, 1971) . The basal portion, 2 inches thick, i s  primary; the upper 
part is thin-bedded from later settling out of suspension in pluvial Winter Lake . The 
source of this bio t i t i c  ash may have been in northeastern California, where dacites and 
rhyolitic pumice are common . Williams (1932)  found biotite at Baker Peak, Crescent 
Cliffs, and elsewhere in Lassen Volcanic National Park, and �tacdonald (1963) identified 
biotite in several volcanic rocks in the Manzanita Lake quadrangle. lnlcox (1965) also 
shows biotite as a coos LlLuenL of Lassen Peak volcanic rocks. On tht! other hand , Anderson 
(1941,  p .  397) found only one specimen in the Medicine Lake area to contain biotite. 

The fourth tephra layer sampled at Ana River (S 64-16) , from layer lB, i s  2 inches 
thick , is white,  contains about 6 percent crystals in the basal 1/ 2-inch--two-thirds 
plagioclase (An42) ,  and one-third hypersthene , and a trace of magnetite.  About half of 
the early settled material has a textural range between 1/8 and 1 / 4  mm . Most of the re
mainder is finer than 200-mesh (0.074 mm) .  

A later white ash layer (not yet discovered by All ison in 1945) h�s 2 inches of 
direct fall material of sandy texture, Samp le 64- 1 7 ,  followed by 4 inches of minutely 
cross-bedded and thinly laminated volcanic ash. It contains sma l l  quant i t i tPs nf p l �gin
clase (An34 ) ,  hypersthene (� 1 . 720 ) ,  and hornblende (� 1 . 672) . 

The indices o f  refract ion of the volcanic glass in these five Ana River samples are 
1 . 50 7 ,  1 . 51 5 ,  l . SOJ, l . SOJ, and 1 . 50 3 ,  respectively . In equivalents of Lhe first four of 
these samples , Kittleman ( 1 9 7 3 )  found nearly the same indices: 1 . 508 , 1 . 518, 1 . 500,  and 
1 . 507. As indices of refraction of volcanic glass vary within d lf fe reu L parLs of a single 
sample,  as well as from sample to sample from the same source, these numerical values have 
limited signi f i cance. ThP rP l � t i v P l y  hi gh i nrlPx, whPth�r ) . 515 or 1 . 5 1 8 ,  in Sample 64-14, 
however ,  may have some usefulness. 

The main differences in mineral content of these samples are : distinctive biotite in 
S64-15 only ; absence of hornblende in S 64-13 , S 64-14, and S 64-16; and the absence of 
both ortho- and c linopyroxene in biotitic and hornblcndic S 64-15. 

Chemical Composition 

Silica (Si02 ) was determined by a visual light spectrophotometer. An atomic absorp
tion spectrophotometer w�s usPd tn rlP tPrminP m�enPsi �  (MgO) and soda (Na20) . Alumina 
(Al203 ) , iron (total as FeO) , lime (CaO) , t i tanium (as Ti02 ) ,  and potash (KzO) were meas
ured by means of x-ray fluorescence. The resulting percentages are shown in Table 3 .  

Table 3 .  Chemical Analyses o f  Ana River Tephra 

Sample No . 64-1 3 64-14 64-1 5 64-16 64-1 7 
Si02 71 . 00 61 . 50 64 . 80 70 . 00 7 1 . 00 
TiOz 0 . 4 2  0.  7 7  0 . 59 0 . 41 0 . 4 3  
A12°3 14 . 92 1 7 . 60 1 6 . 10 15 . 50 !lt . 80 
FeO 2 . 70 5 . 10 3 . 90 2 . 70 2 . 60 
MgO 0 . 30 2 . 30 2 . 00 9 . 80 0 . 40 
CaO 1 . 50 5 . 50 5 . 7 0  2 . 70 1 .  90 
Na20 5 . 50 4 .  70 4 . 60 5 . 00 5 . 00 
K20 3 . 35 l .  6 3  1 .  49 2 . 57 2 . 85 
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The table shows that Samples 64-14 and 64-15 are characterized by moderate quantities 
of silica; by high alumina, iron, magnesium, and lime; and by low potash, whereas Samp les 
64-1 3 ,  64-1 6 ,  and 64-1 7  have high percentages of silica, low magnesia and iron, and high 
alkalies. Samples 64-14 and 64-15 are andesitic in chemical composition ; the other three 
are rhyoda c i te s .  Apparently Sample 64-13 is not preliminary to the next succeeding maj o r  
eruption, S 64-14; rather, i t  chemically resembles Samples 64-16 and 64-1 7 ,  as though from 
a common source. 

Fossil Lake Section 

Details on the lake sediments in the Fossil Lake area, already given in a previous 
publication (Allison, 1966a) need not be repeated here. The stratigraphic section there 
is characLerizetl by several tlifferenL layers of volcanic ash , a series of int raforma tional 
gravels or breccias at minor disconformities (indicating repeated shoaling of Fort Rock 
Lake in its late stages) , and a thickness of 12 feet of sediments above the maj or discon
formity between pumiceous beds above and diatomaceous beds below. Snail shells obtained 
near the base of the upper sequence were found to have a radiocarbon age of about 2 9 , 000 
years . 

SedimenLs near Silver Lake Village 

Streams entering the Paulina Bay area of former Fort Rock Lake deposited an extensive 
sheet of gravel near Silver Lake village. Some of this gravel may have been deposited as 
alluvial fans before the lake came into existence, but most of it probably is deltaic in 
origin. In any event, waves on the lake reworked the gravel surface to a smooth plain, 
and wind has removed most of any cover of �illzama or other pumice sand that may have fallen 
on i t .  

A road-cut on the Fremont Highway a t  the northwe s t  edge o f  a terrace between Rock 
Creek and Bridge Creek exposes 12 feet of even-bedded , laminated s i l t s  and occasional 
sand s ,  overlain by about 6 feet of wind-blown Recent sand (Fig . 37) . A bench mark on this 

Figure 37 . Laminated lake beds 
and overlying sand in 
roadcut 2 miles northwest 
of Silver Lake village 

terrace surface has an elevation of 4387 fee t .  One half mile southeast of this ·ut , 
a gravel p i t  in the terrace shows 20 feet of iron-stained pebble gravel . These �wv �xpo
sures give an impression o f  age, as though the materials antedate the late history of Fort 
Rock Lake . Similar gravel of granule texture is exposed in a road-cut near the middle o f  
Sec .  2 1 ,  T.  2 8  S . ,  R .  14 E . ; and laminated s i l t s  show a t  several places i n  the banks o f  
Silver Creek nearby. 

A gravel plain forms a nearly level surface for a dis tance of more than two miles 
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cast o f  Silver Lake village. Bench marks at the Silver Lake school and near the centers 
of Sees. 22 and 23, T .  28 S . , R. 14 E . , have elevations of 4345,  4347,  and 4348 fee t ,  
respectively. A gravel p i t  in the NWl/4NWl/4SEl/4 Sec .  2 4 ,  T.  2 8  S . ,  R.  1 4  E .  shows only 
t>Vt>n-l>edded , !JVurly suClt'd !Jt>bl>lt> aud granule l!lravt>l . Evld�:tully Lltls grav�:tl, sllualt'd 
1 1/2 to 2 miles from the former south shore of Paulina Bay ,  was washed in by streams from 
w�?st and southwest . I t s  widE' spread s�•Bgests a stillstand of Fort Rot:k L<�ke ne<�r thE' 
4350-foot level over a considerable span o f  time. It may be related in time to a swarm of 
4360- to 4373-foot beaches 9 miles east of Fort Rock village (Fig. 35) .  Several minor 
beach ridges cross the north-facing slopes above the gravel plain. Noteworthy quantities 
of pumice sand first appear at a somewhat lower elevation (about 4325 feet) near the east 
side of this same Sec . 24 . The gravel plain apparently has been wind-swept of nearly all 
surface sand from pumice falls. 

Sediments at Arrow Sink 

The stratigraphic sect ion of lake beds at a def la t ion basin informally called Arrow 
Sink, situated at the west quarter-corner, Sec . 30, T. 2 7  S . , R. 16 E .  is given in 
Tables 4 and 5 .  The fine-grained o r  silly lake beds consist mostly o f  volcanic ash and 
diatomite.  The several layers of coarse pyroclastic fragments in the section show repeat
ed volcanic explosions ill the region du•·ing the period of seJimenta tlon repres ent ed . 

Unit 
16 
1 5  
14 

13 
1 2  
1 1  
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 

Table 4 .  Section of Lake Beds a t  Arrow Sink 

Material 
Loose pumice sand 
Pebble pumice 

Thickness (feet) 
3 . 00 

Pumice sands, other sands, silts 
- - - - - Disconformity, elevation 4306 feet - - -

Compact si lty lake beds 
Dark sand 
S i l t  
Dark gray sand seam 
Silty lake beds 
Brown volcanic ash 
Yellow volcanic ash 
Pebble pumice 
Volcanic ash, silicified 
Pum i c e ,  pebbly at base, grading 
Silty lake beds 
Pebble pumice 
Silty lake beds (base concealed) 

upward to sandy 

2 . 00 
2 . 65 

10 . 29 
0 . 01 
1 . 80 
0 . 02 
4 . 02 
0 . 38 
3 . 29 
1 . 30 
0 . 4 0  
0 . 67 

1 2 . 74 
1. 02 
n . d .  

43. 79 

l�lu:! Lher Lh�:t sedim�:tuls b�:tlow Lhe d lsconforml Ly (near t h e  top o f  the s e c  Lion) should bt:t 
ascribed to an early stage of Fort Rock Lake or to some previous lake, perhaps of middle 
or E'ar]y P l E' i storE'nE' �ee, is unr�r t ai n , but onP of thPsH altHrna t i vPs SE'I?ms l ikE'ly . 
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Unit 
15 
14 
13 
1 2  
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 

Table 5. Details of the Upper Part of the Arrow Sink Sect ion 

Material Thickness ( i nches) Total 
Loose pumice sand and s i l t  3 6  77 
Whi t e  pebbly pumice (maximum size 3 inches) 26 3 1  
Pumice sand 1 / 2  1 5  1 / 4  
S i l t  1 14 3/4 
Pumice sa nd l 13 3/4 
S i l t  3 1 / 2  1 2  3/4 
Coarse pumice sand 3 1/4 9 1 /4 
Silt 1 l/2 6 
Basaltic sand l 4 1 / 2  
S i l t  3/4 3 1 / 2  
Sand 1/4 2 3/4 
Silt 1 / 2  2 1 / 2  
Sand 1 / 2  2 

Laminated s i l t  1 J/4 1 1 / 2  
Sand 1 / 4  1 / 4  

- - - - - - - - - - - DisconformiLy - - - - - - - - - - -

0 Semiconsolidated lake beds of s i l t ,  volcanic ash, pumice sand, 
and pumic� pebbles, approximately 36 feet thick as exposed. 

A cut dug with a shovel at the southwest ed�e of the Arrow Sink deflaction basin 
(Figs. 38 and 39) revealed the details near the top of the section reported in Table 5 .  
Unit 9 ,  the somewhat gray, coarse sandy pumice layer (Samples 64- 19 and 65-14) above the 
banded port ion o f  al ternating s i l L  and dark sand layers (above camera case) in Fig. 38 , is 
correlated petrographically wi th Layer 8 (S 64- 1 4 )  of the Ana River section in the Summer 
Lake basin. Unlike i t s  counterpart there, this layer does not show a primary fall into 
water and subsequent settlings ; instead , iL aopears possibly to have been reworked. Ap

proximately two- thirds of it is coarser than a 60-mcsh screen ( 0 . 250 mm) . I t s  plagioclase 
is andesine (An4 2 ) ;  its glass has a refractive index of 1 . 5 1 4 ;  but its heavy minerals make 
up less than 1 percent . 

Figure 38 . Layered lacustrine beds at Arrow 
Sink . Loose upper sediments are sepa
rated by a disconformity (near middle of 
camera case) flUI\ saniconsolidated and 
jointed older lake beds below. 
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Figure 39 . Pebbly pumice at Arrow Sink, in 
upper part of fig . 38 . (Ruler is l foot 
long . ) 

The sand of uni t 7 consists partly of particles of basal t .  
lower down in the section clearly record times of shallow water 
11 and 13 presumably represent two separate volcanic eruptions, 
plete, as the biotite-bearing volcanic ash present at  Ana River 
here. 

This and similar sands 
in Fort Rock Lake. Units 
but the record is incom
and Fossil Lake is missing 

Unit 14 contains an unsorted, apparently air-laid mixture of particle sizes ranging 
from dust to pumice pieces of pebble size, which have a sat iny luster on freshly broken 
surfaces. The refractive index of the glass is 1 . 503. Crystals , mostly plagioclase 
(An30) with a little hypersthene, make up less than 4 weight percent o f  crushed particles. 
The pebble-sized pieces appear to be too coarse for Mount Maxama pumi c e ,  and moreover cli
nopyroxene and hornblende are lacking . A more l ikely source is Newberry Volcano or one of 
its subsidiary vents .  

Sediments a t  Four Nile Sink 

This deflation basin, 40 f eet deep, s i t uated 4 miles east of Arrow Gap road and near 
the southeast corner of Sec . 2 1 ,  T. 27 S. , R .  16 E . ,  shows the oldest beds here to be 
composed almost entirely of diatomi te and volcanic ash (Fig. 40) . A few layers of coarse 
pumice or volcanic c inders occur in the exposure. The top of the fine-grained beds has an 
elevation of 4308 feet. Cuts dug into the western and northwestern rims of the basin ex
posed 4 to 5 feet of pumice sand resting on a thin layer of flat-pebble breccia composed 
of fragments of the underlying fine-grained lacustrine beds . The contact immediately be
low this breccia evidently is a disconformity . Jointing is prominent in the lower beds, 
which may well be pre-Fort Rock Lake in age. The thin pumice on too is not resolvable in
to discrete layers o r  separate types , and so it cannot be correlated with certaintv . but 
the bulk o f  it probably is Mount Mazama pumice. 

Sediments at Other Deflation Basins 

The southwest side of a deflation basin in Lhe SE 1/4 Sec. 4 ,  T . 28 S . , R. 16 E. , 
shows 4 feet of loose sandy pumice cover, 1 foot of stratified lake silts, and 1 1/ 2 
inches of pebbly sand , including rounded pieces of diatomite, overlying several feet of 
diatomaceous lower lake beds. The pebbly sands show the former presence of shallow water 
and a pronounced change in sedimentation from that of the diatomite stage. The rounded 
fragmPnts o f  reworked d i a t omitP i n d i cate a maj or di sconform i ty ,  or hre�k in the hi s tory o f 
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Figure 4 0 . Western part of Four Mile Sink deflation basin, as seen 
from the north . The white wall is composed of diatani te and 
occasional layers of volcanic ash or volcanic cinders . One 
dark cindery layer is broken by slumping off the wall 

the lake (or lakes) . 

The edge o f  another basin in the SW 1/4 Sec . 28,  T .  27 S . , R. 16 E . , at an elevation 
of 4312 feet ,  shows a similar sequence (in descending order) of 2 to 3 feet of surface 
sand and s i l t ,  apparently wind-blown; 1 to 2 feet of shaly lake bed s ;  1 foot of sand , 
pebbly sand, and somewhat cemented gravel; and about 20 feet o f  platy , white-weathering, 
diatomaceous lake beds. 

A cut dug into the south side of another deflation basin situated on the south line 
of  SW1/4NW1/4 Sec . 35, T .  26 S . , R. 16 E. , shows 3 feet of sandy pumice resting on compact 
older lake beds composed of diatomi te , silty ash, and layers of granular pumice, but no 
stones . The contact between the two parts is marked by an accumulation of stones consist
ing of rounded pebbles of black volcanic glass and angular pebble-s ized pieces of  fine
grained basalt .  A few sporadic stones are enclosed in the pumice beds on top . The basin 
has a salt-crusted mud bottom (Fig . 41) . 

Figure 4 1 .  Salt-crusted floor of former defla
tion basin . The sides are diatomite , vol
canic ash, and granular pumice , overlain by 
3 feet of pumice sand . (Auto on the far rim 
gives scale . ) 
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Sections in Artificial Pits 

Because of the inadequacy o f  natural exposures 
many d i fferent places in the Fort Rock Lake basi n .  
only a few o f  these pits are described below. Only 
search for identif iable volcanic ash layers . 

of the lake beds , pits were dug at 
S tratigraphic sect ions observed in 
a few were really fruitful in the 

A pit dug to a depth of 54 inches in the NF 1/4 Sec . 35, T. 26 S . ,  R .  17 E . , encoun
tered 2 inches of loose pumice sand, 3 inches of spongy pumice sand (leached ? ) ,  2 7  inches 
of hardpan of cemented pebbly sand (requiring use of a pick) , 16 inches of loose basaltic 
sand, and 6 inches of very hard, well-cemented sand and gravel in alternating layers 
each about an inch thick. Some of the pebbles consist of reworked f i ne-grained lake beds 
like those found at disconformities elsewhere. The section lacks the sought-for layers o f  
volcanic ash .  

A p i t  dug at a n  elevation o f  4 3 1 1  feet above s e a  leve l ,  200 feet west of the north 
quarter-corner, Sec . 14, T. 27 S . , R.  16 E . , penetrated 43 inches of pumice sand overlying 
tough, fine-grained lake beds . The pumice sand includes l-inch pumice pebbles, sma l l  
pieces of basal t ,  and a few snail shells. The nearby dump of a former dug well o f  unknown 
depth (now caved in) consists o( slabby pieces o( diatomaceous lake beds. A deflated 
field in the SE1/4SE1/4 of the same section has had 2 to 3 feet of pumice sand and s i l t  
blown away (Fig. 42) . Pebbly lag stones are scattered over the present surface. Snail 
shells occur in the pumice here too. 

Figure 42 . Deflated farm field, cleared of sagebrush and later aban
doned by a h:lmesteader, has lost 2 to 3 feet of lake sediments. 
Scattered residual pieces of basalt lie on the wind-swept surface 

Another pit dug at the NE corner of Sec . l ,  T .  27 S . , R .  1 7  E . , 2 miles north o f  
Lake, showed 3 inches o f  loose pebbly sand, 1 3  inches of lightly cemented sand, 14 inches 
of compact , fine-grained , flaky lake beds, 3 inches of sand cemented to sandrock, and 22 
inches more of only locally cemented sandy lake beds in which the 55-inch-deep p i t  was 
stopped. A contrast in the degree of induration at a depth of 16 inches apparently de
notes a disconformity.  

A 30-foot boring with a soil auger equipped with extra couplings was made beside 
bench mark D-91 ,  elevation 4306 . 090 fee t ,  s ituated near the north edge o f  the SEl/4SWl/4 
Sec. 2 1 ,  T .  2 5  S . , R.  19 E . , in the northeastern part of the Fort Rock Lake basin. The 
top 19 feet of the material penetrated consisted mainly of medium-grained sand, water
bearing at the base.  The material in the bottom 11 feet was dark blue (unoxidized) "mud . "  
No layers o f  pumice were recognized in the auger tes t ,  so an 11 1/2-foot pit was dug by 



shovel . The section in the pi t , as shown in Table 6 ,  includes three beds of volcanic ash. 
On the basis of Samples 46-01 and 46-02, from the lowes t two , these beds are correlated 
with the uppermost three layers of volcanic ash in the Ana River section. An auger boring 
to an additional depth of 3 1/2 feet at the bottom of the pit brought up only sands like 
those in the bottom unit of Table 6 .  

Table 6 .  Sec t ion of Lake Beds a t  Bench Hark D-91 

Unit Material Thickness Depth 
(inches) (feet: and i nches) 

13 Surface s i l t  2 6  2 - 2 
1 2  Silty lake beds, somewhat j ointed 36 5 - 2 
11 Volcanic ash, di s tinct white band 

at base ,  remainder reworked 4 1/2 5 - 6 1 / 2  
1 0  Sand 9 1/2 6 - 3 3/ 4 

9 Clay 6 3/4 6 - 10 1 / 2  
8 Coarse sand 7 l/4 7 - 5 3/4 
7 Reworked white volcanic ash 9 3/4 8 - 3 1/2 
6 \oThite volcanic ash 1 8 - 4 1/2 
5 Fine sand 1 8 - 5 1/2  
4 Coarse sand 2 1/2 8 - 8 
3 Fine sand 4 3/4 9 - 0 3/4 
2 Vol can i c  ash 1 9 - 1 3/4 
1 Sands 28 1/4 11 - 6 

In a further search (or a complete record of the late volcanic ash falls, besides 
that at Fossil Lake, a 10-foot p i t  was dug beneath a white flat in the NW1/4NW1/4 Sec. 13, 
T .  27 S . , R. 19 E . , 500 feet south of the Silver Lake-Wagontire roa d ,  a t  a n  e l evation of 
about 4300 feet above sea leve l .  No identifiable ash layer was found, and an auger test 
to a total depth of 28 feet was a 1 so nega tive . The mRtPria1 was dry, yPllowish hrown , 
sandy s i l t ,  tough to dig. Apparently the surface materials here are depos i t s ,  probably of 
Little Pluvial age, brought: in by an int:ermit:t:ent: drainage course on the rim o f  Fort Rock 
Lake basin southeast of Buffalo, a few miles distant t o  the eas t .  

Summary of Stratigraphy 

The lacust:rine deposit:s in the Fort Rock Lake basin consist of two disparate strati
graphic sections separated by a prominent: disconformi ty . The older lake beds in the lower 
section consist mainly of diatomi te and volcanic tephra . This material forms part of what 
Hampton (1964) called the Fort Rock Formation. Its thickness is variable because of a 
bas e  of uneven fault blocks of basalt .  Water wells have penetrated 200 to about 700 feet 
of it before reaching basalt .  

The upper section is relatively thin and cons ists o f  gravel, sand, and silt,  includ
ing a large fract:ion of pumice. At some places, especially Fossil Lake , other disconform
ities occur within these upper beds. Over much of the lake floor the top s ediments have 
later been d is turbed by wind and water. Air-laid Mount Hazama pumice is widespread across 
the area . 
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SAND D I KES AND J O I NT I NG 

Some o f  th de f l a t ion b�s lns vxposv j o i n t  s ts and sand d ikes i n  t h �  und rlylng lake 
beds . The main j oin t s  ( Fi g .  43) and sand d ik�s t rend no r t he rl y , hul l oca l ly Lh�y deviate 
bolh to north-northeast a nd north-no r t hw<'s t ,  in l i ne wi th tho rcgi on;� l f n u l t l ng .  Nost o f  
them a t  a ny p n r tJcuJar l o c·ai i l y  n r t'  npp roxlmn tc ly p:� rn l lc l .  In sonw o r  thl' s t n b l l i u•d d •
f la tion bos Jns , the j oi n t lng ls re f l ected by nn n l  i gnmcnl o f  d n r k  S:t!!,<' brush , scnrc e l y 
recognizable in Lh fleld b u t  ansi l y  seen on n � r in l  pho toR rn p hs . 

Figure 4 3 . Jointing in older lake beds in eastern 
pact of Four MilP Sink 

The l a rgest sand d i ke seen i n  tht> I i !.' l d  i s  on� thnt forms a mcd i nn r i dge t ha t  e x t ends 
N20° E a c ross Fou r  �1i le S i nk ( Fi g . 4 4 )  . Tlw rn� i n  mass of L h i s d i kc i s  s<• vo r<l I f e<.'l \� ide 
near the middle but i t  tape r s  and brnnches t o  on l v  an i nch or two ,  espec i a l ly toward Lhe 
n o r t he:�s l . 1 1  i s  c-nmpnsPrl o f  sh:� rp l y  <. 111gula r b i t s  of basa lt , who l l y  u n l i ke any o f  the 
lake beds or s u r face ma t e r i a l s  expos<.'d in t he de f l a t i on bas i n . llcnco t he ma t e r J a J  must 
have come up from be l o w ,  p resumab l y  by wa t e r  t ransport or i n j e c t ion a l ong a f rac t u re 
during an e p i sode of adj ustment o f  Lhc• undL' r J y i ng fau l t  b l ocks . F'nu"J t b l ocks p l unging 
LO\�a rd L h  s i t e and bordered by no r t h-no r t ll\�{' S t t• r l y  t rend i ng rau l t s  n rc cxpnsNI n t n d i s
tance o r  on l y 4 m i les t o Lhe sou t h .  

A second and sma l l e r  sand dike i n  Four Hi l e  S i n k ,  composed o f  bluish gray pumice 
s a n d ,  l:ics alongside the rirst one l ocal ly , t u rns m�ay to the \�e s t  for several tens o f  
fee t , a n d  then t u rns sha r p l y  toward the north-northeast again before finalLy pinchinR ou t .  
I t  clearly came f rom a different underlying sou rce . 

As the p resen t top o f  the large sand dike a t  Four Nile S i n k  is only 2 feeL below t h e  
level o f  t h e  la ke p lain outside t he d e f la t ion bas i n ,  t h e  frac t ure i n t o  which :i t  was in
i ected mus t  have broken the surface and may wel l  have crea ted condit ions favorable for 
t he b e g i n n i ng of d e f l a t i on .  ThP l i k l i hood o f  a connec t ion between m i n o r  faul t ing and the 
i nj ec t ion of sand d ikes on t h e  one hand and l a te r  d e f l a t ion on the o ther is suppo r te d  by 
the p resence of sand d ikes , a l t hough gene r a l l y  sma l l  ones , i n  other d e f l a t ion bas i n s .  Yet 
none has been seen i n  the w e l l -exposed Foss i l  Lake-Sand Sp rings d e f l a t ion area . So f a u l t 
i n g  and s a n d  d i kes may n o t  have been necessary t o  break t h e  s u r face a n d  i n i t j a t e  de f la t ion. 

Sand d i kes i n  the eas t e r n  pa r t  o f  the d ry floor o f  Thor n  Lake basiu a re g4.!ue r u l l y  

o n l y  a frac t ion o f  a n  i nc h  to a few inches w i de . They a re composed o f  dark g r i t  resemb-



Figure 44 . Sand dike in middle of Four Mile Sink, injected from below, 
here several feet wide . Material on upper right was excavated by 
deflation from basins on each side of sand dike 

ling the volcanic tuff that is exposed in the wave-cut bencneb to the west and that pre
sumably underlies the s i t e .  Occasional pieces o f  light-colored, s i l ty lake beds are in
corporated in the dikes. These sand dikes are more resistant to erosion than the white, 
fine-grained lake beds which they intrude, and so they stand in relief to an extent o f  a 
few inches to about a f oo t .  Locally they form two intersecting sets,  so that in fancy 
they somewhat resemble the remains of walls of mortar. Hence one o f  the pioneer ranchers 
dubbed the area the "Sunken Ci t y , "  an intriguing name occasionally s t i l l  carried on maps 
of the region. These sand dikes are only about 1 mi le from an obvious fault line tha t  
trends directly toward the site from the south-southeast . A causal connection i s  there
fore suspected. 
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MOUNT MAZMIA PUMICE 

The basin of Fort Rock Lake was well within the range of the Callout o( pumice (row 
Mounta Mazama on the present site o f  Crater Lake . Fort Rock village is 60 miles beeline 
from Crater Lake. Kittleman (1973) identified Mazama pumice at Fort Rock Cave and Connley 
Cave, both near Fort Rock. Fort Rock Volley, the north1�es tern part of the basin, received 
lhe mosl and coarsesl malerial. AlLhough the bulk or Lhe air-laid Mazama pumice in the 
Fort Rock Lake basin is sandy , numerous granules and occasional pieces o f  pebble size make 
up part of the pumice near Fort Roc k ,  whereas the deposits near Silver Lake on the south
west and in Christmas Lake Valley on the east are a lmost entirely sandy . 

Mount Mazama pumice has been desc r ibed by many observers , especially by Hoore (1934 ) ,  
Wil liams (1942) , Powers and Wilcox (1964) , Wilcox (1965) , Randle, Coles, and Kitt leman 

( 1 9 7 1 ) , and Kitt leman ( 1 9 7 3 ) . lt is a " glassy hypersthene-augi t e  dacite with accessory 
hornblende " (\,li ll iams , 1942) . It contains large but highly variable quan tit ies of miner
als,  usually 10 to 15 percent by volume , but locally about twice as muc h .  B y  coun t (not 
weight) of enclosed crystals, Kitt leman (1973) found its minerals to be about 73 percent 
plagioclase, 10 magne t i t e ,  9 hypersthene, 4 hornblende ,  and 3 percent cl inopyroxene . The 
feldspar is al ternately zoned from labradorite at the centers of the crystals to oligo
clase on the outside (Williams , 1942,  p .  145-146) . 

ln the wooded area 4 miles outs ide the nor thwes t part of the basin, the sheet o f  
Mazama pumice i s  3 8  inches thick. Because of later redistribution by wind and water, its 
origina l  thickness within most of the Fort Rock Lake basin is not measurabl e .  Wind-blown 
pumice sand, carried mainly to the east and northeast , is thickest in a belt through T. 26 
S . , R. 15,  1 6 ,  and 17 E. That reworked by water is treated on subsequent pages. Much of 
the disturbed surficial material on the floor of the basin probably is of Mount Mazama 
origin . 
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AL TITHERNAL CLH1AT I C  EFFECTS 

S tudles o( moun tain glaciers and o f  pollen records in peat bogs hnVl' �·st,t b lished that 
a climate \..ra rmer a n d  drier than the p resen t prevailed nbou t 6 , 000 to 4 , 000 yc>:l rs :t BO ·  
Some glaciers in the mountains were shortened and o t hP rs mP l t Pd nwny cnmp l e t e l v .  VeMetn

t io n changed i n  p l aces f rom a humid type to one adap ted t o  a semi a r i d  c l i ma t e ,  or f rom a 

semia r i d  type to a de f i n i te ly xeric so r t .  Th i s  s t age o f  warm d ry c l l mn t e  i s  ca l l ed t h e  

Al t i therma ] I n t e rva l . 

This c hange of clima te also a f f ec ted the d ry bed of fo rmer Fort Rock Ln k c , mni n ly by 
increasing the geologic work o f  the wJ nd . Wind a c t J v i ty excavated numerous d• f ln l ion 
basins and piled up sand d unes . 

De f l a t i on Bas i ns 

De flation formed many enclosed depressions in the sediments on the f loor of the Fo r t  
Rock Lake basin (All ison ,  1941) . They a re locally ca ll ed sinks . T t  also s t i r red up de
posi ts o f  Mount Mazama pumice, piled up dunes i n  the lee of deflation basins and sandy 
t ra c ts , and in Recent time hollowed out blowouts in the d unes . Where early homesteaders , 
especially between 1890 and 1910, cleared sagebrush from pa r t  o f  the land in order to 
raise whea t ,  rye, or o th e r  crops , the wind in many places has removed 2 to 3 feet o f  the 
s u r f i cial ma t erial (Alliso n ,  l 96 6a , Plates 4 and 8 ) .  The most severe defla t ion Look place, 
howe v e r , ln t he A l t i thermal In te rva l .  

The d e f l a t ion basins occur i n  four main a rea s :  (1) Fossil Lake , ( 2 )  Sand Springs 
area , (3) Chris tmas Lake-Alkali Fla t  be l t ,  and ( 4 )  an irregular bell about JS mil�s long 
b e tween Fo r t  Rock village and Thorn Lake. The Fossil Lake defla tion e ff e c t s  a re described 
i n  the 1966 publication cited above . 

Sand Spr i ngs Ba s i n  

The Sand Springs basin , northeast o f  Fossil Lake, extends east-northeasLerly from the 
N l/2 SPc . 3, T. 2 6 S . , R . 19 E . , for a d i s tance o f  ahou t 2 miles . Its northern rim , like 
that a t  Fossil Lake, has been undergoing recent undercut ting (Fig. 4 5 ) , whereas i t s  
southern edge a n d  most o f  i t s  floor has been s tabilized be vege ta tion . l l s sides flare 

Figure 45. Part of Sand Springs deflation . .:;in, northeast of 
Fossil Lake . The far side (across middle) i.s presently 
retreating by continued wind erosion . The depth of the 
basin is 20 to 25 feet 
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out downwind n t  an angle o f  50° , so the bas i n  rap idly widens eastward to about l 1 / 2  
miles . I t  coa l esces w i t h  the Foss i l  Lake de f l a t ion t ract l n  the wes te rn port o f  St>c . 2 , 
T .  2 6  E . , R .  19 E .  The e l evat ion o f  a f l a t  i n  t he wes tern parL o f  t he bas i n  is 4285 feet 
above sea l ev I ,  and t ha t  o f  the surrounding J oke p l n i n  (somewhnL uneven because oi wind
b l olvn pumice cove r )  i s  abo u l 4 '305 f ct on Lh lo/CSL oncl t. J l O  feeL on the no rth . 1\ l <:'v<:' l l ng 
t raverse souLhword ncross L h  bas i n  from bench mnrk C- 9 1  ( c l cvn l lon 4 340 . 8 2 1  fee l ) n•nched 
o 101., of 4285 fee t .  So L h l s  do f l nUon bas i n  is 20 to 25 feet deop . 

Ch r j s t mas Lake-A l ka l i  F l a t  Def l a L ion Be l L  

A series o f  shal low dc fln tion basins o curs in Lhe Christmas Lake-Alkali flaL area 
northea s t  of Lak . They li in a belt L r  ndlng nor thw s t-southea s t ,  obouL 6 mll s l ong 
and 1 to J mi l es 1o1id e .  Ch ris tmas take , about 2 / J  mile long a n d  L / 3  m! l e  1vid e ,  I res mostly 
in the NE J/4 Sec . 1 2 ,  T. 26 S . , R. J8 E. A lka l i  fla t ,  about  J mi l es l ong and nvn r l y  I 
mile wide, l ies a t  the northwest end o f  the bel t ( Fig . 46) . The other basins LOio/O rd the 
sou theast  a re smal ler . 

figure 46 . Alkali nat , a deflation 
basin now coated with evaporites, 
5 miles north of Lake . Its elon
gation is in line with a fault and 
cinder cones shown in Fig . 9 . 
Spring-fed Chrisunas Lake is at 
bo �tom right 

Alka l i  Flat has a n  eleva t ion o f  4289 feet above sea leve l .  A bench mark (L- 9 1 )  on 
an extens ive flat 1 1/2 mi les west o f  the southeas t e rn end o f  Al kal i Fla t i s  4 31 7 . 826 feet 
above sea leve l ,  so the dep t h  of the Alkali Flat bas i n  does no t exceed 29 fee t .  

Although considerable wind-blown sand i s  p i led up a round the margins o f  the defla
t ion basins in the Christmas Lake-Alkali Flat t ra c t ,  the basins may not be due entirely to 
defla tion.  Ra ther , they may have been formed p a r t ly by post-Fo r t  Rock Lake faulting.  The 
belt in which they lie is exactly in line with a row of four Recent volcanic ven ts (Fig.  
9 ) , s i tua ted 2 1/2 to 5 miles no rthwes t o f  Alkali Fla t . These vents in turn are parallel 
to the main direction o f  the fault traces in the vicinity (Peterson and Groh, 1964 ) .  
The i r  lavas look f resh and young . A s l i gh t  ver t ical movement on one o r  more o f  the 
fau l t s ,  rela ted to the volcanic erup t ions, would be expec ted . I f  any down-s inking occur
red as a resu l t  of such faul t i ng o r  lava extrusion, the nearby A l ka l i  Flat area presumably 
would a lso be dep ressed . Such a connect ion is specula t ive.  Even though fault ing may 
merely have broken the surface only sligh t l y ,  such a break would favor deflat ion by p ro-
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viding ready access to deflatable lacustrine sediwt!nt!> . 

Wave wurk on lakes and ponds which formed later in these deflation basins modified 
the basin outlines and formed sandy beaches ,  and these beaches in turn provided additional 
sand for fur the r  transport by the wind . 

Fort Rock-Thorn Lake Defla tion Bel t 

The deflation basins in this belt are most numerous in T .  26 S . ,  R. 14 and 15 E . , in 
T. 27 S . ,  R .  16 E. , and in the northern part o f T .  28 S . ,  R. 16 E. (Fig. 4 7 ) . They range 
in area from a small fract ion of an acre to hundreds of acres, and in depth from le!>s than 
a foot to 44 fee t .  Only a few o f  them will be described here. 

One i s  an elliptical basin about l 1/2 miles long and 1/2 mile wide, which extends 
from the southern part of Sec. 9 ,  T. 27 S . , R. 16 E. southeasterly across the NE 1/4 Sec. 
16 into the western part of Sec . 15 (Fig. 48) . Most of i t s  bottom lies 10 to 15 feet 
below the surrounding lake plain, which is i t!>elf !>omewhat uneven because of wind work. 
The northeast side of the basin is bordered by a conspicuous ridge of sand that rises 20 
feet above the floor of the basin . This ridge apparently began as a dune ridge on the 
leeward side of the deflation basin, grew as beach dunes when the basin subsequently be
came the s i te of a lake, and later was subj ected to blowouts and other mod ifications in 
very recent time. Most of the floor of the basin has been stabilized by a cover of sage
brush; low barren spots become mudho les or shallow pools in wet weather. 

The heart-shaped ba!>ln of Thorn Lake (now dry) presumably began by deflation also, 
but the modern lake by means of its wave work sett led into its bed, rounded out i ts form, 
and developed a beach ridge on its rim (Fig. 49) . Wind-blown sand derived from the basin, 
partly no doubt via the beach, extends northeasterly as much as a half mile beyond the 
northeastern rim. The floor of t he ba!>in ha!> an elevation of 4279 feet above sea level . 
The basin rim is breached on the east by a stream channel near the 4300-foot leve l .  This 
channel is said to have carried the over flow of Silver Lake into Thorn Lake during excep
tionally wet years several decades ago. A c i rcuitous channel (Fig. 49) also connects 
Thorn Lake with several other shallow basins situated farther north within the 4310- to 
432Q-foot range of elevations on the Fort Rock Lake plain. 

Arrow Sink is a deflation basin s i tuated at the western edge of Sec .  30, T.  2 7  S . ,  
R .  16 E.  I t  is 1/4 mile long, 44 feet deep, and bordered by a 22-foot ridge of wind
deposited material on i t s  northeastern rim (Fig. 50) . A nearby deflation basin, extending 
more than 1/2 mile through the NW 1/4 of this same section into Sec. 1 9 ,  is approximately 
32 feet deep. 

A st riking deflation basin lies in the SEl/4SEl/4 Sec. 21, T.  2 7  S . , R. 16 E . , and 
adjacent parts of Sees. 2 2 ,  2 7 ,  and 28 (Figs. 40 and 4 3 ) . As i t  is located 4 miles east 
of the Arrow Gap road, which crosses the Connley Hills, it is conveniently referred to as 
Four Hile Sink. The nearly fla t ,  unmodlfied, !>agebrush-covered lake plain adjacent to 
Four �lile Sink on the windward west side has an elevation of 4313 feet above sea leve l .  
The east side has a dune-crested embankment o f  material blown out o f  the basin. The floor 
of the northwestern part, 30 feet deep, is now covered by slope-wash material and sage
brush. Most of the remainder of the basin has been undergoing renewed deflation in recent 
years. The southwestern part of the basin is 4 1  feet below the western rim; the eastern 
part, beyond a dividing ridge, is 31 feet deep. The walls of the basin expose a high pro
portion of easily removed diatomite and volcanic ash and a few iayers of dark cinders in 
the lake sediments in which the basin developed.  

Lag Materials 

The removal of fine particles from the deflation basins by the wind tended to con
centrate coarse particles that were too heavy for rhe wind to remove . These coarse parti
cles remain on the surface of the ground--pieces o f  basalt , fossil bones at Fossil Lake, 
and fossil snail shells. Widespread angular fragments o f  basa l t ,  ranging tn size from 
granule!> to boulders, presumably were ice-rafted far offshore on Fort Rock Lake . They are 
numerous on the surfaces of deflat ion areas. 
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Figure 4 7 .  Deflation basins in Fort Rock Valley. The light-colored oval north of the 
5-inch rrarl< on the scale is ArrcM Sink. A long basin is nearby on the north
northeast. The round patch (fogged picture) near the southeast corner is Four 
Mile Sink, 40 feet deep. tbst other light areas are deflation basins, deflated 
fields (rectangular), or burnt-sagebrush areas (extreme right) . The 6-inch 
scale corresponds to approximately 2 miles 



Figure 4 9 . Thorn Lake deflation 
basin (heart-shaped; bottom) , 
beach ridge, and wind-blown 
products to the northeast. 
An oval basin (upper right) 
and Thom Lake are joined by 
crooked stre.am channel . Wave
eroded eastern side of Conn
ley Hills-Table Rock penin
sula is on the left 
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Figure 48 . Deflation basin (bottom) 
in Fort Rock Valley, bordered 
by a beach and dune ridge on 
the northeast. Dark lines with
in it are growths of sagebrush 
favored by joints in the under
lying lake beds 



Figure 50 . Arra.l S.ink: deflation basin, 44 feet deep 

Dunes 

Accumulations of wind-blown sand occur at many places in the Fort Rock Lake basin. 
Some of them merely surround bushes or they form thin patches o f  sand which lack distinc
tive forms ; others are classical dunes in shape. �!any of the dunes had their o�:igin in 
deposi t s  of sandy Mount �wzama pumic e .  Other dunes are associated wi th each o f  the defla
tion basins, especially with the Fossil Lake-Sand Springs deflation tract (Figs. 2 0  and 
2 1 ) . They commonly form transverse ridges or detached h i llocks leeward of the deflation 
bas ins , or leeward of the shores of shallow wate�: bodies which later occupied these 
basins. 
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LITTLE PLUVIAL CLI��TIC EFFECTS 

The Al t ithermal Climatic Interval was succeeded by a c l imate which was a l i t t le wet
ter and cooler than the prE>sE'nt . Existing mountain glaciers grew larger and new ones 
formed in valleys previously empty of ice. This climatic episode is called the Little lee 
Age. The term used for the time equiva lent of the Lit tle Ice Age in nonglaclal areas is 
the Little Pluvial Age. It began somewhat more than 3 , 000 years ago and lasted until 
about 2 , 000 years ago . The pri nci pa l  effE>ct in nonglacial areas was increased rainfall 
and corresponding changes in vegetation, as shown by pollen records. 

Significant changes occurred in Fort Rock Lake basin in Lit t le Pluvial time. Def la
tion basins previously excavated during the Al l it hermal Interval became ponds and a thin 
sheet of water covered a considerable part of the lake floor. \�ave work on these wa ter 
hodiP,:; pi lPcl up Mount Mazama pumice as beach ridges. Some p revious deflation basins prob
ably were par t ly filled. Since the end of the L i t t l e  Pluvial Age , the wind has resumed 
deflation and has further modified Lhe pumice and other fine-grained materials within i t s  
reach . 

Accumulation of l�ater 

The Silver Lake area offers a clue to one possible source of extra water. The late 
�1. S .  Buchanan, a former resident of Lake , reported orally that modern Silver Lake over
flowed into Thorn Lake near the turn of the century (Fig. 5 1 ) . The entrance elevation to 
Tho rn Lake is nol prechely known, buL roughly it is between 4300 and 4310 fee t .  The 
lowest point found on a traverse between the southeast end of the Connley Hills ridge and 
the sloping fault blocks east of Thorn Lake was 4308 feet above sea level in a drainage 
channel .  A shallow channel 1700 feet nearer T�orn Lake is at 4311 fee t ,  and a point on an 
old road east o f  Thorn Lake is also al 4311 feel . So Lite wuden1 high-water level of 
Silver Lake may well have been on the order of 4310-4315 feet in order to reach Thorn 
Lake . 

The Summer Lake basin provides an analogous Little Pluvial rise of water level . 
Summe r Lake , s i tuated beyond a surface drainage divide t o  the south o f  the Fort Rock LakP 
basin, has a modern high-water s t age of 4178 fee t ,  according to a U . S .  Forest Service map . 
Its level is highly variable; in 1944 i t  was 4146 . 3  fee t .  A beach a t  4 1 9 0  feet a t  i ts 
north end, considered Lo be Lit t l� Pluvial in age, seems to indicate a modest rise o f  
Summer Lake at that time. So a similar rise of water i n  the Fort Rock Lake basin, pre,:;um
abl y i n  l arg� part via the Silver Lake route, would have f looded a substantial part of the 
flattish floor of the basin, much of which is less than 4320 feet above sea leve l .  De
tailed topographic maps are not available, so the bE:!sl gulde to a renewed lake level in 
Li t tle Pluvial time is furnished by shore lines involving Nount Nazama pumice. Let us 
�xaminP ,:;nmP rPpr�s�ntativ� loca lities. 

Li t tle Pluvial Lake Shores 

The "Hand" Area 

A peculiar array of low ridges and shallow swales occurs in Sees . 1 and 2 ,  T .  26 S . , 
R. 14 E. , 3 miles east-southeast from Fort Rock village. The arrangement i n  fanr-y res�m
bles part of a human hand, with thumb and slender fingers (Fig . 52) . A leveling traverse 
westward from the north quarter-corner of Sec. l (south of the township-survey correc tion 
lot )  and extending to Lhe uorLhwest cornE:!r uf Sec . 1 crossed three ridges and intervening 
swales having elevations between 4311 and 4318 fee t .  The northwest corner i s  a t  4313 
fPP t .  ThrP� wind-modified ridges within a distance o f  1/4 mile south from the northwest 
corner of Sec. 1 have eleva t ions of 4312, 4308, and 4310 fee t .  The "index f inger" ridge, 
l i t t le torn by wind , stands a t  4 3 1 2  Lo 4314 fee L , while Lhe flats immediately north and 
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Figure 51 . Silver Lake-Thorn Lake connection. Silver Lake 
(nearly dry, southwest corner) , bordered by a beach ridge 
(bearing Frctoont Higtr.vay) , is said to have overf1C)'.Ied into 
Thorn Lake (middle left, na.1 dry) many dPC".i'!dPs �go. A 
shallow Little Pluvial lake covered the north central area 
and points farther north. A high Fort Rock Lake shore line 
on a basaltic fault block is shown near the middle right . 
The 6-inch scale represents about 2 miles 
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Figure 52 . Little Pluvial pumice 
ridges in the "hand" area near 
Fort Rock village 

south of it  are at 4307 and 4306 fee t ,  respectively. Most of the " thumb" ridge stands at 
4323 to 4326 fee t ,  and the flat at  the southwest corner of Sec. 1 is  at 4302 fee t .  A 
bulky dune o f  pumice sand in a down-faulted trough near the base of the "thumb" reaches 
4332 feet in elevation. The pumice in all these ridges i s  identified as of Mount �hlzama 
origin. 

The arrangement of Lhese low ridges in Lhe "hand" area is nuL the usual arrangement 
of sand dunes. Rather, i t  resembles that of bars and spits made along the shore of a small 
bay of a lake, while the water level was declining, say from about 4315 to less than 4310 
feet above sea leve l .  

The "hand" area is  at  the north end o f  an oval basin about 4 miles long and 2 miles 
wide, with a mile-wide opening on the southeas t (Fig. 53) .  The former shallow lake, 
responsible for the "hand" shore (ea tures, younger than the eruption o( Mount �1azama about 
7 , 000 years ago, must have occupied the basin during Li t t l e  Pluvial time. The southeast 
end of this oval basin also has a beach ridge of pumice. The western or windward shore 
is indis tinct . 

A southeasterly extension of the '' thumb'" is a beach and dune ridge broken by a gap 
near the NE corner, Sec . 1 2 ,  T .  26 S . , R . 14 E. A patch of wind-blown pumice sand with 
several blowouts occurs in the lee o( this 4312-foot pumice ridge in the NW l/4 Sec . 7 ,  
T .  2 6  S . , R .  l S  E .  

A mile-wide down- faulted depression ( a  graben) j ust east o f  the "hand" i s  borderec.l by 
a scarp only 4 feet high on the west side where crossed by the township-line road east of 
Forr Roc-k vi 1 1 :tg<>, nnd 1 9  f p p (  h i gh on r h <>  P:lst s idP . SomP pumic-P l i PS i n  this graben, 
especially in the eastern part of Sec . 1 ,  T . 26 S . , R. 14 E .  

The fault block on the cast side o f  this graben slopes gently toward the southeast. 
Its surface near the north line of the township is  covered with granule gravel composed 
mos tly of rounded basaltic rock particles. Whatever cover of Mount Mazama pumice i t  once 
held has been almost completely removed by wind. A low ridge of pumice sand on this fault 
block crosses the N\� 1/4 Sec . 5, T. 26 S . , R. IS E . , continues northerly beyond the survey
correction lot and the township line, and then swings eastward . 

A p i t  in this ridge in Sec . 5 revealed the stratigraphic section shown in Table 7 .  
The top layer is  considered to be a wind-laid layer of Nonnt �1azama pumice. �lore than 90 
percent of the clean- looking basal pumice exceeds 0 . 125 mm in particle size . Pumice 
granules from unit 3 may be part of the initial fall of �lount �1azama pumi c e ,  as may also 
be the faintly stratified material. On the other hand, it may have been washed downslope 
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Figure 53 . I.i tt1e Pluvi.:�l lakP si tPS in Fort Rock Valley . Four .intercoMected , 
shallow subsidiary basins appear here : ( 1) fran the "hand" south to the CoMley 
Hills (on left) and a northeast-projecting rock ridge, (2 )  the "loop" area (up
per right ) ,  ( 3 )  at middle bottcrn, and ( t1 )  in the southeast quarter. The narg.in
al ridges are beaches and assoc · atE"<i dune::. of redistributed Mount l"azama pumice. 
The 6-inch scale corresponds to about 2 miles 

into water. At an elevation of 4326 feet , i f  entirely air-laid , it must have escaped 
erosion by Little Pluvial water, possibly because it was protected then as now by wind
laid sand. If not thus protected , the 4326-foot figure may set an upper limit on the 
depth of the Little Pluvial �uhmPrp,C'nC'c> of rhc> Fort Ro<'k L<�ke basin (loor. 

Table 7. Section exposed l n  pi t in SeC' . 5,  T .  2h s . ,  R .  15 f. 
(In low ridge, surface elevation 4329 feet) 

Unit Material Thickness (inches) 
5 Loose st ructureless pumic�, mostly sand-size, 

presumably wind-blown 33 
4 Loose pumice. mostly coarse sand and granules , 

partly pebbly, with a faint bedding 29 
3 Clean pumice granules; appar�ntly n primary fall 4 
2 �1ixed basalt granules, basalt pebbles, and 

volcanic ash; cemented 8 
Basaltic granule grave• ! n . d .  
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The Pumice "Loop" A'rea 

A well-developed looping ridge of pumice sand lies across the township line about 5 
miles east of Fort Rock villa�e (fig. 5 3) . Immediately west of the loop the elevation of 
the ground is 4 3 2 1  feet : east of the loop , 4 3 1 7  feet . The western part of the loop i n  
dune form rises to a l i t t le more than 4 3 3 0  feet ; the east side t o  4346 fee t .  As the in
terior o f  rhe loop at 4315 to 4318 feet i s  the site of a temporary pond i n  wet weather 
now, it surely must have he,• n thP locus of a lake during the Little P l uvial climatic 
stage. The present loop is n combination of beach and dune deposi t s .  The pumice i n  this 
loop is also of Nount �tazama origin. 

The loop is open to the south into a larger Little Pluvial lake basin. The beach 
ridge on the east side of the loop runs south through Sec. 2 ,  T. 26 S . , R .  15 E . , and then 
swings southeasterly through Sect ions 11 and 12 and beyond. At the north quarter-corner, 
Sec. 1 1 ,  the western or s t rand side of the ridge has an elevation of 4319 fee t ;  on the 
east side, dune sand is piled onto a rocky ridge to more than 4350 fee t .  

Another shal low semi-detached basin lies in the southern part o f  T .  2 6  S . , R .  14  E .  
I t  has a concentration o f  pumice sand attached t o  a low rocky rise l n  Lite east half of 
Sec. 27 of that township (Fi g . 53) . High ground southeast of this rocky point formed a 
divide between two Li t t le Pluvial lake basins, upon which muLtiple pumice ridges were 
built frunt both southwest and northeast sides i.n Sec. 26, 3 5 ,  and 36 (Fig. 54) . These 
ridges continue southeastward . 

The Y-Bar Area 

Figure 54 . Little Pluvial pumice 
beach ridges 

This locality is in the SE 1/4 Sec . 2 4 ,  T. 26 S . ,  R. 16 E . , where a cuspate Y-shaped 
gravel bar about 5 feet high iuts out southwestward f rom a basal t  c l i f f (Fi g .  55) . Pits 
dug into this bar at an elevation of 4347 feet showed only basa l t ic gravel and sand, but 
no pumice. llcnce it is consi dPred to be older than the pumice falls . l�ha tever pumice 
fp)) upon it has been blown or washed off . 
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figure 55 . 'l11e Y-b.:1r at• •u , below t hE> bc:lsalt 
c l i f f  in upper- l e t t . Abundant wi nd-blown 
Mount Mazama pumice supports juniper 
treL'S . Rcx•d eleva l ions Jecl ine from 
Li35'1 feel on L he Pighl Lo 432ll feC"l at l he 
township range line . Rounded pebbles of 

pumi ce form a low ridee al '4328 feel ele

val ion ( south of lh<" ln.•es , l ert ) d!'ld 

ot her' appat"(>nt l y  wi nd-!'�) ! l ed pumice peb
hh '�> ()('('tU' sl ir;hlly hiph'r fm•Lher north . 
A Li l ll <' Pluv ia 1 shorl' I i ne curves ac1 'OSS 
l h<' !;out hwC'st corner 

1\ L  a d is �a ncl' o r  960 ft>e t sou th o r  Lh(• Y-pn r t o f  the bn r ,  is .1 nn r rO\� , s ha rply d e
f in d , a rcuat e ridge c t·es t ing n l  4 338 fee t .  1\ hnntl-dug p i t  revealed i ts composi t ion . To 
a dep t h  of 1 foo L ,  Lhls rid gl' conta i n s  g ra nu l es u n d  sma ll pebh l l's o r  basal t , possibly 
mixed i n  by f ros t a c tion or roden t s .  Below t l1 i s  g ravel i s  11 2 0-i nch s tr u c t u r e l e s s  layer 
of pumice sand lying on da rk-co lored bas a l tic g rave l . /\bou t 3 5  pe rcen t o f  t he material is 
be tween l/8 and 1/4 mm in pa r t ic l e  size . lls fe ldspa rs a r c  m ixed ; i l s  heavy minerals-
mainly hypcrslh n and h o r n b ll'ndr w i th n I i t l l • c l i nopvroxene--cons t i l u t e  5 . 6 percen t by 
weigh t . The mi nerals i n  crusht>d g l ass pa r t i c J c-s (.!! 1 . 507 )  a rc- p l agjoclase (/\n4 2 ) and 
hyp e rs t hen e (� 1 . 720) . Nany gra in s :1re rounded , hence d e t r i t:1 1 . J\s· Lhe aggregate also 
contains rounded rock pa r t lcJcs , i l is n o t  an n i r- fal l .  lns tc.:�d , t h e  mixtur· e ,  la rg ly o f  
Mou n t  Mazama pumic e , forms a dune ri dge . 

At a d i s t ance o f  880 f ee t farther sou th,  a t  an e l eva t ion o f  4 328 [ee t ,  ls ano the r 
r i dge about 3 [eel h igh composed n l most ent i re l y  o f  sma l l  rounded pumice pebb les . The 
ma t e r i a l  resembles the peb b l y  pum i c e  a t Ar row S i nk . T h i s  pumice probab l y was put ashore 
when the Li t t le P l uv i a l  lake was at about a 4 325- fout l eve l . 

Seven H i le ! U dge-G1:cen Noun t a i n  Cap 

The gap between the nor t h  end o f  Seven Mi l e  R i dge on the snu � h  s i rle and t he lavas o f 
Green Moun t a i n  on the nor th d i v i des the Fort Rock Lake bas in int o two main p a rt s--For t 
Rock Valley on t he west and C h r i s t mas Lake Va l l ey on t he east ( Fi gs . 1 and 56 ) .  The gap 
is about 3 m i les w i d e .  A l eve l i ng t raverse ac ross t h e  gap found more than 2 mi l es o [  the 
way to l i e  between 4314 and 4 320 feel above sea l eve l . The lowest spot found was a t  4 3 1 2  
fee t .  For mi les bo t h east and west o f  t h i s  gap , the ground is nearly flat and genera lly 
between 4315 and 4 320 feet above sea l eve l .  The f l n t surface extends eastward beyond Lake 
(BM 4316 . 4 1 2  fee t ) to Buf [a l o  ( 4 3 1 8  fee t ) , and even descends to between 4 300 and 4 3 1 0  feet 
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Figure 56. Seven Mile Ridge-Green l'buntain gap. The flattish floor of Fort Rock Lake be
tween Seven t-'ci.le Ridge (below center) and Green Mountain (at top) connects Fort Rock 
Valley on the west with Christmas Lake Valley to the east. Little Pluvial Age ldk� 
water extended through this gap . Light-colored rectangular areas are abandoned home
steads cleared of sagebrush and later stripped of soil by wind. The 6-inch scale 
represents about 2 miles 



over part of this stretch. So any water that crossed the Seven Nile Ridge-Green Moun t ain 
gap in Little Pluvial time would connec t Fort Rock Valley with Chris tmas Lake Valley and 
spread water to the base of the fault- scarp rim of Fort Rock Lake basin north o( Buffalo. 

Confirmation o f  such a wide sheet of a shallow Little Pluvial lake is furnished by 
pumice beaches and assoc iated dunes around the periphery of Christmas Lake Va lley as well 
as those already mentioned in Fort Rock Valle y .  Examp les may be seen for instance beside 
Seven Mile Ridge; south and southeast of Lake; and south, southeast,  and north of Buffalo. 
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AGE OF PLUVIAL FORT ROCK LAKE 

Geologists genera ll y agree that the pluvia l  lakes of the Great Basin were formed 
during the Pleistocene Epoch or Ice Age. A direct relation of t he expanded lakes to 
glacial stages e l s ewhere was accepted by Russell (188 3 ,  p .  435-464 ; 1885, p .  288; 1889, 
p .  269-394 ) ,  G i l b e r t  (1890, p .  438) , Antevs (1925,  p. 74; 1945, p.  26; 1952 , p. 98) , and 
many others later . 

P l eis tocene Time Sca le 

The standard North American Pleistocene time scale, into which the pluvial lake 
histories must be fitted, is as follows : 

\Usconsinan glacia l stage 
Sangamon interglacial 

I l linoian glacial stage 
Yarmouth interglacial 

Kansan glacia l stage 
Aftonian inte rglacial 

Nebraskan glacial stage 

These four main glac ia l stages find common acceptance, but opinions d i f fe r  mainly as 
to their durat ion . Using a time scale based on pa leomagne t ic reversals of the earth ' s 
magnetic field , the relat ive abundance of cer tain foraminifer a , changes in species, right 
and left coiling of shells , and extinction of some of them, Ericson and Wo llin (1968) 
estimated the to ta l Pleis tocene time to be about 2 million years, o f  which the Wisconsinan 
glacial stage took about 100, 000 years . The subdivisions and durat ion of the Wiscons i nan 
glac ia l s t a ge have been in controversy. Recent changes in the st ra t igra phy of the Wiscon
sinan stage take account of glacia l  deposits of post-Sangamon age that are older than the 
"classical" Wiscons in glacia l drift sheets ( Iowan, Tazewel l ,  Ca ry , and Mankato) recognized 
prior to 1950 (Fl i n t ,  196 3 ) . 

Frye and Willman (1960, 1963) describe the development of the classification of the 
Wisconsinan glacial stage in I llinois,  based as far as possib l e , on a radiocarbon time 
scale. The Pleistocene stratigraphy of I l linois is given at length by Wil lman and Frye 
( 1 9 70) . According to their char t ,  the Wisconsinsn in I l l inois and Wisconsin may be sub
divided as in Table 8 .  

Table 8.  Subdivisions of the l�i scons inan Glacial Stages in Illinois 
(After W i l lman and Frye, 1970) 

7 , 000 year� ago - -

Valderan substage 
1 1 , 000 years ago - - - - - - - - - -

nvo Creekan substage 
12, 500 years ago - - - - - - - - - 

Woodfordian substage 
2 2 , 000 years ago - - - - - - - - - -

Farmda lian substage 
2 8 , 000 years ago - - - - - - - - -

Alton ia n  substage 
7 5 , 000 years ago - - - - - - - - - - -

In their scheme the Woodfordian replaces the former Iowan (of Illinoi s ) , Tazewe l l ,  
and Cary substages; the "classical" \hsconsinan i s  shortened t o  2 8 , 000 years; and a long 

62 



preclassical substage , the Altonian, extends back to about 70, 000 years. 

The reconciliation ot d i t t erences in the classification of the Wisconsinan glacial 
stage is not critical to our present study of the dating of the pluvial lakes of the We st . 
It is enough for us to recognize that the Pleistocene as a whole was a time of multiple 
continental and alpine glaciat ion , and that Lh� Wi !;cOn!;lnan ll!;elf in Lhe Great Lakes 

region and in the mountains of the 14est had several substages. 

Glacial Stages in the Rocky Moun tains 

Many references to glaciation i n the Rocky Hountains are given by Richmond (1962,  
1965,  1970 ) ,  and by seve ral others earlier. Ri chmond ' s  fivefold sequence is summarized in 
Tl'lb 1 e 9 .  He corre] a ted the I�M;hl'lki e ,  Cedar Ridge , and Sacagawea (sic) Ridge Glaciat ions 
with the Nebraskan,  Kansan , and Illinoian stages of the mid-continent region . The Bull 
Lake (with 3 ice advances) and Pinedale (wi th 3 glacial advances) were considered equiva
lent to Wisconsinan, but Bull Lake Glaciation possibly may be Illinoian instead. 

Table 9 .  

Approximate Age 

6 , 500 to 4 , 000 yrs 
11, 800 yrs - - - - - -

Glacial Sequence in the Rocky Hountains 
(After Richmond, 1965) 

Uivisions 

Neoglaciation (Temp le Lake and Gannet Peak Stades) 
Alti therml'll Tnterval 

Pinedale Glacia t ion 

Late stade 
Interstade 

Hiddle stade 
Interstade 

Early stade 
25, 000 yrs - - - - - - -

32, 000 yrs -
Interglac iation 

Late s tade ,  2d episode 
Nonglacial interval 

Bull Lake Glaciation Late stade , lst episode 
Nonglacil'll i n terval 

Early stade 
About 80, 000 yrs - - - - - - - - - - - - - - - - - - - - - - - - - - -

Interglaciation 
Sacagawea Glaciat ion 

Interglaciation 
Cedar Ridge Glaciation 

Interglaciation 
Washakie Glaciation 

Glacial Stages in the Far \ves t  

Alpine glaciation also occurred in multiple stages i n  the mo�•ntains o f  the Fl'lr \�est.  
Matthes (1930) recognized the Glacier Point, El Portal ,  and Wisconsi n (with two maxima) 
glacial !; tages in Yoseml Le Valley , California. Blaekwe l der • (l931,  1934) named a fourfold 
glacial sequence in the Sierra Nevada as follows : ( 1 )  HcGee,  (2)  Sherwin, (3)  Tahoe,  and 
(4)  Tioga. Tht> Shoc>rwin St�'�gt> WI'IS thought to he equivalent to the Kansan of the Mid-West, 
while the Tahoe and Tioga appeared to represent Early and Late Wisconsin stage s ,  respec
tively. 

Sharp and Birman (1963, p. 1079;  Bi rman , 1964) expanded the Sierra Nevada sequence by 
adding Tenaya and Mono Basin glaciations to the series as follows: 
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Wisconsin 

Illinoian 
Kansan 
Nebraskan 

Tioga 
Tenaya 
Tahoe 
Hono Basin 
Sherwin 
McGee 

Harrison (1965, chart, p .  268) correlaces a 2-stade Tahoe glaciation in the Sierra 
Nevada with the Bull Lake glaciation of the Rocky Hountains, and tentatively correlates 
the Tenaya , Tioga, and a later Hilgard (Wahrhaftig and Birman, 1965) as stades equivalent 
to the threefold Pinedale glaciation in the Rocky Mountains . Thus he recognizes at least 
five glacial advances in 1-lisconsinan time. 

Burke and Birkeland (1976) studied the soil development and weathering of  late Pleis
tocene tills under like environmental circums tances on the eastern Sierra Nevada. They 
conclude that separate designation of post-Sherwin glaciation other than Tahoe and Tioga 
is nor j llRti f i Pcl. 

The sequence in the Cascade Range o f  Oregon, so far as known, is similar co that of 
the Sierra Nevada b y  Bl ackwelder . Thayer (1939) found evidence of three glacial stages in 
the North Santiam River Valley. He named them the Mi ll Cit y ,  Detro i t ,  and Tunnel Creek 
stages, and tentatively correlated them with the Sherwin , Taho e ,  and Tioga stages o f  
California. 

The lale parl of Llte Pleislo�eue sequence in the Pugel Sound area of Washington 
(Armstrong and others, 1965; Crandel l , 1965; Crandell and others , 1965b; Easterbrook, 
1966, 1974 ; Easterbrook and Hansen, 1971;  Hansen and Easterbrook, 1 9 7 4 ;  Mullineaux �ncl 
others , 1955) is shown in Table 10. The Salmon Springs Glaciat ion is considered to be 
possibly early to middle lvi sconsinan ,  and the Fraser Glac:i a tion late or "classical" Wis
consinan, or more specifically , the equivalent of Pinedale in the Rocky Mountains . 

Table 10.  Late Pleistocene Glacial Stages i n  Northwest Washington 

Sumas Stade (ice readvance in Fraser River Val ley ,  B . C . ,  
about 1 1 , 000 to 1 0 , 000 years a go) 

Fraser Gla<;iation Everson Inte r s tade (ma rine and glaciomarine sedimenls;  
13, 500 to 11,000 years ago) 

Vashon S tade ( advance of Puget lobe of Cordilleran ice sheet 
bet\�een 1 8 , 500 and 1 3 , 500 years ago) 

Olympic InLI:!rsLadl:! (beLWI:!I:!II mure titan 2 7 , 000 and 1 8 , 500 years ago) 
Younger glacial episode 

Salmon Springs Glaciation Nonglacial interval 
Older glacial ep isode 

Correlation of Pluvial Lakes with Glaciation 

Regarding the relation o f  pluvial Lake Mono, California, to glaci a t ion , Antevs ( 1 9 2 5 ,  
p. 74) states : "The highest stage of Lake Mono was reached a f t e r ,  probably shortly after, 
the maximum extensions of the glaciers in the adjacent Sierra Nevada (Russell,  1889 , p .  
369; Gilbert, 1890, p .  }14 ) .  This is  shown by shore-lines on the inner as well as the 
outer s ides of the moraines left  by glacil:!rs and by dellas forml:!d belween Lite embankments." 
ln Antevs ' view (1925) , t he p l uvial lakes were contemporaneous with glaciers in the moun
tai ns ,  inasmuch as both lakes and glaciers required heavier precipitation and la\�er summer 
temperatures than now. 

Blackwelder (1941) thought that the former pluvial �akes of two d i s t inct ages in the 
Searles Lake basin of eastern California "may be corre lative with the Tahoe and Tioga 
glacial stages in the Sierra Nevada . "  
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Putnam (1950) described the relationships between the Pleis tocene glacial sequences 
and s hore lines of Lake Russel l ,  the forerunner of modern �lono l.:tkP ,  Ca 1 i fnrnia. He map
ped about 30 Tioga terminal and recessional moraines tributary to the basin and correlated 
groups of these moraines with certain s t i llstands among the 38 recognized shore lines of 
Lake Russell.  His map shows four closely spaced clusters of moraines , two of them espe
cially prominent ,  one in the terminal reaches and a second one about two miles up-valley 
in each of three tributary canyons . As the Tioga terminal moraine reaches to the highest 
shore line, 655 feet above modern Mono Lake , and is complemented by a delta,  Putnam con
cluded ( p .  121) "that the high stand of Lhe lake was essentially synchronous with the ad
vance of Tioga ice , and that , as the ice withdrew, the lake level was accordingly lowered. 
When the i c e  front was relatively s t a t ionary, the lake waves cut broad terraces; when 
retreat was rapid, only narrow benches were carved . "  A similar history occurred at Lake 
Tahoe (llyne and others, 1972 ) .  

The synchrone l l y  o f  pluvial Lake Bonneville with glaciation i s  well shown near the 
mouth of Little Cot tonwood Canyon, south of Salt Lake C i t y ,  Utah (Morrison, 196la , 1965;  
Richmond ,  1965 ) . A t  that site glaciers of Bull Lake age extended a mile beyond the canyon 
mouth and deposited morainic material in direct association with high-level, f ine-grained 
lake deposi ts . 

Lake Bonneville and Lake Lahontan as Analogs 

The history of pluvial Fort Rock Lake in Oregon is apt to be analogous to the history 
of Lake Bonneville and Lake Lahontan, and l i ke that of Lake Russell and slmllar buL smal
ler pluvial lakes in California. 

Lake Bonneville,  Utah, was a pluvial lake having an area of 1 9 , 950 square miles and 
11 maximum ciPpth of about 1100 fee t .  lts history has been studied by Gilbert (1890 ) ,  
Bissell (1952,  1963) , Hunt and others (1953) , Jones and Marsell (1955) , Eardley (1956) , 
Feth and Rubin (1957 ) ,  Eardley, Gvosdetsky, and Marsell (195 7 ) ,  Antevs (194 5 ,  1948 , 1952 , 
1955) , Eardley and Gvosdetsky (1960) , Richmond (1961 ) ,  Morrison (196la , 1965,  1970,  1975 ) , 
Williams (1962 ) ,  Broeker and Kaufman ( 1 965) , Shuey ( 1 9 7? ) ,  and Eardley and others (1973) . 

Because o f  the late Pleistocene diversion of Bear River into the Lake Bonneville 
drainage basin, according to Morrison, Lake Bonneville overflowed into Snake River via Red 
Rock Pass as late as middle Pinedale time, about 1 4 , 000 years ago, whereas Lake Lahontan 
never did overflow its rim. 

Using volcanic ash layer s ,  repeated soil zones, and paleomagnetic reversal s  as stra
Ligraphic markers in two drill  cores and exposed lake deposi t s ,  Eardley and others (1973) 
and Morrison (1975) have extended the Lake Bonneville history back many thousand years, 
during which the lake level rose and fell tens of times. 

Lake Bonneville i s  thought by Morrison (1965,  1975) to have had five expansions in 
Bull Lake time and three main rises in Pinedale time during the late Wisconsinan glacial 
stage, and to have been preceded by twenty or more other deep lakes during the Kansan and 
Illinoian glacial stages. 

The principal Lake Bonneville shore lines are named Bonnevi l l e ,  Provo, and Stansbury. 
The Bonneville shore line at Red Rock Pass is 5085 feet above sea level (nearly 900 feet 
above Great Salt Lake) , 5090 to 5200 feet (di f fe ring because of later warping) along the 
front of the Wasatch Range, and a� much a� 5300 feet above sea level in the middle of the 
basin, where isostatic rebound resulted from removal of the welghl o f  Lhe waler (Crelten
den, 1963 ) .  Downcutting during overflow between 1 5 , 000 and 1 2 , 000 years ago (Morrison, 
1965,  p. 276) , or about 1 2 , 000 years ago (Broeker and Kaufman, 1965) reduced the outlet to 
approximately 4820 fee t .  The type Provo shore line is at 4800 to 4825 fee t .  The Stans
bury level is a complex of multiple shore l ines at 4450 to 4550 feet (Eardley , 1956) , bul 
especially about 4530 feet above sea level. They record several s t i llstands. Part of the 
Stansbury shore is possibly late Pinedale in age. 

About 50 radiocarbon dates relate to Lake Bonnevi l le (Libby, 1 9 5 5 ;  Crane, 1956; 
Broeker and Orr, 1958 ; Rubin and Alexander, 1958 , 1960; Broaker , Ewing, and Heezen , 1960; 
Olson and Broeke r ,  1 961 ; RroPkPr :tnci K:tufman , 1965) . According to Broeker and Kaufman 
(1965,  p .  546-54 7 ) ,  Lake Bonneville had relatively high water levels about 9500 years ago, 
12, 000 years ago. and 1 4 , 000 to 1 8 , 000 years ago, separated by s tages of low waler levels 
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about 11 , 000, 1 3 , 50 0 ,  and from 1 8 , 000 to at least 22, 000 years ago. They think that two 
high rises and two declines took place rapidly between 1 3 , 500 and 8 , 000 years ago. How
ever, wave-cut Danger Cave (Jennings , 1957) near Wendover, Utah, at the 4310-foot level 
(only about 110 feet above Great Salt Lake ) ,  dated by four radiocarbon samples of wood and 
dung to be about 1 1 , 000 years old (de terminations are G 609 : 1 1 , 450; C 610:  1 1 , 150; M 1 1 8 :  
1 1 , 000; M 119:  1 0 , 400 years) casts serious doubt on any high stand of the lake reaching or 
exceeding the cave level as late as 9500 years ago. This conflict is yet to be resolved . 

Lake Lahontan , as much as 700 feet deep, covered about 8 , 665 square miles in western 
Nevada (Russell, 1885 ; Antevs, 1945 ,  1948, 1952, 1 9 5 5 ;  Morrison, 196lb, 196lc , 1964 , 1965; 
Broeker and Kaufman, 1965 ) .  Its history is recorded in sediment s .  According to Morrison 
(1965) , these sediments comprise the Eetza Formation and the Seehoo Formation, separated 

by the eolian and a lluvial Wyemaha Formation and the s trongly developed Churchill Soi l .  
The Seehoo Formation interfingers with largely subaerial Indian Lakes Formation and i s  
ov�rl�in by the nonlacustrine Turupah Formation. The Eetza Formation records five to 
eight (?) expansions of Lake Lahontan, the Seehoo five or six mo re. These two formations 
are correlated with the Bull Lake-Tahoe and Pinedale-Tioga glacial s tages, about 7 5 , 000 to 
34, 000 and 25 , 000 to 8 , 000 years ago, respectively (Morrison, 1965, chart, p .  268 ) .  

I n  a tabulation o f  radiocarbon ages o f  samples from Lake Lahontan sedimen t s ,  Broeker 
and Kaufman (1965 , p. 540-542) list 36 ages in the range of 8 , 000 to 1 4 , 000 years, 30 ages 
between 1 4 , 000 and 20,000 years, a gap between 20, 000 and 2 8 , 000 years, and 8 ages of more 
than 28, 000 years. They interpret these ages as substantiating the same history of fluc
tuations of level as those reported in the Bonneville basin, with three high levels of 
Lake Lahontan about 1 8 , 500 to 14, 500� 1 1 , 600 ; and 9 , 700 years ago ,  respectively .  They 
correlate e ight samples having an average age of 1 1 , 700 years and two samples having ages 
of 8 , 600 and 8 , 850 years with the last two lake stages ln which the Seehoo Formation of 
Morrison was deposited . The post ula ted high level of the lake less than 1 0 , 000 years ago 
is an unsettled problem here too. 

Stanley (1949) , in his study o f  Lake Lahontan shore lines , found several groups of 
beaches . The highest beach has an elevation of 4374 t o  4389 feet , whereas the present 
Pyramid Lake ,  situated in the bot tom o f  the basin and shrunken from its 1870 shore line, 
lies about 3810 feet above sea level .  The older beaches have more dirt and soil i n  the 
gravel and show darker shades of deser t varnish on the surface pebbles . The area sur
rounding Pyramid Lake shows demarcations up to 120 feet above the lake. To Stanley the 
general relations "indicate a cons i derable peri od of general decline in lake level punc
tuated by upward resurge nce . " 

Possible Age Correlations 

The several stages of Lake Bonneville and Lake Lahontan probably have time equiva
lents in Fort Rock Lake , but their exact correspondence is not clear at this time. The 
high-wa ter limit of Fort Rock Lake is j udged to be about 4540 feet above sea level and of 
unknown age. The well established shore line at the 4475- to 4480-foot level represents a 
protract�d stillstand in the lake ' s  history, but its age i s  also indeterminate. One guess 
might place it in one of the Tahoe glacial stades. I f  a Tahoe age is accepted, then the 
prominent 4440-foot level (only about 40 feet lower) recorded on Fort Rock and elsewhere 
may also be of Tahoe age. In that case , the much lower 4373-, 4465-, 4363-, and 4360-foot 
and still lower beaches almost surely would have to be of Tioga-Pinedale-Fraser age .  

One alternative is that all recorded lake levels are Tiogan in age and that they form 

a series of intermittently rising levels separated by low stages, with each maximum lower 
than the previous one. Such a history would resemble the Tioga Glaciat ion--Pluvial Lake 
Russel l  sequence described by Putnam (1950) , who correlated two main clusters o f  end mo
raines in Lee Vining Creek Canyon, California, with corresponding water levels in Lake 
Rus se l l . Putnam though did not envision intervening low-wa ter stages. However, some of 
the four mapped clusters o f  end moraines may represent repeated advances of the ice in 
separate Tioga stades and not merely halts in recession of the ice front in one continuous 
episode of glaciation. The late Wisons inan Pinedale Glaciation had three such stades. I f  
separate stades in Tioga time a r e  accepted, then a comparable sequence of alternately 
rising and falling lake levels may well have occurred three or four times in both Lake 
Russ e l l  and Fort Rock Lake during the Tioga glacial stage. Such an analogy of Fort Rock 
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Lake with the Tioga-Lake Russel l regime seems reasonab l P .  Th� qu�stion remains, though, 
whether any of the uppermost lake levels are Tahoe (pre-Tioga) in age. The writer is in
cl ined to think they are Tahoe or even pre-Tahoe in age. 

A radiocarbon (C-14) date from ost racodes and calcareous oolites obtained from a thin 
layer 5 inches below the biotite-bearing volcanic ash exposed in the banks of Ana River 
in the northwestern part of the Summer Lake basin were found to be 30, 700 (+2 , 500 or 
- 1 , 900) years old. Another C-14 date based on snail shells hand-picked from pumice sand 
immediately underneath the first of two white volcanic ash layers at Fossi l T.ake was 
29, 000 (+2 , 000 or - 1 , 600) years . Accordingly the last two ash layers must be less than 
29, 000 years in age, but by unknown quantities.  It all the sediments later than the bio
tt te-bearing ash are Tiogan in age, then the Tioga Glaciation began more than 30, 000 years 
ago. 

These Ana River and Fossil Lake radiocarbon dates (30, 700 and 29, 000 years) would 
seem to fall near the beginning of Pinedale-Tioga Glaciation, when appropriately the level 
of Fort Rock Lake would be expected to be low, as the field relations suggest . tntrafor
rna l lonal breccias in the Fossil Lake area signify the occurrence of shallow water at least 
twice after the arrival of the less than 30, 700-year-old bioti te-bearing vol ranir ash . 
These low-water levels probably are related to interstades in Pinedale-Tioga time. 

Molluscan shells in near-shore gravel at an elevation of 4381 feet near the north end 
ot Seven Mile Ridge have a radiocarbon age of 1 2 , 980±230 years (GaK-1752 ) , or when cor
rected for fractionation, 1 3 , 380±230 years (Bedwel l ,  1973) . This age corresponds to the 
middle stade of Pinedale-Tioga Glaciation. It implies a t  least a moderate s tage or the 
lake level later than a l l  the pre-Mount Mazama pumice falls, except possibly the last two , 
which so far are known only to be younger th;n 29 , 000 years. The 7 , 000-year o l d  Mount 
Mazama vuwlce ls younger than Fort Rock Lake . 

The 1 2 , 9 80±230 or 1 3 , 380±230 years old material on Seven Mile Ridge and the 1 3 , 200± 
720, l l , YS0±350, and 10 , 100±400 years ages on charcoal from the Fort Rock, Cougar Mountai� 
and Connley Caves impose restraints on any hypothetical high rise of Fort Rock Lake in 
late Pleistocene time. Even so, a number of rises below the 4440-foot limit may have oc
curred ln Pinedale time. 

The overlap of archeological dates with the late part of the geological t ime scale 
seems to indicate that occupation of these cave sites may well have begun before Fort Rock 
Lake vanlshed . 
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