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RECENT VOLCANIC LANDFORMS IN CENTRAL OREGON* 

By Norman V .  Peterson and Edward A .  Groh** 

I n t r o d u c t i o n  

As the race to be the first mortals on the moon continues, the questions of 
how the lunar surface features originated and what rock types they contain 
are st iII not answered • 

Many of the lunar configurations that are telescopically visible cer­
tainly resemble volcanoes and features associated with them . Even if only 
a part of the moon's surface has been formed by val can i c processes, some of 
the smaller volcanic forms; such as hummocky lava flow surfaces, spatter 
cones, and lava tubes could be present. If these features exist, they could 
provide ready-made shelters to protect men and vehicles from the hostile 
environment of radiation, high temperatures, and mef:eorite and dust bom­
bardment. 

A reconnaissance of the Bend-Fort Rock area in central Oregon shows 
that it has a wealth and variety of fresh volcanic landforms that should be 
of interest to the planners of our lunar programs as well as to the students 
of volcanology or to those curious about the rocks of Oregon . 

R e c e n t  V o l c a n i c  A c t i v i t y i n  O r e g o n  

Before discussing central Oregon specifically, it may be well to look 
at the pattern of Recent volcanic activity in all of Oregon. "Recent" vol­
canism is that which occurred during the Recent Epoch of the geologic time 
scale, beginning at the close of the Pleistocene (glacial) Epoch about 
11 , 000 years ago and extending to the present. 

As shown in Figure 1, numerous lava flows, domes, and pumice and 
cinder cones of Recent age are present throughout the High Cascades and 
their eastern slopes, extending as a belt from Mount Hood to Crater Lake, 
with the greatest concentration in the Three Sisters area. This belt of 

* Geologist, State of Oregon Dept . Geology and Mineral Industries. 
** Private geoloqist, Portland, Oregon. 
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Figure 1. Index map of Oregon showing areas of Recent volcanism. 

volcanism contains such well-known features as the Belk.nap Craters and 
surrounding lava field, more commonly called the McKenzie Highway lava 
field; the flow damming Davis Lake; the cones and lava flow damming Clear 
Lake; cones and flows around the Three Sisters; Lava Butte and its rough 
lava field; the Lava Cast Forest; and, of course, Crater Lake. A more com­
plete list and description of the numerous Recent volcani.c features in this 
belt� including the Newberry Crater area, can be found in the geologic 
map by Howe I Williams (1957). 

Other Recent lava fields and associated cinder cones that are not nearly 
as well known or described in geologic literature include Devils Garden, 
Lava Mountain lava field, and Four Craters lava field. These border the 
north part of the Fort Rock and Christmas Lake Valleys. Jordan Craters, 
Bowden Crater, and Diamond Craters are isolated Recent eruptive centers 
located in southeastern Oregon. 

· The time of eruption of some of Oregon's volcanoes has been deter­
mined quite accurately by radiocarbon dating of carbonaceous material. 
For example, pumice from the cataclysmic eruptions of Mount Mazama 
fell aboul 6,600 years ago. Similarly, a pumice eruption from Newberry 
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Volcano has been dated at about 9, 000 years ago and a later one around 
2, 000 years. 

The age of many of the Recent volcanic rocks con be only inferred on 
the basis of such factors as appearance and geologic relationship. In the 
estimate of some volcanologists, Lava Butte and the McKenzie Hi ghway 
lava field are about l ,000 years old. The writers believe the Four Craters 
cones and lava field to be about this same age. More study and observation 
of Oregon's Recent Iovas may produce carbonaceous materials which will 
provide accurate determi notion of their ages by the radiocarbon method. 

Another very young eruption gave rise to the Parkdale lava flow, which 
lies in the valley of the Middle Fork of the Hood River at the bose of Mount 
Hood. It is a block-type flow of probable andesitic composition, about 
three miles in length. The terminus of the flow is about one mile west of 
the town of Parkdale and reaches a thickness of more than 100 feet. A 
thin ash fall around the upper flanks of Mount Hood is believed, from tree­

ring doting, to hove resulted from a short eruption in the main crater about 
the year 1800, and may be the lost fairly well-substantiated volcanism 
known in Oregon. Some fumorolic activity still exists on Mount Hood near 
Crater Rock and at the headwall of Reid Glacier. 

In our neighboring state of Washington, report of a short erupTion at 
Mount St. Helens producing an ash fall during November 1843 is well 
documented. There is evidence that a small, blocky andesite flow may 
hove been extruded on the mountainside around 1838. Also, it has been 
scientifically demonstrated that on ash eruption may hove token place 
about 1802. Fumarolic action is still present on this mountain. 

To the south in California, Mount Lassen, the United Stoles' latest 
active volcano, hod its most recent eruptions from 1914 to 1917. 

R e c e n t  V o l c a n i c  Are a s  i n  C e n t r a l  O r e g o n  

During the summer of 1962, in cooperation with the Bend Chamber of 
Commerce, a reconnaissance of the area south and east of Bend, including 
the northern parts of the Fort Rock and Christmas Lake Volleys, was mode 
to determine the extent and variety of Recent volcanic landforms. It is not 
the intent to list every feature but to show areas where there ore concen­
trations and to illustrate and describe briefly some ofthe typical landforms. 

Figure 2 show s that most of the recent volcanism is within a brood, 
northwest-trending zone extending from the Three Sisters area at the crest 
of the High Cascades southeastward through Newberry Volcano and the 
Devils Gorden area until it terminates in the Four Craters lava field in the 
north port of the Christmas Lake Valley. 
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Four Craters lava field 

T his unnamed area, for this report called the Four Craters lava field, 
is the most remote and farthest southeast area of very recent lava flows and 
cinder cones. It covers about 12 square miles in Ts. 25 and 26 S., R. 17 
E. on the northern edge of the Christmas Lake Valley. This relatively small 
area is a typical example of the alignment of cinder cones on a strong fis­
sure from which basa I tic lavas have been erupted. The four main cratered 
cinder cones with smaller parasitic scoria mounds are surrounded by clink­
ery aa flow lavas that came from numerous vents.along a fissure that trends 
about N . 30° W. 

Lava Mountain la\lo fi-ehf 

A Iorge basalt shield-type cone lies to the east of the Devils Garden 
lava field and is called Lava Mountain. This broad, shallow cone covers 
an area 6 to 7 miles in diameter mainly in T. 24 S., Rs. 16 and 17 E. The 
lava field was not examined in detail because of poor access and difficult 
terrain; however, both the rough, cl i nkery aa lava and the smooth-crusted, 
ropy pahoehoe lava were noted at the edge of the flow. 

One or more cinder cones top this lava shield and probably were formed 
during the last eruptive phases. Two "steptoes". or islands of older rock 
were seen within the eastern part of the lava field when viewed from the 
top of the northernmost cinder cone in the Four Craters field. 

The Devi Is Garden 

The Devils Garden area covers about 45 square miles of the northern 
part .of the Fort Rock Valley in northern Lake County, mainly in Ts. 24 and 
25 S., R. 15 E. Thin flows of block pahoehoe lavas originating from fis­
sures in the north and northeast port spread to the south and southwest. 
Several rounded hills and higher areas are islands or "steptoes" completely 
surrounded by the fresh black lavas. 

Excellent examples of smooth, ropy pahoehoe lava are common on the 
upper surfaces of the large slabs formed by collapse w�n the hot.fluid lava 
of the flows was drained from beneath thin, solidified crusts (Figure 3). 

Along the northeast edge of the Devils Garden, there are classic ex­
amples of spatter cones, spatter ramparts, and lova tubes. figure 4 shows 
one of two especially large spotter cones, locally called "the blowouts," 
in sec. 12, T. 24 S., R. 15 E. These were built over a fissure from tem­
porary vents by the bubbling up of pasty clots of semi-molten lava. Another 
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group of these spatter cones (Figures 5 and 6) aligned along a fissure are 
situated about a mile to the north. 

Figure 7 shows the collapsed roof near the entrance to a very interest­
ing lava tube that has been named "Derrick Cave . "  In some places the 
height to the roof is more than 50 feet, indicating that the formation of all 
lava tubes is not as simple as presently explained. Certainly the flow, 
whose top and sides cooled and later drained owing to pressure of the con­
tained hot fluid lava on its snout, was narrow and thick. Numerous flat 
benches (Figure 8) on the tube walls show that the drainage of the tube 
was not continuous but stood sti I I  or flowed sluggishly at times . Further 
study of this lava tube, i n  which so many primary flow features are pre­
served, could give valuable information about how they are formed . 

Lava Butte area 

Lava Butte is s ituated alongside U. S. Highway 97 about 10 miles south 
of Bend and i s  a well-known feature to anyone who ha"s travelled by. A 
rood leading from the highway spirals around this classic, basaltic cinder 
cone to a parking area at the top . A well-formed crater exists at the apex 
of this  cone and the lava field some 500 feet below can be viewed from its 

·rim .  Clinkery aa lava {Figure 9) erupted from a ve.nt at tfte toot o f  tile 
cone on the southern s ide and flowed to the west and northward for about 
6 miles, blanketing an area of about 12 square miles. As it was extruded, 
this  flow diverted and dammed the Deschutes R iver . ·  The gutter through 
which laya flowed maybe seen by following a trail  of wooden planks, 
called the Phil Brogan Trail, which proceeds from the rood at the bottom 
of Lava Butte over the rough lava surface to a viewpoint . 

Across the highway to the southeast from Lava Butte is a small area of 
agglutinated spatter features that are aligned along the same fissure which 
fed the lava to Lava Butte and its lava field. These fea.tures were formed 
by semi-molten clots of lava thrown out by "fire fountaining" to build ir­
regular mounds. · 

Figure 10 is a photograph of the quarry cut into Finley Butte, which 
lies some 12 miles south of Lava Butte. The picture shows the typical struc­
ture of a cinder cone, with beds of cinders lying at the angle of repose, a­
bout 32 to 35 degrees . Lava Butte would also show this same structure if  
its slopes were quarried. 

Newberry Volcano (Paulina Mountains) 

Newberry Volcano,_ with its large c,aldera, crater lakes, pumice and 
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Fig. 3. Typical pahoehoe lava surface on eastern edge of Devils 
Garden lava field. Hot fluid lava flowed from beneath the cooled 
crust, causing it to collapse and break into a jumbled mass of slabs. 

Fig. 4. Small spatter cone is disclosed in foreground. In background 
is an unusually large spatter cone, one of the "Blowouts." Another 
is hidden behind it. 



Fig. 5. A row of spotter cones aligned along a northwest-trending 
fissure, which crosses photograph from I eft to right. 

Fig. 6 .  Detail of flow lines on spotter cone ot upper end of row in 
figure 5. Semi-molten clots of basaltic lovo were thrown out and 
pi led on one another to form this feature. Note fres hness of I ova. 



Fig. 7. This p hotograph was token a short distance inside entrance of 
Derrick Cove. The roof has collapsed, allowing light to disclose 
shape of upper half of this lava tube. Debris from roof fills lower 
ha If of cave in foreground. 

Fig. 8. This photograph taken far back in Derrick Cave displays sev­
eral benches where lava remained at a temporary level as it flowed 
from the tube, some of it congealing along the sides. A gutter 
through which the last of the lava drained is seen in foreground. 



Fig. 9. Clinkery or aa surface of Lava Butte lava field in foreground. 
Looking eastward, cinder cone of Lava Butte is in background. 
Lava issued from a vent at the base of cone, which is at the r= 
in the photograph. 

Fig. 10. Ouarry cut into Finley Butte shows bedding of cinders and 
bombs of a typical basaltic cinder cone. Successive ejections of 
these pyroclastics produced the beds which lie at angle of repose. 
Lava Butte has a simi lor sh uc lure. 



cinder con es, and domes of obsidian is one of the largest and most specta­
cu lar volcanic areas in  central Oregon . H owel W illiams (1935) has ade­
quately described many of the features of N ewberry Volcano. H owever , 
there are at least 150 small subsidiary cones on N ewberry Volcano and 
many that have not been described in detai I . Further study of these wou I d 
seem to be w arranted, since a lar ge percentage of the cones and several 
lava fields, includ ing  Lava Cast Forest, are un doubtedly of Recent a ge .  
Of interest a lso_arethe several lava tubes situated about the flanks of New­
berry V olcano. Probably many more of these tubes exist and wi ll eventu­
a lly be d is covered . 

H ole-in-the-Ground 

-Southward beyond the edge of the broad shield of Newberry V olcano 
are two youn g craters in T. 25 S . , Rs . 12 and 13 E . that  should be men ­
-tioned because of their resemblance to sma ller lunar craters. Hole-in-the ­
Ground and B ig Hole are maar-type craters that  are believed to be formed 
by a series of  brief, v iolent eruption s when risi ng  basalti c magma encounters 
water or water-saturated rocks near the surface . These and other maar-type 
features have been described by Peterson and Groh ( 1961). 

I s  N e w V o l c a n is m  t o  be E xpe ct e d? 

O bservation of the numerou s volcan ic cones, flows, and other features 
wh ich have been formed by eruptions within the last 11, 000 year s, many 
within  the last mi llen ium, and some almost to the present, calls for wonder. 
The question then comes to mind: W i ll new eruptions take p lace in the n ear 
future - the far-off future? 

O regon ,  a lon g with the other Western States, is within the zone of 
v olcan ic a ctiv ity which surrounds the Pac ific O cean . Several hundred 
v olcanoes in var ious pha ses of a ctivity occur in this circum-Pacific belt. 
Th is 11belt of fire11 is a lso n oted for its sei sm ic (earthquake) a ctivity , whic h  
s ign ifies mobility of the earth's crust a lon g thi s  zone. 

Volcan ic and se ismic processe s  in d ifferent segments of this belt have 
varied greatly in intensitY throu ghout pa st geologic time and also in his­
toric time. For the present, Oregon i s  en joying a stage when activity with­
in  i t s  segment i s  probably at i t s  lea st. Therefore, v olcan ism in Oregon 
should be con sidered only as dormant, not extinct. 

Renewa l  of volcan ism in Oregon could well begin next month - this 
year - next year - or thou sands of years hence . That is to say, its occur­
rence i s  not pred ictable i n  the li ght of our present-day geolog ic knowledge .  
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New eruption s� should they begin, probably w ou ld occur in  the a reas of 
m ost recent activity . The d ominant zone of Recent volcanism trend ing  
n orthwest from the Four Craters area to  that of the Three S i sters, a s  previ­
ously menti oned, w ou ld seem to  be m ost favorable in this respect . Never­
theless, the older v olcan ic m onarchs of the Cascade Range ,  such as M oun t 
H ood and Mount Jefferson shou ld n ot be thought of a s  dead . H istory ha s 
demon strated that numerou s  v olcan oes considered extin ct by the nea rby in­
habitants ha '\le become reactivated . Even calderas thou ght by most vol­
can ologi st s to  have expended the energy of the ir magma chambers have 
renewed activi ty .  Consequently, Newberry Crater and Crater Lake, Ore­
gon's outstandin g  example s  of caldera s, shou ld not be c on sidered extinct. 

New volcan ism, thou gh, is  si gna led a lm ost invariably by earth tremors 
of mode rate to  great.inten sity and of i ncrea sin g  fre quency days to m onths 
a head . Crustal movements  a llowin g  magma to ascend to-.yard the surface 
and / or pressures generated by the ascending ma gma are thou ght to produ ce 
these seismic t rem ors. A network of sei smi c stati ons in  addi ti on to  the two 
now exi sting in Oregon w ou ld quickly establi sh the spot from which  these 
tremors we re radiati n g. Thu s  the surface locality throu gh whi ch an eru p­
ti on mi ght occ ur would be defined . In habitants wi thi n  the zone of dan ger 
could be wa rned and measures  for their protecti on taken . 

C on c l u s i on s 

In t hi s  re port, we ha ve touched upon only a few·of the uni que or un­
usua l volcanic  landforms exi stin g within the area of Recent volcanic rocks 
in central  O regon . For the geologi st and volcan ologi st, and for studen ts 
of the se sc iences, there i s  a wea lth of features to  be observed and from 
whi c h  to rec onstru ct the volcan ic processes lead in g  to  their formati on .  

Si mi larly ,  researchers in our nati on 's manned lunar landing program 
a re offered a great variety of form s whi ch may be landscape features of t he 
m oon's su rface . Variou s  instrumented probes wi ll determine m ore thorou gh­
ly the com positi on and texture of the moon's surface in  the immed iate fu­
ture . If thi s  su rface is comparable to  recent volcanic terrain on the earth, 
then thi s  centra l Oregon regi on should be of great value to those who are 
de velopi n g  the vehi cles and tra in ing the men w ho will land and explore 
the moon . 
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LAVACICLE CAVE 

The picture was taken in Lavacicle Cave, a lava tube approximately 40 miles south­
east of the town of Bend. Other lava tubes, such os Derrick Cave, Lava River Cave, 
and Skeleton Cave, ore common in this part of central Oregon and undoubtedly there 
are a great many more yet to be discovered. Lavacicle Cave is unique because of 
the well-developed lava pinnacles rising from the floor. Phil Brogan, geological 
writer and editor of the Bend Bulletin, has suggested the term "lavacicle" for these 
distinctive formations. We ore therefore proposing that this nome be adopted for 
all such volcanic dripstones found in lava tubes. 

Geologists hove observed that certain lava tubes served as chonnelways for later 
lava flows. Evidence of these younger flows is seen along the walls in the form of 
projecting shelves and gutters, representing the various stages of flooding as the lava 
stream rose and fell. Apparently, Lavacicle Cave was temporarily filled to the roof 
by o younger flow. Immediately after this lava drained out of the tube, the molten 
material coating the ceiling dripped to the floor, building pinnacles of rock. The 
tallest lavacicle shown here is about 6 feet high; hundreds of others scattered over 
the floor range from 1 to 2 feet in height. In contrast, lavacicles an the ceiling ore 
only a few inches in length. 

Lavacicle Cave was found by accident in the summer of 1959 when a forest fire 
swept through that area. One of the fire fighters noticed a small hole in the ground, 
just Iorge enough to crowl through. From it issued a stream of cold air. His curiosity 
concerning the source of the air current led to the discovery. 

Until the time when the lavocicles can be properly protected from destruction 
by man, the U. 5. Forest Service has closed the entrance, but permission to visit the 
cave can be obtained from the District Headquarters in Bend. 

[Photograph by Dave Falconer J 
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Reprinted·from The ORE BIN, Volume 25, No. 11, November, 1963, 
page 198. State of O regon Department of Geolo gy and Minera l I ndu stries, 
1069 Sta te Office _Bu ilding, Portland, Oregon 97 201. 

{15) 



The ORE B IN 
Volume 25, No. 5 

May, 1963 

MAARS OF SOUTH -CENTRAL OREGON 

By 

N .  V. Peter son * an d E. A. Groh** 

I n t r o d uc t i o n  

If we could go back in time some 5 to 10 mil lion years to the Pliocene 
Epoch an d recreate the lan dsca pe of south-centra l Oregon , here are some 
of the things we would probably see :  

From a pla in originally of slight relief, fa ultin g has already de lineated 
broad basin s  containin g  large, shallow lakes. To the west , the H igh Cas­
cade volcanoes are beginn in g  to erupt on a gran d  scale .  In an d around  the 
basin s, volcan ic vents, a li gned alon g northwe st-tren din g fissures, spew out 
fi re founta in s to form re ddish-black scoria cones. These break through, 
sprea din g thin sheets of basa ltic  lava to fill de pression s an d further di srupt 
the existin g dra ina ge.  When the basa ltic ma gma rises  beneath the-lake sor 
near the ir borders, tremen dous steam pre ssures are generated that trigger 
catastrophi c initial  explosion s. Ash, la pi lli , and large blocks of a ll the 
rocks involved are thrown hi gh into the air i n  successive explosi ve erup­
tion s to settle and to build rai sed rims of ejecta aroun d  the funnel-sha pe d  
craters. In some, the e xplosi ve phase dies quickly an d flui d magma rises 
to fill the craters wi th a lava lake . In others the magma solidifie s  at depth, 
or withdraws, an d water enters to form crater lakes. In sti ll others, the 
same vents or one s  nearby aga in explode violently to modify the original 
sim ple feature s. 

Returning to the present, we see only the eroded and burie d  remnants 
of these peculiar volcanic features; our colorful recon struction of the past 
had to be ba sed on ima gination an d the little geologic  evi dence that re­
ma ins. 

* Geelogist , State of Oregon Dept. of Geology & Minera L Industries. 
** Private Geologi st , Portlan d, Ore gon . 
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D i s t r i b u t i o n  o f  Ba s a l t i c  T u f f L a n d f o r m s  

During the summer of 1962, we made a broad reconnaissance of north­
ern Klamath County and north-central Lake County to determine the dis­
tribution of the landforms described above to see if they form a pattern that 
would help to explain the special conditions necessary for their formation; 
we also looked for criteria that would make them easy to recognize. 

The index map (pages 82 and 83) shows the distribution of basaltic tuff 
landforms that have been definitely recOgnized in the field du�ing this study 
and also during other assignments in Klamath and Lake Counties, in 1959, 
1960, and 1961 . 

There are concentrations in two broad northwest-trending zones, one 
in the Fort Rock-christmas Lake valleys in northern Lake County and the 
other in the Yonna and Sprag.ue River valleys of central Klamath County. 
Individual occurrences and small groups of occurrences have also been iden­
tified adjacent to the Klamath River west of Keno and in the southern Fre­
mont Mountains north and west of Lakeview, Oregon. 

Future study wi II be extended to the south and· east to cover the area 
bounded by Summer, Abert, and Alkali Lakes, and more detailed studies 
will be made of the individual landforms already recognized, to determine 
their original structures and origins. 

Definition of terms 

Maar, dry maar, ubehebe, tuff cone, tuff ring, and diatreme have all 
been used by various authors to describe relatively large, shallow, flat­
floored craters that resulted from short-lived volcanic explosions. 

Maar: As defined in the American Geological Institute glossary, a 
maar""fS"ia relatively shallow flat-floored explosion crater, the walls of 
which consist largely or entirely of loose fragments of the country rock and 
only partly of essential, magmatic ejecta. Moors are apparently the re­
sult of a single violent volcanic explosion, probably of phreatic origin. 
Where they intersect the water table, they are usually filled with water 
and form natural lakes� The term was or'iginally applied to craters of this 
nature in the Eifel district of Germany." 

Dry maar or ubehebe: These terms have been used by Cotton ( 1941) to 
describe two small craters in Death Valley, California. These craters have 
raised rims built of layers of rock fragments derived from the immediately 
underlying terrain. 
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Tuff cone or tuff ring: These are synonymous terms for volcanic cones 
built primarily of consolidated ash and generally shaped something like a 
saucer, with a rim in the form of a wide circle and a broad central depres­
sion often nearly at the same elevation as the surrounding country. They 
usually show maximum growth on the leeward side. Individual tuff beds 
forming the cone dip both inward and outward, those in the high part of the 
rim approaching the angle of repose. Tuff cones are believed to be the re­
sult of hydroexplosions caused when lava erupts under water or water­
saturated rocks close to the surface. In form tuff cones, or tuff rings, bear 
a general resemblance to moors. 

Diatreme: A general term given to funnel-shaped or pipelike volcanic 
vents that are filled with angular fragments of many sizes of the rock types 
through which the pipe passes. In some there is no trace of magmatic ma­
terial, but in others basaltic tuffs are present. An explosion crater is the 
surface expression of a diatreme • .  The term should probably be restricted to 
erpded features where only the pipe or the pipe-filling breccia remains. 

The term maar is becoming more popular and is being used increasingiy 
to describe these explosion craters with rims built of volcanic tuffs and 
breccias, even though no lakes were present. The term is 9lso utilized for 
the volcanic processes that form this type of crater. 

Tuff cone {or tuff ring) seems to be a more descriptive term, however, 
and is probably more nearly correct for describing the south-central Oregon 
structures where high rims of layered tuffs and breccias are present. These 
two terms, then, maar and tuff ring will be used interchangeably for the 
features in south-central Oregon. 

M a a r  o r  T u f f  Ri n g  Fi e l d  I d e n t i f i c a t i o n  

General types 

Most of the central Oregon maar/tuff-ring features are similar and 
probably resulted from almost identical volcanic explosive processes. On 
tbe basis of the ones examined so far, there are enough differences in in­
dividual occurrences so they can be classified into three general types: 

1. Simple moors: Circular or roughly circular craters surrounded by 
rims made up of steeply dipping, thin to thick layers of pyroclastic rocks. 
Excellent examples of this type are Hole-in-the-Ground and Big Hole, 
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shown in figure 1. As this type becomes more dissected and its original 
crater obliterated, the layers of tuff ore usually exposed as low, curving 
hogback ridges that show their original ring shape, or os bold cliffs with a 
roughly circular shape, such os Fort Rock, shown in figure 2. 

2. Simple moors modified by later lava: In this type, the conditions 
necessary for violent explosive activity ceased after a time, and the craters 
were filled by quiet extrusion with basaltic lava, which in some cases over­

flowed the rims and poured down the sides. Erosion of this type results in 
a lava-capped hill or butte surrounded by inward-dipping layers of explo­
sion tuffs. Typical of moors of this type in the Fort Rock valley ore Flat 
Top, shown in figure 3, and Table Mountain, in figure 4. 

3. Complex moors: Where individual explosive vents were closely a­
ligned or spaced, the tuff layers from separate explosions ore superimposed 
on o�e another. Erosion of these complexes results in oval to elongate 
ridges of the layered tuffs with anomalous attitudes. A good example of 
this type can be seen in the Iorge mass which makes up Table Rock near 
Silver Lake. This massive ridge is about 5 miles h:>ng and 3� miles wide 
and covers about 15 square miles with bold erosional outcrops of layered 
basaltic explosion tuffs. 

Surface expression 

The landforms thcit sti II retain crater depressions are the easiest to rec­
ognize, and so far two hove been found in the �art Rock-christmas Lake 
volley. Hole-in-the-Ground has a crater almost a mile in diameter and 
Big Hole, 1� m.iles i.n diameter. Williams (1935) has reported three tuff 
rings within the Newberry caldera, one of which still lias a saucer-shaped 
crater. The surface expression of eroded outcrops of the others examined 
indicates that this size is probably about the minimum, and where they oc­
cur in clusters they formed much larger masses. 

Thickness of the layered tuffs 

The layered tuffs and breccias at the rim crest of Hole-in-the-Ground 
ore only about 150 feet thick, and they thin rapidly in all directions away 
from the crater. At Fort Rack (figure 2) the eroded cliffs show at least 300 
feet of the thinly layered tuffs, indicating that either it was originolly much 
larger than Hole-in-the-Ground, or that it had higher rims. At Table Rock 
near Silver Lake, the explosion tuffs make up most of the highest point, 
which is more than 1,000 feet above the surrounding plain. 
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(a) (b) 

Figure 1. Examples of typical simple moors. to) Aerial view of Hole-in-the-Ground, 
showing truncated edges of the older rocks through which the vent was dri tied. 
A small lake probably once filled the crater. (b) Aerial view of Big Hole. Walls 
and rim ore composed entirely of thin layers of basaltic lapilli tuffs and breccias. 
Crater depression is broad and shallow. 

Figure 2. Fort Rock, on eroded remnant of o once much larger moor. The steep cliffs 

expose hundreds of thin layers of typical basaltic explosion tuffs. Well developed 

wave-cut terraces were formed by Pleistocene lake. 



Figure 3. Flat Top, a remnant of a modified, simple moor. Layers of tawny basaltic 
tuffs dip beneath a basalt capping tl.at originally filled the crater. 

Figure 4. Table Mountain, illustrating a closer view of the contact of crater-filling 
lava with slightly baked, undisturbed tuffs which dip inward toward the crater. 



Composition and structure of the tuffs 

Thin layers of vitric lithic tuffs are present in all the maar/tuff-ring 
features and are perhaps the beat criteria for their identification. Colors 
range from gray to drab yellows and browns, but are usually tawny. Tuffs 
of this type are composed of a variety of angular volcanic rock fragments 
in a matrix of fine, frothy bas-altic glass. The fragments vary in size from 
microscopic shards to large blocks as much as 10 feet in diameter (figures 
5 and 6), with lapilli sizes most abundant. The glassy nature of the 
groundmass in most of the explosion tuffs is easily recognized with a 
hand lens. 

The tuffs and breccias almost always show a thin layering even though 
the rock fragments are large. This layering results from powerful sporadic 
shbwers of ejected material that drop directly into place. Cross bedding, 
channeling, and other sedimentary features resembling those of waterlaid 
deposits are locaHy present. Some layers are deformed by the larger frag­
ments and blocks that have fallen directly on them. 

Dips are steepest at rim crests and some approach 30 degrees, which is 
probably near the angle of repose for fragmental rocks such as these. In­
ward dipping tuffs may be seen at both Flat Top and at Table Mountain 
(figures 3 and 4), where they have been protected from erosion by a cap­
ping of lava that filled the original craters of broad tuff rings. 

The quaquaversal dips of differentially er�ed layers of tuff can usual­
ly be seen even where dissection has been intense (figure 2). The commi­
nuted ash from the explosions may have been very hot, and there may have 
been slight initial fusing or sintering in some of the layers. The moist en­
vironment and pozzolanic nature of the groundmass also may have resulted 
in almost immediate induration of the tuff layers. 

In some places hoodoos, pedestals, and other irregular shapes so typi­
cal of badlands topography are formed by differential erosion. At Moffitt 
Butte adjacent to Oregon highway 31 these erosional features are comm.on 
(figure 7). 

Microscopic character 

Brief examinations. of a few thin sections reveal that the groundmass is 
made up of microvesicular basaltic glass fragments and shards which are al_: 
most completely altered to palagonite. Small, broken crystals of calcic 
feldspar and olivine are also present. Round vesicles are abundant (figure 
8), and many of them, as well as the voids between the shards, are filled 
with calcite and zeolites. 
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Vo l c a n i c  Pr o c e s s e s  i n  M a a r  Fo r m a t i o n  

A review of the literature on moors in other regions of the United States 
and elsewhere in the world brings out four common characteristics: ( l) moors · 

have occurred in a hydrous environment, with surface water or a high water 
table present during their eruptive history; (2) a distinctive layering of the 
ejecta made up of both magmatic and accidental material indicates that 
they were formed by relatively short, successive explosive ejections; (3) 
there are present accidental rock fragments, some quite large, which hove 
been brought up from a considerable depth by the expulsion of large quan� 
tities of gases through the conduit or diatreme from the underlying magma 
source; and (4) the composition of the magmatic addition is generallymafic, 
in many cases an alkalic type basalt. 

Any satisfactory explanation of the mechanisms or processes for the 
formation of maar-type volcanoes should recognize these four criteria. 
Numerous authors have advanced theories of maar formation ranging from 
the gaseous emissions of a magma to steam explosion due solely to contact 
of meteoric water with hot magma at depth. Others tend to the collapse, 
or caldera, hypothesis as the main process after the formation of a tuff ring. 
In general, most authors seem to recognize that explosive eruptions are in­
volved. 

Shoemaker ( 1962) believes the gases from a magma, once they have 
dri lied a vent or diatreme to the surface, go into a state of surging similar 
to the action of a geyser. He does not consider the presence of water as 
significant. The viol.ent emission of these gases enlarges the conduit pro­
viding the accidental ejecta, and with additions from the magma builds the 
maar; subsequent subsidence and slumping enlarges the crater after eruptive 
activity has ceased. 

Stearns (Stearns and Vaksvik, 1935), on the other hand, believes the 
contact of hot intruding magma with surfac� water or water-SQturated rock 
is the main causal agent. He envisions a catastrophic explosion by this 
method which produces the initial crater. Material collapsing from the 
crater tends to plug the vent, then, with the entrance of more water, an­
other steam blast occurs as contact is made with heated rock. Coupled 
with this is the sudden relief of pressure on the magma column, setting up 
a violent vesiculation which produces the pyroclastic component. This is 
repeated unti I the energy supplied- by the magma is exhausted. Cited also 
in support of this "phreatomagmatic" origin of the Oahu, Hawaii, moors 
Is the fact that all occur close to the sea. Stearns (1926) also has noted the 
relationship of moors and ground water in the Mud Lake area of Idaho. Lee 
(1907) believed this S<lrne mechanism to be the cause of the Afton Craters, 
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Figure 5. Enormous accidental block of porphyritic basalt lying near the crest of the 
east rim of Hole-in-the-Ground. 

Figure 6. Closeup of Horning Bend showing thin layers and intimate mixing of angular 
rock fragments. The tuffs at this location contain a high percentage of accidental 
glassy rhyolite. 



Figure 7. Hoodoo and badlands type of erosional landforms at Moffitt Butte. These 
and other differential weathering features ore characteristic. 

Figure 8. Micro-photograph of basaltic (pologonite} tuff showing the microvesiculor 
nature of the groundmoss, which is composed of fragments and shards of yellow­
brown basaltic gloss. 



New Mexico. In his study of the Hopi Buttes area diatremes, and r·emnant 
mears, Hack (1942) has postulated the "phreatomagmatic" origin of these 
features which are closely associated with the Pliocene sedimentation of that 
region. 

Jahns {1959), in his study of the Pinacate Craters in Sonora, Mexico, 
postulates the formation of a large tuff breccia cone by explosive action of 
a vesiculating magma on a catastrophic scale. When this magmatic energy 
is expended, collapse and foundering into the partially evacuated magma 
chamber results in the formation of a caldera. Since the Pinacate Craters 
belt is confined to only a part of a large volcanic field containing hundreds 
of cinder cones. Jahns also cites Stearns' (Stearns and Vaksvik, 1935) the­
ory os a possible alternate explanation. 

A different view of the formation of a maar is offered by Mueller and 
Veyl (1957) by their observations of the eruption of a new maar called 
Nilahue Maar, in Chile. It is their contention that the pyroclastics mak­
ing up the maar cone were formed from fusion of the rock originally con­
tained in the crater by the enormous quantity of hot gases expelled and that 
no addition of magmatic material took place. Added to this was also un­
fused accidental ejecta of the rocks penetrated by the vent. Theorizing on 
the origin of the maar, they believe gases which accumulate at the top of 
on intruding magma erupt through the overlying rock and continue their 
spasmodic expulsions unti I exhausted. Surface water, and presumably ground 
water (although they do not specifically mention ground water), breaching 
the weak ash.barrier and flowing into the vent help to keep it open by sec­
ondary steam blasts. Otherwise, in the absence of water, they believe a 
regular pyroclastic cone would be bui It which would place a damping ef­
fect on the gases escaping, this in turn allowing the cone to grow by keep­
ing the ejecta close to the vent. 

All of these hypotheses attempt to explain the causes for the charac­
teristic features of moors, but there are still many questions which ore not 
completely answered. The one point that most authors do agree on is that 
violent expulsion of gases is an important requirement in maar volcanism. 

The writers' studies and field work on the moors discovered to date in 
south-central Oregon strongly point to a hydrous environment existing at 
the time of their formation. Many probably erupted into the shallow lakes 
present throughout this-region during the Pliocene and Pleistocene epochs. 
Others were formed in the areas where the water table was near the surface 
around the lakes and in the drainage system of the region. ln.such an en­
vironment it can well be expected that magma and/or the volatiles heating 
fractured and porous water-bearing rock would produce a phreatic or steam 
explosion, throwing out this rock and forming a funnel-shaped crater, as 
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advocated by Stearns (Stearns and Vaksvik, 1935). Corwin and Foster ( 1 959) 
describe an explosive eruption on lwo Jima which occurred in such a man­
ner. 

The numerous beds of crudely sorted ejecta which make up a maar or 
tuff ring indicate a s imilar number of ejecta falls, each expelled essential­
ly as a unit. Each bed apparently was explosively ejected in a short inter­
val of time with a relatively quiescent period between successive eruptions. 
The observati ons of Mueller and Veyl ( 1 957) confirm this evidence. Yet 
these short 1 violent eruptions, of perhaps 20 or 30 minutes duration, do 
not seem to be satisfactorily explained solely by ground or surface water 
contacting heated rock, the magma, or its volatiles. After the initial 
phreatic explosion, the major share of energy must be derived from the mag­
ma, mainly its hot gases . Some mechanism that causes a plugging or stop­
page between success ive eruptions seems to be a necessary requirement. A 
point that has not been previously emphasized in the maar volcanic proc­
ess is possibly the influence of the wide crater, a feature common to all 
moors. After phreatic eruption forms the initial crater, part of the fallback 
would tend to plug the vent unti I increased gas pressure could blow this 
material out again . As the crater widens with repeated new eruptions, a 
greater portion of the fallback is collected and funneled into the vent. Thus 
a temporary plugging by a load of loose material falling back into a wide 
crater may be of major importance in maar volcanism. Stearns (Stearns and 
Vaksvik, 1935) advocates a similar process of plugging by fallback, but 
does not consider the importance of a wide crater in relation to this action . 
The infiltration of surface and ground water into.the lower and hotter 
portion of the vent may help to produce steam blasts causing further frag­
mentation of the rock and adding some energy during eruptions. Crater 
d iameter enlarges to a size which is related to the maximum energy ex­
pended in the eruptive process . 

With each eruption, tremendous volumes of gases must be generated by 
an explosive frothing of the magma. A fluid, mafic !flOgma carrying vol­
atiles would permit this action more readily than a viscous one. This would 
account for the glassy, vesicular ash of basaltic composition typically pres­
ent as the magmatic addition in the moors of south-central-Oregon. Ex­
pulsion of a large volume of gases also can be expected to provide a high 
velocity streaming through the conduit. This streaming of gases carries 
rock broken from the walls up the conduit . Some quite large blocks are 
brought from considerable depths in this manner. Fragments of rock trans­
ported from depths of several thousand feet have been reported in  studies of 

·moors and diatremes of other localities (Hack, 1942, and Shoemaker, 1956) . 
The fragments are probably brought to the surfad� during one single eruption, 
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although some may fall back and require two or more eruptive episodes. 
As previously mentioned, the writers • study of Hole-in-the-Ground has 
pointed out that some enormous blocks have been carried up from depths 
of at least several hundred feet (fig .  5) . 

After all volcanism ceases, the diameter of the crater is further in­
creased by subsidence and compaction of the material in  the vent, slump 
of the crater walls, and normal erosion . 

C o n c l u s i o n s  

A wide distribution of moors/tuff rings occurs throughout south-central 
Oregon, and the evidence shows an association with a hydrous setting at 
the time of their formation . Studies of the Pliocene-Pleistocene rocks of 
areas not as yet examined in  this  region will no doubt expose many more of 
these features . At present, these peculiar volcanic structures show a pat­
tern along two rather broad, northwest-trending zones which is also/ as 
expe�ted, the mojo� direction for the faults of this region . As additional 
maars are discovered, some modification of this  pattern may be noted. 

Since accidental fragments in the tuff-breccia bed� of these moors have 
been expelled from a condui t  or diatreme, they provide a rough sample of 
a section of the underlying rocks . Petrographic study of these fragments, 
some of which may have been brought up from depths of several thousand 
feet, can confirm whether a certain known rock formation exists below . 
This may aid the geologist, for instance, in solving a structural problem 
when mapping a particular area in the vicinity of a maar . 

Many hypotheses for the volcanic processes of maar formation have 
been offered by various writers from their observations of these features . 
Generally, all who have studied moors or tuff rings agree that explos ive 
eruptions are necessary to their production. The almost universal associ­
ation of moors with a water-bearing environment seems also to be an es­
sential factor . Relating this factor to the explosive volcanic process which 
forms a maar leaves many questions unsatisfactorily answered . The moors 
of south-central Oregon, ranging from those little eroded to those com­
pletely dissected, present an unusual opportunity for study . 
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T HE AG E O F  C L EAR LA KE , O RE G O N  

By G .  T .  Benson* 

Cl e ar Lake, in  Li n n  Cou n ty ,  i s  located at th e h ead of th e Mc Kenzi e Ri ver ,  
a bout seven mi l es w est o f  th e crest  of th e Cascade Range between Santiam 
and Mc Kenz i e  Passes (see ac co mpanying map) . The l ake, wh ich is  c l ose 
to U . S .  H i ghway .1 26 , is  noted for its drown ed forest; ta l l  trees sti l l stand­
i ng on th e l a ke bo ttom are easi l y  seen in th e co l d ,  c l ear  w ater . 

Th e l ake was formed w h en a l ava fl ow poured i nto the upper Mc Kenzi e 
Va l l ey ,  dam m i n g  the r iv er and po n di ng i ts w ater . Th e l ava came from one 
of th e ven ts mar ked by th e Sand Mou n ta i n  l i ne of  craters (Wi l l i ams, 1 957) . 
Th i s  basa l t  f low is part of th e grou p of you ng vo l can ic  roc ks i n  th e Santiam ­
Mc Kenz ie Pass area show n  o n  th e map . That th i s  vo l can ism o c curred a geo ­
l og i ca l l y  short t i me ago i s  ev i dent from th e l ac k  of so i l  and vegetation on 
the fl ows . 

Th e dramat i c  s i gh t  of mi l es of bare,  jumbl ed l ava a t  Mc Ken zi e  Pass 
(see photograph ) h as l o ng caugh t th e fancy of motori sts .  TQ i ncrease th e 
benefi t of th e area to the pu bl i c ,  the U . S . Forest Serv i c e  i s  prepari ng ex­
h i b i ts exp l a i n i ng th e geo l ogy in th e v i c i n i ty of Dee Wr ight  Observatory at 
the Pass . I n  th e course of  pI anni  ng the Forest Servi c e  pro i ect,  th e questio n 
of the abso l u te age of th e f lows at Mc Kenz i e  Pass was ra ised . I t  was appar­
e n t  th at  an answ er might  be obta i n ed from radiocarbon dat i ng . 

Carbo n - 1 4 ,  a radioac tive carbon isotope w i th a h a l f-l i fe o f  about 
5, 570 years , i s  produ ced conti nuous l y  i n  th e atmosphere by cosmic -ray 
bombardmen t .  The rates of pro du c ti o n  and decay resu l t  i n  an equ i l i br i um 
concentrat io n  of radiocarbon , or , s tated d ifferentl y ,  i n  a n  equ i I i br i u m  ratio 
between radiocarbo n and non -radi ogeni c carbon . Carbon in l i v i ng ti ssu e 
i s  constan t l y  rep laced ,  so that rad iocarbon and non -radiogen i c  carbo n are 
present  in th e equ i l i br ium ratio . Wh en the tissue di es , how ever , rep l ac e ­
m e n t  ceases , and th e rat io  c hanges a s  th e radiocarbon atoms decay . T h e  
d i fference betw een th e ratio i n  dead ti ssu e and th e ratio i n  l i v i ng t issue is  
a m easure of how l ong ago th e former di e d . In  pract ice,  th e date of death 
of o nc e-l i v i ng ti ssu e can be determ ined w i th. adequate accuracy bac k to 
a bo u t  40, 000 years before present (y . b . p . ) . 

Char coa l from trees bur n ed by th e hot  l av a  at Mc Kenz i e  Pass cou l d  be · 
u sed to date the f lows . Severa l search es were mader bu t  no charcoal that 
cou l d  be attr i bu ted defi n i te l y  to burn i ng by l ava was fou nd ei th er in  th e 

* G eo l ogy Departmen t,  U n i vers i ty of Oregon ,  Eugene, Oregon . 
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Aerial view of McKenzie Pass looking north toward Mt. Wash ington, Three Fi ngered Jack, and M t .  Jefferso n .  
Bel knap Craters and lava flows in foreground. (Courtesy o f  Delano Photograph ics) 
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f lows from the -Bel knap Craters or i n  the flow from Yapoah Crater,  upon wh i ch 
Dee Wrigh t Observatory is loca ted . A direct answer to the question of ab­
so l u te age of the Mc K en z ie Poss Lava f lows mu st awa i t  the discovery of 
charcoa l ;  bu t a n  i ndirect answer cou l d  be obta i ned from th e trees in  C l ear 
Lake . 

Th e U . S . Forest Serv ice arranged to have members of the Wh i tewater 
Di vers , a group of ski n di vers  from Eugene, take samp l es o f  th e drow ned 
trees . Severa l sect io n s  of trees were obta ined i n  Novem ber , 1 96 3 ,  i n  what 
must have been one of th e fi rst aqua l u ng logging operations . Two samp l es 
from one sec tion of a tree abou t one foot i n  diameter ta ken at a dep th of 
abou t 1 3  fee t be low th e surface were chosen for dati ng . Th e samp l es were 
ana l yzed by I sotopes, I nc . ,  of Wood l aw n ,  N . J . ,  and dates were reported 
as fo l l ows:  Samp l e  a [ 3 ,  200 � 220 y .  b .  p . ] samp l e  from center of tree 
section; and Samp l e  b [ 2 , 705 ± 200 y . b . p . ]  samp l e  fro m outer part of tree 
sec tion . Th e two dates appear to be i n  a dequate agreemen t . Part of th e 
d i fferences shou l d  be due to l ocations of the samp l es i n  the tree section . 
From th ese dates , the trees i n  C lear Lake can be sai d to have drowned about 
3 ,  000 years ago , when the l ake w as formed by th e l ava f low from Sand 
Mou nta i n . 

As show n o n  th e map , three groups of l ava f lows have been de l i n eated 
through the use of aer i a l  photographs .  The o l dest is th e Sand Mounta i n  flow , 
wh i �h . we now know i s  �bou t 3.� 000 years o l d .  �ova fl ows from �e l knap 
Cra ter l ap o n to flows from Sand Moun ta i n ,  and th us  are you nger . On the 
bas i s  of  superposi tion  and l ac k  of vegetatio n ,  the l av.as .from Li tt l e B e l knap 
Cra ter wh i ch are so conspi cuous at Mc Kenz i e  Pass , are the you ngest  of the 
f lows from th e Bel knap Craters . Bu t even th ese l avas ar'e not the most re­
cent . The Dee Wri gh t  f low from Yapoah Crater over l aps the Li tt l e Bel knap 
flows and is  therefore you nger, as are th e f lows from Co l l i er and Four -I n ­
One Craters . 

Thus,  by know i ng th e age of C l ear Lake and the l ava f low th at formed 
i t ,  we can say that th e l ava at Mc Kenz ie  Pass is l ess than 3 ,  000 years o l d ,  
a n d  ·some o f  i t  i s  consi derab l y  you nger . Determ i n i ng th e abso l ute age o f  
th i s  freshest l ava requ ires di scovery o f  ch arcoa l a n d  carbon-1 4 dating . 

R e f e r e n c e 

Wi l l iams ,  Howe l ,  1 957, A geo log ic  map of th e Bend quadrang l e  and a 
reco n na i ssance geo l og i c  map of the cen tra l portion of the H i gh Cascadq 
Mou n ta i ns :  Oregon Dep t .  of Geo l ogy and Mi nera l I n dustr i es map . 

* * * * * 

Repr inted fro m  The ORE B I N ,  Vo l u me 27, N o . 2 ,  February , 1 965,  pages 
37-40 . ·s tate of Oregon .Department of Geo l ogy and Mi nera l I ndustr i es ,  
1 069 State Office Bui l d i ng ,  Portl a nd ,  Oregon 97201 
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HOLE- I N -THE-GROUND 1 CENTRAL OREGON 
Meteori te Crater or Volcanic Explosion? 

by 

Norman V .  Peterson* and Edward A .  Groh * *  

Lewis McArthur, in  Oregon G eographi c  Names, has descri bed Hole-i n-the-Ground a s  fol lows: " Hole­
in-the-Ground, Lake County . This very remarkable place is  wel l  describtod by i ts name . It covers an oreo 
of about a quarter of a square m i l e ,  and i ts floor is over 300 feet below the surrounding land level . I t  is 
about eight mi les northwest of Fort Rock . "  

Hole-in-the-Ground is a large, almost circular, bowl -shaped crater in  the northwest corner of Lake 
County . I t  has a sl ightly el evated rim and l ooks very much l i ke the famous Meteori te Crater in north-central 
Ari zona . Thi.s remarkable resemblance and the lock of on explanation of the origin i n  the published l i tera­
ture was brought to the attention of the deportment by Groh and is the basis for the present study . 

The original plans for the study included only Hole-in- the-Ground and the nearby larger, sha l l ower 
crater, B i g  Hole, but very soon ofter orriving in the area the writers noticed other interesting volconic features 
of explosion origin . These features , shown on the index map (figure 1 ) ,  include Fort Rock, Moffit Butte, 
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Figure 1 .  Index map of the Hole-in-the-Ground area, central Oregon . 

*Field geologist, State of Oregon Deportment of Geology and Mi neral Industries. 
* *Private geologist, Portland, Oregon . 
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Flat Top, and several unnamed landforms north and. west of Hole-I n-the-Ground. A l l  were examined and are 
described briefly In ·later paragraf)hs .  

After a reconnaissance o f  the geology o f  the whole area was made, two days were ·spent studying the rocks 
I n  the wal ls  and rim of the Hole-In-the-Ground crater and searching for evidences of meteor i tic material . 

H o l e - i n - t h e - G r o u n d  

Hole-in-the-Ground (figure 2) I s  i n  sec . 1 3, T .  25 S . , R .  1 3  E . ,  i n  the extreme northwestern corner of 
Lake County . I t  can be reached by turni(lg east from Oregon Highway 31  on a wel l -marked Forest Service 
road 25 miles southeast of the junc�ion w i th U . S . Hi�hway 97 near lapine, Oregon . 

The depression or crater has many of the characteristics of a meteor i te crater . I t  i 5  almost c ircular w i th 
steep wal ls  sloping to a flat floor that Is about 425 feet below a raised ·rim . The highest point on the rim is  
at  an el evation of 4800 feet, about 500 feet above the floor of the crater . 

The resemblance between Hole-in-the-Groun� and the Ari zona meteorite crater Is shown by the foll ::�w­
lng compari son: 

"Hole-In-the-Ground" 

Diameter 5000' 

Depth (crest of rlm to crater floor) 425' 

Height of rim above surrounding plain 100' to 200' 

Rim slope to plain about 5° 

Rock In wal ls Basal t  1 ash flow, tuff, and 
explosion debris 

Age At least 2000 to 9000 years, 
based On dating of pumice falls 
from N ewberry Crater and 
Mount Mazama (Crater Lake) . 

"Meteorite Crater" 
4000' 

6 1 3 '  

1 48' to 223' 

3° - 5° (! mile) 

Limestone and sandstone 

20,000 to 75, 000 yean . 

The rocka that crop out In the wa l l s  of . Hole-In-the-Ground are shewn on the accompanying crou­
�ectlon (flgur\3 3) and are, from bottom to top, an ash flow tuff, a series of fine-grained l igh t-gray olivine 
basal t  flows, explosion tuffs that contain many types and colon of -rock fragmenh, and large blocks as much 
as 10 feet In diameter of expto:slon debris Including a conspicuous porphyri tic olivine basal t that Is bel ieved 
to occur deeper than the rocks exposed In the crater wal l s :  The floor 1 steep slopes, and rim are blanketed 
by pumice from Mount Mazama (Crater Lake) and Newberry Crater . A thin soli zone has devel oped on the 
pumice . The rim Is s-l ightly higher and broader to the ead, Indicating a westerly wind at the time of the ex­
plosion . A smal l  fault  offsets the basal t  flaw In the east wall of the crater . 

The crater rim was careful l y  examined to determine If metal l ic  meteoritic material , shattered rocks, de­
posits of rock flour, or minute metal l ic  droplets of vapori zed meteori tic nickel-Iron were present . As the 
crater and explosion debris were already present when the latest pumice showers occurred, holes were dug to 
a level beneath the pumice and th_e soli screened and tested with strong magnets for the presence of metal l ic  
magne tic material . Magnetite from the pumice and underlying lavas and tuffs ls abundant In the sol i ,  but no 
ldtmtlflable meteoritic fragments or metal lic droplets could be found . An examination of the outcrops of the 
bcisalt flows also did not show the great shattering an&'ujnvard ti l ting that should accompany the explosion of 
a Iorge meteorI te . . . . . • - . I .  ,"• • 

It Is almost certain that, I f  this crater were the "result of a meteoritic Impact expi�)Sion, fragments of 
nickel-Iron and metal l ic  droplets or their oxidized products would be present In abundance on and around the 
rim, as Is the case at the Ari zona Meteorite Crater ; Thluhould be true even for a stony meteorite, because 
they generally contain &everal ··peh:ent of n l tkel-lron tln-�metall lc farm . It Is very doubtful If a large stony 
meteor i te could survive passage through the atmosphere to produce a crater of this sl ze; rather, the sudden 
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F igure 2 .  Hole-i n-the-Ground,  a l ate P l e i stocene maar, v i ewed from th e south . Th is  crater i s  
near ly  a m i l e  ( 1  .6  km)  in  diameter and the h ighest point  on the east r im is  500 feet { 1 53 m) above 
the crater floor . Basa l t  flows exposed i n  the far wa l l  under l i e  the explosion tuff breccias as 
shown i n  the geo logic cross-section below (fig . 3) . 

Latest Basal t F l ows 

r B l ocks & Fragmental Rubb le  Exposed
\ 

_ � Basa l ti c  Tuff-breccias � \ 

Vertical  Sca le = 3 X H or i zonta l  Sca l e  

Note: Th i n  Pumice Laye.· 
Man ti  es the Surface 

SCALE 

\ 
Porphyr i t i c  Basa l t  

- C o l l a pse Debr i s  and 
Brecc ia  in Vent 

Peterson and Groh { 1 96 1 ) revised 

F i gu•·e 3 .  Genera l ized Geologic Cross Section of the H o l e - i n-the- Ground . 
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F i gure 4 .  Aerial view of Fort R ock l ooking to the northeast .  D i fferential weathering has accen­
tuated bedding in nearest wa l l . This wa l l  i s  a sheer c l iff about 200 feet high and more than 300 
feet above the plain. Pleistocene lake terraces have been cut into both ends of "horseshoe " . 

heat and pressure evolved upon encountering the denser a i r  moss would cause the meteorite to break intomony 
fragmen ts . O n l y  sma l l  craters or pits would result when these struck the earth . 

I n  the absence of any posi tive evidence for its formation by meteori te impact, the location of the crater 
in on oreo of known re<..ent volcanic activi ty and the many associated volcanic features point to on abrupt 
volcanic explosive or igin  for the Hole- i n - the-G round . 

I t  is bel ieved that Hole- in-the-Ground resulted from o single or o very brief series of violent explosions 
caused when ris ing magma suddenly come in contact �ith water-saturated roc k .  The source of the water 
could hove been the extensive lake that once existed in Fort Rock Vol ley . The explosion blew out Iorge 
quanti ties of older rocks, together w i th pyroc lastic material , and formed on embryonic tuff r i ng . Apparent ly  
the magma withdrew after this br ief  acti v i ty and did not  continue or  return to eject additional pyroclastic 
material i n  the quantity for the formation of a Iorge tuff r ing . A detoi led description of this process is given 
in the di scussion of Big Hole, o s imi lar  but more fu l l y  developed feature . 

B i g H o l e  

This Iorge depression, as shown on the index mop, is in sees . 5, 6, 7, and 8, T .  25 S . ,  R ,  12 E .  1l is  
o brood sha l l ow crater w i th wal ls  and rim mode up of dark-gray and brown lopi l l i  explosion tuffs and breccias . 
These rocks d i p  outward from the center of the crater . The rims ore not quite as we l l  defined as at Hole-in­
the-G round and a heavy stand of timber w i thin  and around the crater makes deta i l  d i ff i c u l t  to see . Big Hole, 
however, i s  o much better deve loped tuff ring than Hol e-in-the-Ground i n  that a greater volume of pyro­
c l astic debris has accumulated around the rim . AI though both craters ore young geolog i c  features, Big Hole 
appears to be the older . In other respects the two craters ore ol ike . 

The B i g  Hole tuff r ing i s  very simi lar to the wel l -known D i amond Head tuff ring on Oahu, one of the 
Hawaiian I s l ands .  A tuff r i ng or tuff cone is a brood-floored ring-enclosed volcanic crater . Such features 
typi ca l l y  hove steep inner wa l ls that show the edges of both i nward and outward dipping layers of explosion 
tuffs and breccias. The ejected fragments hove been dropped directly into place after being hurled high i n to 
the a i r . The tuffs and breccias ore composed of consol idated heterogeneous mixtures of v i tr i c  material from 
the parent magma and fragments of previously formed rocks. 
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There is a very definite association of tuff rings w i th water, and they ore bel ieved to occur where in­
trusive magmas hove come into contact with water-sa turated rocks at shal l ow depths. Tuff rings ore thought 
to be formed in a very short period of time (a few days to a few months) by a rapid series of explosions that 
eject fine ash and rock fragments high into the oir . Each explosion is fol lowed by s lumping of the crater 
wol ls and rock fal l i ng directly bock into the crater to form a plug; then water rushing into the crater furnishes 
the steam for another explosion . Crude gravi ty sorting of the particles that are dropped directly into place 
accounts for the distinct layered structure of the tuff rings . 

Big Hole , Hole-in-the-Ground, and the other tuff ring features in the area rr.ay have been formed as 
far bock os Pl iocene time, but more l ikely during the Pleistocene or even Rt:cent epochs when Iorge pluvial 
lakes occupied volleys formed by block faul ting . At the time these lakes existed there was sufficient ground 
water in the area to affect the intruding magma in the manner that has been described . 

E r o d e d  R e m n a n t s o f  O t h e r  T u f f  R i n g s  

Fort Rock 
In Oregon Geographic Names, Lewis McArthur described Fort Rock as fol lows: "The rock is on isolated 

mass, imperfectly crescent shaped, near ly one-third of a mi le  across and i ts highest point is about 325 feet 
above the floor of the plain on which it stands. I t  has perpendicular c l i ffs 200 feet high in places . "  

A brief inspection of this striking, wel l-known landmark (figure 4) in the brood Fort Rock Volley shows 
that I t  is an Isolated erosional remnant of what was once a much larger tuff ring . · The yel lowish and brown 
tuffs with a variety of dark to I ight colored volcanic fragment. are similar to the explosion tuffs at Big Hol e .  

A deta i led study of the attitudes of the tuff layers would probably show whether or not the eroded cen­
tral part of Fort Rock is actua l ly  the crater from which the tuff has been ejected . In general , the thin layers 
of airborne tuffs dip to the southeast and this would seem to put the center of volcanism to the northwest out­
side the present confines of Fort Rock . Simi lor layered explosion tuffs ore known to occur beneath the soil 
zone a mi le  to the north . 

The unusual shape of Fort Rock does not seem to be the direct result of I ts original volcanic form; rather 
i t  is more l ikely the resu l t  of later erosion by wave action in a Iorge pluvial lake, as shown by terraces cut 
into the southern end of the horseshoe-shaped wal l s .  Hole-in-the-Ground and Big Hole, on the other hand, 
were unaffected by wove erosion o• they lay at an elevation above the level of the lake . 

Moffit Butte 
Moffit Butte is a bold erosional feature just to the north of State Highway 3 1  I n  sec . 7, T .  24 S .  1 R .  1 1  

E . ,  about 10 mi les southeast of Lapine . The steep c l i ffs and badlands type of erosional landforms can be seen 
from the highwa y .  

The c luster of ridges and h i l ls that makes u p  the butte appears to be composed of the remnants of one or 
more tuff rings . Thin to thick layers of yellowish to brown l i th ic explosion tuffs and tuff breccias occur I n  a 
roughly circular to e l l iptical pattern with the dips of the beds or layers toward the center . There l s  enough 
variation in the atti tudes at di fferent places so that this may be a c luster of tuff rings super imposed on one 
another . 

Near the highway at the southern edge of the butte there is a smal l  area capped by a thin ,  cindery, 
reddish-block basa'lt flow . A narrow dike or pipe-I ike mass that is probably the source of the flow cuts the 
tuffs nearby . 

Ridge 28 
This unnamed northeast-trending, low ridge in sec . 28, T .  24 S . ,  R .  1 1  E . ,  Is also made up of yel low­

brown l i thic explosion tuffs that dip to the northwest, south, and southeast .  This landform is also believed to 
be only an erosional remnant of a once larger tuff ring . 

F lat Top . 
The eroded edges of the layered explosion tuffs ore present as far north as Flat Top in sees . 1 3  and 14, 

T.  24 S . ,  R .  14 E .  Here again the I I  th ic explosi�n tuffs have variable atti tudes . Unl ike most of the other 
features described, this one is capped by o thin flow of basa l t .  This basa lt probably f i l l ed a sha l low broad 
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crater soon after the explosive phase that was responsible for the layered tuffs and overflowed to the north­
west . This basa l t  ar1d the eroded tuffs are surrounded by Recent younger vesicular basa l t  flows in which orig­
inal flow features l i ke pressure ridges, lava tubes, and ropy crusts can sti l l  be seen . 

N i ggers Heel and Toe Butte (Cow Cave, Fort Rock Cave) 
This small butte about 1; m iles west of Fort Rock is famous as the cave where some of the oldest Indian 

artifacts from Oregon were found . Sandals woven from shredded sagebrush bark were d i scovered beneath a 
layer of pumice that hod exploded from N ewberry Crater . Dating by the carbon- 1 4  method shows that the 
sandals were mode at least 9000 years ago . 

The butte i s  made up of a variety of pyroclastic and flow rocks . The western port in which the cave 
(known loca l l y  as the Cow Cove) occurs is mode up of reddish scoria fragments that ore rather loosely ce­
mented . The eastern port of the butte is copped by a thick reddish to block basal t  f low that forms a steep 
c l i ff w i th Iorge blocks at i ts base . 

The waves from the Iorge lake that once occupied Fort Rock Vo l ley eroded the cave I n  the loosely ce­
mented scoriaceous material  of this butte, at the same time cutting the terraces at Fort Rock . 

S u m m a r y 

Hole-in-the-Ground rema i ns a uni que topographic feature of Oregon for i ts'. marked simi lar i ty to a mete­
orite crater, though i ts origin is volcani c .  The meteor i te crater of Ar i zona was produced by the explosion of 
on iron meteor i te, estima ted to hove weighed between 20, 000 and 60, 000 tor.s, upon impact with the earth . 
The release of the colossal kinetic energy of a body this size, travel l i ng at an estimated speed of around 10  
mi les per second at  impact, blasted out the crater . For Hale-in-the-Ground the energy came from hotmagma 

eking contact wi th water or water-bear ing rock, forming sudden l y  enormous s team and gas pressure which 
J>Unched i ts way through the overl ying rock to the surface in one or two bursts . The explosive energy needed 
to produce a crater th i s  si ze with a burled nuclear charge would be over 51 000,000 tons, TNT equiv,glent, 
on the bas is of a simi lar estimate for the Ari zona meteorite crater . Thus can be real i zed· the tremendous en­
ergy contained in volcanic forces that produced the Hole-in-the-Ground and the other volcanic explosion 
features described previously . 

The volcanism producing the l andforms descr ibed in this arti c l e  was but a sma l l  part of the activity going 
on in the region to the north at Newberry Crater and to the west in the High Cascades during the Pleistocene 
and Recent epochs . Much of this volcanism was the relatively quiet outpouring of fluid lavas, yet at the 
same time explosive act ivi ty ejected gigantic amounts of pyroclastics . The pumice fal ls of Mt.  Mazama 
(Crater Lake) and Newberry Crater bear wi tness of this as two examples in Recent time alone . 

Further study of this area w i l l probably reveal more of these tuff cones or their eroded remnants. Doubt­
less others remai n  hidden, having been covered by later volcanic flows and lake sediments. 
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RECENT VO LCAN I SM BETWEEN TH REE F I N GERED J AC K  AND NORTH S I STER 
OREGON CASCAD E RAN GE 

Part 1 :  H istory of Vo l cani c Acti v i ty* 

By Edward M. Tay lor* * 

I n t r o d u c t i o n  

On the cres t of the Oregon Cascade Range, between the Pl ei stocene vo l canoes known 
as Three F ingered J ack and North Si ster , an i mpress ive array of c i nder cones stands 
i n  the midst of Recent basa l t i c  l ava fi el ds whose tota l area exceeds 85 square mi l es 
(fig . 1 ) .  Al though each major fie l d  is c l osely approach ed by a h ighway , severa l lava 
flows and many cones ,  vents , and other vo l can i c  features have not been descr ibed i n  
pri n t .  I n  th i s  paper, the h i story o f  eqch eruptive center fi rst w i l l  b e  i n terpreted from 
the standpoi n t  of fiel d observations, and th en w i l l be reviewed i n  an i n tegrated out­
l i ne of recen t vo l canism . Th e vol can i c  h i story and geo logi c maps presen ted here have 
been abstracted from a genera l survey of petro l ogy in the H igh Cascades of Oregon · 

wh i ch the wr i ter has fo l lowed for severa l years and wh i ch has progressed from Bache­
lor Bu tte to Three F ingered Jack . 

North and south geograph ic I imi  ts of the present study are p laced a long straigh t 
east-west l i nes th rough Th ree Fi ngered Jack and North S ister , respectivel y; east and 
west boundar ies are drawn co inc ident w i th the eas t and west borders of the H igh Cas­
cades as out l i ned by Wi l l iams ( 1 957) . The temporal range of geo l og ic  events extends 
from the end of the last major g lac ia l  ep i sode to the present .  I t  i s  be l ieved th at a l l 
exposed eruptive u n i ts w i th i n  these boundar ies of space and ti me are inc l uded in th i s  
report . Severa l unoffi c ia l , but su i tab l e ,  geograph ic names are i n troduced where rea­
sonab l e  discussion demands them . For background information , th e reader is referred 
to the appended Glossary of Se lec ted Terms and to Wi l l iams ( 1 944) . 

C o n e s  a n d  F l o w s  o f  Q u e s t i o n a b l e R e c e n t  A g e 

The maps presen ted in th i s  paper d i ffer s l igh t ly from ear l i er reconnai ssance geo­
l og i c  maps (Wi l l iams, 1 944, 1 957) in th eir  defi n i tion of Recent basa l t ic cones and 
flows . Discrepanc ies ar i se w i th respect to : ( 1 ) i dent i fication of landforms ,  (2)  recog­
n i tion of cones and flows wh ich have been g l aciated , and (3) recogn i tion of possi bl e 
pre-Recent cones and flows wh i ch have not been g lac ia ted . I n c l uded i n  th e fi rst group 
are th e fo l low ing l and forms not prev ious ly  i denti fi ed: a g l ac iated dome of rhyo l i te 
and obsidian at the sou theast base of Condon Bu tte, a knob of g lac iated bedrock near 
the termi nus of the northwest l ava f low from Col l ier Cone ,  a near l y  f lat gl ac i ated 

* Part I I ,  Petrograph i c  studies and chemica l ana lyses , to be pub l i shed at l ater date . 
** Department of Geo logy , Wash i ngton State Un i versi ty . 
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surface between Co l l i er and Four-i n-One l avas , two g laciated steptoes wh ich rise 
through Li ttl e Bel knap lava near McKenzie Pass , a g laciated h i l l 1 !  mi l es northwest 
of Yapoah Cone , and a g lac iated steptoe at the west end of the Bel knap lava fie l d .  
Landforms o f  the second group are located on figure 1 by  the symboi 1 1X 1 1 • The th ird 
group inc l udes four lava flows which do not appear on th e o lder maps , Scott Moun­
tai n ,  Two Bu tte , a feature known as the 1 1Ci nder P i t ,  11 and two c i nder cones on the 
northeast s lope of B lack Crater . Thi s  group is descri bed as fol lows: 

Lava flows,  so old that deep forests now h ide them from v iew I issued from four 
separate vents c lose to the western boundary of the H igh Cascades . Their i ndividual 
h istories are re la tive ly unknown . I nc luded here are the Park Creek flow , the fl ows 
on the west s lope of Maxwel l Butte , and the Anderson Creek f low (fig . 1 ) .  No c in­
der cones have been recogni zed i n  association wi th these lavas . 

The Park Creek flow is composed of b locks which have been somewhat rounded 
by weatheri ng . Crusta l features and the outl i nes of l ava tongues can be seen on ly  
where ancient  fi res have l im i ted the forest cover . The flow origi nated near a smal l 
h i l l  at the north lava margi n ,  moved sou th for two mi l es ,  and forced Park Creek to 
undercut a h igh c l i ff of sedi mentary rocks . 

Equal ly  vague is the eruptive h is tory of flow rocks on the side of Maxwel l Butte . 
Two source vents approxi matel y 2 . 3  mi l es west of the Maxwel l summ i t  are i nd i cated 
by the distri bution of lava , but neither has been located pre_c isely nor has it been 
possi b le  to trace contacts between f low un i ts .  Here too , ol d forest fi res have ex­
posed slaggy crusts and numerous pressure ri dges . Where the North Santi am H ighway 
cuts th rough the flows , their th i n ,  vesicu lar character can be seen in cross section . 
Farther west , abou t two m i l es from their source , they are found adjacent to the Park 
Creek flow; rela tive age has not been determi ned . 

To trace the Anderson Creek flow one must l earn to 1 1fee l 11 i t  beneath the for­
est fl oor; i ndeed, the very existence of fresh lava wou ld  be di ffi cu l t  to prove if log­
g ing operations had not disc losed stri king exampl es of lava levees and vesi cu l ar f low 
tops . The advanced age of th is flow is i nferred from the condi tion of i ts forest cover 
i n  comparison w i th the cover found on other flows wh ich l i e at si mi lar e levations to 
the north and south . Lava issued from a subdued spur 2 .  3 mi l es west of Scott Moun­
ta in  summi t and poured as a cascade i nto the va l l ey of Anderson Creek . A north lobe 
appears to have advanced , then stagnated, three mi l es from th e source . Another 
lobe was channeled west by an in terveni ng h i l l ,  and then was defl ected northward , 
where i t  I ies in contact  w i th the northernmost lobe . Th is  western lobe eventua l l y 
spread into the val ley of Ola l l ie Creek . I ts termi na l  lava front, six mi l es from the 
source ,  can be seen besi de the Cl ear Lake H ighway . 

Scott Mounta in  is a g lac iated sh ie ld  vol cano , l ocated southwest of th e Bel knap 
lava fi el d (fi g .  1 ) .  Upon the summi t of Scott Mounta in  is a smal l c i nder cone of re­
cent appearance . Layered deposi ts of ash and scoria are abundant near the top,  
wh ere on l y an i ndisti nct remnant  of  th e crater rim has  survi ved erosion . The flanks 
are composed of coarse red scoria and perfectly shaped spi ndl e bombs . Black lava 
spread over the west and southwest l i p  of the  crater but did not move beyond the cone . 

Two Bu tte is a doub le  c inder cone located 3 . 4 mi l es south of Scott Mounta in  
(f ig . 1 ) .  The cones are 400 feet h i gh ,  are a l igned north -south , and have lost their 
craters by erosion . Red scor ia and spatter are exposed near their summi ts, bu t their 
flanks are mantl ed in dense forest . Except to the sou th , where smal l flows can be 
traced to the edge of the Lost Creek g lacial  trough , surroundi ng terrain  bears th e 
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i mpri nt of profound g laciation . 
One and one-ha l f  mi l es north of B l ue Lake Crater (fig . 1 ) ,  a dimi nut ive c inder 

cone h as been excavated for road meta l . As a resu l t ,  the condu i t - now occupied by 
a p l ug of basal t - has been la id  bare w i th i n  a sha l l ow ,  c i nder-covered pit . The des ig­
nation 11Ci nder Pi t ,  11 wh ich appears on the Three F ingered J ack  topograph ic  map (U . S . 
Geo log ica l  Survey , 1 959 , 1 5-minu te) , w i l l be adopted here . A narrow stream of 
l ava moved on ly a few hundred feet east from the condu i t . The l ava rests upon g la­
c ia l  deposits wh ich , as exposed in  the pit ,  have been oxid ized by vo lcanic emanations . 

Two other c inder cones w i th we l l -preserved su mmit craters stand 250 and 350 
feet above the nor th and nor theast fl anks of Bl ack Crater . No g lac ia l  deposi ts nor 
str iae occur upon these cones , but the coarse , weathered scoria  on their s l opes strong­
ly resemb les ej ecta from other cones north and sou th of B l ack Crater wh ich have been 
g l ac ia ted . 

A Recent age for the above cones and flows is open to question , even though 
they rest upon o l der g l ac iated bedrock surfaces or g lac ia l  deposi ts . The last { latest 
Wi sconsi n? ) ma jor advance of g lac ia l  ice between Three F i ngered J ack and North 
S i ster is recorded by a variety of features which i nc l ude latera l and term ina l  moraines ,  
bedrock striat ions, vegetation patterns , and g l ac ial ly  transported errat ic l i tho logies . 
G lac iers , as in terpreted from these records , did not cover the Anderson Creek nor 
west Maxwel l lavas duri ng Late Wisconsi n ti me , but may have ob l i terated their source 
cones . I t  i s  cl ear that such g l aciers reached neither the Park Creek flow nor the Cin­
der  Pi t .  S i mi l ar ly ,  g l ac iers d id  not  affect Two Butte , but  they migh t  have destroyed 
Two Bu tte lavas in the adjacent g l acia l trough . G lacia l  i ce ,  as ou tl ined by morainal  
patterns, probably moved between the two cones on B lack  Crater w i thout disrupt ing 
them, and m igh t not have s ignificantl y eroded the Scott Mounta in  cone because of 
i ts h igh-s tanding posi t ion . 

V o l c a n i c  H i s t o r y o f  t h e S a n d  M o u n t a i n L a v a  F i e l d 

Wi th i n  the H i gh Cascades there are many examples of vo lcanic mountai ns ar­
ranged in near ly perfect I in  ear or arcuate patterns .  Few are as easi l y  recognized as 
the cha in  of 22 c inder cones and 41 d isti nct vents referred to here as the Sand Moun­
tai n  a l ignment (fig . 2) . An elongate zone of weakness probab ly developed in the 
rocks beneat� the cones a long which magmatic gases and l iqu ids were conducted from 
the depths to the surface . I n  detai l ,  th is zone diverges northward i n to two distinct 
branch es . Sand Mountai n Cones are the largest vo lcanoes on the a l i gnment and rise 
above the intersection of the branches . The pr incipa l l andforms are geograph ica l ly 
as fol lows: L itt le  Nash Crater and the Lost Lake Group on the north , Nash Crater 
and the Central Group farther sou th , Sand Mountai n Cones, and the South Group 
(see fig . 2) . 

Over a long span of t ime ,  the numerous and c lose ly spaced eruptive centers of 
the Sand Mounta in  al i gnment d ischarged about th ree-quarters of a cubic mi l e  of i ava 
and a l arge but unknow n vo l ume of ash . The resu l t  was an i ntr icate accumu lation of 
over lapping cones , fl ows,  and sheets of ejecta ,  whose vo l can i c  h istory is set forth i n  
approximate chrono log ica l  sequence below . 

The ol dest vo lcano exposed on the a l ignment probably is a sma l l ,  1 50-foot 
c inder cone located between Nash Crater and the junct ion of North and South San­
tiam H ighways . Erosion has destroyed a l l trace of a summit  crater , and the lower 
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forested sl opes are covered w i th ash from younger cones . Another denuded c inder 
cone ,  approx imate l y  400 feet h igh ,  l i es one m i l e  sou thwest of Lost Lake , and has 
reta ined on ly a vestige of i ts crater ri m .  Any l ava wh ich may have issued from these 
cones is  now lost to v iew beneath younger flows from later vents . 

The Centra l Group is a t ight c l uster of five c inder cones , three of wh ich over­
lap to form an eas t-west vol can ic r idge , ha l f  a mi le  long and 200 feet h igh . The 
west end of the r idge conta ins a smal l symmetr ica l  crater , but the east end has been 
breached at i ts northern base by a grea� outpour ing of l ava . The central part of the 
ridge is  occupied by two craters , one nested w i th i n  the other . Lava issued al so from 
the west base of th e r idge , u nderm in ing a smal l satel l i te cone . I n  the lava fi e ld a 
short d i stance west and northwest s tand two 1 00-foot cones w i th wel l -preserved cra­
ters . Two addi tiona I cones at the northwest base of North Sand Mounta i n  strong ly  
resemb l e  those of  the  Centra l Group .  One is  200 feet h igh and  breached on  the west; 
the other is on ly  50 feet h igh but contai ns a sma l l summi t ·crater . 

· 
Lava from the Central Group spread w idely to the west, northwest, and north . 

Much of the west l ava now is covered by a younger flow from Nash Crater . To the 
north , however ,  l avas poured from the Centra l Group onto the fl oor of a broad, g la­
c iated va l l ey , moved over the reg ion now occupied by Santiam Junction , and prob­
ably reached the ancestra l upper McKenzie River . Several long , i so lated ri dges 
and gutters are seen in these lavas just south of the junct ion , where they trend west­
ward and pass beneath a flow from Li ttl e Nash Crater . The ri dges often are capped 
by l ava crust , and their sides have been vertical l y  Str iated by the founderi ng of ad­
jacent blocks . These features are evidence that  the 1 •  Santi am J unction area was at 
one ti me a lake of lava wh ich drai ned ou t to the west, probab ly from beneath a con­
gea led crust . 

A short a l ignment of four cinder cones forms a great r idge across the glaciated 
va l l ey of Lost Lake Creek,  two mi l es east of Santiam Junction . The lav.a-dammed 
lake nearby g ives to these cones th e col l ective name 1 1 Lost Lake Group .  11  The smal l ­
est cone l i es aga inst the north val l ey wa l l , ·  700 feet above the lake . On  the south , 
i t  over laps th e r im  of a lower , but much l arger cone . Consequently , both cones 
share a common ri m wh ich separates an el ongate, sha l low crater on the north from a 
symmetri cal , deep crater on the south . A low saddl e I ies between th ese northern 
cones and a centra l ly located th ird cone on wh ich there remains on l y  an i ndist inct 
crater . The r im of the southernmost cone ri ses 320 feet above the ad jacen t Sant i  am 
H ighway , though the bottom of i ts crater extends to h ighway l eve l . 

Lava i ssued from the east base of th e nor th cone and spread eastward , as did o 
much l arger flow from th e sadd l e .  I rregu lar sl abs of jagged cru st can be seen protrud­
i ng through a th ick overburden of ash a long the west shore of Lost La ke . Lava from 
the saddl e a l so moved west as far as Santiam Junction , where it is deep ly  bur ied be­
neath ash from Litt le Nash crater, and therefore is exposed best i n  road cuts . 

A large vo lume of l ava was discharged from the base of the north Sand Moun­
tain  cone , bu i l d ing a broad ridge wh i ch extended 2, 000 feet to the west . The r idge 
was capped by a l ava gu tter whose wa l l s were breached at frequent i nterva l s .  A 
col l apsed l ava tube descends the western extremi ty of the r idge . Th is l ava , which ·  
moved far to the west, may be seen on th e nor th shore of C l ear Lake . The nor thern 
contac t w i th Central Group l ava is obscured by ash deposits, but the sou thern l i mi t  
of exposure i s  traced easi l y  aga i nst a younger f low from a vent southwest of Sand 
Mounta in . 
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The South Group cons i sts of four pr inc ipa l  c i nder cones , al l of wh ich probably 
were assoc iated wi th extensi ve l avas , now bur ied beneath younger f lows . The north­
ernmost cone is 1 , 000 feet south of Sand Moun tai n ,  r i ses 300 feet i n  height ,  and con­
tai ns a deep crater . Next south i s  a sma l ler c i nder cone wh ich was bu i l t  adj acent to 
an e longate sou thwest-trendi ng ri dge of spatter and bombs . Lava i ssued from the west 
base of th i s  cone . The l argest c inder cone of the sou th group stands sou th of the spat­
ter r idge and is 400 feet h igh . A l arge centra l crater is attended by a smal ler counter­
part on the nor th f lank of the  cone , and by a great bocca near the southwest base . 
Lava from the bocca spread sou th , surroundi ng a sma l l breached cone ,  and sou thwest  
to form an extensi ve flow . The Mc Kenz ie  River pours over th is  l ava at Koosah Fa l l s . 
The l ava is obscured on the sou th by f lows from Bel knap Crater; to the east and north 
the l ava is over la i n  by l ater flows from Sand Mountai n .  

Nash Crater i s  a ci nder cone which was bu i l t  500 feet above a l atera l mora ine . 
The summi t  contai ns a north-south trench-l i ke crater 1 , 000 feet long wi t h  a sma l l er 
symmetri cal crater set into i ts west rim .  A narrow ri dge of spatter extends from the 
south base of Nash Crater , and is surmounted by s ix  vert ica l condu i ts wh ich range 
from 30 to 5 feet in di ameter and from 40 to 30 feet in depth . Th ese condu i ts lead 
to a l ava tube which has co l l apsed at the south end of the r idge . Lava from th is vent 
moved west , damming Hack leman Creek to form Fish Lake , and for th is reason is cal l ed 
the Fish Lake F low . 

At the northwest base of Nash Crater is a broad depression r immed w i th spatter . 
Approximate ly  1 00  feet northwest , a 5-foot spa tter cone surrounds a vertica l condu i t  
wh i ch i s  25  feet deep . Both vents probably l i e  above a l ava tube and  mark the source 
of the extens ive flow now crossed by Sou th Santiam H ighway . Sawyer 's Cave, adja­
cent to the h i ghway , i s  a l ava tube far removed from the source of the f low . Lava 
from the northwest vent of Nash Crater dammed the anc estra l McKenzie River (now 
cal l ed Park and Crescent Creeks) to form a swampy area known as Lava Lake . At 
th i s  point ,  the f low turned abrupt ly southward , fo l low ing the McKenzie dra inage to 
F i sh Lake . The Lava Lake F low rests upon lava from the Centra l Group and is over­
la i n  by a flow from Li ttl e Nash Crater . 

The most extens ive l ava flow exposed on the Sand Mounta in  al i gnment (referred 
to here as the C lear Lake F low) was fed from a vent located hal f a mi l e  southwest of 
Sand Mounta i n  Cones,  and dammed the l ake for which it  is named . A c ircu lar p i t , 
50 feet i n  diameter , d i sp l ays severa l flow u n i ts i n  i ts wa l l s and probably represents a 
col l apse depression over the l ava source . A smal l er pit ,  200 feet to the east, sepa­
rates the col l apse depress ion from an east-west spatter ri dge 600 feet long . The west 
end of the r idge contai ns a sha l low crater 30 feet in diameter . On the summi t of the 
ridge are two verti cal pi pes , 3 and 6 feet i n diameter ,wh ich are at l east 40 feet deep . 
Lava from the col l apse depress ion spread west to th e Mc Kenz ie River , forming a dam 
from Saha l ie Fal l s  to C lear Lake . The upright trees wh ich may be seen i n  the depth s 
of the l ake are wel l known . Wood from one of the submerged trees, drowned as the 
l ake rose beh ind i ts l ava dam ,  has been given a radiocarbon age of approximately 
2, 950 years B . P .  (Benson , 1 965) ,  thus fixi ng the date of the eruption of the C lear 
Lake F low at abou t 1 ,  000 B . C .  

The south fl ank of Sand Mounta i n  is  i n terrupted by a broad furrow wh ich , at 
i ts base , I eads to a bocca and a I ova gu tter . Lava from th is vent moved ch iefly east­
ward and then four mi l es to the south , where it now l i es buried beneath you nger flows 
from Belknap Crater . It shou l d  be noted that,  a l though eruptions from the southwest 
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and south Sand Mountain vents probably occurred at about the same time, their com­
mon lava boundaries are obscured by ash deposits and their relative age is unknown. 
Consequently, the age of Clear Lake does not necessari ly define a maximum age for 
Belknap lava. 

Lavas from the cinder cone called Little Nash Crater probably are the youngest 
eruptive rocks on the Sand Mountain alignment. The cone has been quarried, expos­
ing a complex internal stratification. A persistent structural discontinuity may be 
seen in the quarry faces, which suggests that the process of cone building was Inter­
rupted briefly by violent explosions which greatly enlarged the crater. 

Road cuts north of the cone display weathered ti l l  overlain by a three-inch lay­
er of fine black ash, which isattributed to eruptions from Nash Crater. Resting upon 
the ash layer is a 4- to 5-foot bed of coarse ejecta from Little Nash Crater. The low­
er part of this bed .contains abundant accidental fragments derived from glacial de­
posits beneath the cone. Late in its history, Little Nash Crater was breached on the 
west by a flow whose volume is approximately nine mil l ion cubic yards. 

Some cones of the Sand Mountain a lignment, such as Little Nash Crater, were 
constructed and ceased to emit ash before a significant amount of lava appeared; 
others, such as Nash Crater and the Sand Mountain Cones, ejected ash throughout 
the course of lava extravasation. It is a significant fact that as one crosses westward 
over the lava field from Sand Mountain Cones (which were the greatest producers of 
ash), the average thickness of ash cover increases because older lava surfaces are en­
countered and more of the total ash fall is exposed. Most of the ash from Sand Moun­
tain Cones drifted east and northeast, heavily blanketing an area of more than 100 
square miles. This material has been so extensively reworked by surface water that it 
is difficult to reconstruct an original thickness distribution. 

The modern appearance of Sand Mountain Cones is one of surprising freshness 
and perfection in view of the fact that most of the ash was expelled more than 3, 500 
years ago (see discussion of Blue Lake Crater}. Some ejecta fell upon the 3,000-year­
old Clear Lake flow , and it is possible that still later eruptions contributed to the form 
of the cones. 

E r u p t i v e  R o c ks f r o m  l n a c e ss i b l e  A l i gn m e n t  a n d  T w i n  Craters  

Three and one-half miles southwest of Mount Washington, o short al ignment of 
four cinder cones has been nearly buried by Belknap flows (fig. 1 ) .  The southernmost 
and largest cone, here named Inaccessible Cone, now lies five miles from the nearest 
rood and is surrounded by a wide barrier of jogged lava. The cone contains o symmet,­
rical crater and is encircled by flows which issued from numerous boccas at its base. 
The Belknap flows partly obscure three smal ler cones which lie one mile to the north . 
An unnamed cone, offset near the north end of the Inaccessible al ignment, is 300 
feet high and has been breached on the west and southwest by o flow of gray basalt, 
charged with bombs. The flow has been traced westward beneath the Sand Mountain 
and Belknap lava fields, and thus is older than both of them. In outward appearance, 
the lava from this cone closely resembles the glaciated and nearly ubiquitous, pole 
gray bedrock which is so abundant in older parts of the High Cascades. It is probable 
that additional vents and a small field of lava associated with the alignment have 
been lost to view. 

Twin Craters is o cinder cone located at the margin of the Belknap field, three 
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mi les sou thwest of the Be l knap summi t {fi g .  1 ) .  The cone i s  300 feet h igh and th e 
north and sou th craters are abou t 200 feet deep . A sma l l p i t ,  30 feet i n  d iameter , is  
set in to the east r im of th e north crater . The fi na l  ej ecta from the north vent con­
sisted of fi ne scoria and ash wh ich accumu l ated i n  stratified depos its on the crater 
r im . The sou th crater emi tted c lots of spatter wh ich , as they fel l upon the ri m ,  spl i t  
apart  and disgorged ti ny streams of l ava . Scoria and bombs l i tter th e g l ac iated l and­
scape to the west . North of the cone , several mounds of red c i nders are imperfec t ly 
exposed a long the margi n of Be l knap lava; whether they represent separate cones or 
scoria-covered flow ri dges is not known . Boccas exist on a l l  s ides of th e Tw i n  Craters 
cone, bu t most of them are c lustered upon the north and south f lanks .  Lava from these 
ven ts must have been very fl u id ,  for some fl ows are only th ree feet th ick and their 
upper surface i s  coated w i th mi nute, gl assy spi nes . An extensive lava fi e l d  may have 
spread i n to the broad g lac iated va l ley wh ich then ex isted to th e north; i f  so , it is 
deep ly  bur ied beneath the Bel knap vo l cano . 

H o o d o o  B u t t e  

Hoodoo Bu tte is an iso l ated c i nder cone wh i ch r ises 500 feet above th e eastern 
edge of a g l ac iated p latform ,  midway between Sand Mounta in  Cones and Sant iam Pass 
(fi g . 1 ) .  The smal l summi t crater is open to the east, bu t cou l d  not have been breached 
by l ava because none has been found in assoc iation w i th th is cone . I nstead, the in­
compl ete appearance of the crater ri m is a resu l t  of th e very irregu lar topography on 
wh ich the cone was bu i l t; much of the ej ec ta s imp ly  fe l l  over the east edge of the 
p latform . Al though Hoodoo Bu tte stood i n  the path of fa l l out from Sand Mountain 
Cones , most of th is ash has been wash ed onto the surrounding low l ands . A th ick de­
pos i t  of Sand Mountai n ash sti I I  survives on the crater floor . 

H i s t o r y  o f  t h e B e l k n a p  V o l c a n o  

Of the vo lcanic centers discussed in  th is paper , none poured forth a greater 
vol ume of lava than th e shi e l d  vo l cano wh ich is su rmounted by Be l knap Cra ter , Li tt le  
Bel knap, and re lated vents (fig . 3) . Wi l l iams { 1 944) has provided a lu c id descr ip­
tion of the Be l knap sh ie l d; on ly i ts sa l i ent features are ou t l i ned here . The surface of 
the mountai n is covered l argel y by lava wh ich poured repeatedly from ven ts marg inal 
to a composi te summit cone . Th is lava was rel a tively fl u id and eventua l ly inundated 
an area of more than 37 square mi l es .  It did not move in long , conti nuous streams . 
I nstead ,  short channe l s  branched and crossed one another , resu l ti ng in th i n  lobes w i th 
complex dra i nage patterns . Accurate reconstru ction of the su rface on which the vo l­
cano rests i s  prec luded by the great th ickness and widespread distr ibu tion of lava . 
Consequent ly ,  1 1/3 cubic mi l es is regarded as on ly a rough esti mate of the vo lume 
of Be l knap rocks . 

The ol dest exposed lavas of the Be l knap sh ie ld  occur on i ts eastern fl anks . They 
were erupted from vents now poor ly  defi ned ,  which may have been subsequent ly bur­
i ed as the summi t cone reach ed fi nal development . These l avas moved pri ncipal l y  
northeastward , d iverg ing into two lobes o n  either side o f  a ridge cal led Dugout Butte . 
Both lobes descended to an e levation of 4, 1 50 feet, seven mi les from their source . 

The summ i t  cone of the Be l knap vo l cano ri ses 400 feet above i ts basa l sh ie l d .  
Two deep craters a t  the top o f  the cone emi tted ashes and coarse c inders , which accu­
mu lated as h igh mounds of s tratifi ed l api l l i -tuff on their east r ims .  I n the wal l s  of 
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the sou thern crater , wh ich is abou t 250 feet deep and more than 1 , 000 feet w ide at 
the ri m ,  th ick  flow rocks are exposed . Some lava poured over the southwest l ip of 
th is crater and i s  now part ly obscured by spatter . We l l -formed sp i nd l e  bombs , up to 
three feet in length I are common a long the west rim of the north crater . A broad 
p i t  200 feet long was bl asted th rough a bocca at the nor th base of the cone . Two 
sma l l spatter cones appeared at a late stage about 1 ,  000 feet sti I I  farther north . 

The di stribution of ash and c i nders on th e r im  of Bel knap Crater , as descri bed 
above, was caused by strong and prevai l i ng w ind transport to the east . Th in deposi ts 
of scor ia are fou nd on l ava immediate ly west of the cone ,  but as the eastern s lopes 
are approach ed the lavas become mant led i n  b lack ashes and fi ne ci nders . A w ide 
area from Dry Creek on the north to B lack Crater on the sou th was heav i ly b lanketed . 
Deposi ts have been recognized eight mi l es to the east . 

Dur i ng a late stage i n  the deve lopment of the Bel knap summit  cone, vast quan­
t i t ies of l ava issued from boccas on the south , west, and north and poured west to­
ward the Mc Kenzie Ri ver . Ropy surfaces and lava squeeze-ups between l arge rafted 
p la tforms of broken crust are common here . Lava from the south vent poured across 
o l der l ava from Tw i n  Craters; th ree m i l es from the Bel knap summi t ,  the western streams 
overran l ava and c i nder cones of the I naccessi b le al i gnment . Farther west , the Bel ­
knap lavas poured over f lows from the sou th ven t of Sand Mountai n and from the south 
group of the Sand Mounta in  a l ignmen t, before fi na l l y  p l unging in a steep cascade 
i n to the McKenzie Canyon . 

The Mc Kenz ie  River was al tered profoundly by the l ava wh i ch spread across i ts 
path . A broad , swampy area known as Beaver Marsh formed upstream from the poi nt 
where the river now flows onto the Be l knap rocks . Where i t  once flowed free ly  through 
i ts open canyon , the r iver is now gradual ly absorbed into the bur ied ta lus  a long the 
canyon marg i ns and i n to permeabl e zones between l ava un i ts ,  reappear ing at Tamo­
l i tch Fal l s .  Downstream from the fa l l s ,  the flow has been reduced by erosion to a 
l atera l terrace, perched on the west  canyon wa l l  30 feet above the l eve l of th e ri ver . 

Tree mol ds were formed a long the margins of the west Be l knap flows . They are 
disp l ayed best a t  the westernmost l oca l i ty shown  i n  Figure 3 .  Here , severa l dozen 
mo l ds range from 1 to 5 feet in diameter and from 6 to 1 5  feet in depth . Most of them 
are vertical and widen downward . H emi cy l i ndrica l  trenches as much as 35 feet long 
occur where trees fel l onto the pasty l ava . In most areas tree mo l ds are rare because 
l ava must be su ffic ien tly fl u i d  to conform to the shape of a tree , yet must not flow 
or be deformed after the tree has been consumed . I n  the present instance, the Be l­
knap f low spi l l ed in to a protec ted recession in  a steep , north-fac i ng sl ope wh ich pre­
sumab ly  was , at the t ime of the eruption , as moist and deep ly forested as it is today . 
The level surface of the resu l ting pond is an indication of th e f lu idity of the l ava at 
the ti me of i ts iso lation from the active stream . From the bur ied soi l  at the base of 
one of the mo lds,  the wri ter excavated a radia l system of l arge roots wh i ch had been 
deeply charred . Radiocarbon ana lysis of th is materi a l  i ndicates that trees were burned 
by the west Bel knap flows abou t A . D .  360 ± 1 60 years {WSU-292) . Th i s  date i s  
based upon a C- 1 4  ha l f- l ife of 5, 570 years . 

One mi l e  sou th of the Be l knap summi t is a sma l l vo l cano referred to here as the 
South Bel knap Cone . Th is cone was breached on the southwest by  lavas wh ich th en 
spread over the sou th base of the Bel knap sh ie l d .  A l ater flow ,  from a ven t 300 feet 
to the northwest,  surrounded the cone and i nundated the ear l y  l avas . The l ater flow 
over lapped the west Bel knap lava and ,  at i ts farthest extension , poured south through 
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a narrow gap i n to Lake Va l l ey,  where i t  now forms the north shore of Hand Lake . 
The l a test addi tion to the Be l knap vo l cano took the form of qu i et di scharge of 

l ava from a vent ca l l ed Li tt le  Bel knap, one mi l e  east of the summ it  craters . So much 
l ava i ssued from th i s  one poi nt that a subs idiary sh ie l d  was formed . It is surmounted 
by a chaotic heap of c inders and b locks from wh i ch col l apsed l ava tubes di verge ra­
d ia l l y . One of the western tubes can be fo l lowed to i ts confl uence w i th a verti cal 
condu i t  whi ch is approxi mate ly  20 feet in di ameter , and wh ich rema ins choked w i th 
snow , even i n  l ate summer . Lava from Li ttl e Bel knap spread east to w i th i n  one mi l e  
of Wi ndy Po int and sou theast to McKenz ie  Pass . I t  rests upon the ash from Be l knap 
Crater and is over la in  by younger flows from Yapoah Cone . 

A pecu l iar , and general , feature of the flow rocks from Li tt l e  Bel knap is seen 
a long the Sky l i ne  Tra i l ha l f  a m i l e  northwest of the McKenzie Pass H ighway , where 
the lava stream diverged after pass ing between two promi nent steptoes . As it coo l ed ,  
the contract ing surface warped upward to I i ft part o f  the crust ,  together wi th its  sti I I ­
p l ast ic substratum ,  and peel i t  back upon i tse l f .  Th ick overturned s l abs may be found 
wh i ch are as much as 1 0  feet w ide and 50 feet long, usua l ly  para l l e l  to the di rec tion 
of f low . Except for distortion due to contraction and fragmentation , each s lab matches 
perfec tly the adjacen t counterpart surface from wh ich i t  was pu l l ed . Such features 
wi I I  be referred to as l ava curl s .  

B l u e  L a k e  C r a t e r  

B lue  Lake , as seen from the Santi am Pass H ighway , i s  3! mi l es eas t of the Cas­
cade crest (fi g . 1 ) .  I t  is 0 . 5  mi l e  long and 0 . 2  mi l e  wide , and set in a deep pi t 
formed by Recen t vol can ic  explosions of great v io lence . The B l ue Lake erupt ions re­
su l ted in at l east th ree over lapping craters wh i ch are a l igned approx imate ly N .  25° E . ,  
and wh ich fa l l  w i th in a geograph ic  trend common to Bel knap Crater and the Spatter 
Cone Cha i n  to the sou th ,  and the 1 1Ci nder Pi t1 1 to the north . The fi rs t (and on l y? ) 
pub l ished suggestion that B lue Lake migh t  occupy a vol can ic crater appeared in 1 903 
(Langi l i e and others) . 

The southern ha l f  of B l ue Lake is rimmed by a crescentic r idge which , i n  p laces ,  
s tands 300 feet above the water and 1 50 feet above the adjacent topography . The 
ou ter s l opes are covered w i th basa l tic  ci nders , bombs (some of wh ich are six feet long) , 
and acci dental fragments of ol der , under lyi ng lavas . I nner sl opes of the ri m genera l ly 
l ead to c l iffs wh ich di sappear i nto azure depth s .  I f  one may compare B lue Lake crater 
to other Cascade craters of s imi l or diameter , th e l ake is probab ly in excess of 300 
feet deep . 

Some of the lakeshore c l iffs may have been formed by the co l l apse of over­
steepened crater wal l s ,  bu t no promi nent dis locat ions of a concentr ic type have been 
found . The north crater wa l l ,  now large ly submerged , was bl asted th rough pre­
existi ng bedrock, fragments of wh ich are found scattered over the nearby l andscape . 
Consequentl y ,  i t  appears that  B l ue Lake crater was the resu l t  of upward exp losions 
rather than i n ter ior subsi dence . Above lake l eve l , the sou thern crater wa l l s are com­
posed of crude ly  strati fied c i nders and bombs w i th intermixed bedrock b locks .  No 
Recen t lava flows have been recognized in the B lue Lake area . 

Bombs and b locks were ej ected i n  a l l di rect ions from the crater , but most of th e 
fi ne scoria and ashes dri fted east and sou theast .  A typica l  sec tion taken th rough these 
depos i ts contai ns , at i ts base , weathered ti l l  over l a i n  by 2 to 3 feet of fi ne bl ack ash 
attr ibuted to eruptions of th e Sand Mounta in  al i gnment . Capp ing th e b lack ash is a 
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Pumice-cored volanic bomb with basaltic rind from Four-in-One Cone .  

Lava gutter west o f  Collier Cone provides pathway for Skyline Trail. 



Belknap Crater seen from Dee Wright Observatory: Belknap Crater (snow-covered skyline) i s  impressive in stature, but is only 
a pi le of cinders on the summit of a vast shield of recent lava. Forests in background grow upon old Belknap Iovas; trees Jn 
foreground stand upon young lava from Yopooh Cone . Lava of intermediate age and position surrounds "islands". and issued 
from a subsidiary vent called Li ttle Belknap. (Oregon State H ighway Deportment Photograph No. 423) 



Lava from Little Belknap: Desolate fields of blocky lava (foreground) from Yopooh Cone, and hummocky l ava (background) 
from Little Belknap, lie between Dee Wright Observatory and the volcanic plug of Mount Washington. The jogged feotvres 
of these lava surfaces were formed less than 1 ,  500 years ago . (Oregon State Highway Deportment Photograph N o .  427) 



Lava flows from CollierCone: Colli er Cone (upper left) and lava streams which spread 
from its crater down the west slope of the 
Cascade Range {foregrou nd), ore probobl y 
the most recent manifestation of millionsof 
years of Oregon vulcanism. Left of the 
cone is the Aholopom Cinder Field; lava 
gutters lead west and northwest to lava 
lobes which ore marked by levees and pres­
sure ridges. Lorge volcanoes behind the 
cone ore North Sister ( l eft) and Middle 
Sister {right) . Collier Glacier (center) 
has receded from the cone to its present 
position in only 40 years. In the back­
ground ore Broken Top (left) and South 
Sister (right) . Four-in-One Cone and 
lavas ore visibl e at lower left. {Delano 
Aerial Oblique No . 631 234) 



th ick accumu lation of scoria wh ich may be traced direct ly  to B l ue  Lake . Charred 
wood from the l i mb of a con i fer has been excavated from th e sharp i n terface between 
the scor ia and ash . The rad iocarbon age of th i s  mater ia l  i s  3 , 440 ::!:: 250 years B. P .  
(WSU-291 ) ,  assumi ng a C-1 4 ha l f- l i fe of 5, 570 years . The eruption of B l ue  Lake 
Crater commenced therefore , at abou t 1 , 500 B . C .  Th i s  da te , when compared w i th 
th e age of C l ear Lake {abou t 1 ,  000 B . C . ) ,  suggests that most of the ash from the 
Sand Mou nta i n a l i gnment was deposi ted in the B l ue Lake area 500 years before the 
fi na l eruptions of Sand Mounta i n  l ava . 

T h e S p a t t e r  C o n e  C h a i n  

A cha i n  of spatter cones , one mi l e  long , trends N . 23° E .  across the val l ey of 
Cache Creek between B l ue  Lake Crater and Mount Wash ington {f i g .  1 ) .  Vo l can i c  
fea tures a re  restric ted to north and sou th segments , bu t  severa l trench -!  i ke depres­
sions a l igned para l l e l to the midsec tion of th e chain outl ine a strong subsurface con­
tinu i ty . The north ernmost vent is a c ircu lar crater , 1 0  feet deep , wh i ch appears to 
have emi tted on ly gas . Abou t 200 feet sou th is th e fi rst of four spatter cones , w i th 
craters 30 to 40 fee t  deep , which surmount a narrow r i dge of spatter and scoria .  S t i l l  
farther south , a ser ies of di scont inuous grabens , averagi ng 1 0  feet i n  width and 3 feet 
i n  depth , l eads to a sou thern l i ne of vents . Deposi ts of ej ecta occur i ntermi ttent ly  
a long the grabens . Fractured bedrock i s  exposed where the trend of th is  chai n i n ter­
sec ts Cache Creek , but no d isp l acements have been recogn ized . There are seven 
southern vents, as fol l ows: Th ree sma l l craters to the nor th are separated by a short 
graben from three l arge craters located on a spatter r idge to the sou th; the centra l 
crater on th is  ri dge conta ins a sma l l crater i n  i ts north r im . A sha l low graben ex­
tends abou t 1 50 feet  south from the ridge . Vo l can ic roc ks of the Spatter Cone Chain  
over l i e  ash deposi ts that are corre l ative wi th the deposi ts of fi ne ash near B l ue La ke 
Crater . 

S i m s  a n d  C o n d o n  B u t t e s  

The western th i rd o f  Mc Kenz ie Pass H ighway fo l lows a Recent l ava f low ,  9� 
mi l es from source to term i nus . The source cone is S ims Butte, located 6�  m i l es sou th 
of the Bel knap vol cano {fig . 1 ) .  The cone is 650 feet h i gh and is broad l y  i ndented 
on the west s ide by a sha l low crater , located 400 feet below the summi t .  E jecta are 
coarse and are confined l arge ly  abou t the vent w i th i n  a c i rcu lar area of one-mi l e  
rad i us . The l im i ted extent  and symmetr ica l  d i str ibut ion of e jecta suggest that the 
asymmetry of th e cone is a resu l t  of l ava breach ing rather th an preva i l i ng wi nd d i rection . 

Short flows emerged from th e north base of the cone , but most of the l ava i s­
sued from a west bocce , 200 fee t  below the sha l l ow crater . Col l apsed l ava tu bes may 
be traced downstream from th is bocce for several hundred yards . At one po int , where 
the flows are steep l y  i nc l i ned, a 70-foot lava tube descends benea th th e crust . Two 
1 1 sky l i ghts 1 1 penetrate the th i n  roof, and col l apse depress ions defi ne an i naccessi b l e  
western conti nuation of th e tube . 

The extensive l ava fl ows from S i ms Bu tte spread onto a topograph i c  sh el f west 
of the cone, then poured i n to the Lost Creek g l ac ia l  trough . They covered the f loor 
of the trough and moved westward to w i th in  a quarter of a m i l e  of L i mber lost Forest 
Camp . Wh i te Branch , Obsid ian , L in ton , and Proxy Creeks al l d i sappear beneath th is  
b lanket of lava before reappear i ng in a ser ies of large springs at the head of Lost 
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Creek . I t  has not been poss ib le  to trace si ngl e flow un i ts from Si ms Butte for long 
distances because of the over lying Col l i er l avas and the heavy forest cover , and be­
cause the S ims l ava advanced as th i n ,  over l apping sheets of l i mi ted extent . Lava 
tongues ,  only one foot th ick,  cover several acres along some parts of the flow mar­
g ins . The best cross-sectional exposures of S i ms l ava are seen a long the sw itchbacks 
of the Mc Kenzie Pass H i ghway , where five or more separate f lows can be counted i n  
one 1 5-foot embankment . A typical f low i s  3 to 5 feet th ick w i th a th i n ,  dense crust 
resti ng upon a base of unconso l i dated rubble .  

Condon Bu tte i s  three mi l es northeast of S ims Bu tte and i s  considered here to be 
genetical ly related to i t . The cones are about the same size, equal l y  forested, and 
their e jec ted mater ia l  is, for a l l practi cal purposes , i dentica l . Condon Bu tte , how­
ever , d id not emit  a great volume of  l ava and  as  a consequence the cone i s  symmet­
rica l . In the summit are two nested craters from wh ich shor t ,  stubby flows moved 
down the sou thwest fl anks . 

V o l c a n i c  H i s t o r y  o f  Y a p o a h  C o n e  a n d  R e l a t e d  V e n t s  

Between McKenzie Pass H ighway and the North S ister , the Sky I ine Trai l  (fig . 1 }  
l eads across an a l ignment of six cinder cones and gas vents wh_ich i� 1 . 4 m i l es long 
and trends S . 4°W . At the midpoi nt of the a l i gnment stands Yapoah Cone, and from 
i ts base severa l  l ava streams extend northward, coveri ng 6 square mi l es (fig . 4} . Lava 
from Yapoah Cone rests upon L i ttl e Belknap lava and is over la in by ashes and fine 
scoria from Four-i n-One Cone . 

Pr ior to Recent t ime,  an unusua l type of flow rock was erupted from a set of 
fissures a long the Cascade crest between B lack Crater and North S i ster (fig . 1 } .  Bombs 
and lava were discharged si mu l taneously and spread down the western slopes in what 
might be described as an agg lu tinate flow . A typi cal uni t i s  30 feet th ick w ith a 1 0-
foot crust of red bombs and spatter wh i ch passes gradationa l l y i nto an under ly ing dense 
lava choked w i th bombs . Yapoah Cone and related vents, together w i th Col i ier Cone 
and the Ahal apam Ci nder Fi e ld  (fi g . 5}, rests upon the glaciated agg lu ti nate flow 
rocks . Some of these Recent and ol der-than-Recent eruptive features are not easi ly 
dist inguished a long the crest; consequent ly,  an interpretation of the vo l canic h i story 
of thi s  area may be subject to a w ide var iety of opin ion . 

Hodge ( 1 925} named the Aha lapam Ci nder F ie l d and descri bed i t  as 1 1two rows 
of vol canoes having the appearance of morai na l  topography . 11 W i l l i ams ( 1 944) sug­
gestep that 11 ejecta from Col l i er and Yapoah cones had accumu lated on morai n ic 
mounds , 11 but noted the presence of 1 1many l arge bombs, severa l more than four feet 
across and a few even eight feet across, scattered among the fine scoria . 11 The bombs 
were c i ted as evidence of eruption from local vents and most of the crest in th is area 
was mapped as a fi e ld  of Recent eruptive activi ty (Wi l l i ams , 1 957} . I n  the opi nion 
of the wr i ter , however , the Aha lapam Cinder F ie ld  is a mant le  of scor ia and ash 
ej ected from the Col l ier ven t and deposi ted upon g lac ia l ly dissected agg l ut inate flows . 
Recent eruptions between McKenzie  Pass and North S ister have occurred on ly adj a­
cent to Scott Pass and along the Four-in-One and Yapoah-Col l ier al ignments, as 
described be low . 

Yapoah Cone rises 500 feet above i ts surroundi ngs except on the sou th side ,  
where i t  abuts agai nst a g lac iated ridge o f  agg l ut inate f lows . The summi t  crater i s  
about 300 feet l ong i n  a north-sou th direction , 1 00 feet wide,  and  mantled w i th red 
ci nders . Strati fi ed deposi ts of yel low lapi l l i -tuff occur on the east r im ,  bu t outer 
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s lopes of the cone are covered wi th black c i nders . The remarkab le  symmetry of Yo­
pooh Cone may be due to pers istence of exp losive acti v i ty unti l a la te stage; a l l 
l avas adjacent to the cone are partly obscured by ashes and scoria . Pyroc l astic de­
posi ts resu l ti ng from Yapoah eruptions ,  however , are ne i ther as th ick nor as w idely 
distri buted as si mi l ar materia l  from nearby Col l i er and Four- in-One Cones . 

Ha l f  a mi l e  north of Yapoah Cone , a l inear c luster of three sma l l  spatter cones 
was near ly engu l fed by Yapoah lava . Rocks from these vents are identical to ej ecta 
of the Yapoah type, and probably  came i nto existence during the same eruptive episode . 

Other Recent vo l canic activi ty near Yapoah Cone  may antedate the Yapoah 
eruptions . A gas vent was blasted through the agg l u tinate flows 0 . 3  mi le  south of 
Yapoah Cone,  l eaving a circu lar depression 300 feet in diameter {fig . 4) . Immedi­
ate ly  sou th of the gas vent  a smal l ,  asymmetri cal  c inder cone was bu i l t  on the margi n 
of a prec ipi tous ridge . The west fl ank of th is cone r ises 350 feet above nearby low­
l ands , wh i l e  its eastern r im stands on ly 30 feet above the ri dge top .  Near Scott Pass , 
one mi l e  to the northeast , a deep, round pi t ,  400 feet i n  diameter , i nterrupts a g la­
cia l l y  stri ated surface cu t on  red  agg lu ti nate flow rocks . Other poorly defi ned gas 
vents exist to the north and sou th of Scott Pass and are l ocated al ong the system of 
agg l u ti na te flow fissures mentioned previous l y .  These vents may be assigned on a 
provisiona l basis to a Recent ,  but pre-Yapoah , eruptive ep isode . Th e activi ty was 
confi ned l arge ly  to the i ncipient Yapoah al i gnment, but a l so reached the surface 
through condu i ts a l ong the o l der agg lu tinate fl ow fissures . 

Lava u ni ts from Yapoah Cone are composed of porous crusta l b locks which be­
come i ncreas ing l y  coherent downward , grading in to a th i n ,  dense base . A cross­
sec tion of th is structure is exposed in h ighway cuts east of Dee Wright Observatory 
on Mc Kenzie Pass . 

Yapoah l ava was d i scharged fi rst from a bocca on the north , then from a bocca 
on the northwest s ide of the cone . The fi rst  lobe , here referred to as the Observatory 
Lobe , was channel ed northward unti l i t  reached that part of the Cascade crest now 
traversed by McKenzi e Pass H i ghway . At th is poi nt i t  encountered the Li tt le Be l knap 
sh ie ld  vo l cano and was defl ected down the east sl ope of the range , eventual l y  reach­
i ng a tota l l ength of 8 1/3 mi l es .  

For a distance o f  1 !  m i l es downstream from Yapoah Cone the fi nal l avas of th e 
Observatory Lobe moved i n  a narrow channel perched on the lobe crest, and confined 
by l ava l evees . At in terval s  the l evees were breached, re l easi ng dendr i tic  cascades 
whi ch poured l atera l ly down their flanks . At i ts termina l end , the channel sp l i t i nto 
three pr i nc ipa l  branches . The centra l and eastern branches fed the main lobe; the 
west branch produced a subs idiary lobe only two m i l es long . The remain ing l ength of 
the Observatory Lobe i s  surmoun ted by a system of l ava gutters wh ich are, in some 
p laces , narrow ly  confined between l ava l evees . Upstream from such constr ictions , 
transverse pressure ridges were formed; downstream,  the lava frequently drained from 
beneath a congea led crust . I n  th is way l ava tubes were produced and I ong narrow 
trenches occur where their cei l i ngs have co l lapsed . An excel l ent exampl e of a co l ­
lapsed tube is to be seen just east of the Dee Wright Observatory on both sides of 
Mc Kenzie Pass H ighway . 

A la ter lobe i ssued from a bocca approximate ly  1 00 feet above th e northwest 
base of Yapoah Cone . I n i t ia l l y ,  the l ava spread northward , p l u nged down a steep 
slope , and chi l l ed to a standsti l l  at the head of a large steptoe ca l l ed "The I s land . "  
Succeedi ng l ava f lows by-passed th is  lobe on the west and formed an extensive ri bbon 
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wh ich ceased to move on ly after i t  had reached the base of the Be l knap vo l cano three 
mi les distant . The northwest bocca now is represented by a gu tter l eadi ng to an open 
tube , wh i ch descends 20 feet i n to the f lanks of the cone before it pi nches out above 
a fi I I  of jagged lava . 

V o l c a n i c  H i s t o r y o f  F o u r - i n - O n e C o n e  a n d  R e l a t e d  V e n t s 

A series of 1 9  v i si b l e  vents forms a short vo l canic al i gnment abou t 1 !  m i l es 
southwest of Yapoah Cone . The northern end of th is al ignment is marked by an elon­
gate r idge of four coa l esc i ng c i nder cones, appropriate ly  named Four-i n-One (fig . 5) . 
At i ts southern end the a l i gnment was inundated by lavas from Co l l i er Cone . Between 
Four-i n-One Cone and the margi n  of Co l l ier l ava , three sma l l vents can be seen . 
One is s l i gh t ly  offset to the east and covered wi th scoria; two others are ha l f-obscured 
by the Co l l ier lobe , and emi tted pasty c lots of b lack  spatter and accidenta l fragments 
of u nder ly ing rocks . I n  the Co l l ier midstream,  the summi ts of four c i nder cones are 
exposed,  each w i th a wel l -defined crater . The north ern cone of th i s  group was 
breached on i ts sou thwest flank by a l ava flow wh ich now is covered by the Co l l ier 
lobe . On ly  th e source area of the l ava and i ts termi na l extremi ty ,  one mi l e  to the 
northwest ,  are exposed . 

The erupti ve h i story of Four-in-One Cone is not known i n  detai l ,  bu t several 
major events can be outl i ned . Ac tiv i ty developed fi rst a long a ha l f-mi l e  fissure , 
and probabl y was soon concentrated at four condu i ts separated by a u niform i n terva l 
of abou t 700 feet .  Concurrent eruption of bombs and coarse c i nders resu l ted i n  the 
construction of four over lapp ing cones wh ich atta i ned a height of 200 feet . Lava 
escaped from the southern base of the south cone, cover i ng severa l acres w i th a th i n  
veneer o f  b lack vi treous rock,  crowded w i th ti ny ves i c l es .  Duri ng the height o f  the 
eruption the cone was enveloped i n  b l ack  spatter , wh i l e  scoria and ashes, composed 
chiefl y of turbi d brown g lass, dri fted east to the Cascade crest . Near the vents ,  the 
resu l ti ng deposi ts are more than 50 feet thi ck .  Southward , they pass beneath Co l l ier 
l avas; to the nor th they rest upon flow rocks from Yapoah Cone . 

Fol low i ng the more vio l ent stages of acti vi ty , four deep gashes were excavated 
in the west s lope of the cone by streams of l ava wh ich eventua l ly covered 1 .4 square 
mi l es and reached a poin t  2 3/4 mi l es to the northwest . Counti ng from the north vent,  
the flow from the second was obscured by a subsequent fl ow from the th ird, which 
seems to have i ssued a t  about the same ti me as fl ows from the first and fourth vents . 
Because the l avas moved northwest and the ash was b lown eastward , they do not i n  
genera l over lap . The breachi ng o f  the cone, however , c l early invo lved both i ts 
reddish core and i ts b lack covering of spatter . 

Surfaces on Four-i n-One lava resemb le those found on the Yapoah lobes , ex­
cept for the preval ence of red scoria (quarr ied from the cone) and the l ack of long , 
conti nuous channe l s  bordered by l ava levees . The Four-in-One flows tend to branch 
repeatedly over short distances . Th is  suggests that as the lava moved forward , i t  
congea led qu ickly and succeeding lava was obl iged to take a new course . Marg inal  
l ava cur l s  were developed near the source ven ts . 

F ina l l y ,  i t  shou l d  be noted that  fragments of wh i te rhyo l i tic pumice were ex­
pel l ed w i th the basa l t ic e jecta . The pumice is most abundant as fi ne ash , but l arge 
sampl es occur on the cone,  ch i efl y about the north vent . Occasional ly pumice is  
found  encased w i th i n  the b lack ri nd of a spi ndl e-shaped basa l t i c  bomb . 
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V o l c a n i c  H i s t o r y  o f  Co l l i e r  C o n e  

Collier Cone lies at the north-by-northwest base of the North Sister and prob­
ably is, of the features described, the most recently active volcano. Stratified cin­
ders and bombs are exposed in the crater walls. Black, fragmented bombs as much as 
one foot in diameter are abundant on the cone and may be found as distant as half o 
mile west and a quarter of a mile east of the vent. Fine-grained ejecta were driven 
eastward by the wind to form a square mile of alpine desolation, known as the Ahala­
pam Cinder Field. Vitrophyric pumice, often mixed intimately with basaltic glass, 
is common in deposits of Collier ash and scoria. 

Coli ier flow rocks afford an unusually clear record of eruptive history. An es­
timated 0 . 04 cubic mile of lava issued from the cone, producing a west lobe 8� miles 
long and a northwest lobe 3 miles long {fig. 5). The lavas advanced in several dis­
tinct surges, each different in composition from its predecessor . Outward appearances 
of these flows, however, are remarkably uniform. 

The initial lobe moved westward down the valley of White Branch Creek, block­
ing the drainage of a large spring to form Spring Lake at the base of Sims Butte. It 
then plunged into the Lost Creek glacial trough, damming Linton Creek to form Linton 
Lake. Rei ief of this west lobe, from source to terminus, is 4, 160 feet. 

The midsection of the lava stream, espec ially where it is steeply inclined, is 
occupied by long, multiple lava gutters . Several surges of lava must have poured 
down gutters formed previously, because two pairs of lava I evees are nearly constant 
features of the early lobes and three pairs are fairly common. 

A final surge of lava filled and overtopped the crater of Collier Cone, mantling 
its western slopes in a shroud of thin lava tongues . The northwest part of the cone 
was breached at this time and a large sector was rafted a quarter of a mile by the 
rising flood. As the breach widened the lava drained oway, leaving a smooth coat­
ing on portions of the crater walls. The new lavas poured westward, narrowly con­
fined between high levees. This last addition to the west lobe has been traced as far 
as Linton Lake but its furthest extent has not been recognized. 

Several short, broad, subsidiary lobes were formed as lava spi l i ed out of the 
gutters along the upper third of the west lobe - probably because the narrow channel 
could not accommodate the large volume of lava discharged into it .  Perhaps for this 
reason, lava burst through an opening north of the breached area to form the north­
west lobe. As activity shifted to the northwest, the supply of fresh lava to the west 
lobe diminished, and the blocky crust was folded into transverse, arcuate pressure 
ridges which now occur upstream from constrictions in its course. Final motion of 
the west lobe consisted of draining from the steeply inclined flow near the source 
vent. The deep gutter thus formed is now the most accessible route to the crater 
floor, and is occupied by the Skyline Trai l .  Before the northwest lobe chilled to 

its present form , a minor extension moved approximately 200 feet into the upper 
reaches of this gutter. 

A few small lava tongues emerged at the north base of Collier Cone from a vent 
now buried beneath scoria and ashes. The position of these flow rocks in the eruptive 
history of the cone is uncertain. 

At intervals throughout its length, the west lobe has been dissected by White 
Branch Creek. In the walls of these stream channels, the lobe is seen to be a mass 
of tumbled blocks and scoria .  Close to the source , however, the blocky crust is 
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u nder la in  by dense g lassy lava cut by deep transverse fractu res . 
Duri ng the past century , Col l ier Cone blocked the 1 1 Li tt l e  I ce  Age11 advance of 

Co l l i er G l ac ier .  An ear ly  photograph {Campbel l ,  1 924) shows Col l ier ice h i gh on 
the f lanks of the cone . When the ice attained a th ickness of 200 feet at  its terminus, 
mel twater was d i scharged i n to the crater , much of the fl oor was covered wi th outwash , 
and stream grave l s  were deposi ted for more than one mi I e down the west gutter . As 
the stream deposi ts near the cone are disconti nuous and w i thou t  in terconnec ting chan­
nel s ,  the me ltwater must have traversed snowfie l ds and probab ly  was active for only 
a br ief time . 

C o n t i n u i t y i n  t h e V o l c a n i c  R e c o r d  

I n  the preceding descri ptions, reference was made to more than 1 25 separate 
vents wh ich have emitted various combi nations of l ava, ej ecta , and gas . A number 
of genetic i nterpretat ions of the· resu l ting landforms and depos i ts were offered . The 
shape of c inder cones,  for exampl e,  depends upon such diverse factors as vent con­
figuration , under ly ing topography ,  erosion,  l ava-breach ing , exp los ive vio lence , 
and preva i l i ng  w i nd direction . The th i ckness of f low rocks and their surface features, 
aeria l  distribution , and sequence of superposi tion are determi ned by ava i l abl e topo­
graph ic channe l s ,  viscosi ty and vo l ume of l ava ,  eruptive chronology , and the nature 
of the vo l canic 11 p l umbing 1 1 in the subsurface .  The i n terdependence wh i ch exi sts be­
tween some of these factors is crit ical to petro log ic  i nterpr"etations . 

Pers istent l i near vent patterns suggest that  systems of fau l ts or fractures must 
under l i e the vo l canoes . The most obv ious a l ignments are those of the Sand Mountai n 
groups , I naccessib l e  Cone,  Four-i n-One cones , and the Yapoah-Co l l i er vents . Whi le 
caution must be exerc ised i n  traci ng vent a l ignments over l ong di s tances , the trend 
disp layed by the Be l knap cra ters , the Spatter Cone Cha i n ,  and B lue  Lake Crater prob­
ably represents a simi l ar cont inuous connection at depth . C lose study of the eruptive 
cen ters , however, revea l s  several i nteresti ng i rregu lari t ies . Some a l ignments {Four­
in-One,  for examp le) are l i near over short segments but arcuate over their fu l l  l ength . 
Near ly a l l vent patterns except Be l knap - Spatter Cone - B l ue Lake and Four- in-One, 
trend i nd iv idua l ly  north-sou th even where the compos ite a l ignment is  di fferently or i ­
ented {Nash Crater , for examp l e) .  

With few exceptions, each cinder cone i s  associated w i th a swarm of subparal ­
l el , north-south vegetation l i neaments which are seen best o n  stereograph i c  pai rs of 
aeria l  photographs . These l i neaments are composed of trees wh ich stand 1 0  to 30 feet 
above the surround ing forest .  Severa l I i neaments are vis ib l e from mountai n tops , but 
on ly  one, on the west flank of Bache lor Bu tte , has been traced direct ly on the ground . 
They are not observed , of course, above timber l i ne or in deforested areas . As seen 
on a photo sca l e  of 1 : 50, 000, some of the l i neaments are on ly 30 to 50 feet w ide ,are 
as much as five mi l es long ,  and are near ly stra igh t  when p lotted on a p l an imetric base . 

The origi n of such I i neaments is not wel l known . None transect the most re­
cen t of the forested fl ows , but o lder lava fi e lds disp lay them in profusion . Th ey oc­
cur w i th greatest frequency upon H igh Cascade g laciated bedrock wh ich is over la in  
by th i n  deposi ts of  ash or  ground mora ine . Wh i l e  the l i neaments are not restri cted to 
areas of Recent vo l can ic ou tbreak, they are concentrated near cones and usua l ly a 
vent pattern co i nc ides perfectly w i th a l i neament . The fol l ow i ng i nterpretation is  
offered on a provi sional basis :  Li near patterns of accel erated forest growth reflect 

1 44 



i rregu l ar i ties i n  the supp ly of ground  water wh ich are , i n  turn , i nfluenced by a bed­
rock jo int  set .  Because the forest cover genera l l y  is scanty on g laci ated bedrock 
surfaces, i t  is d i ffi cui t to corre late I ineaments on the map w i th jo i nts in the rocks . 
I f  such a jo in t  set exists , it is para ll e l  to the l ength of the H i gh Cascades and , for 
the most part ,  predates Recent vol canism . Vo l canic condu i ts ,  r i s ing above a broad , 
magmatic a l i gnment were inf luenced by the joi nts . Consequentl y ,  the vent patterns 
genera l ly trend north-sou th even if  the a l ignment of wh i ch they are a part does not . 
Li neaments of the l ava fi e lds are common ly  arcuate and concave toward the source 
cones , and may represent fracture systems above a subsid i ng magma col umn . 

I f  the above i nterpretation is correct ,  it is l i ke ly  that  vents of a s ing l e  eruptive 
center , coinc ident wi th a vegetation I ineament ,  were ac tive at  abou t the same time . 
To what extent can th i s  pr inc ip l e  be appl ied to a who le a l i gnmen t of eruptive craters? 
The answer is conta ined in the statement of lava chrono logy g iven in Tabl e  I below . 

The centra l co l umn i n  Tab le  I is an eruptive sequence based upon radiocarbon 
age determi nations , g l acia l  records, and direct superposi tion of l ava fl ows and ash 
depos i ts .  Whether or not the approx imate corre lations in the third co lumn are 
accepted , i t  wi I I  be seen that str ict ,  deta i led i n terpretation of an a l i gnment as 

TAB LE I .  Lava Ch ronology 

Da tes Erupt ive Sequence 

0 I der than 400 years Co l l i er 

Four-i n-One 

Yapooh 

litt le  Bel knap 

Sou th Bel knap f lows 

360 A .  D.  � 1 60 (W SU -292) West Bel knap f l ows 

1 000 B . C .  ".t 220 C l ear Lake f l ow . .  ? . .  

1 500 B . C .  � 250 (WSU -29 1 )  B lue  La ke Crater . .  ? . .  

Cen tr a l  Grou p and ear l iest 
f lows from Nash , Sand, Sou th 

Approxi mate Corr e l a t ions 

S .  vent Sand Mtn . ;  Tw i n  
Craters; Si ms; Condon; 
L i ttl e N osh 
Latest f l ow ,  Sou th Group; 
F i sh Lake , Lava Lake f lows; 
Spotter Cone Chai n . 

Group; most of the ash from . . ? . . Lost Lake Group 

Ol der than 1 0, 000 years? 

Sand Mtn . AI ignment 

Cone and f l ow of N .  l nac- . . ? . . S .  cones and f lows of  
c essibl e; two o l d  cones of N .  I naccess i b l e  Al ignment 
Sand Mtn . A l ignment; Hoodoo 

F l ows and cones of qu est . 
Recent age . 
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consisting of coeva l rocks is· hazardous . The over-a l l  eruptive sequence ,  however, 
is c l ear ly rel ated to geograph ic posi tion; the eruptive h i s tory progressed from north­
west to southeast . Exceptions to th i s  ru l e  are · few and represent a comparative ly  
modest vo lume of l ava . 

Severa l phys ica l  characteri stics of lava f lows i n  the area of study can be cor-
. retated w i th th is eruptive sequence . For example ,  ear ly l avas were relatively fl u id 

and for th is reason formed vo luminous sh ie l ds and extensi ve lava fi el ds of th in fl ows 
with comp lex ,  discontinuous drai nage patterns . Later lavas were more v iscous,  and 
were erupted in l esser vo lume; they formed th i ck  f low un i ts wi th h igh-standing mar­
gins and developed pressure r idge and l ava gutter systems wh ich are continuous for 
mi l es .  In Part I I  of th i s  paper , to be publ ished at a later date , the resu l ts of petro­
graph ic  studies and more than 200 partia l chemical  analyses w i l t be p laced w i th i n  
th i s  ·framework o f  vol can ic stratigraphy,  and i t  w i l l  b �  shown that textura l , mi neral ­
ogi ca l , and chemical character isti cs of the l avas change i n  a regu lar way through the 
eruptive sequence .  

Many deta i ls  of the Recent vo l can ic  h istory of th is i nteresti ng region remai n 
u nknow n .  I n  part icu lar,  corre lations must be extended over a larger area and addi ­
tional radiometr ic dates must be obtai ned . The ev idence at hand suggests that an 
e longate zone of volcan ic  activ i ty cu ts obi i que ly across north -south I ineaments of 
the H i gh Cascades i n  the v ic in i ty of the Three Si sters . I t  may be continuous w i th a 
s imi lar vo l canic trend between the Th ree Si sters and Newberry Ca ldera to the sou th­
east . For more than 1 0, 000 years intermi ttent eruptions of basal t have occurred over 
the nor thwest extension of th is zone, and duri ng the l ast 4, 000 years vo l canic ac ti ­
vi ty has sh i fted from northwest to sou theast . The duration ,  recency, and conti nu i ty 
of such a record a l l suggest that fu ture eruptions are possib l e  i n  sp i te of the br ief 
per iod of qu iescence dur ing h i stor ic t ime . 

A c k n o w l e d g m e n t  

Radiocarbon dates were fi nanced th rough a Northwest Sc ienti fic Association 
Grant-in-Aid . The wri ter is i ndebted to Dr . R .  M .  Chatters of the Wash i ngton State 
Uni versi ty Radiocarbon Laboratory for his he lp  and advice,  and to Roa ld  Fryxe l l  for 
many fru i tfu l di scussions concerning Recent geoch rono logy of Oregon and Wash ington . 

G l o s s a r y o f  S e l e c t e d  T e r m s  

Acc identa l  fragments . Rock parti c l es erupted from a vo l canic vent wh i ch are foreign 
to the magma assoc iated w i th the vent . 

Agg lomerate . An accumu lation of vo lcanic ej ecta , usual l y  near a vent , i n  wh ich 
most of the parti c l es are larger than scoria . 

Agg luti nate . A deposi t of mixed bombs and spatter , more or l ess consol idated . 
Ashes . Unconso l i dated parti c l es of vo l canic ej ecta ,  sma l l er than scoria . 
B locks . Angu lar fragments of vo l canic ej ecta , l arger than scoria . Also app l i ed to 

crusta l  fragments of lava flows . 
Bocca . An I ta l ian term mean ing vent . Engl ish usage genera l l y refers to a l ava vent 

-- at the base of a c inder cone . 
Bombs . Vo l cani c ej ec ta of any size wh ich have assumed a rounded , aerodynamic  shape 

---dur ing fl ight and have retai ned a recogn izab le vestige of th is shape after impact . 
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Composi te vo lcano . A vo l cani c mountai n ,  genera l ly l arge , i n  wh ich l ava is as abun­
dant as ej ecta . Opposed to ci nder cone , genera l l y  sma l l ,  in  wh i ch ej ecta 
predominate . 

Lap i l l i . A c l ass of vol can ic  ej ecta wh i ch inc ludes scori a  and acci denta l  fragments of 
scoria size . 

Lapi l l i -tuff . A deposi t of conso l idated lapi l l i  and ash . 
Lava fiel ds, flows, lobes , and tongues . A lava fi e ld  is a w ide and comp lex expanse 

of l ava flows from separate , but rel ated, vents . A fl ow is made up of lava from 
a si ng le  vent or from a smal l source area of c losely re lated vents .  Lobes are 
separate and disti nct l ava streams belong i ng to a si ng l e  flow . A l ava tongue 
i s ,  as the name i mp l ies ,  a smal l ,  tongue- I i ke offshoot from a f low . 

Lava gutters and l ava l evees . If the supply of l ava to an estab l ished channel rapid ly 
dimi n ishes , and if  the fl ow gradient and flu idi ty is su ffic ient ly great ,  the 
medial portion may drai n  away leavi ng a long deep gutter . Lava gu tters are 
often bordered by h igh-standing marg i ns ca l l ed lava l evees . 

Pressure r idge . Broad ridges of l ava , transverse to the di rec tion of f low . Genera l ly 
arcuate i n  p l an ,  concave upstream , and thought to resu l t  from di fferential 
movement  between a stagnant crust and a mobi l e  i nter ior . 

Recent . A feature is considered to be of Recent geologi c age i f  i t  came into existence 
since the l ast major g l ac ial episode (here est imated to be 1 0, 000 - 1 2, 000 
years ago) . 

Scoria . Parti c l es of vo lcanic ej ecta hav i ng coarse vesicu lar habi t ,  irregu lar form ,  
---general ly basa l t i c  composition,  and variabl e BB-shot (4mm) to wa l nu t  (32mm) 

dimensions . 
Shi e l d  vo l cano . A l arge, broad vo l can ic  mountai n wi th gent le  sl opes of constructional 

rather than destructional or ig in . 
Spatter . I rregu lar c lots of ej ecta , l arger than scor ia ,  but not h igh ly  ves icu l ar; s imi l ar 

to bombs i n  ori g i n  but not i n  shape . 
Squeeze-ups . Protrusions of l ava extruded through ri fts i n  a so l id crust . 
Steptoe . An e l evated poi n t of l and surrounded by l ava flows .  
Vesic l es .  Rou nded gas-bubb l e  cavi t ies i n  l ava rocks . 
Vi trophyr ic . The texture disp layed by predominant ly g lassy l ava which contai ns abun­

dant megascopic crysta ls . 
R e f e r e n c e s  

Benson , G .  T . , 1 965, Age of Cl ear Lake, Oregon: The ORE B I N ,  v .  27, no . 2,  p . 37-40 . 
Campbel l ,  I an, 1 924, A geologic reconnaissance of the McKenzie R iver section of 

the Oregon Cascades; Un iv . Oregon master 's thesis (u npub . ) ,  55 p .  
Hodge , Edwin  T . ,  1 925, Mount  Mu l tnomah , anc ient ancestor of the Three Si sters : 

Uni v .  Oregon Pub . ,  v .  2, no . 1 0, 1 58 p . 
Langi l l e ,  H .  D . , and others , 1 903 , Forest condi tions i n  the Cascade Range Forest 

Reserve,  Oregon: U . S . Geo I . Survey Prof . Paper 9, p .  1 32 . 
Wi l l iams , Howe l ,  1 944, Vol canoes of the Three S isters region , Oregon Cascades: 

Univ . Ca l if .  Pub . ,  v .  27, no .. 3 .  
-------·' 1 957, A geo logi c map of the Bend quadrang le  and a reconnaissance 

geo logi c  map of the central portion of the H igh Cascade Mounta ins: Oregon 
Dept . Geology and Mi nera l Industr ies map . 
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NOTABLES TO ATTEND I NTERNATIONAL LUNAR CONFERENC E  

Near ly 1 00 sci enti sts from 1 2  foreign countr ies and the Uni ted States w i  I I  parti c ipate 
· i n the I nternational Lunar Geo logical  Fie l d  Conference i n  Bend, Oregon,  August 
22-28 . The sci entists are au thori t ies in  astronomy , geo logy , astrophysi cs ,  and re­
lated fie l ds . I nc luded i n  the roster of those attendi ng are such names as Dr . Shotaro 
·Miyamoto , Kyoto University ,  J apan; Dr . Harou i n  Ta:zieff, Uni versi ty of Brusse l s ,  
Belg iu m; Dr .· Al eksandr Mikha i lov , Mai n Astronomical Observatory, Soviet Union; 
Dr . N iko lay Kozyrev , Physi co-Mathemati ca l  Sci ences, Len ingrad; and Dr . Gerard 
Ku i per , Lunar and P lanetary Observatory , Univers i ty of Arizona . 

The Conference is bei ng co-sponsored by the New York Academy of Sc i ences 
and the  Univers ity of Oregon , and is intended to advance i nvestigation into the na­
ture of the l u nar surface . At l east 1 0  papers w i l l  be presented and discussed by the 
partic ipants ,  and five days w i l l be spent on fi e l d  trips i n  the area around Bend . 

Dr . Jack Green , New York Academy of Sciences ,  and Dr . Ll oyd Stapl es, 
Department of Geo logy, Uni versi ty of Oregon , are co-chai rmen of the conference . 
Other members of the genera l comm ittee are Lawrence A .  Di nneen , Oregon D ivision 
of P lanni ng and Deve l opmen t, Hoi I i s  M. Do l e ,  S tate Geo logi st; and Marion Cady, 
Lunar Base Research Foci I i t ies ,  I nc . ,  Bend . 

KGW-TV , Portland, p l ans a program on the Conference August 22 at 1 1 : 30a . m .  
* * * * * 

CENTER FOR VO LCANO LOGY 

Dr . A :  S .  F l emming, Pres ident of the Un iversi ty of Oregon , has announced the estab­
l i sh ment of a Center for Vol canol ogy i n  the Depar tment of Geology . Named as 
Director of the Cen ter is Dr . A .  R .  McBirney , who w i l l come to the Universi ty of 
Oregon from the U n ivers i ty of Ca l i fornia ,  San Diego , at  LaJo l l a .  H e  has done ex­
tensive work in vo l canic reg ions i n  Centrai America , and is the au thor of many 
papers on vo l canic activ i ty .  

The deci sion to establ i sh a Center for Vol canology a t  the Uni versi ty of Oregon 
__. was based on the fact that the  State of Oregon conta ins areas of vol canism , ancient 

and recent ,  unsurpassed in var iety and sc ien ti fic i nterest . More than half of the 
State is underl a i n  or covered by vo l canic rock ,  much of it extruded during Tertiary 
and Quaternary ti mes . The Recent cones , flows ,  and pyroc l astic deposi ts have changed 
very l i ttl e si nce they were formed and are excel l ent laboratories for fi el d studi es . 

The ear ly pl ann ing of the Center was done by a commi ttee consisti ng �f Dr . 
A .  C .  Waters , Universi ty of Ca l i fornia , Santa Barbara; Dr . Howe I Wi l l iams, Uni ver­
si ty of Ca l i forn ia ,  Berke l ey; Dr . Gordon Macdona ld ,  Uni versi ty of Hawai i ; Mr . 
P .  D .  Snave ly ,  U . S . Geolog ica l  Survey,  and Dr . L .  W .  Stap l es ,  U nivers i ty of 
Oregon . Dr . S tap l es, who i s  Head of the Uni vers i ty of Oregon Department of Ge­
ology , announced that  one of the first activi ties of the Center for Vo lcano logy wi I I  
be the co-sponsori ng wi th th e N ew  York Academy of Sc i ences of an I nternationa l  
Lunar Geo logica l Fie l d  Conference i n  Bend Augu st 22 to 28 . About 1 7  l unar geo l ­
ogi sts from abroad and 3 2  from the Un i ted States have i ndi cated th ei r intention of 
attend ing the conference . Many sci entists wi l l  read papers and a l l w i l l partic ipate 
i n  five days of fi e ld  tr ips to vo l canic features si mi lar in appearance to l unar topog­
raphy shown by the pictures taken by Rangers 7, 8 ,  and 9 .  

* * * * * 
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CRAC K-I N-THE-GROUND, LAKE COUNTY, OREGON 

By 

Norman V .  Peterson and Edward A .  Groh 



C RAC K-I N -T HE -G ROU N D ,  LA KE COU NTY , OREGON 

By 

Norman V .  Peterson* and Edward A .  Groh* *  

Open cracks or fissures i n  th e earth 's surface are not u ncommon; they occur 
fai r l y  often as a res� l t  of earthquakes or vo l canic activi ty ,  bu t they usual -

· l y become fi l l ed w i th  roc k ru bb l e  or l ava and disappear . i n a very short 
time . A l arge fissure that  stays open for hundreds of years is,  th erefore , 
a rare fea ture . Such a fissure occurs i n  a remote part of central Oregon . 
I t  i s  a deep , narrow r ift about 2 mi l es l o ng ,  and i t  he's remai ned open for 
perhaps a thousand years . For l ack of any offic ia l  name for i t, the feature 
is referred to si mp l y  as 1 1 Crack-i n -the-Grou nd . 11 

L o c a t i o n a n d H i s t o r y  

Crac k-i n -the-Ground is si tuated i n  northern Lake County i n  T .  26 S . ,  
R .  1 7  E .  As show n on th e accompanyi ng geo l ogic sketch map (p l ate 1 } , 
i t  can be traced from the southwest edge of the Fou r  Craters l ava fiel d 
diagona l l y to the south east u nti l i t  di sappears i n  lake sediments that mark 
the north shorel i ne of preh istori c  Christmas Lake . 

Th e feature can be reached by road , bu t . the l ast few mi l es are not 
su i tab l e  for cars w i th low road c l earance . The route starts from the east 
s ide of Si l ver Lake on Oregon Hi ghway 31 . From th is .poi nt the course 
l eaqs 1 9  m i l es north east on a paved road to Christmas Va l l ey Lodge, th en 
east on a grave l ed road 1 mi l e  and north on a graded di rt road 4 mi l es .  At 
th i s  mi l eage a rough ,  bou l dery road branches off to th e l eft and w inds north ­
wester l y  through the sagebrush .. I t  approxi mate ly paral l e ls the west side of 
the fi ssure for 2 mi l es and then ski rts the western edge of  Four  Craters l ava 
fie l d  (see map} . Th is road passes w ithi n  1 50  yards of the north ern end of 
Crack-in -th e -Ground , where l ava has flowed into the fissure and fi l i ed i t .  

Homesteaders i n  the area have known abou t th is  g iant fi ssure for many 
years . Reuben Long of Fort Roc k ,  Orego n ,  reports (wri tten commun i cation , 

* Geo log ist ,  S tate of Oregon Dep t .  of Geo logy & Mineral I ndustri es .  
* *  Private geo log ist ,  Portland, Oregon . 
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1 964) that when he l ived at Christmas Lake as a boy he  used to exp lore 
1 1The Crac k , " as it was cal led loca l ly . He remembers that the homesteaders 
went there to hol d  picnics and make ice cream , us ing i ce they found in 
caves i n  the chasm . 

D e s c r i p t i o n  

Crack-i n -the-Ground i s  a tension fracture i n  basa l t .  The wal l s  are 
rough and irregu lar and show no l aterol and bu t very sl igh t vertica l move­
ment . The crack i·s open for a distance of more than 2 m i l es,  bu t conti nues 
to the northwest and southeast as a trace wh ich ,  a l though not visi bl e on 
th e ground , is  reveal ed on aeri a l  photographs .  Where best developed, the 
fissure is from 1 0  to 1 5 feet wide ot the top , narrow i ng downward . The 
dep th varies, bu t is as much as 70 feet in  some p l aces .  Figures 1 and 2 
are aer ial  views of the crack and figures 3 and 4 are c loseups . 

Erosion and weatheri ng have been at a min imu m  i n  this  desert c l imate 
of northern Lake County , but over the many years_that Crack-i n-the-Grou nd 
has existed, some roc k has s f.oughed off the wal ls and sand has b lown or 
washed in to fi l l  the bo ttOm .  At severa l places the walls  have s lumped, 

· thu s br idg i ng the gap and aU owi ng access to the deeper parts -of the fissure . 
Wi nter ice is sometimes preserved during the summer i n  the deeper, more 
cavernous p laces where col d  air is trapped . 

· 

G e o l o g i c S e t t i n g 

Crack-in -the-Ground i s  c l ose l y  rel �ted to the Four Craters l ava field, 
one of the many iso lated centers of recent· vol canic.acti vity wi thin the h igh 
l a\la p l ai ns of central Oregon . Older rocks in the map- area whi ch pre-date 
the breach but which are broken by it i nc lude several ages of vol can i c  
rocks and lake-bed sedimen ts as descri bed beJow . 

Lake beds and a l luv ium 

Large, shal low lakes fi l l ed the broad Fort Rock-Chrisfl!laS Lake Val l ey 
beg inn i ng in late P l iocene time and continuinQ intermittently through the 
P l eistocene . Duri ng the Recent epoch , these lakes gradually shrank to 
smal l ,  brackish potholes and irregu lar l y  shaped sa l ine pool s .  Lake beds� 
a l luviu m, and w ind-bl own materials of varyi ng thicknesses mantle the floor 
of the basin ,  and wave-cut terraees around the r ims represent various 
teve l s of the ancient lakes . 
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Explosion tuffS 

The o l dest vol can ic  rocks exposed i n  the area are erosiona l remnants 
of moors or tuff rings of l ate Pl iocene to Pl eistocene age . The remai ns of 
a maar iust west of the Four Craters l ava fi e l d  is shown on pl ate 1 .  Th is  
mass of ye l low-brown basal tic tuff and breccia i s  si m i l ar i n  composi tion 
and layering to Fort Rock and other remnants of mears and tuff rings , wh ich 
were once numerous and w ide ly  di stri buted in and around the edges of the 
l arge lake basi ns of central Oregon (Peterson and Groh , 1 963-b) . 

Green Mounta in  basa l t  

Surrounding the· basa ltic tuff remnants are you nger basa l tic  l ava flows 
that origi nated from Green Mounta in ,  an eruptive center immediately to 
the northwest of the map area . The Green Mountoi n I a�os form a low 
shie ld  some 1 0  to 1 2  mi l es i n  diameter . The fl ows on the sou thern edge 
encroach ed on the pl uvial lake that then fi l l ed the Fort Rock-Chri stmas 
lake Vol I ey and became the north ern shore I i ne . These lavas are of the 
pahoehoe type .. Where they are exposed i n  the wal l s  of  Crac k-in -the­
Ground there are two or more flows with an overa l l  th ickness of at l east 
70 feet. . Their surface is masked. with a th in l ayer of soi l composed mai n ly  
of  fine pu mice, wi ndblown sand, and sil t from lake beds in the adiacent 
Fort Rock-Christmas lake Va l l ey .  Tumu l i  and other flow -surface features 
are present .  Several smal l  ci nder cones near the su mmit of the Green 
Mountain  sh ie l d sti I I  retain most of their ini tia l  characteri sti cs even though 
they are covered by vegetation .. From these observations, the Green 
Mou ntain lava is be l i eved to be of late Pleistocene age . 

Four Craters basa l t 

The Four Craters l ava fiel d ,  named i n  an ear l ier report (Peterson and 
Groh , 1 963-a) , formed from basa l ti c  lava that f lowed main ly  sou th and 
east from centers a long a fissure trendi ng N .  300 W.. The sl uggish flows 
pi l ed up a hummoc ky l ayer of black, spi ny aa l ava on the s l igh tly s loping 
Green Mountai n l ava surface . Four c inder cones a l igned a long the fissu re 
rise from 250 to 400 feet above the l ava surface .  The distance from the 
·northernmost cone to the southernmost is rough l y  2a mi l es .  The sou thern ­
most cone is espec ia l ly  interesting ,  because severa l sec tors of i t  were 
rafted off to the southeast on a s l ight ly later l ava flow . The freshness of 
the lava and lac k of soi I and vegetation on the surface i ndi cote a Recent­
age .for J'h is fie l d .  
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Figure 1 .  Aerial view of Crac k-in-the-Ground looking north -northwest. Four 
Craters lava field in the backgrou nd . Road shows i n  upper l eft corner . 

Figure 2.  Looki ng down on a portion o f  Crack-in -the-Ground . The fissure has 
been fi l l ed and bridged over 1 n  the center of the picture . 
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Figure 3 .  Viev.� of Crack-in-the-Ground showing the irregularity of the wal l s  and 
fi ll i n  the bottom . 11 

·' 

Figure 4 .  One of the deeper portions of Crack-in -the-Ground where access can 
be had from the surface . (Black l ines drawn to define wa l ls . )  ll I 
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�Crack-in-the-Ground 

Figure 5 .  Genera l ized geo log ic  cross section o f  Crack-i n-the-Grou nd. 

O r i g i n o f  C r a c k - i n - t h e - G r o u n d  

The eruptions from the Four Craters w,ere accompanied by a s l igh t  sin k­
ing of the o l der rock surface to the sou theast .  Th is sha l low , graben -l i ke 
s ink is about 2 mi l es wide and extends to the sou th into the o l d  lake basi n .  
Crock -in -the-Ground marks the western edgeof th i s smal l ,  vo l cano-tectonic 
depression and para l l e l s  a zone of weakness conceal ed beneath the P l eisto­
cene Green Mou ntain lava flows . The fracture is the resu l t  of rupture from 
s imp l e  tension a long a h i nge l i ne produced by the draping of the Green 
Mountain flows over the edge of the upthrown side of the concea l ed fau l t  
zone (figure 5) . The i ni tia l  fracturing was probably propagated rather 
qu ic kly over i ts l ength as ·the centra l b lock began to sink to form the shal ­
low graben . Vertical disp l acement of the graben i s  no more than 30 feet 
and i t  dimin ishes to the southeast . There is the suggestion that the sha l low 
graben continues on i nto the o l d  l ake bas in and acts as a sump for present.:.. 
day Chri stmas Lake and other ephemeral ponds and potho les .  The si nking 
of the graben b lock  and the accompanying r i ft on i ts western edge probably 
began w i th the firs_t eruptions· of the Four Craters . Crack-i n -the-Ground 
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opened before the l ast vo l cani c ac tivity , _  and at its northwest end o tongue 
of l ava pi l ed up , tumb l ed i nto , fi l l ed, and buried the chasm for severa l 
hu ndred yards . 

C o n c l u s i o n  

Th e eru p tion of the Four Craters Lava, the accompanyi ng subsidence, 
and th e open i ng of the Croc k-in-the-Ground fracture probably took pl ace 
no more than 1 , 000 years - ago . Even though some fi l l ing by so i l  wash and 
w i n db l ow n  materia l has taken p l ace, and some slu mping of blocks from the 
wa l l s has occurred , _ the crac k is a re l ative l y fresh geol ogi c feature . Th is  
stark fresh ness is part l y  the resu l t  of subdued chem ica l weathering in  th e 

. ar id  c l i mate �nd a l ac k  of any recent vio l en t  earth movements or renewed 
vo l can ic  activi ty i n  th e i mmedi ate area . 

A system of tension fi ssures si mi l ar to Crac k-i n -the -Ground has been 
previou s ly  reported i n  the D iamond Craters by Peters-On and Groh (1964) , 
but none of th ese has as grea t a l ength or depth . Another fau l t-fissure zone 
that trends northwest from N ewberry Vol cano to Lava Bu tte south of Bend, 
Orego n ,  has been studied by Nicho l s  and S�arns (1 938) . Th i s  fi ssure is  
associated w i th the rec ent vo l canism of th e area and stands open i n  severa l 
p l aces . 

Fu rth er i nvestigati ons i n  the fi e ld,  together w i th stu dy of aer ial  pho to ­
graphs , m ay  revea l the existence of other i nteresti ng cracks i n  remote parts 
of Oregon where vo lcanism and fau l ti ng  have occurred4  
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D IAMOND CRATERS , OREGON 

The ORE B I N  
Vol ume 26, No . 2 

February, 1 964 

By Norman V .  Peterson* and Edward A. Groh** 

I n t r o d u c t i o n 

Diamond Craters is the  name given to an iso lated area of recent volcanism 
near the center of Harney County in  southeastern Oregon . The area l ies 
about 60 mi l es south of Burns in  Tps . 28 and 29 S . , R .  32 E .  

The who l e  o f  this vol canic feature is not easi ly  described, but i t  prob­
ably fits most correct ly the defi ni tion of a smal l sh iel d  vol cano . The first 
vol canic  activity produced a fie ld of l ava that was shaped much l i ke a huge · 
pancake about 6 mi les ac�oss (see p late 1 } .  This lava wel l ed up and flowed 
out in radial  directions from a now -hidden vent near the center . Sl ight ir­
regu larities in the topography over wh ich the coa lescing tongues of lava 
flowed created a design at the perimeter resembl i ng the sca l loped edges of 
a l ace tab lec loth . Later on , sporadi c vol canism, both e�plos ive and qu iet, 
domed, sp l i t, and pockmarked the original rel ative ly  smooth surface pro­
ducing a concentrated variety of stark, fresh v"o lcani c l andforms_. 

Diamond Craters were known to the ear ly settl ers of eastern Oregon 
and were named about 1875 for their proximity- to the Diamond Ranch .  This 
ranch took its name from the ·diam6nd.:-Shaped catt le  brand used by Mace 
McCoy, an early sett ler .  The name Diamond was also given to a smal l  com­
munity and post office nearby . Even · though the craters are remote from 
popu lation centers, access is not difficu l t . The easiest route is southeast 
from Burns on Oregon State Highway 78 to the iunction at New Princeton, 
then south and west by wel l -marked, al l -weather roads that skirt the east 
and south parts of the Diamond Craters . A wel l maintained dirt road crosses 
the broad,  cratered and domed area from east to west on its southern flank . 
Thi s  road passes between or near many of the most interesti ng landforms, as 

shown on the index map in  plate 1 • 

The names given to the numbered features on the index map and re­
ferred to i n  the text are only for the purpose of the report .  

* 
** 

Geologist, .. State of Oregon Dept.  of Geology & Mineral I ndustries • .  

Private Geologist, Portland, Oregon . 
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Previous· i nvestigations 

I .  C .  Russe l l  (1 903}, one of the first geologists to make a reconnais ­
sance o f  eastern Oregon , visited D iamond Craters i n  1 902 • .  He gives a 
rather comprehensive description of many of the craters and other features . 
From his  observations he described lap_i l l i  cones and l ava cones as the prin­
c ipa l features of the area . He mistakenl y  i nterpreted the low chme on the 
northeast side , feature No . 5, to be a cone bu i l t  up of l ayers of l ava 
flows . I f  he had been abl e  to view this feature from above or to see aeria l  
photographs of i t , he  wou ld  most certa in ly have rea l ized that this i s  a 
structural dome, bowed up by the pressure of i ntruding magma . Russe l l  
gives an i nteresting description of the - l arge crater 'C:omplex (feature No . 1 )  
at the center of the D iamond Craters fie l d and a lso detai ls of the small 
graben ( feature No . 7) which he cal l s  a gu l f .  He also mentions the pe­
cu l iar spherical lava ba l l s or bombs found iA  the low r ims �f most of the 
craters of exp losive or igin  bu t does not postu late as to their origin .  

Rocks of the D iamond Craters have been mapped as 11 1ate basal t  and 
ei ectamenta "  of latest Pl eistocene to Recent age (Piper and others, 1 939) . 
The lack of any apprec iab le  erosion was bel i�ved to i ndicate that some of 
the vo l canic act iv i ty may have taken p lace on ly a few hundred to a few 
thousand years ago . Piper and others {1 939) refer to the Diamo-nd Craters 
as "a basa ltic  lava fie l d  whose predominant feature is a lava dome whose 
crest is broken by a l i near p it . "  

Fie l d  work 

Th is study of D iamond Craters is part of a proi ect of the State of Ore­
gon Department of Geology and Mineral I ndustries to eva luate the re�ent 
vol cani c l andforms of Oregon . The fie ld work was done on the ground on 
August 6, 7, and 8, 1 963 . On August 21 the arep was viewed .and photo­
graphed from various e levations in  a small airp l ane . Avai l ab le aeria l  
photographs - from government sources were a l so  used to help determine the 
sequence of vol cani c  activity . 

G e o l o g i c  S e t t i n g  

The Diamond Craters area is at the very southern edge of the broad al ­
luvia l  p la in  of the Harney Basin . Just to the south are the dissected up­
lands of the long westward s lope at the northern end of Steens Mountain .  
From th is dissected up land  the Donner und B l i tzen River,  Kiger Creek, and 
McCoy Creek enter the Harney Basin to meander to Malheur  and Harney 
Lakes , sha l low playa l akes that form the sumps for the l arge undrained 
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basi n .  Ri ddl e Creek, a I i ttl e _farther to the east, once i oi ned the Donner 
u nd B l i tzen i ust west of the Diamond Craters, but i ts  course was dammed by 
the first f lows of the Diamond Craters l ava and it now turns northward and 
empti es into sha l low Barton Lake . Kiger Creek was. a lso forced to the south 
and west by the encroach ing D iamond Craters l ava . 

The roc ks i-mmediately beneath and surrounding the Diamond Craters 
are geo logica l ly young . Piper and others (1 939) h ave separated them i n to  
three mappab le  uni ts .  The o l dest rocks are the Danforth Formation o f  Pl i ­
ocene age , made up o f  stratified si l tstones, sandstones, and tuffs with at 
l east one promin ent l ayer of wel ded tuff . This is the most w idespread rock 
unit directly beneath and surroundi ng the D iamond Craters on the sou th and 
west . A younger P l iocene formation,  the Harney· Formation ,  contains mas­
sive basa l tic tuffs and breccia l ayers, sandstone, and si l tstone, with a 
promi nent ·cappi ng l ayer of basa l t .  The Harney Formation is present to the 
north and east of the D iamond Craters as iso l ated mesas and other erosiona l 
remnants perched on the Danforth Formation . The youngest of the three · 
uni ts is a l ava fie l d that Piper and others (1 939) h ave cal led the 11 Vo l tage 
lavas . "  This l ava flowed ou t  on an erosional surface and surrounded th e  
isol ated remnants o f  the Horney Formation . I ts surface shows some weather­
ing and a th i n  l ayer of soi l  is present . From th is evidence it is estimated 
(Piper and others , . 1 939) that the l ava was probab l y  erupted during Pleisto­
cene ti me , much earl i er  than the Diamond Craters lava·. 

V o I c a n i c H i s t o r y  o f t h e D i a m o n d C r a ·t e r s 

The origi na l  l and surface, before the first erupti·ons of the Diamond 
Craters l ava, was very nearl y as i t  is now • .  Erosion had removed a l l but a 
few patches of the Harney Formation from the basin .  - Al luviation of the 
centra l part h ad already begu n ,  because drai nage to the Malheur River 

. and u l timate ly to the Snake River to the east had effectively been dammed 
by the fl ows of Vol tage Lavas . The streams draini ng the western slopes of 
Steens Mountain were bringi ng i n  more sediment as they meandered across 
the fl at va l ley floor to Mal heur Lake . 

The first event in the formation of the D iamond Craters was the eruption 
- of a very fl uid o l ivine basal t  from a sing l e, or a few c l osel y  spaced, vents 
a l ong a zone of weakness that trends northwest through the area . The erup ­
tions were probably preceded by earth tremors as a fissure opened c:;tt depth 
and the magma began its upward r ise from a sma l l indepe�dent re5ervoir .  
Tlie lava flowed out from a source the type and l ocation of wh ich cannot 
now be determi ned because of obl i teration by rater vo l canic activity . I t  
probabl y  e�sted i n  th e  vicinity o f  what i s  now the Central Crater Co111p l ex ,  
i ndicated by the radi a l  pattern of the lava flows . The l ava spread . out 



Figure 1 .· Aeria l v i ew  ot the pahoehoe l ava surface i n  the northeast part of the Diamond · 
Craters l ava fi el d . As the flood of flu i d  l ava spread farther from i ts source, a thi n ,  
rubbery , undu lati ng crust was formed . The waning suppl y o f  l ava drained beneath 
th e coo li ng crust through a system of l ava tubes and channelways . The l ava roofs, 
a l ready weakened by shr i n kage joints and crocks , col lapsed i nto the voids to form 
s i n ks  of many sizes and shapes . In this  vi ew some of the depressions resembl e gi�nt 
foot tracks 1 00 to 200 feet long; others are smal l and nearl y  c ircu l ar .  These col ­
l apse depressions are characteristic o f  p·ahoehoe l ava fi el ds .  

Figure 2 .  Oval Crater . The w est end of a long, ova l crater which formed as the vent 
sh ifted from east to west over an extended period of sporadic explosivity . · The low , 
rounded ri ms are �ode up of l api l l i and bombs . The truncated edges of pahoehoe 
l ava flows can be seen in the crater wa l l s .  At this west end it is 900 feet from rim 
to rim; the long ova l crater extends for 2, 000 feet to the east . 

rapid ly as pahoehoe flows to cover rough ly  a 6-mi le-diometer c ircu lar area . 
I n  the fi nal stages much  of the pahoehoe crust foundered into drained l ava 
tubes produc ing abundant ,  wel l developed col l apse depressions (figure 1 ) .  
Th ic kness o f  these l ava flows is  estirncited to b e  75 to 1 00 feet i n  the cen ­
ter of the fi e ld ,  th i nn ing to a foot or so at the marg ins .  

Fo l lowing thi s ini tia l re l ative ly quiet eruption o f  lava ,  the sequence 
and  time duration of vol canic  events becomes s l igh tly more obscured, but 
from viewing the aer ia l  photographs and exami ng the features in  the 
fie l d ,  i t  i s  j udged that their genera l �equ ence is pr�bably thus: 

A .  A renewed upward surge and l atera l intrusion of basa l ti c  magma 
i nto th e sedi ments of the Danforth Formation bowed up parts of the newly 
formed circu lar l ava fiel d in to three low ,  rounded domes, a l igned gener - .  
a l ly northwest-sou theast above the fissures through which the magma rose . 
The most wester ly  of these is just north of the Twi n  Craters on · the i ndex 
mop . The second and high est e longate .dome is now modified by the Central 
Crater Comp l ex ,  and .th e th ird has been somewhat modifi ed by Ova l  Crater . 

B .  Accompanyi ng and c losel y  fo l lowi ng thi s  doming , gas from the 
ves icu l ati ng magma p lus steam,  which was generated as the magma heated 
woter-satu�oted rocks, furnished energy for exp losions of varyi ng vio l ence 
to form craters of different sizes and types . Many of these craters were 
subsequently en l arged by engu l fment or co l l apse after the explosive erup ­
tive stage , l eaving l i tt l e or no ri ms of ej ecta . Twi n  Crat�rs, and Oval 
Crater (figure 2) ore two examp l es .  Others such as Mal heur Maar (figure 
3) and C lover l eaf Crater (figure 4) have rims of ej ecta contain ing a con ­
siderab le  number o f  ac cidenta l fragments and show evidence of l i t t le  or no 
co l l apse . Red Bomb Crater (fi gure 5) and Big Bomb Crater , on the oth er 
hand, have bui l t  sha l low cones mode up of l api l l i ,  scor ia,  and a mu l titude 
of red and b loc k  spher ica l  and el l i psoida l  cored bombs (described in more 
deta i l on page 29) . These craters· ore more l i ke c inder or scoria cones , 
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F igure 3 .  Mal h ear Maar . Thi s  lake-fi l l ed explosion crater and an adjoini ng one fi t th e  
origi nal defin ition of a maar . T h e  feature is 250 feet in diameter and 1 00  feet deep . 
It was probably formed by one or more gas eruptions or steam blasts . Very l i ttl e or 
no magmatic material  was erupted and only l ow rims of broken rock fragments are 
present . On the pahoehoe surfaces in the background are l ow ,  rounded to oval 
bu lges cal l ed "tumu l i  . .. These are bel i eved to form when the part ly congeal ed lava 
crust is raised by a local bu i l d-up of l ava imme�iately beneath .i t .  The tops of many 
of th e tumu l i  are cracked open, and mo l ten l ava from .be l ow has squeezed up i n to 
some of the cracks . 

Figure 4 .  C l over l eaf Crater . Bri ef sporadic expl osions from separate, closely spaced 
vents formed this mul ti p l e  ... Jobed crater rim that surrounds indi vidua l sha l l ow  craters . 
The seve

_
ral smal l craters occupy an area abou t 600 feet i n  diameter .• 

since there is a l arger addition of magmatic material in their composition � 
C .  At the c lose of the above eruptive phase , new activi ty was con­

centrated at  the Central Crater Compl ex (figure 6) . Additional doming by 
i ntrusion of the magma was fo l lowed by v io l ent explosive eruptions that 

- perforated the roof and showered broken rock and ash h igh into the air . To 
a contemporary observer, a mushroomi ng c loud of vapors and ash wou ld  
have been seen bi l lowing to a great height . Pu l verized roc k  and commi ­
nuted ash fe l l  back from thi s  c loud to form a th i n  maski ng layerabout 5 
mi l es in  diameter surrounding the erupti ng v_ent .  This mant le  of debris can 
be seen in the aeria l  photo (plate 1 )  as a ha lo enc irc l ing the Central Cra­
ter Compl ex .  Eruptions conti nued l ess frequent ly and l ess vio l ent ly from 
vents that shifted with i n  the eruptive center unti l at feast 1 7 funnel -shaped 
crater pi ts ,  of which not a l l are represen ted on the inde.x map , were formed 
ami � the hummocky debris . These inner crater r ims, l ike the r ims of the 
smat ler explosive features to the south and e�st , contain bas altic lap i l l i ,  
scoria , and simi lor cored bombs mixed wi th rock fragments of many sizes 
and varieties. Fragments and blocks of gray welded tuff characteristic of 
the Danforth Formation are common to abundant, and a .large outcropping 
of this  same tuff i� present h igh in the wal l  of one of the smal l er inner 
craters . This  is strong evidence for the conc lusion that considerable  dom­
ing had token p lace_ prior to the eruptions . After al l the explosive activity 
had ceased, flu id basal tic l ava again  wel led up and formed sever� l smal l 
flows which fi l l ed i n  sl ight depress ions at the outer edges of the crater 
complex .  

Th is vol canic  feature i s  certain ly an unusual one, and a detai l ed study 
wc;>u ld  probably show that many i ndivi dua l  vol cani c episodes are respon­
sib le for i ts present configuration . The exp losi ve eruptions must have frac ­
tured the whole  mass, causing subsi dence or co l lapse , which action has 
a lso been a factor i n  producing the shape of th is crater comp l ex .  The 
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Figure 5 .  Red Bomb Crafer . A portion of Red BOmb Crat� d,owi ng a sca-l loped rim and 
mu l tipl e fu nnel -shaped crater pits w i th i n  a l arger one that  is more than 900 feet in 
diameter . The l atest explosive eruption came from the crater in the lower l eft . Th e 
r ims consist of accretionary l api l l i  and numerous bo mbs . 

Figure 6 .  A sma l l part of Central Crater Compl ex .  Rather than being round or oval l i ke 
most craters, it is rectangu l ar with rounded corners . Th_e feature is 1 mi l e  long and 
3, 500 feet wide·. The crater floor is as much as 200 feet below the rims near the ou t­
si de edges , bu t the center i s  choked wi th pi l es o f . debris that are as high as the en ­
c ircl i ng rims .  Wi thi n  th e hummocky debris there are at l east 1 7  i ndivi du a l  funnel ­
shaped craters with steep s lopes and narrow bo ttoms . Part of th is debris is accidenta l 
and part is magmatic in the form of c inders, scoria, and bombs . Fresh b lock l ava i n  
sma l l amounts has stoped upward to fi l l  depressions near the edges of  the crater . 

funnel -shaped bottoms of the i n ner craters and the loose debri� sti l l  lyi ng 
at steep ang l es on the wal l s  attest to a very recent origi-n, -probably with in  
the lost 1 ;  000 years . 

D .  Another surge of magma,  thi s  on the eastern edge of  the area , in­
truded to form another bu l ge ,  Graben Dome , now marked by "on a l most 
textbook examp l e  of a graben (figure 7} .  The graben appears to hove been 
formed by subsi dence when l ava broke out at lower el evations and drained 
away, thereby w i th drawing support . The outflow of f lu i d  b lock lava oc ­
curred at many p l aces low on the south and east fl anks of the risi'ng dome .  
Lava rose w i thin some o f  the ol der exp l osion - craters and for med sma l l poo l s  
o f  l ava i n  the crater bottoms . Before the l ava poo l s  had cool ed ,  drai nage 
occurred wi th i n  the condu it,  l eavi ng round, steep �o l l ed pit craters wi th 
floors of iumbled, thi n  b loc k l ava crusts such as Keyhol e  Crater (figure 8) 
and Lava Pit Crater (figure 9) . Over other vents sma ll spotter cones were 
bui l t .  F lu.id  lava from half  a dozen sources ioi ned -to fi l l  depressions and 
cover another 1 �  square mi l es (stippl ed area on i ndex map) . The exposed 
surfaces ore g lossy and show the ropy texture and col l apsed crusta l features 
so common on th in pahoehoe flows . 

· E .  I ntruding magma next manifested i tsel f to the no.rtheost of Graben 
Dome and formed Northeast Dome , the western end of which ioins Graben 
Dome . As the britt le l ava over lyi ng the Northeast Dome was bowed up ­
ward, tension caused fractures to form the pattern that can be so easi ly 
seen from the air (figure 1 O) . On the ground th ese open fissures are as 
much as 1 5  feet wide and 50 feet deep . It appears that the magma which 
raised ·up th is dome di d not break out at the surface to form l ava flows, but 
i nstead ,  it is probably now cool ing at some depth as a l acco fithic mass .. 

. The ·nature of the under l yi ng Danforth Formation has probably made it  
possib l e  for these domes to form in the Diamond Craters . Magma risi ng 
from a fissure eou l d  move latera l ly between the - incompetent c l aystone and 
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figure 7. Looking west a long the crest of Graben Dome . Shown is the graben that de­
veloped as a col l apse feature when the magma which domed up the lava surface 
broke ou t at lower e l evations to the sou in and west, withdrawing support . The gra ­
ben is wel l  developed for 7, 000 feet and averages about 1 , 250 feet in wi dth .  Dis­
pl acement of the down-dropped block is  as much as 100 feet . Two accessory gra­
ben!) cross the main graben at nearly right ang les . 

Figure 8. Keyhol e Crater . The inner, steep-wal l ed pit in stark,  black lava is about 
400 feet in diameter and 1 00  feet deep . F lu id basa l t  well ed up to form a lava l ake 
that fi l l ed the floor of an existing broad explosion crater . Then the magma column 
above th e vent drained through some subterranean chonnelway and the thin crust 
co l l apsed to form the steep -wal l ed pit .  Part of the west wal l of hardened basa l t  
was carried back down the vent.  Lava benches show that drainage o f  the lava was 
intermittent . 

sandstone layers and remain confined at depth except for that portion ex­
truded to the 5urface by various condu its .  The geo l ogic cross-sec tion 
(p l ate 1 )  shows the general rel atio-nshi p  of the l ac co l i th i c  masses bel ieved 
to u nderl ie the domes . 

F .  Sti l l  l ater ·sporadic vo l canic eruptions produced features such as 
li tt l e  Red Cone (figure l l ) ,  wh i ch looks a l most as though it were formed 
yesterday . Vol canism and magmatic intrusion i n  the Diamond Craters are 
now presumed to be dormant . No fumaro l i c  activity or hot spr ings are 
known to exi st .  

· 

Cored bombs 

· The crater rims, floors, and even the debris-covered fl at areas near 
the exp l osion craters commo n ly conta i n  u nusual sph eri ca l  to el l ipsoi dol 
cored vol cani c  bombs . They range from the size of a pea to as much as 2 
feet i n  di ameter . Most of them are made u p  of accretionary layers of 

· b lack or reddish l ava surrounding an angu l ar accidenta l rock fragment:. _ 
Si l tstone, diatomi te (?),  sandstone, wel ded tuff, and a variety of other 
vol can ic fragments are a l l present as cores . These xeno l i ths  have been 
therma l ly metamorphosed . I n  some of the bombs, the lake-bed sti l tstone 
fragments have been burned to a reddish co l or ,  the sandstone h as been si.n- . 
tered, and wel ded tuff fragments have be·en partial ly to compl ete ly mel ted 
to o frothy g l ass . The more basic l ava fragments show a l esser degree of 
a l teration . 

The orig i n  of these interesting bombs i s  not comp l etely known , but they 
probab ly began as roc k fragments whi ch were broken from th e wa l l s  of the 
condu i t,  coated with l ava , and carried through the vent into the air by the 
exp l oding gases and steam, cml y to fa l l  or rol l  back i nto the vent from which 
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Figure 9. Lava Pi t Crater . This feature is so simi lar to the small basal tic shi e l d  vo l ­
canoes with summ i t  pits of I ce l and that it cou l d  probabl y  be cal l ed a miniature 
shield volcano . lava wel l ed up slowly on a gently sloping surface . As it over­
flowed, sma l l  l ava-tube distributaries carried off the l ava in al l directions to bui l d  
u p  the low ,  broad dome that i s  typical of the l arger sh iel d vol canoes . Then , just 
as at Keyhol e  Crater, drainage of the lava resul ted in col l apse over the vent to 
form this steep-wal l ed pit . 

· Figure 1 0 . l«;X)king eastward along the crest of Northeast Dome·, showing the jagged 
fractures opened by tension as a rising magma domed an area mare than a mi I e I ong 
and 3/4 mile wide .  like g lacier crevasses, these open cracks are hazards to travel .  
Some of the l argest cracks are 15 feet wide, 40 to 50 feet deep, and extend for long 
distances . There is no apparent displacement of the basalt wal l s  on ei ther side of 
the cracks, indicating that l i ttle or no subsidence has taken place at the dome crest . 

they· ca�e . Wi th 'further churni ng in the vent, these fragments received 
another coating of l ava, were thrown out agai n wh en a more v iol ent b last 
occurred, and fi nal ly , after repeated activity, came ·to rest on the rim of 
the crater . Suc h  a combi nation of processes is probably responsi b l e  for the 
SfTlOOth 1 rOUnded Shape Of R10St Of these Unusual bombS • 

A further, more deta i l ed study of the composition and texture of the 
accretionary ·coati ngs and cores is being made i n  order to determi ne more 
detai l s  abou t their origin . ·  Figures 1 2a and 1 2b  show a group .of typi cal , 
cored bombs from various crater rims i n  the Diamor;td Craters area !' 

C o n c l u s i o n  

Diamond Craters l ie in an isolated recent vol cani c  fie l d  at the sou th ­
ern edge ·of Harney Basin • .  The nearest- recent vol cani c  areas are the Four 
Craters lava Fie l d  about 100 mi les to the west and the Jordan Craters abou t 
60 mi l es to the east. Diamond Craters present many u nusual features that 
exist at no other recent vol canic areas in Oregon . Three of these features 
stand out above the rest for special interest . One is the Central Crater 
Compl ex, for which one can neither give a simple explanation of its origi n 
nor provide ·a simp l e  description of its physical characteristics . A second 
unique _ feature is the grab� at Graben Dome, whi ch can be exam ined as 
though it were a model for c lassroom study , since al most no detai l has been 
destroyed by weatheri ng and erosion . - lastly, the system of fissures on -
Northeast Dome , a mul titude of gapi ng  cracks, provides an outstandi ng 
exampl e  �f what happens to a brittle sheet of lava when it is rap idly 
warped upward . These structures , along with the 111any other recent vo l -

. can i c  forms, provi de variety to anyone interested i n  del ving i nto the proc­
esses of volcanism · 
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Figure 1 1  • li ttle Red Cone .  This sma l l  cinder_ cone, only 250 feet in diameter and less 
than 75 feet h i gh ,  has smoothly rounded rims of reddish cinders and scoria . It was 
born of one of the most recent explosive eruptions at Diamond Craters and is one of 
the l east eroded features in the area . Partly obliterated older craters show that 
li ttl e Red Cone is bu i l t  over a vent that has a history of explosive eruption • .  

Figure 1 2. Cored bombs . a) A variety of the pecul i ar  and interesting cored bombs &om 
a crater rim w i th i n  the large Central Crater Complex.  Fragments of shale,  rnud, 
welded tuff, and basal t ore the most common cores that .have been encased in con-
centric layers of b lac k ·and red l ava . b) An assortment of sizes and shapes of cored 
bombs . These obi ects can range from the size of a pea to 3 feet in diameter . Most 
are round or oval , but some ore merely lava-coated angular fragments . 

Anofher aspect of the Diamond Craters wh ich deserves further i nvesti ­
gation is their possibl e potential  for the devel opment of geothermal energy . 
Si nce the most probab l e  cau se for the domes is the formation of smal l l acco ­
l iths, these may be at a moderate depth , perhaps no more than a few hu n­
dred feet be low the surface .  The recency of the l atest vol can ism l eads one 
to bel i ey� that consi derable  _beat may sti l l  exist if! tbese intrusive bodi es 
and surrou ndi ng rock , even though no fumaro l ic activi ty or hot springs are 
known i n  th e areo • .. ·Geophys i ca l  exploration might co nfirm the presence of 
these intrusives and determ ine their  approximate depth ·. If conditions were 
found to be favorabl e ,  the dr i l l i ng of a test hol e cou l d  prove the existence 
of steam or superh eated water at depth . Engi neeri ng studi es on the amounts 
of steam and/or superheated water which cou l d  be produced, its tempera ­
ture and pressu re , corrosiveness, and other properti es wou l d  then determine 
the commercia l  feasi bi l i ty  of  generati ng power . 
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