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There are seven stratigraphic units exposed in the Picture 

Gorge quadrangle, a 204-square mile area in east-central Oregon. 

isolated exposures of pre-Cretaceous serpentinites, meta- 

lïmestones, and other metamorphic rocks record marine deposition 

of sands silts, and limy sediments followed by burial, lithification, 

peridotite intrusion, and several periods of deformation. Intrusion 

and deformation were accompanied by serpentinization, siL. ttion. 

and calcile veination. 

Cretaceous conglomerates and intercalated sandstones, which 

unconformably overlie the metamorphic rocks, are a result of fluvial 

deposition in a nearshore or continental environment, burial, lithifi- 

cation, uplift, and erosion. Pebbles were derived from plutonic- 

metamorphic highlands. 
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The Eocene Clamo Formation unconformably overlies the Cre- 

taceous rocks and is made up of basalt conglomerate, silicified con- 

glomerate, andesite breccias, and andesite flows. 

The fossiliferous John Day Formation, Oligo-Miocene in age, 

lies unconformably on the Clamo Formation and is pyroclastic in 

character. Ash was wind-transported from trachytic-andesitic 

sources to the west and deposited on land, in lakes, and in swamps. 

The 2, 400-foot section of volcanic siltstones and waterlaid volcani- 

clastic rocks includes some basalt near the base and an ash-flow tuff 

near the middle. The John Day Formation was folded slightly after 

consolidation. 

The fissure-fed Middle Mjocene Columbia River Basalt flows, 

at least 2, 300 feet thick, blanket 124 square miles of the quadrangle. 

Modal analyses of thin sections from 22 basalt flows suggest that 

flows cannot be correlated on the basis of mineralogy. Correlation 

must involve a combination of criteria, such as color, texture, and 

nature of outcrop, together with mineralogy and chemical analyses. 

Interfiow breccias, tuffs, volcanic siltstones and sandstones, dikes, 

and an irregular intrusion are also present. The Columbia River 

Basalt unconformably overlies the John Day Formation. After em- 

placement, the basalt flow rocks were folded into the west-trending 

Sunflower anticline and John Day syncline. Normal faulting occurred 

on the shared flank of the two folds. 



The Upper Miocene Mascall Formation lies unconformably 

upon the Columbia River Basalt. About 400 feet of well-bedded, rhy-. 

olitic volcanic siltstones and intercalated sand and gravel lenses sug- 

gest eoliari and fluvial deposition of ash in lakes and swamps. Folding 

and faulting occurred along the same trends which were active during 

Columbia River Basalt time. 

'lhe Plio-Pleistocene Rattlesnake Formation rests with pro- 

nounced angular unconformity on the Mascall Formation. About ¿10 

feet of poorly consolidated fluvial gravels enclose a 38-foot-thick 

ash-flow tuff. 

Pleistocene and recent events include capture o.f the middle 

fork of the John Day River, slumping, development of pediments, 

formation of stone garlands, stone stripes, and talus-free mounds, 

and deposition of stream gravels. An andesitic, hornblende-bearing 

white volcanic ash was deposited by wind. 
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GEOLOGY OF THE PICTURE GORGE QUADRANGLE, OREGON 

INTRODUCTION 

General Statement 

The Picture Gorge quadrangle includes within its boundaries 

the type section of the Mascall Formation, the type section of the 

Rattlesnake Formation, and one of the most spectacular outcrop 

areas of the fossiliferous John Day Formation in central Oregon. 

Although much of the surrounding area and even parts of the 

quadrangle itself have been mapped and described geologically, there 

was, up to the present time, no complete geologic map of the Picture 

Gorge quadrangle. 

The purposes of this paper are to offer a geologic map of the 

quadrangle, to describe the lithologies present, and to synthesize 

this and previous information in a geologic history of the area. 

Geography 

Location 

The Picture Gorge quadrangle is located in east-central Ore- 

gon between north latitude 44°30' and 44045!, and between west ion- 

gitude 119°30' and 119°45' (Figure 1). The quadrangle encompasses 

approximately ¿04 square miles and includes parts of Tps. 9, 10, 



FIGURE 1. Map of Oregon showing location of the Picture Gorge quadrangle. 



U, and 12 s., and parts of Rs. 25, 26, and 27 E. of the Willamette 

Meridian. 

The Wheeler County-Grant County boundary line divides the 

quadrangle in a north-south direction so that approximately one third 

of the land area lies to the west in Wheeler County and two thirds of 

the area to the east in Grant County. 

Accessibility 

U. S. Highway 26 provides ready access to the southern part 

of the quadrangle, and Oregon Highway 19 provides the same for the 

central area. Both are paved, but sinuous. Highway 19 is in the 

process of being relocated to eliminate some of the numerous, but 

picturesque curves. 

There are additional roads maintained by the Oregon Division 

of Forestry as fire roads, by the Federal Aviation Agency as access 

roads, and by the ranchers for their own use. These roads have 

either a gravel surface or are graded dirt. Every rock outcrop is 

within at least three miles of a road easily traversable by pick-up 

truck during the summer months. 

Topography 

The higher areas of the quadrangle are dominated by two 

wide, nearly horizontal plateaus of Columbia River basalt which 
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extend (rom the northwest and northeast borders of the quadrangle 

to a hinge line (Plate 1) about five miles from the southern edge. At 

this hinge the basalts phnge abruptly into the east-west trending val- 

ley of the John Day River, expcsing a broad, south-facing slope. 

South of this slope, the welded tuff member of the Rattlesnake 

Formation caps narrow northeast-trending buttes and mesas which 

stand out as angular promontories. In the valley below these bluffs, 

Rock Creek and the John Day River flow east and west respectively 

through the low, rolling hills cut on the soft tuff of the Mascall For- 

mati on. 

North of the slope, in the central part of the quadrangle, the 

broad 15-mile-long valley of the John Day River extends northward 

between basalt-rimmed plateaus. It has the appearance of a great 

elongate trench, locally up to six miles wide--a "window" through 

the overlying basalts. The John Day tuff, which floors this valley, 

occurs as low undulating hills, dales, hummocky landslide areas, 

and, in the northern part of the valley, as east- and west-dipping 

pediments. 

Elevations range from 5, 369 feet on the basalt-capped Rudio 

Mountain to 1, 840 lect in the John Day River vaLey. 

According to Allison (J, p 27) the Picture Gorge quadrangle 

is located physiographically in the Central Mour.tain region of the 

Columbia Intermo.tane Province. 
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Climate 

According to Rudd (58, p. 31), in the Picture Gorge area 

summer temperatures average between 640 F. and 680 F. and the 

winter temperatìres between 280 F. and 380 F. Temperature re- 

cords for nearby Dayii11e, Oregon, as reported in tClimate and 

Manfl (77, p. 1076), show a maximum temperature of 1110 F. and 

a minimum of 330 F. over a 37-year period prior to 1941. 

Average annual precipitation is about 15 inches (58 p. 32). 

This is compared with an average of over 80 inches in the Willamette 

Valley of western Oregon and an average of less than ten inches in 

the southeastern part of the state. Dayville records show an annual 

average precipitation of 11. 26 inches, the highest, 1. 26 inches, 

being in December, and the lowest, 0. 40 inches, in July, again 

measured over a 37-year period prior to 1941 (77, p. 1076). 

Yearly snowfall averages less than ten inches in the Picture 

Gorge quadrangle. but increases southward to from 30 to 100 inches 

in the Aldrich Mountains. This is compared with over 100 inches in 

the high Cascades. 

Drainage 

The only major stream in the Picture Gorge quadrangle is the 

John Day River which flows from the south edge of the quadrangle 

northwest approximately 2. 5 miles to Picture Gorge, then changes 



course to a northerly direction and corLtinues 15 miles across the en- 

tire length of the area. The quadrangle lies wholly within the John 

Day River drainage basin. Tributaries flow south in the southern 

portion of the area, east and west in the central and north central 

part, and north in the northeastern portion--all into the John Day 

River or its North Fork. 

The larger trìbutaries include Mountain Creek, Squaw Creek. 

Johnny Creek, Holmes Creek, Johnson Creek, Rudio Creek, Gilmore 

Creek, Franks Creek, and Ferris Creek. Others are either small 

or flow only during the wet seasons. 

Records obtained over a 34-year period from a stream gauge 

located in Picture Gorge, show an annual discharge of 459 cubic feet 

per second, or 332, 000 acre feet per year (31, p. 39). For the water 

year 1959-1960 (October to September) records show a maximum of 

1, 940 cubic feet per second in March and a minimum of 7. 0 cubic 

feet per second in July (31, p. 39). 

Vegetation 

The various species of plant life in the area are listed in 

Table 1, after Coleman (12, p. 14). 

Alder, birch, hackberry, dogwood, poplar gooseberry, wild 

rose, willow, and cat tail occur in the stream bottoms, juniper, sage- 

brush, and bunchgrass in the low hilly areas, and mountain mahogany 



and ponderosa pine in the highlands. 

TABLE 1. Dominant plant species of the Picture Gorge quadrangle. 

People 

alder 
birch 
dogwood 
juniper 
poplar 
western yellow pine 
willow 

gooseberry 
hackberry 
mountain mahogany 
sagebrush 
wild rose 

bunch grass 
cat tail 

Trees 

Shrubs 

Alnus tenuîolia 
Bedula fontinalis 
Cornus occidentalis 
Juniperus occidentalis 
Populus trichocarpa 
Pinus ponderosa 
Salix lasiolepis 

Ribes aureum 
Celtis occidentalis 
Cerpacarpus ledifolius 
Artemesia tridentata 
Rosa pisocarpa 

Grasses and Reeds 

Agropyrum spicatum 
Typha latifolia 

Though there are no incorporated towns in the Picture Gorge 
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quadrangle) Dayville, popi1ation ¿34 (8, p. 3t, lies . 8 miles south- 

east on U. S. Highway 26. Kimberly a small unincorparated settle- 

ment, estimated population about 15, is located on Oregon Fhghway 

19, 0. 8 miles north of the quadraiLgle boundary. 

Several families maintain ranches along Rock Creek and the 
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John Day River. These ranches are all diversified enterprises. AI- 

falfa is raised along the narrow river flood plains and, with irriga- 

tion, there are three cuttings of hay per season. Cattle, sheep, and 

sometimes horses are grazed in the foothills and higher upland 

areas. By far the greater part of the quadrangle, as reported by 

Castle (9, p. 50), is suitable only for grazing and forestry. Ponde- 

rosa timber has been logged from the basalt plateau, especially in 

the Rudio Mountain area. 

Previous Investigations 

Thomas Condon, Oregon minister and amateur geologist, was 

the first geologically inclined person to visit the John Day country 

and write about it. In the years following his first visit in 1862, he 

returned again and again to record geological observations and to 

make fossil collections in times when Indian truble forced him "to 

hold a rifle in one hand and . . . pick in the other" (45, p. 47). He 

also served as authority on the region for other, later scientific ex- 

peditiori s. 

His first recorded visit specifically to the Picture Gorge area 

did not occur until the summer of 1864 (48, p. 273), when he dis- 

covered the broad "galleries" of John Day Formation exposed in the 

Butler Basin-Big Basin-Artman Basin area north of the gorges As 

he wrote in 1871, "Of this new region I can say without hesitancy it 



is the wildest, strangest, most wonderful region of this wonderful 

country . . . the fossiliferous rocks were arranged into galleries 

each painted in the brightest hues of red, green, white, and endlessly 

mixed into neutral shades between. A fine fossil turtle obtained from 

one of these galleries suggested a name for the vast excavation 

around us, and it was accordingly called 'Turtle CovetI (45, p. 100- 

101). 

Turtle Cove, a feature which embraces the greater part of 

the present-day Picture Gorge quadrangle, became one of the best 

known and most intensively explored fossil bed areas in Oregon. A 

summary of early paleontological and geological expeditions into the 

region is given in Table Z. 

\,The first significant paper on the geology was that of Merriam 

(48) in 1901 in which he described and outlined the general stratig- 

raphy of the region.T This along with Calkins' (7) petrographic study 
e 

served as the basis for all further work, both geological and paleon- 

tological, until the present time. 

\_ In the 1906-1910 issue of the University of California Publi- 

cations, Merriam and Sinclair (49) again outlined the general geology 

as a basis for a more thorough study of the paleontology. In this 

publication there can be found a complete list of all contributions to 

the paleontology and geology of the Picture Gorge area up to that 

time. 



lo 

TABLE 2. Summary of early paleontological and geological 
expeditions into the Turtle Cove area. 

1871 0. C. Marsh collected for Yale University (45, 
p. 287). 
Lord Walsingham, William de Gray collected speci- 
mens which were given to the British museum (48, 
p. 273). 

1872 L. S. Davis and William Day collected for Marsh 
(48, p. 273). 

1873 Joseph LeConte made observations on the geology 
(42, p. 167). 
Davis and Day collected for Marsh. 

1878 Parties collected for Prof. E. D. Cope (University 
of Pennsylvania) (48, p. 279). 

1879 Cope collected (45, p. 287). 

1880 Captain Bendire collected for the National Museum 
(48, p. 279). 

1882 Davis and Day collected under Marsh for the U. S. G. S. 
(48, p. ¿79). 

1889 W. B. Scott collected for Princeton University (48, 
p. 279). 
J. C. Merriam - University of California (45, p. ¿95). 
F. C. Calkins - University of California (7, p. 110). 

1900 J. C. Merriam - University of California (7, p. 110). 

1901 J. C. Merriam - University of California (7, p. 110). 
F. H. Knowlton - U. S. G. S. (41, p. 10). 

1916 J. C. Merriam - University of California (50, p. 45). 
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Collier (13), in a report on the mineral resources of the John 

Day region, also discussed the general geology, with special refer- 

ence to the Rattlesnake Formation. In 1925, Merriam, Stock, and 

Moody (50) described the fai.na of the Rattlesnake Formation and the 

geology of the Rattlesnake and the Mascall Formationsi Buwalda (6), 

in an abstract in G. S. A. Bulletin 39 stated that he had undertaken 

the mapping of the Picture Gorge quadrangle. However, no map or 

other mention of it by Buwalda. is found in subsequent literature. 

More recently, Coleman (12) mapped a 45-square-mile area 

south of Middle Mountain and outlined the stratigraphy of the John 

Day Formation as it is exposed there. Hay (28) described the Pic- 

ture Gorge basalt section as part of his Master's thesis on the Mio- 

cene volcanic rocks of the John Day region. Wilkinson and Allen (87) 

mapped, in reconnaissance, a 32-square-miIe strip up the center o. 

the quadrangle which was published in the State of Oregon Department 

of Mineral industries Bulletin 50. Irish (36), as part of a geo1oic 

study of the Juniper Butte area, mapped approximately 19 square 

miles in the southwestern corner of the quadrangle. A geologic 

sketch map of the John Day region by Steere (66), published in the 

Ore Bin, includes the Picture Gorge area. 

The most recent publications are those of Fisher (19, 21). 

He mapped approximately 29 square miles in the McGinnis Creek., 

Branson Creek and Middle Mountain areas in support of articles 
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concerning the John Day Formation. 

With the exception of the Kimberly quadrangle to the north 

and a O. ¿-mile stretch of land to the west, all areas adjoining the 

Picture Gorge quadrangle have been mapped. These maps are by 

Snook (65) and Irish (36) on the west, Dawson (15), Taubeneck (70), 

and Thayer (73) on the south, and Cummings (14) and Napper (52) 

on the east. 

Methods of Investigation 

The geologic map was completed in September, 1962, after 

a 12-week field season. Approximately ten square miles mapped 

previously by Coleman (12) were left unrevised (see Figure 2). 

The geology was plotted on a topographic map of the Picture 

Gorge quadrangle, scale 1:62, 500, published in 1953 by the United 

States Geological Survey. A complete set of aerial photographs, 

flown in 1946 at a scale of 1:40, 000,was also used. 

The Picture Gorge section of the Columbia River Basalt was 

measured with tape and Brunton compass. 

Laboratory work involved the examination of 60 thin sections 

for some of which modal analyses were made. In the modal analy- 

ses, approximately 400 grains were counted in each thin section and 

the percentage of each mineral was calculated to the first decimal 

place. In the more abundant minerals the first decimal place is not 

a significant figure. 
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FIGURE 2. Map of the Picture Gorge 
quadrangle showing the area mapped 
by Coleman. 
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OUTLINE OF GEOLOGY 

An outline of the formations exposed in the Picture Gorge 

quadrange is given in Table 3. 

TABLE 3. Summary of rock formations exposed in the Picture 
Gorge quadrangle. 

Max. exposed 
thickness 

Age Formation Character in feet 

Quaternary Alluvial sands and 30 
gravels, white vol-. 
canic ash, and land- 
slide deposits. 

Pliocene- Rattlesnake Poorly sorted, poorly 255 
Pleistocene Formation indurated basalt gra- 

vels and an ash-flow 
tuff. 

unconformity 

Middle to Mascall Acid volcanic silt- 2, 090 
Late Miocene Formation stones, fine-grained 

sandstones, and in- 
tercalated sand and 
gravel lenses. 

unconformity 

Middle Miocene Columbia Tholeiitic and olivine 2, 300 
River Basalt basalt flows, dikes, 

and an intrusion. In- 
terflow breccias, tuffs, 
red volcanic siltstones 
and very fine-grained 
sandstones. 

une onfo rmity 
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TABLE 3. Continued. 

Age 

Max. exposed 
thickness 

Formation Character in feet 

Oligocene- John Day Trachytic and ande- 2. 400 
Miocene Formation sitic volcanic silt- 

stones, basalt, ignim- 
brite, non-welded tuff 
beds, and waterlaid 
volcaniclastic rocks. 

unconformity 

Eocene Clamo Basalt conglomerate, 480 
Formation silicified conglomerate. 

ande site breccias, arid 
andesite flows. 

unconformity 

Cretaceous WeIF-indurated con- 300 
gomerates with inter- 
calated sandstone lenses. 

unconformity 

Permian- ------- Srptntinites, sicified 3, 000 
Triassic ( ? ) serperAtinites, mnetalime- 

stones, and other mcta- 
morphic rocks. 
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PRE-CRETACEOUS METAMORPI-UC ROCKS 

General Statement 

There is no recognized type locality for the serpentinites, 

rnetalimestones, and other metamorphic rocks exposed in the Picture 

Gorge quadrangle. 

Merriam (48, p. 280) was the first to recognize metamorphic 

rocks in the vicinity, when he called attention to serpentine, quartz- 

ite, and limestone exposed in "Spanish Gulch, 12 miles west of Day- 

ville". Later, Dobell (16, p. 18) and Dawson (15, p. 9) independently 

described phyllite, quartzite, limestone, marble, argillite, and ser- 

pentine in the same general area. 

Collier (13, p. 11) recognized and described limestone and 

metamorphosed shales a few miles south of Dayville. In 1950 Taube- 

neck (70, p. 13) examined these rocks more thoroughly and reported 

the occurrence of cherty argillite, mudstone, shale, and tectonic 

breccias, as well as limestone. 

Bowers (5, p. lO) reported quartzite, phyllite, chert, and 

crystalline limestone in the Tony Butte area of central Wheeler 

County. 

As yet, however, since no type locality has been established, 

no formation name has been given to these lithologically varied 

rocks. 
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Distribution and Thickness 

Serpentinites and silicified serpentinites occur in a series of 

small knobs totalling approximately 15 acres near Highway 19 in 

SW 1/4, sec. 17, T. liS., R. 26E. and in SE 1/4, sec. 18, T. il 
S., R. ¿6 E. Since no distinct bedding is apparent in these outcrops. 

no attitude can be measured, and therefore no thickness can be de- 

termined. 

About 3, 000 feet of metalimestones and other metamorphic 

rocks (12, p. 19) are exposed in an elongate 82-acre body in Big 

Basin, SW 1/4, sec. ¿7, SE 1/4, sec. 28, and NE 1/4, sec. 33 of 

T. li S., R. 26 E. Metalimestones, approximately 900 feet thick 

(14, p. 10), crop out in an elongate 3. ¿-acre body in Timber Basin, 

NW 1/4, sec. 32. T. 11 S. , R. 27 E. This outcrop is only a small 

part o a 50-acre zone of pre-John Day metasec: ntnts and conglom- 

erates which trends southeasterly in the Courtrc'ck quadrangle (14, 

p. 9). 

Lithology, Pefrography and Nature of Outcrop 

Seroentinites and Silicitied Seroentinites 

Near Highway 19, yellow-brown craggy, irregular outcrops 

of serpent.irite appear as small knobs within, overlain by, and sur- 

rounded by slump blocks of John Day tuff. The serpentinite is in 



place. Contacts are unconformable. The abundance of contorted, 

soft, tan, fibrous, asbestiform serpentine gives a schistose appear- 

ance to the outcrop as a whole. Slickensides occur along the walls of 

some quartz- and calcite-filled fractures. Relative displacement 

along these fractures is never more than a few inches. The rock is 

in part soft and crumbly and in part moderately hard. 

Thin- section examination reveals serpentine, magnetite, 

hematite, and stilpnomelane (?). 

Serpentine--84. 5 percent. Occurs in two va- 
rieties. The first, chrysotile,is present in large 
cross-fiber plates. The second, antigorite, occurs 
in radiating clumps, fibrous bundles, and in oriented 
blades. Both chrysotile and antigorite have a bire- 
fringence of . 004-. 007, though under plane light, the 
former is commonly pale brown and the latter color- 
less. Fractures, which cut and offset both varieties, 
are filled in part by clumps and in part by long, 
threadlike, asbestiform bundles of antigorite. 

Magnetite- -8. 6 percent. Though dissemi- 
riated as small particles throughout the rock, is more 
commonly grouped into massive aggregates. These 
aggregates have a rectangular or diamond shape and 
may be as much as 1. 5 mm long but generally are 
o. 5 mm or less. Larger rectangles have a preferred 
orientation which is, for the most part, parallel to the 
fracture directions. Some aggregates are rimmed by 
magnetite which is lighter under reflected light than 
that of the interior. Magnetite is locally cut and dis- 
placed by serpentine-filled fractures. 

Hematite- -3. 9 percent. Forms red halos 
around magnetite aggregates. It also occurs with 
serpentine bundles, particularly in the fractures, 
where it winds in long threadlike streaks. 
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Stilpnomelane (?)--3. 0 percent. Occurs in 
yellow, platy, granular aggregates which are gener- 
ally in contact with magnetite. 

An outcrop of orange-brown1 silicified serpentinite is also 

included in the John Day tuff area and has the same relationship with 

that formation as the unsilicified serpentinites. The hardness of the 

silicified material is much greater, however, and the outcrop is con- 

sequently more prominent. The exposure exhibits a well-developed 

vertical joint set which trends N 6Z0 W. The top of the outcrop 

shows a smooth polish, like glacial polish, except that there are no 

striations, on a plane which dips 24° S. E. and strikes N 83° E. 

This is believed to be the surface of another joint set. Quartz 

stringers are very common and reach at least two centimeters in 

width. In hand specimen, stringers of quartz and dark magnetite 

surround brown serpentinite wall rock in a manner which suggests 

that the rock has been brecciated. Thin sections, however, do not 

reveal cataclastic texture. Movement along the mineralized frac- 

tures is generally very slight. 

Thin sections show serpentine, quartz, magnetite, hematite, 

and limonite. The quartz percentage is probably too high, because 

the thin sections include a quartz veinlet which is 5. 25 mm wide. 

Serpentine- -46. 9 percent. Occurs as anti- 
gorite and chrysotile in forms similar to those pre- 
viously described. Antigorite is the more abundant. 
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Quartz- -40. 5 percent. Though commonly 
microcrystalline, is in general large enough to give 
an interference figure. Quartz is present throughout 
the rock in pods and lenses within the serpentine 
matrix, and in radiating spherulite-like structures 
which are localized near large veinlets. 

Magnetite- -9. 4 percent. Exhibits the same 
rectangular aggregates as the previous sample. 
Displacement of one magnetite tablet along a frac- 
ture is 1. 5 mm. 

Hematite--i. 6 percent. Rims magnetite, oc- 
curs in bands parallel to the fractures, and surrounds 
the radiating quartz structures. 

Limonite- -1. 6 percent. Has a yellow-brown 
color. It commonly encloses magnetite and hematite. 

Metalimestones and Other Metamorphic Rocks 

Coleman (12, p. 18) reported the occurrence of granulated 

qua rtzite, schisto se limestone (metalime stone), green schi stose 

quartzite, silicified sericite schist, chlorite muscovite schist, and 

some serpentine in Big Basin. Granulated quartzite and schistose 

limestone are the most abundant types. The metamorphic rocks are 

in general much harder than the surrounding John Day tuff and stand 

up in relief as narrow ridges. The contacts are in part unconform- 

able and, according to Coleman (12, p. 17), in part faulted. 

Schistose light gray metalimestone (or schistose marble) ex- 

hibits a "pock-marked" weathered surface. White secondary calcite 

stringers up to two millimeters in thickness are common. They do 
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not have any preferred trend. 

Under the microscope, the metalimestone is seen to contain 

calcite, quartz, muscovite, magnetite, and hematite. 

Calcite--80. 3 percent. Cleavage and twin- 
ning is well developed. Cleavage traces are dis- 
torted into irregular bends and curves. Calcite 
grains are elongated in one direction, probably per- 
pendicular to the axis of compression. 

Quartz- - 14. 6 percent. Localized in small 
pods about two mm long, generally elongate in the 
same direction as the calcite. The quartz does not 
exhibit wavy extinction. 

Muscovite- -2. 6 percent. Occurs in small 
plates oriented parallel to the long direction of the 
calcite crystals. 

Magnetite--O. 9 percent. Disseminated in 
individual grains and in aggregates comprising 
square and rectangular tablets. 

Hematite- -1. 6 percent. Surrounds both the 
larger arid the smaller magretite grains. 

In Timber Basin, Cummings (14, p. 9-15) recorded the pres- 

ence of a metalimestone consisting of 99. 96 percent CaCO3, reddish 

brown chert, cataclastic calc-schist, cataclastic chlorite schist, and 

cataclastic chert. Metalimestone makes up approximately 95 percent 

of the exposure. The metamorphic rocks are overlain unconformably 

by Cretaceous conglomerate, and the whole pre-John Day complex is 

overlain unconformably by John Day tuff. The outcrop forms a low 

hill in Timber Basin. 
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The only factual statements which can be made concerning the 

age of the metamorphic rocks are that those in Timber Basin are 

pre-Cretaceous and that those near Highway 19 and in Big Basin are 

pre-John Day. 

However, a great deal of information may be inferred from 

tentative correlation with rocks of similar lithology and stratigraphic 

occurrence in other parts of the John Day Basin. Basement rocks 

of the same general character have been located to the west and to 

the south of the Picture Gorge quadrangle, and in every case these 

are overlain with distinct angular unconformity by sethmentary rocks 

of known Cretaceous age (13, p. 11; 16, p. 27; 70, p. 16; 15, 

p. 20; 5, p. ¿0). Furthermore, on the basis of fossil evidence, 

both Dawson (15, p. 22) and Bowers (5. p. ¿2) have suggested a 

Permo-Triassic age, and on the basis of lithologic dissimilarity 

with known Triassic strata farther east, Taubeneck (70, p. 16) has 

deduced a Permian age. 

If it is assumed, then, that the basement rocks of the Picture 

Gorge area are correlative with those of the surrounding region both 

lithologically (limestone is common to all localities) and stratigraph- 

ically (all are at least pre-John Day), then it can be inferred that the 

metamorphic rocks described above are Permo-Triassic (?) in age. 
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Petrogenesi s 

The inferred petrogeny of the serpentinite rocks is as follows: 

I. Serpentinization of an olivine-pyroxene-amphibole rock 

which resulted in the formation of chrysotile, antigorite, and mag- 

n e tite. 

2. Fracturing of already serpentinized rock in conjunction 

with further serpentinization which produced additional antigorite 

and magnetite. 

3. Episode of fracture-controlled quartz injection and minor 

calcite veination. 

4. Partial alteration of magnetite to hematite (51, p. 122) 

and possibly stilpnomelane (?). 

5. Further alteration of magnetite to limonite. 

Serpentine is generally formed from anhydrous magnesi- 

um silicates such as olivine and pyroxene by hydrothermal 

alteration (39, p. 416-417). Many thin sections described by other 

workers actually show individual stages in this process (76, p. 317). 

There is no definite clue, either textural or mineralogical, to indi- 

cate the former presence of olivine in the thin sections examined. 

However, from the fact that alteration of olivine to serpentine is an 

extremely common occurrence, and from the fact that the former 

presence of pyroxene and/or amphibole is suggested by magnetite 
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in rectangular and diamond-shaped aggregates, it is inferred that the 

original rock was probably ultrabasic and contained olivine, pyroxene, 

and possibly amphibole. Magnetite is a common byproduct of the 

serpentinization process (51, p. 89). 

Since chrysotile is displaced along fracture zones, it must 

have been present before fracturing occurred. Antigorite, though 

similarly cut by fractures, is also present along the walls of the tiny 

slippage surfaces. These relationships indicate that both chrysotile 

and antigorite serpentinization had occurred before fracture develop- 

ment, but whereas chrysotile serpentinization had ceased before 

fracturing, antigorite s erpentini zation continued. The contempor - 

aneity of serpentine and fracture development is to be expected if the 

serpentinization process involved a change of volume as described by 

Hess (32, p. 135). 

The metalimestone and other metamorphic rocks are inter- 

preted as the result of marine inundation, sedimentation, lithifica- 

tion, and more than one period of deformation. Deformation is sup- 

ported by the development of twinning lamellae in calcite (26, p. a8). 

the distortion of cleavage traces, elongation of calcite grains (91, 

p. ¿18), lineation of mica flakes (91. p. 218), and preferred orienta- 

tion of quartz pods in the metalime stone. 
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CRETACEOUS ROCKS 

General Statement 

There is no recognized type locality nor type section for the 

Cretaceous conglomerates and interbedded sandstones which crop out 

in the Picture Gorge quadrangle (Plate 1). 

Merriam (48, p. 280) was the first to discuss similar rocks 

in the vicinity of the Picture Gorge area when he wrote of exposures 

of conglomerate, sandstone, and shale in Spanish Gulch, 12 miles 

west of Dayville. 

Dobell (16, p. ¿8-37), Taubeneck (70, p. 73-81), Dawson 

(15, p. ¿7-32), and Snook (65, p. 8-18) also described rocks of simi- 

lar lithology in the surrounding area. 

Since no type locality has been established, no formation name 

has been accepted for these rocks, 

Distribution and Thickness 

The total outcrop area of Cretaceous rocks within the quad- 

rangle isapproximately 1. 6 square miles (see Plate 1). Small ex- 

posures occur about one-quarter of a mile north of Cathedral Rock 

onOregonHighway l9inSE 1/4, SW 1/4, sec. 6, T. 11 S., R. 26 

E. , near Mountain Creek on U. S. Highway ¿6 in NW 1/4, NE 1/4, 

sec. 17, T. 12 S. , R. ¿6 E. , and near Franks Creek in Timber 



Basin, N 1/2, sec. 32, T. 11 s., R. 27 E. The Mountain Creek out- 

crops were described by Irish (36, p. 10) and the Franks Creek out- 

crops by Cummings (14, p. 19-23). 

Larger outcrop areas occur near Dick Creek in S 1/2, sec. 

17, N i/a, sec. 20, and NW 1/4, sec. 21, T. 11 5., R. 26 E. and 

within the Deer Gulch-Goose Rock region in the central part of the 

quadrangle, sec. 31, T. il S., R. 26 E. and vicinity. The latter ex- 

posures, occurring over nearly 1, 000 acres, have been described by 

Coleman (12, p. 20-26). 

Coleman (12, p. 25) estimated an outcrop thickness of ap- 

proximately 300 feet in the Goose Rock area. This is the maximum 

for the quadrangle. 

Lithology, Petrography. and Nature of Outcrop 

Conglome rate s 

On a fresh break, the conglomerates are either gray green or 

orange yellow. They weather varying shades of red brown because of 

an oxide coating derived from within by oxidation of iron minerals, 

and because of a reddish stain derived from without by contact with 

enclosing red John Day tuffs. The grain size ranges from medium 

sand to cobbles nine inches in diameter. 

Though conglomerate pebbles are generally sub-rounded to 
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well-rounded, in Timber Basin they have a high degree of angularity. 

Sorting is poor at all locations. With the exception of some of the 

rock at Dick Creek, all of the conglomerates are well indurated, 

having an estimated very low porosity and permeability. The silica- 

cement content varies, reaching a maximum in Timber Basin where 

the large conglomerate chunks break across clasts into sharp angular 

fragments, and a minimum in some of the crumbly Dick Creek out- 

crops. 

Although white quartzite and black chert are the most common 

pebble types, clasts of granitic rock, gray fine-grained basalt, por- 

phyritic purple ande site, black argillite, black mica schist, and 

white quartzite breccia occur. Clasts of basic intrusive rocks and 

rhyolite were described by Coleman (12, p. 24). 

In the matrix, conglomerates consist of sub-angular to round- 

ed grains of feldspar, clay minerals, chlorite, and subordinate car- 

bonates (36, p. 10). Limonite. hematite, and manganese oxides 

were noted at Timber Basin (14, p. ¿0). White, earthy, non-calcar- 

eous material, possibly clay alteration of feldspars, occurs in the 

outcrops at Dick Creek. 

Sandstones and Other Rock Types 

Sandstones occur in lenses up to six feet thick. Cros s-bed- 

ding is evident in some outcrops. There are all gradations from 
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pebble free sandstones through pebbly sandstones to pebble conglom- 

e rates. 

The sandstones are light olive gray and tan yellow on fresh 

surfaces, but weather to tan and red-brown colors. The fine- to 

coarse-grained rocks consist of sub-angular to sub-rounded grains. 

Estimated porosity and permeability ranges from poor to excellent. 

In thin section Irish (36, p. 11) reported the occuirence of 

quartz, feldspar, carbonate, magnetite, sphene, apatite, mica (or 

chlorite) and chalcedony, in decreasing order of abundance. 

Other Cretaceous rock types include thin lenses of laminated 

shale reported by Irish (36, p. 10) from the Mountain Creek outcrops 

a 4. 5-foot bed of gray, papery, carbonaceous shale just north of the 

Cant Ranch on Oregon Highway 19, and a three-inch bed of laminated 

siltstone in the Dick Creek area. 

In general, Coleman' s observations on the nature of the Goose 

Rock and Deer Gulch outcrops hold true for the remainder of the qui- 

rangle. He observed that wher e erosion had strìpped the overlying 

material from the Cretaceous rocks, they form low, rounded hills, 

but where erosion has proceeded farther, and actually dissected the 

outcrops, they form steep-sided canyons and sharp ridges (1Z, p. 22) 

(Figure 3). 

The Cretaceous conglomerates are overlain by red John Day 

tuff at Dick Creek (Figure 4), and by Clamo talus and slope wash at 
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FIGURE 3. Goose Rock. Cretaceous conglom- 
erates with interbedded sandstone lenses. 

FIGURE 4. Cretaceous conglomerates in the 
foreground are overlain unconformably by the 
lower red beds of the John Day Formation in 
the background. Near Dick Creek. 
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Mountain Creek. In Timber Basin, a sharply defined angular uncon- 

formity separates the Cretaceous conglomerates from the underlying 

Pre-Cretaceous metamorphic rocks (14, p. ¿2). 

With the exception of some sassafras leaves noted by Coleman 

(12. p. ¿6) which are not diagnostic, no fossils have been found in 

the above-described sandstones and conglomerates of the Picture 

Gorge quadrangle. However, similarity of lithology and stratigraphic 

position with known Cretaceous rocks in the Spanish Gulch area (48, 

p. ¿80) suggests that the rocks of the Picture Gorge area are proba- 

bly Cretaceous in age. 

Pet r o g e n e s is 

The petrogenesis of the Cretaceous sedimentary rocks in the 

Picture Gorge quadrangle includes the following: 

1. High relief and rapid erosion of the source area as sug- 

gested by the textural and compositional immaturity of the rocks 

which is in turn indicated by poor sorting and the presence of unstable 

rock and mineral fragments (55, p. 253). 

2. Derivation from an igneous-metamorphic terrane as sug- 

gested by the composition of the pebbles. 
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3. Fluvial deposition in a continental or nearshore environ- 

ment as inferred by the roundness of pebbles, cross-bedding, the 

lensing nature of sandstone and conglomerate bothes, and the absence 

of marine fossils. 
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CLARNO FORMATION 

Type Locality 

Merriam (47, p. 71-72), though he never actually designated 

a type locality per se, first proposed the name Clamo for exposures 

of 'tuffs, ashes, and lavas" "near Mitchell" and "at Clarno's Ferry". 

Calkins (7, p. 122-153) and Wilkinson (85) have since made signifi- 

cant contributions to the petrography of the Clamo Formation in the 

greater John Day Basin. 

In the Picture Gorge vicinity, volcanic breccias, andesites, 

and basalts of the Clamo Formation have been described by Taube- 

neck (70, p. 82-91), Dawson (15, p. 46-55), and Snook (65, p. 18-32). 

Distribution and Thickness 

Basalt. conglomerate, andesite breccia, and augite andesite 

crop out over a total of approximately 96 acres near Mountain Creek 

in secs, 8 and 17, T. 12 S. , R. 25 E. (Plate 1). These outcmops, 

described by Irish (36, p. 11-26), are but a small part of a large 

northwest-trending body which extends into the adjoining Richmond 

quadrangle. Maximum outcrop thickness, estimated by Irish (36, 

p. 13), is 1, 800 feet. 

Along Gilmore Creek, exposures of silicified conglomerate, 

andesite breccia, and augite andesite occur over approximately two 
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square miles in secs. 5-8, T. 10 s., R. 27 E. and vicinity. Napper 

(52, p. 14) discussed these rocks briefly where they extend eastward 

into the Courtrock quadrangle. As scaled from the map, the maxi- 

mum outcrop thickness of the lavas is 480 feet. 

Lithology, Petrography, and Nature of Outcrop 

Basalt Conglomerate 

The poorly-sorted basalt conglomerate consists of well- 

rounded gray basalt boulders up to seven feet in diameter enclosed 

in a fine-grained, green, tuffaceous matrix. The boulders contain 

numerous striated plagioclase laths. Calcite and dark vitreous glass 

fragments occur in the matrix. Both the boulders and the matrix 

are flecked with an abundant green alteration product, possibly 

chlorite. 

Small, isolated outcrops of basalt conglomerate display an 

irregular, indented surface which is caused by the weathering of 

component pebbles and boulders. 

Silicified Conglomerate 

The silicified conglomerate exposed near Gilmore Creek is 

gray, but weathers reddish brown, and consists of bands of light- 

to dark-gray, well-rounded, ellipsoidal pebbles with a maximum 
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diameter of one-half inch, enclosed in a hard, compact matrix. 

Bands of reddish hematite (?) or clay (?) up to three-quarters of an 

inch thick intersect the pebble lineation. Very thin, yellow, limonite- 

filled fractures parallel the pebble direction. The fresh surface is 

commonly spotted with small pockets of a white, crumbly, secondary 

mineral which are surrounded, in turn, by halos of red hematite (?) 

stain. 

In thin section under plane light, contrasting dark gray, light 

gray, and colorless areas delineate oriented elongate patches up to 

5. 2 mm long. These patches make up an estimated 90 percent of the 

rock. Under crossed nicols, the rock is seen to be composed essen- 

tially of one mineral, with low birefringence and low relief, which, 

though too fine to be identified definitely, is probably quartz. The 

only other mineral, hematite, occurs in concentrations with irregular 

and, rarely, oval-shaped outlìnes. It constitutes an estimated maxi- 

mum of five percent in one thin section and ¿O percent in another in 

which a hematite band, as described above, is included. 

Well-developed joint sets in outcrops of the extremely resist- 

ant silicified conglomerate cause the rock to break into sharp-edged, 

rectangular blocks. 
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Andesite Breccias 

At Mountain Creek andesite breccia consists of red-gray, 

angular fragments, up to two inches in diameter, included in a red, 

friable, vesicular matrix. The andesite fragments contain milk- 

white, euhedral, and commonly zoned feldspar phenocrysts. Other 

fragments up to one inch in diameter are composed of a splintery, 

red, fine-grained claystone, which may be baked soil or fine tuff. 

At Gilmore Creek the andesite breccias vary in the types of 

inclusions which they contain. [n some outcrops, there are only vio- 

let, angular. aphanitic andesite fragments in the red, very fine- 

grained matrix. In other exposures, only gray, irregularly shaped 

vesicular fragments are present. The largest aphanitic fragments 

observed were 3. 5 inches long, the largest vesicular fragments were 

3. 0 inches long. Where both kinds of inclusions occur in the same 

outcrop, the vesicular fragments are larger and more abundant. The 

ovoid cavities of the vesicular fragments are partially filled by tiny 

quartz crystals, calcite, and a soft, milky-white secondary mineral, 

possibly clay or zeolite. 

J_n thin section, the only type of breccia examined was that in 

which aphanitic fragments compose an estimated 90 percent by vol- 

urne. The angular to sub-rounded fragments of fine-grained micro- 

porphyritic augite andesite are surrounded by a matrix of identical 
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mineral composition. The well-developed pilotaxitic texture of the 

fragments ends abruptly at the otherwise ill- defined fragment bor- 

ders. The matrix feldspars, in part anhedral and in part euhedral, 

are not aligned. Lrt rare instances hematite is concentrated along the 

borders of lithic fragments. Hematite-rimmed phenocrysts of augite 

altered to cKl.orite are common. 

Outcrops of andesite breccia commonly form irregular 

hoodoos. 

Augite Andesites 

Augite andesites appear violet to gray maroon on fresh sur- 

faces and gray to orange brown on weathered surfaces. Though they 

are generally aphanitic, in some hand specimens small feldspar laths 

and green rectangular augite prisms may be distinguished with a hand 

lens. Deep red, soft, irregular hematite pods up to three-quarters 

of an inch long and small patches of yellow limonite up to one-six- 

teenth of an inch long are scattered on the weathered surfaces. The 

rock is very hard and splintery. 

Thin section examination permits a further division of the 

microporphyritic augite andesites on the basis of grain size, the 

finer containing phenocrysts of up to O. 4 mm in diameter and the 

coarser containing phenocrysts of up to two millimeters in diameter. 

The rocks of smaller grain size tend to he glomeroporphyritic and 
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pilotaxitic. Both are holocrystalline and similar with respect to the 

essential minerals present, but are quite variable in the proportions 

and nature of secondary alteration products. In order to emphasize 

these differences, modal ar..alyses of four thin sections, one coarse- 

grained (A) and three fine-grained types (B, C, D), are presented in 

Table 4. 

TABLE 4. Modal analyses of four augite andesite samples (%). 

(A) (B) (C) (D) 

Plagioclase 61.2 81.8 87.7 72.6 
Red Iron Oxide 19. 2 1. 6 5. 9 ¿5. 5 

Augite 13. 1 1. 3 0. 6 -- 
Highly Birefringent 

Chlorite -- 10.8 4.4 0.8 
Magnetite 4. 4 4. 5 1. 4 0. 8 

Zeolite and Chlorite 2. 1 -- 0. 3 

Apatite T -- -- -- 

Augite + 
Highly Birefringent 
Chlorite 13. 1 12. 1 5. 0 0.8 

Plagioclase. Present in euhedral, albite- 
twinned laths, has an average composition of An48 
--a calcic andesine. Both biaxial positive and bi- 
axial negative interference figures were observed. 
Zoning is present in some phenocrysts, but is not 
Common. 

In the coarse-grained andesite (A), a 1. 5 

mm-long phenocryst shows a clear Carlsbad-twin- 
ned core surrounded by a wide inclusion-filled 
shell. The inclusions consist of irregular augite 
fragments, red iron oxide flakes, and tiny apatite 
crystals. Of particular note are the augite frag- 
ments, which, though they are generally scattered 
at random throughout the shell, in one instance are 
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oriented and show simultaneous extinction. The 
shell feldspar is twinned, but the nature of the 
twinning is undetermined. 

In the fine-grained andesites (B, C, D) feldspar 
occurs as microlites around andesine phenocrysts 
forming a pilotaxitic texture. Anhedral, interstitial 
patches of feldspar also occur. The microlites and 
interstitial feldspar appear to be a plagioclase less 
calcic than andesine, possibly oligoclase. 

Red iron oxide. Occurs in bright red-brown 
euhedral prisms, diamond-shaped cross-sections, 
and in broken sharp-edged fragments which in some 
instance s include small chlorite -filled cavities. 

The iron oxide has nearly parallel extinction, 
high index of refraction, and fairly high birefrin- 
gence, in part masked by its strong coloration. 

In the fine-grained ande sites (B, C, D), iron 
oxide occurs in rodlike patches, disseminated aggre- 
gates, and, in one section, in reticulated veinlets as 
if filling fractures in something that is no longer 
there. In these forms 

The iron oxide is probably in part "iddingsite" 
(29, p. 109) and in part hematite. 

Augite. Is faintly pleochroic from pale brown 
green to colorless. It occurs in prisms and cross- 
sections which commonly have sharp, jagged edges. 
Basal sections show wide twin seams. 

Although in some instances the augite poiki- 
litically encloses small feldspar laths, it more corn- 
monly occurs in the interstices between plagioclase 
crystals. In the fine-grained rocks, it is typically 
present in glomeroporphyritic groups up to two milli- 
meters in diameter and associated with highly bire- 
fringent chlorite within iron oxide-rimmed borders. 

Highly birefringent chlorite. Apparent only 
in the fine-grained rocks, occurs in two forms. One, 
as pale to deep-green. pleochroic fibers oriented 
within and parallel to the long direction of external 
iron oxide-rimmed prismatic outlines; and two, as 
very small birefringent flakes in the interstices of 
matrix feldspar laths. Clinopyroxene fragments are 
included in the chlorite. 
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Magnetite. Is present in euhedral crystals and 
granular aggregates which are generally included in 
red iron oxide. An exception is one of the fine-grain- 
ed rocks (B), which, though comparatively rich in 
magnetite, is notably deficient in the red mineral. 

Zeolite (?). Has pale yellow fibers which ex- 
tend inward from the borders of small cavities. The 
mineral has negative relief, parallel extinction, and 
a birefringence of . 007-. 001. It occurs both in the 
matrix and in the previously described plagioclase 
phenocryst of the coarse-grained andesite. 

Low-birefringent chlorite. Is pale green to 
colorless, has a birefringence of . 007-. 012, and 
shows parallel, but wavy extinction. It has an index 
of refraction greater than balsam. The low-bire- 
fringent chlorite is in part surrounded by red iron 
oxide and in part associated with highly birefringent 
chlorite inside prismatic outlines previously de- 
scribed. 

Apatite. Is present in very small clear needles, 
which, though probably fairly common, were ob- 
served only in the feldspar phenocryst above de- 
scribed. 

Hard augite andesites exhibit a platy jointing which, along 

with a well-defined, regional, vertical joint set, causes the rocks to 

break into blocks, splinters, and thin plates of as much as one-quar- 

ter of an inch in thickness (Figure 5). Locally, andesites grade up- 

ward into the irregular hoodoos of the hard, non-vesicular andesite 

breccia. 

At Gilmore Creek an angular unconformity exists between the 

Clamo rocks and the overlying John Day Formation and Columbia Riv- 

er Basalt. There is no well-developed soil zone at the contact. 
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FIGURE 5. Highly jointed augite andesites of 
the Clamo Formation, Gilmore Creek. 
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Although no Eocene fossils were found in the Picture Gorge 

quadrangle, similar lithology and stratigraphic position with dated 

Clamo rocks of other areas indicate that the conglomerates, breccias, 

and andesites above described are part of the Clamo Formation. 

Prior to 1963, fossil identifications by Knowlton (48, p. ¿91) 

and Stirton (67, p. ¿65) were accepted as conclusive evidence that 

the entire Clamo Formation was Eocene in age. In that year, how- 

ever, Hay (30, p. ¿02) reported a potassium-argon date of 37 million 

years on a sample of pyroxene andesite, which suggests that the up- 

per part of the Clamo, at least, might be Oligocene in age. 

In order to determine whether rocks of the Picture Gorge 

quadrangle belong in the Eocene or the Oligocene portion of the Ciar- 

no Formation it is necessary to determine whether Picture Gorge 

rocks fit into the lower or the upper Clamo. 

According to Wilkinson (85, map in pocket), andesite occurs 

both at the base and near the top of the Mutton Mountain igneous corn- 

plex. Merriam (48, p. 286) reported andesite at the base of the sec- 

tion in the Clarno's Ferry region. In the Mitchell area McIntyre (46, 

p. 30) described andesite in what he defined as the lower and upper 

units of the Clamo. Bowers (5, p. 86-87), also working in the vicin- 

:ity of Mitchell, reported ash and volcanic breccia at the base of the 
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sequence, and made the significant observation that, in general, the 

igneous rocks varied from an andesitic composition near the base to 

a basaltic composition near the top. In the Dayville area Taubereck 

(70, P. 90-9 1) noted the occurrence of both volcanic conglomerate and 

andesite flow rock directly on the Cretaceous. Dawson (15, p. 55) 

also reported breccia. on Cretaceous in the vicinity of Spanish Gulch. 

Although they hesitated to place the Clamo units in a strict strati- 

graphic sequence, Irish (36, p. 11-26) and Snook (65, p. 18), work- 

ing just west of the Picture Gorge quadrangle, did suggest that vol- 

canic breccia is basal, ande site is intermediate, and basalt is the top 

of the section. 

From this summary it can be seen that andesite flows and 

andesite breccias generally occur near the base of the Clamo section, 

and from this it might be tentatively inferred that the similar rock 

types of the Mountain Creek and Gilmore Creek exposures in the 

Picture Gorge quadrangle are lower Clamo, or at least not upper 

Clamo. and therefore are Eocene in age. 

Petrogenesi s 

Basalt Conglomerate 

Fluvial erosion from a nearby volcanic terrane is suggested 

by the rounding and size of clasts, poor sorting, and the volcanic 
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composition of the basalt conglomerate. Localized outcrops, the ab- 

sence of marine fossils, and the presence of surrounding sub-aerially 

emplaced volcanic rocks indicates a continental environment of depo- 

sition. 

Silicified Conglomerate 

Because of silicification, the petrogeny of the silicified con- 

glomerate is difficult to determine. Fluvial dispersal, the imposition 

of a stress field, and an episode of silica injection are required to ex- 

plain pebble roundness, ellipsoidal pebble shape, linear orientation, 

and the silicified nature of the rock. 

Andesite Breccias 

Both varieties of andesite breccia- -that is, the type with pre- 

dominantly aphanitic fragments and the type with predominantly ve- 

sicular fragments- -are autoclastic volcanic breccias as defined by 

Fisher (18, p. 974). More specifically, with reference to the Gil- 

more Creek rocks, they are probably flow breccias (18, p. 974). 

Evidence for this includes the vesicular nature of some fragments, 

the angularity of other fragments, the vesicular matrix, the matrix 

of mineral composition identical with that of the fragments, and the 

fact that, in one locality, andesite flow rock is seen to grade upward 

into andesite breccia. 



44 

Augite Andesites 

Petrogenesis of the augite andesites includes the following 

phenomena: 

t. A magmatic-stage crystallization (78, p. 262) of olivine, 

plagioclase, pyroxene, magnetite, and apatite which is suggested by 

euhedral forms and relative positions in the reaction series of Bowe.n 

(4 p. 60). 

2. A postmagmatic.- stage crystallization (78, p. ¿62), which 

includes minerals formed just before, during, and immediately after 

extrusion, involved the formation of plagioclase, red iron oxide, 

chlorite, and zeolite. 

The presence of a plagioclase phenocryst with an ìnclusion- 

less core surrounded by an inclusion-filled shell suggests that there 

was a second stage of feldspar formation. The occurrence of feld- 

spar phenocrysts in a ground mass of microlite laths also indicates 

two generations (71). 

The red iron oxide probably includes both hematite and 

'iddingsite". Most hematite is an alteration product of magnetite. 

This is indicated by the common occurrence of hematite rims around 

magnetite. 'Iddingsite", according to Gay and LaMaitre (24, p. 109), 

is a postmagmatic stage alteration product of olivine. 

Since no olivine is apparent in the thin sections examined, the 
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transformation of olivine to "idclingsite" must have been complete. 

Moorhouse (51, p. 191) stated that olivine is common in the transition 

andesite-basalt rocks of which the Clamo andesites are an example. 

Two varieties of chlorite, a highly birefringent type and a 

low-birefringent type, are presented in Table 4. The hìghly bire- 

fringent type is of special interest, because it is not noted in current 

mineralogy textbooks. Hey (33, p. 284), in a review of the chlorites, 

presented a graph in which chemical compositions were related to 

optical properties. This graph suggests that the high birefringence 

could be the result of an abnormally high silica and iron content. 

The highly birefringent chlorite is commonly associated with 

augite and is therefore inferred to be an alteration product of that 

mineral. The chlorite occurs within prismatic outlines and includes 

augite fragments. 

The low-birefringent chlorite ìs also associated with augite 

and is inferred to have had an origin similar to that of the highly bi- 

refringent type. The occurrence of low-birefringent chlorite 

in "iddingsite" suggests that it is also an alteration product of 

olivine. 

A mild, humid, semi-tropical climate is suggested for Clamo 

time by the fossil leaves of other areas (90, p. 21) and the thick red 

soil zone reported by Waters (80, p. 1320) near Mitchell. 



JOHN DAY FORMATION 

Type Locality and Type Sections 

In an article on the Tertiary lake basins of the Rocky Mountain 

region, Marsh (44, p. 52) stated that '. . the type localities of the 

Miocene basin are along the John Day River and the name may pro- 

perly be used to designate the lake-basin'. King (40, p. 423) in a 

U. S. geological exploration of the 40th parallel report, correlated 

the Truckee deposits of Nevada with the John Day beds of Oregon. 

Later, in 1901, Merriam (48, p. 291), having reaffirmed the 

name proposed by Marsh, became the first to attempt the task of es- 

tablishing the John Day stratigraphy. He proposed a three-fold divi- 

sion, primarily on the basis of color, into the lower red beds, mid- 

dle bluish-green beds, and upper buff beds. Merriam included what 

he believed to be a rhyolite flow near the lower part of the middle 

member. 

In 1949, Coleman (12, p. 61), working in the Picture Gorge 

quadrangle, divided the formation on the basis of lithology, color, 

and stratigraphic position. He described a lower member, containing 

red beds and intercalated basalts, a middle member, containing all 

the material between the red beds and a welded tuff layer, and an up- 

per member, including all rocks between the base' of the welded tuff 

and the overlying Columbia River Basalt. Coleman had recognized 
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Merriam's rhyolite flow as a welded tufi. 

Before Coleman's work, thicknesses, descriptions, and gen- 

eral discussions of the John Day were not commonly ascribed to spe- 

cific places, but rather generally referred to the John Day Basin as 

a whole. Coleman established measured sections and detailed litho- 

logic descriptions in the Picture Gorge quadrangle. 

In 1950, Grecn (Z5, p. 1538-1539), though he accepted the 

lower red beds as a distinct unit, disagreed with the division of the 

middle and upper members on the basis of the fact that they suppos- 

edly have the same lithologic characteristics and should not be divid- 

ed by what he termed a "local extrusive variant', the welded tuff. 

He also noted that since previously-collected fossils had not been 

well located as to stratigraphic position, they could not be used as 

indicators of such. 

Fisher and Wilcox (ZZ, p. 302-304), from work completed in 

the adjacent Monument quadrangle, still supported a three-fold color- 

lithology division. They placed their boundaries differently, howeve 

the middle green, red, yellow, and gray beds being separated from 

the underlying red material by a thin tuff layer containing green phyl- 

lite fragments, and from the upper buff beds by a gradational con- 

tact. Fisher and Wilcox included the ignimbrite layer in the upper 

part of the middle member. 

Hay (30) mapped the John Day farther west in the Sutton 



Mountain area north of Mitchell, Oregon. He separated the formation 

again into three units, but this time on the basis of differing mineral 

facies as well as lithology. Hay proposed that the lower clinoptilolite 

facies and the upper fresh glass facies be separated by the middle 

rhyolite ignimbrite. He also measured and described several strati- 

graphic sections. 

Finally, Fisher (21, p. 187), after additional work in the 

Picture Gorge quadrangle and elsewhere, repeated (except for the 

lower-middle contact which he called gradational) the essentials of 

the stratigraphic subdivision proposed earlier by Fisher and Wilcox 

(22). This differs from both that of Coleman and Hay. 

Fisher (20) has included the rocks of the Picture Gorge area 

in a regional examination of the John Day stratigraphy, now in manu- 

script form. 

In summary, then, several type localities and type sections 

have been established in the John Day Formation. Each group of 

sections is used to support a slightly different division of the forma- 

tion on the basis of slightly different types of criteria. There is an 

overall similarity among the proposed divisions in the placement of 

red beds near the base of the stratigraphic sections green beds and 

a welded tuff unit near the middle, and buff beds near the top. 
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Distribution and Thickness 

The total outcrop area of the John Day Formation in the Pic-. 

ture Gorge quadrangle is approximately 28 square miles. It crops 

out extensively in Butler Basin, Big Basin, Artman Basin, and on 

both sides of the John Day River from Bull Canyon to the northern 

edge of the quadrangle (Plate 1). Other smaller outcrops are shown 

on the map (Plate 1). 

Red beds are well-exposed in Big Basin, secs. 16, 17, T. 11 

S., R. 26 E. Intercalated basalts occur in sec. 30, T. li S., R. 26 

E. (15, p. 62). Green volcanic siltstones are present in the vicinity 

of Middle Mountain in secs. 19, 20, 29, 30, T. 11 S., R. 26 E. The 

welded tuff is best shown at Cathedral Rock, sec. 7, T. il S., R. 26 

E. ; Foree Fossil Beds, sec. 32, T. 10 S. , R. 26 E. ; Deep Creek, 

sec. 36, T. 10 S. , R. 25 E. ; and Branson Creek, secs. 29-32, T. 

lo S. , R. 26 E, Non-welded tuff beds occur near Deep Creek in 

secs. 35, 36, T. 10 S. , R. 25 E. and Squaw Creek, sec. 14, T. 11 

s. , R. ¿5 E. Volcaniclastic rocks appear in sec. 17, T. 10 S. , R. 

26 E. The upper buff volcanic siltstones are well represented by ex- 

posures north of McGinnis Creek on the John Day River. 

Coleman (12, p. 29) measured a total John Day thickness of 

only 825 feet in the southern part of the Picture Gorge quadrangle, 

but Fisher (21, p. 187) suggested a maximum of approximately 2, 400 
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feet for the quadrangle as a whole. 

Lithology, Petrography, and Nature of Outcrop 

General Statement 

In a stratigraphic section of the John Day Formation, red vol- 

canic siltstones and intercalated basalts occur at the base; green, 

buff, to light red volcanic siltstones, an ignimbrite layer, and non- 

welded tuíf beds occur near the middle; and light-gray to buff volcanic 

siltstones and waterlaid volcaniclastic rocks occur at the top (ter- 

minology after Fisher, 21, p. 187). 

Red Volcanic Siltstones 

In hand specimen the deep red volcanic siltstones have scat- 

tered sub-angular white mineral fragments, black grains, and lath- 

shaped vitreous feldspar fragments in a fine-grained, soit, earthy 

matrix. In outcrop they form low rounded hills, the smooth slopes of 

which are commonly interrupted by one- to two-inch ledges of more 

resistant siltstone. The red volcanic siltstones rest unconformably 

on pre-Cretaceous rocks, Cretaceous rocks, and the Clamo Forma- 

tion. 

For purposes of comparison, the petrography of the entire 

volcanic sequence from the red volcanic slltstones at the base of the 
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section to the buff volcanic siltstones at the top of the section is best 

described in one brief rsum. A summary, based on a thin-section 

and X-ray diffraction study by Hay (30, P. ¿03-Z 11), is presented 

here. 

Hay noted that the volcanic siltstones of the John Day Forma- 

tion are composed of vitric ash altered to montmorillonite, kaolinite, 

and, in the green layers, celadonite. Zeolitized glass shards (clinop- 

tilolite) and acid igneous rock fragments are present, the glass 

shards being especIally concentrated in vitric tuff layers three to ten 

inches thick. Andesine is the dominant feldspar, but significant 

amounts of sanidine are present, particularly in the lower part of the 

formation. The tuffs vary in composition from trachytic near the 

base to andesitic in the upper beds (12, p. 138). 

Basalt 

According to Coleman (12, p. 75), the intercalated basalts are 

dark, fine-grained rocks in which upper vesicles, filled with calcite, 

chlorite, chalcedony, and zeolites, are common. Though no colum- 

nar jointing is apparent, a poorly defined vertical joint pattern and a 

faint pillow structure occur. No baking was observed at either the 

upper or lower contacts. 
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Green, Buff, and Light Red Volcanic Siltstones 

The green, huf, and light red volcanic siltstones are similar 

to the red beds in megascopic texture, containing small angular crys- 

tais and rounded lithic fragments in a fine-grained tuffaceous matrix. 

They form colorful galleries in outcrop, thin better-indurated layers 

standing out as steplike shelves in the cliff faces (Figure 6). Pillars, 

spires, and irregular hoodoos are characteristic erosion forms. 

Ignimbrite 

The resistant, cliff-forming ignimbrite caps a thick section of 

green John Day tulf at Foree Fossil Beds (Figure 6). The following 

discussion ìncludes descriptions of first, the crumbly carbonaceous 

material which occurs five feet beneath the welded tufi; second, the 

competent buff tufi layer of about five feet in thickness which occurs 

between the carbonaceous material and the base of the welded tuff; 

and third, the dense 50-foot welded tuff itself. All descriptions are 

of rocks which were obtained from the Foree Fossil Beds. 

The crumbly, gray, carbonaceous volcanic siltstone contains 

black and amber, rounded lithic fragments and white one-eighth-inch 

angular tuffaceous siltstone fragments. It grades upward into six- 

inch-thick lenses of purple-black, fibrous, carbonaceous material. 

Conformably overlying these pockets of carbonaceous matter 
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FIGURE 6. Volcanic siltstones of the John Day 
Formation capped by ash-flow tuff, Foree Fossil 
Beds. 

FIGURE 7. Volcaniclastic conglomerate of the 
John Day Formation in sec. 17, T. 10 S., R 26 E. 
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is a five-foot layer of white to buff tuff containing tiny black, earthy 

white, and yellow limonitic grains ±n a very fine-gra±ned matrix. It 

is not as hard as the oveilyng igrJmbrite, but does not crumble--it 

fractures when broken, bT.t does not splinter. In thin section under 

low power and crossed nicols, fractured magnetite euhedra and rare 

broken feldspar crystals are scattered in a matrix which is partly 

isotropic, but partly filled with a random scattering o anisotropic 

fibers. Under high power and plane light, irregular glass-shard 

structures become apparent and it is seen that the fibers actually oc- 

cur between the isotropic shards. Glass shards have no orientation 

and show a wide variety of irregular shapes. The rock is not welded. 

A few small rock fragments occur. Hematite is present. 

Hand samples of the welded ttf are white to light gray on 

fresh surfaces. On weathered s:rfaces they are green near the base 

(Ji the section, red yellow near the middle, and red near the top. In 

the green zone feldspar fragments and small black and green lithic 

fragments are included in a dense matrix o curled glass shards. The 

green zone is splintery, blocky, extremely hard, and intensely 

jointed. The red-yellow part of the ignimbrite contains broken rec- 

tangular, vitreous, feldspar crystals, pumice fragments, minute 

acicular glass shards, and lenticular one-half-inch pumice fragments. 

This part is also blocky and splintery, but is not quite as dense as the 

green zone. The red zone, although it is similar in lithology to the 



other two parts, is not a s well indurated. 

The basal gien zone is separated from the underlying huff 

tuff by a nearly horizor.tal, abrupt contact, defined largely by the 

change in hardness. Contacts between the three layers within the 1g- 

nimbrite are grada:ional. 

In thin sections of the basal green rock, a parallel to sub-par- 

allel orientation of f1atered glass shards is distinctive. Adolitic 

needles of feldspar and cristobalite (?) (57, p. 36) penetrate inward 

from glass-shard borders. Where they meet, they form a thin dark 

line; where they do not meet, the cavity is filled with a bright blue- 

green mineral. Angular feldspar and augite crystals rounded pum- 

ice and rock fragments are present. An opaque material, largely 

magnetite, occurs either within fractures or very close to them. 

Smaller fractures a:e completely filled with the material, but larger 

ones, up to O. i mm wide, aiso contain hematite. 

Under plane light a thin section of the middle red-yellow rock 

shows a few faint, Y-, U-, aid bar-shaped glass shards. They have 

no apparent lineation or preferred orientation. All bt the crystal, 

pumice, and rock fragments are masked by a patchy intergrowth of 

feldspar and tridymte ( Y ) i.tnder crossed ncols. Fibrous sprays of 

a low-brefringent mineral, possibly cristobalite, occur inside some 

shards and pumice fragments. One angular piece of welded tufi is 

composed of irregular, wavy, compressed glass shards. A clay 



mineral occurs in cavities and on some rock fragments. 

Under plane light, a thin section of the upper red rock shows 

fainL, undistorted glass shards of the type described above. Under 

crossed nicols, all glass shard structure is obliterated by irregular 

patches of potassium feldspar and possibly tridymite. Pumice frag- 

ments up to 1. 5 mm long, subhedral feldspar crystals, and igneous 

rock fragments occur. A few shards have the axiolitic feldspar-c ris- 

tobalite structure described by Ross and Smith (57, p. 36), but most 

are isotropic. 

Blue-green mineral. Has parallel extinction 
and an index of refraction greater than balsam. Bi- 
refringence is masked by the intense coloration. lt 
is fibrous, commonly occurring in layered cross- 
fiber bands. 

Feldspar. Occurs in euhedral crystals or as 
crystal fragments. Carlsbad and combined Carlsbad- 
albite twinning occur. Most are sanidine, but some 
are albite-oligoclase. 

Augite. Is pale green and is surrounded by a 
bright orange-yellow halo. Only one augite fragment 
was found. 

Pumice fragments. Contain angular feldspar 
crystal fragments and rounded pieces of gray, basic, 
igneous rock in an isotropic groundmass. Glass 
shards bend around rock fragments. Axiolitic struc- 
tures occur. 

Rock fragments. Contain andesine laths and 
magnetite euhedra in an aphanitic groundmass. 
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All of the above rocks are poorly sorted. In none does the 

combined total of crystal fragments, pumice fragments and rock frag- 

ments exceed five percent. 

Non-Welded Tuff 

A distinctive non-welded tuff layer exposed near Deep Creek 

has been described and named, Deep Creek Tuff, by Fisher (19, p. 

197-203). The massive, ¿5-foot thick, orange-weathering rock 

forms a prominent ridge in the type area. Fisher (19, p. 199) re- 

ported graded laminae and zones of platy tuff in the Squaw Creek cor- 

relative of this unit. 

Gray to Buff Volcanic Siltstones 

The light-gray to buff volcanic siltstones are similar in mega- 

scopic texture, mineralogy, and outcrop pattern to the green, buff to 

light-red rocks previously described. 

Waterlaid Volcanic Rocks 

Small outcrops of waterlaid volcaniclastic rocks consist of 

gray, very fine-grained, well-bedded tuffaceous mudstone, coarse- 

grained sandstone, and a very coarse conglomerate (Figure 7). The 

conglomerate is composed predominantly of well-rounded pebbles, 

cobbles, and boulders of a hard, red, uine-grained rock, probably 
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welded tuff, though rounded buff and green volcanic siltstone clasts 

also occur. 

The volcaniclastic rocks occur as lenses in the gray to buff 

volcanic siltstones. 

Ag e 

Wood, et al. (93), in a proposed division of the North Amen- 

can Tertiary into provincial ages on the basis of vertebrate paleon- 

tology, placed the Lower John Day in the Whitneyan Age1 or Late 

Oligocene and the Middle and Upper John Day in the Arikarean, or 

Early Miocene. 

Coleman (12, p. 30) affirmed a Late Oligocene age for the 

Lower John Day in the Picture Gorge quadrangle with the identifica- 

tion of a jaw of an Archaeotherium sp. from the red beds. 

As reported by Hay (29, p. 210), potassium-argon deterrni- 

nations on pyrogenic minerals in the John Day near Mitchell, are 

consistent with the above paleontologically affixed ages (25-31 million 

years). 
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Petrogenesi s 

Volcanic Siltstones, Non- Welded Tuff, and Waterlaid Volcaniclastic 
Rocks 

From information presented in this report it is suggested that 

the volcanic siltstones, non-welded tuff layer, and waterlaid volcani- 

clastic rocks of the John Day Formation were 

1. Volcanic in origin, as indicated by the pyroclastic nature 

of the material. 

Z. Derived from trachytic and andesitic sources. 

3. Partly the result of ashfall, as suggested by the presence 

of graded laminae and platy tuff (57, p. 19). 

4. At least in part waterworked, as indicated by the presence 

of sandstone and conglomerate. 

From information presented by other authors in other publi- 

cations it can he tentatively shown that the rocks were 

1. Exploded from distant sources to the west, possibly the 

ancestral Cascades. Small size and the high ratio of light to heavy 

materials suggests a relatively great distance of transport (12. p. 

1Z4). There is also evidence for extrusion of rhyodacite in the Cas- 

cades during Oligo-Miocene time (54, p. 309). 

Z. Wind deposited. A size distribution characteristic of 

eolian deposits (29, p. ZOO), the fact that deposition did not interfere 



60 

with the growth of plants or animals (22, p. 304), and the relative 

paucity of sand and gravel (12, p. 124) are suggestive of wind depo- 

sition. 

3. Laid down on a land surface which was in part irregular 

and in part flat and featureless. The general absence of lacustrine 

banding (12, P. 128) and marine fossils, and the presence of fluvial 

deposits and terrestrial vertebrate fossils indicates deposition on a 

land surface. The presence of initial dips as steep as 15 degrees 

(29, P. 202) and as low as one to two degrees (12, p. 128) indicates 

that deposition occurred both on irregular and smooth land surfaces. 

4. Deposited locally in lakes, as suggested by the heavy- 

mineral banding in some red beds (12, p. 128). 

5. Emplaced under warm, temperate climatic conditions 

(29, p. ¿00). 

Basalt and Ignimbrite 

The stratigraphic position of the basalt suggests that it may 

be a last vestige of Clamo volcanism. Possible pillow structures 

indicate subaqueous extrusion. 

The pyroclastic character, poor sorting, absence of layering, 

and the presence of welding, stretching, distortion, and devitrifica- 

tion, indicate that the ignimbrite is an ash-flow tuff. These criteria 

were outlined by Ross and Smith (57, p. 18-38). 
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The presence of an upper yellow-red 1.o red zone of partial 

welding and vapor-phase crystallization, as indicated by uncollapsed 

pumice fragments, well-shaped glass shards, and possible feldspar, 

tridymite, and cristobalite (63, Plate 20), and the presence of a low- 

er, green zone of dense welding, as indicated by collapsed pumice 

fragments, deformed glass shards, and strong jointing (63, p. 24) 

suggest that the ash-flow tuff is made up of only one ±low unit. 

The five-foot layer of white-buff rock immediately underlying 

the welded tuff is probably a pre-ignimbrite ash-fall layer baked hard 

by the emplacement of the overlying ash flow. It does not show weld- 

ing. 

Since, according to Smith (63, p. 23), ash flows tend to 

smooth out irregularities in the topography over which they flow, it 

is possible to tell from the relief of the lower contact what type of 

land form existed prior to depositIon. The very moderate thickening 

arid thinning of the John Day ignimbrite in the Picture Gorge quad- 

rangle suggests a fairly regular depositional surface. 

Though it has generally been tho.ight (30, p. 211; 80, p. 1320) 

that the John Day ash-flow tuffs have come from a local source, evi- 

dence by Smith (64, p. 813-814) that some have traveled at least up 

to 80 miles from their points of origin suggests that they could also 

have come from the same distant vents which extruded the ash-fall 

material. 
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COLUMBIA RIVER BASALT 

General Statement 

In the Picture Gorge quadrangle the Columbia River Basalt is 

made up of consolidated basaltic lava flows, several basalt dikes, an 

irregularly shaped basalt intrusion, basalt flow breccias, interfiow 

tuffs1 and a small amount of red volcanic siltstones and very fine- 

grained sandstones. 

Type Locality and Type Sections 

In 1893 Russell (59, p. 21) first proposed the name 1tColumbia 

lava" for the basalts which he encountered during a geologic recon- 

naissance of central Washington. Eight years later, in order "to 

avoid confusion with the Columbia formation of the Atlantic States" 

(60, p. ¿8). he revised his new name to read "Columbia River lava" 

(60, p. 28). 

A single all-encompassing term applied to the vast plateau 

basalts of eastern Washington, Oregon, and western Idaho proved un- 

satisfactory, as succeeding workers soon thscovered. In northeast- 

em Oregon, Lindgren (43, p. 592), recognizing the fact that the ba- 

salts of the plateau are not all of the same age, suggested that the 

name be restricted only to Miocene basaltic lavas. In the John Day 

Basin of Oregon, Merriam (48, p. 303-304), having the further 



63 

advantage of knowing the age of formations directly above and below 

the basalt of that area, also suggested this limitation. Smith (62, 

p. 15), working in the Yakima region of south-central Washington1 

recognized a difference in ages, but instead of attempting to limit 

Russellts term, proposed a new one, Yakima Basalt. 

Since its proposal in 1901, Russell's term, Columbia River 

lava, modified slightly to Columbia River Basalt, has been applied 

to the Miocene basalts of the Columbia River Plateau. 

Not until 1961, more than half a century later, were either 

adequate or accurate type sections established. Waters (84, p. 607) 

proposed the division of his re-termed Columbia River Basalt Group 

into two formations on the basis of an angular unconformity, and a 

difference in mineralogy and stratigraphic position. The younger, 

the Yakima Basalt, is named for exposures in the canyon of the Yak- 

ima River, first described by Smith, but more thoroughly discussed 

by Waters. The older, the Picture Gorge Basalt, is named for the 

lava flows exposed in Picture Gorge. 

The basalt dikes of the Picture Gorge quadrangle, along with 

those to the northeast near Monument and to the southeast near Al- 

drich Mountain, have been included by Waters (84, p. 587) in the 

Monument dike swarm. 

The Picture Gorge-area dikes were first mentioned by Mer- 

riam (48, p. 304) in 1901 as the Davis dikes, probably in honor of 
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one of Thomas Condon's young fossil collectors, L. L. Davis (45, 

p. 297). Wilkinson (87, p. 113) has given the name "Kimberly dike" 

to one which crosses the highway in NW 1/4, NE 1/4, sec. 6, T. IO 

S., R. 26 E. 

Distribution and Thickness 

Columbia River Basalt flows blanket approximately 124 of the 

¿04 square miles included within the Picture Gorge quadrangle (Plate 

1). The thickness of the flows at Picture Gorge is 1, 353 feet. This 

includes one flow 134 feet thick, though the average thickness of in- 

dividual flows is 60 feet. As scaled from the map, about 2, 300 feet 

occurs in Johnny Creek Canyon, 2, 200 feet in Rudio Creek Canyon, 

and 400 feet on the south rim of Big Basin. 

Unnamed basalt dikes occur near Rudio Creek and near Gil- 

more Creek (see Plate 1). The Davis dikes crop out intermittently 

for a distance of 11. 2 miles across the central part of the area. 

They intersect the northern quadrangle boundary in SW 1/4, NW 1/4, 

sec. 31, T. 9 S. , R. 26 E. and extend southeastward into SE 1/4, 

SW 1/4, sec. ¿2, T. il S. , R. ¿6 E. The dikes are commonly 15 

to ¿5 feet thick, but at some locations, because of multiple intru- 

sions, they reach an estimated thickness of 50 feet. 

An irregular basalt intrusion occurs near Rudio Creek in 

S i/a, sec. 7 and NE 1/4, NW 1/4, sec. 12, T. 10 S. , R. 26 E. 



Interflow breccia s are widespread. At Picture Gorge, the 

thickest interfiow breccia is 52 feet thick, the average is 22 feet 

thick. 
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interfiow tuffs are present at Picture Gorge in SE 1/4, NE 1/ 

sec. 18, T. 12 S. , R. 26 E. ; at Sheep Rock in NW 1/4, NW 1/4, sec. 

8, T. L? S., R. ¿6 E.; in the vicinity of Rudio Creek, SW 1/4, sec. 

6, T. 10 s., R. 27 E.; and by Gilmore Creek in NE 1/4, NW 1/4, 

sec. ]7, T. 10 S., R. 27 E. At Picture Gorge, the thickest interfiow 

tuff is ten feet thick, the average (of the two) is seven feet thick. 

Red volcanic siltstones and very fine-grained sandstones oc- 

cur between some flows at Picture Gorge. They are rarely more 

than one foot in thickness. 

Flows 

Lithology, Petrography, and Nature of Outcrop 

In hand specimen, the basait flows are gray black when fresh, 

and brown to gray green when weathered. Some are so fine grained 

that the feldspar laths can barely be seen under the hand lens. 0th- 

ers, though showing a matrix dense enough to fracture conchoidally, 

contain light-green feldspar phenocrysts up to one-half inch in length, 

and still others are so coarse grained that amber plagioclase pheno- 

crysts up to three-eighths of an inch long are quite common. 



\'esicles are filled with zeolites and calcite. 

Waters (84, p. 583-611) described the petrography of the ba- 

salt flows at Picture Gorge. For purposes of comparison the writer 

has made a modal analysis of one thin section from the center of each 

of the 17 Picture Gorge basalt flows. These are given in Table 5. 

The numbers in parentheses refer to the relative stratigraphic posi- 

tion of each flow in the sequence, no. (1) being at the base. Notice 

the distinct lack of any consistent mineral-percentage variation with 

height in section. 

The constituents include plagioclase, augite, magnetite, oli- 

vine, glass, chlorophaeite (?), alteration products, and traces of 

apatite. 

Plagioclase. Occurs in euhedral laths. 
Phenocrysts are a minimum of O. 8 mm and a maxi- 
mum of 5. ¿5 mm in length. Average matrix grain 
size ranges from O. Z mm to O. 5 mm. The Albite- 
Carlsbad-twinned laths have an average composition 
of An57 

Augite. Is colorless to very pale brown and 
has a 2V commonly between 45 and 50 degrees. It 
generally occurs as discrete subhedral grains be- 
tween feldspar laths, but is also present as pheno- 
crysts up to O. 6 mm in diameter. 

Magnetite. Though present as tiny dissemi- 
nated euhedral crystals, is more commonly in fine 
massive aggregates which are interstitial to feldspar 
and pyroxene. 



TABLE 5. Modes of the basalt flows at Picture Gorge (%). 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

Plagioclase 55.4 48.6 53.1 53.4 61.7 73.0 55.4 63.5 54.5 57.3 45.4 61.2 51.7 52.4 60.1 45.4 53.3 

Augite 23.6 31.9 32.0 29.2 29.6 24. 1 27. 1 23. 1 28.2 34. 1 40.3 29. 1 33.6 34.4 27.6 41.2 39.4 

Magnetite 6.6 15. 9 4.8 6.6 4.6 1. 8 6.4 7.0 9.6 7. 3 7.3 6.4 10.6 8.0 10. 8 10.0 6. 7 

Olivine' 4.4 0.4 0.5 -- 0.6 -- 1.6 0.3 2.5 -- -- -- 0.6 1.6 -- 0.9 -- 

Glass 0.6 2.6 -- 5.3 0.3 -- 3.6 -- 1.6 1.3 7.0 2.7 1.6 -- -- -- -- 

Chlorophaeite -- 0.8 0.3 -- 1.3 1.1 2.8 -- 0.3 -- -- -- 0.3 -- 1.5 2.3 0.3 

Alteration 9.7 0.8 9.3 5.5 1.9 -- 3.1 6.1 3.3 -- -- 0.6 1.6 3.6 -- -- 

Other2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2 0.3 

Olivine figures include "iddingsite" and saponite. 
The term 'other" includes apatite and zeolites. 



Olivine. Rare in the thin sections examined, 
is present as colorless, subhedral prisms with pyra- 
midal terminations. It is invariably altered, in part 
or entirely, to deep red-brown "iddingsite', or a 
green mineral which has a birefringence of . 010-. 015 
and may be saponite (84, p. 595). 

Glass. Is light yellow brown, interstitial, 
and completely surrounds some plagioclase laths. 

Chlorophaeite (?). Is green, isotropic, and 
interstitial. 

Alteration products. Occur as interstitial, 
minutely granular, yellow-brown aggregates and as 
tiny, radiating fibers and flakes. Moderate bire- 
fringence of . 012-. 015, moderate index of refrac- 
tionp and parallel extinction of fibers are distinctive. 
In some cases it is rimmed by a thin zone of light- 
brown glass. X-ray examination by Waters (84, p. 
597) shows the presence of nontronite, montmoril- 
lonite, and celadonite, minerals whose optical pro- 
perties are in agreement with those observed. 

Calcite is present in circular cavities and as 
angular fragments in the alteration products. 

Apatite. Occurs in very small, clear, eu- 
hedral crystals. 

Table 6 compares the average modes determined by Waters 

(84, p. 597) and by the writer. 

Porphyritic and glomeroporphyritic flows contain phenocrysts 

of plagioclase, augite, and olivine. Augite phenocrysts poikilitically 

enclose small feldspar laths, but in only two flows is the relationship 

ophitic. Augite is most commonly intergranular. Some flows are 

holocrystalline, but most are hypocrystalline. An intersertal tex- 

ture is developed locally. 



TABLE 6. Comparison of average modes (%). 

1) (2) (3) 

Plagioclase 39. 2 54. 7 46. 5 

Augite 37. 5 30 8 29. 5 

Magnetite 6. 3 8. 1 7. 2 

Olivine' 4. 7 0. 7 6. 7 

Brown glass 6. 3 1. 6 7. 0 

Chlorophaeite 5. 3 0. 6 2. 6 

Alteration -- 3. 5 -- 
Other2 0. 6 T 0. 7 

(1) Determined by Waters from flows at Picture Gorge. 
(Z) Determined by writer from flows at Picture Gorge. 
(3) Determined by Waters from flows at Irnnaha Canyon. 

'Olivine figures include "iddingsite" and saponite. 
2The term "other" includes apatite and zeolites. 

Modal analyses for several flows in the quadrangle, besides 

those at Picture Gorge, were determined by the writer and are pre- 

sented in Table 7. Of special note are samples (4) and (5). Both are 

extremely coarse grained. Sample (4) contains feldspar phenocrysts 

up to 5. 2 mm long and a groundmass average size of 2. 2 min. Sam- 

pie (5) exhibits phenocrysts up to 5. 4 mm long and a groundmass 

average of 0. 9 mm. These figures are compared with an average 

groundmass size of 0. 2 mm to 0. 5 mm in the flows at Picture Gorge. 

Aside from the basalt flow in Picture Gorge, sample (5) is the only 

one examined which has an ophitic texture. 

Note that samples (1), (2), and (3) are roughly similar in 

composition. With the exception of chocolate brown glass, which 
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occurs in flows (it) - (3), the constituents are the same as in the flows 

at Picture Gorge. 

TABLE 7. Modes of additional basalt flows (%). 

(1) (2) (3) (4) (5) 

Plagioclase 54. 6 58. 6 58. 9 64. 0 57. 2 

Augite 33. 2 26. 4 25 9 14. 3 24. 0 

Magnetite 9. 5 8. 0 2. 8 7. 4 3. 7 

Olivine1 2. Z 4. 8 4. 7 -- 10. 3 

Brown glass 0. 5 0. 5 0. 2 -- - - 

Chlorophaeite - - -- - - - - 1. 4 
Alteration -- 1. 7 7. 5 14. 3 3. 4 

(1) Ridge-capping flow adjacent to dìke in SE 1/4, SE 1/4, sec. 28, 
T. lOS., R. 26E. 

(Z) Ridge-capping flow adjacent to dike in SE 1/4, NW 1/4, sec. 28, 
T. 105., R. 26E. 

(3) Flow near base of section in SE 1/4, SW 1/4, sec. 35, T. 9 S., 
R. 26E. 

(4) Coarse-grained flow near base of section in SW 1/4, NW 1/4, 
sec. 32, T. 9 S., R. 27 E. 

(5) Flow at base of section near highway bridge in SW 1/4, NE 1/4, 
sec. 30. T. 11 S., R. 26E. 

'Olivine figures include. "idding site" and saponite. 

Glass. Is chocolate brown and contains ran- 
domly oriented, colorless, acicular needles, corn- 
monly in abundance. 

The steplike cliffs of Columbia River Basalt familìar to any- 

one who has travelled in the Lower Columbia River drainage are well 

developed in the Picture Gorge quadrangle (see Figures 8 and 9). 

Upon closer examination, the cliffs are seen to be made up of 
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FIGURE 8. Picture Gorge
in left background. Note
the layers of Colurnbia Riv-
er basalt. Note also the
welded tuff cap rock of the
Rattle snake Fo rrnation.
Basalt in right foreground
is a slurnp block. View
looking south in But1er
Basin.

I'IGURE 9. Basalt flows
overlying the John Day For-
mation in the background.
Note smooth pedirnent sur-
face on the left bank of the
John Day River. In fore-
ground, Pleistocene (? )
gravels truncate old ero-
sion surface on the John
Day Forrnation, Turtle
Cove.

FIGURE 10. Contact rock with tuff
inclusions on lef,t, basalt dike on right;
sec. L7, T. 10 S., R. 26 E,
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separate basalt flows which commonly exhibit individually distinrLve 

characteristics. Some show strongly developed hexagonal or psedo- 

hexagonal columns. Others show a very irregular, sharp, jagged 

surface, consisting of what appear to be distorted, broken, angular 

blocks with a completely haphazard orientation." This feature has 

been termed "brick-bat" by one author (88). Some are platy, or 

hackly. Flow (5), Table 6, may be recognized by its coarse, crum- 

bly, granular weathered surface, a characteristic which has led to 

the name, "ball-bearing basalt" (88). Many exhibit a combination f 

these features, such as the second flow at Picture Gorge in which th 

lower part is columnar, and the upper is of the "brick-bat" type. Ir. 

such cases the line of demarcation between the two types is generally 

a very well-defined horizon. Fan columns- -that is, columns which 

radiate from individual centers--are also common. 

Because most flows weather orange brown, those which wea- 

ther to a different color stand out in marked contrast. The "ball- 

bearing basalt", for instance, is generally green gray. 

Because of the strong jointing, both columnar and regional, 

basalt talus is commonly blocky. Gas vesicles are common, paricu- 

larly near the tops and bottoms of flows. Within the quadrangle. 17 

flows were counted at Picture Gorge (Figure 8), and 25 at the rc'rth- 

ería end of Holmes Creek. 

The Picture Gorge Basalt and the underlying John Dt 
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Formation are separated by an irregular erosional unconformity. 

This is indicated on the map (Plate 1) by the fact that the contact sel- 

dom follows a single contour, even where the basalt flows are prac- 

tically horizontal. Minor irregularities are shown in Figure 9. The 

basalt is overlain with slight angular unconformity by the Mascall 

Formation as at Birch Creek, or by the Rattlesnake Formation, as 

at Picture Gorge (Figure 8). 

Dike s 

For the most part, dike rock looks very much like flow rock 

in hand specimen. The following is a description of one exception, 

the contact rock shown in Figure lO. At a distance this violet-wea- 

thering rock is easily mistaken for normal basalt, but on closer ex- 

amixiation it is seen to contain small phenocrysts of a vitreous miner- 

al in a very fine-grained, possibly glassy groundmass and to include 

harder-than-normal, horizontal, ellipsoidal tufi fragments up to six 

feet long. Tiny spherical to vermicular, calcite-filled vesicles occur 

within the violet rock along the dike contact. 

Petrographically the dikes of the Picture Gorge quadrangle 

are quite similar to the flow rocks in essential mineral composition- 

Certain differences arise, when the dikes are compared with each 

other, as is illustrated by the modes of Table 8. Noteworthy is the 

increase in glass content from sample (3), in the contact zone 
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TABLE 8. Dike modes. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Plagioclase 49.4 53.4 35.1 36.5 35.4 35.7 56.4 53.8 56.6 49.0 

Augite 32.6 3L0 35.7 37.8 33.4 35.6 26.6 32.7 27.3 39.7 

Magnetite 6.6 7.2 14.7 6.7 9.4 10.3 3.6 4.8 5.5 5.5 

Olivine 2.4 4.1 -- -- 0.4 0.4 0.2 3.5 1.1 -- 

Brownglass 9.0 4.3 8.1 16.9 18.5 14.5 1.0 -- 6.2 1.9 

Chloxvphaeite -- -- -- -- -- - ° 4 

Alteration -- -- 6.4 2.1 2.9 3.5 12.2 5.2 3.3 3.5 

(1) Average o two thin sections from central past of Davis dike in SE 1/4, SE 1/4, sec. 28, 
T. 10 S., R. 26 E. (Figure 14). 

(2) Average of two thin sections from center part of Davis dike in SE 1/4, NW 1/4, sec. 28, 
T. lOS., R. 26E. 

(3) Porous contact zone of Davis dike in SW 114, NW 1/4, sec. 17, T. 10 S., R. 26 E. 
(Figure 14). 

( 4) Five and one-hall feet in from contact zone of same dike as (3). 
(5) Central zone of same dile as (3). 
(6) Average of (3), (4), and (5). 
(7) Near topographically highest exposure of cithe at Rudio Creek in SW 1/4, SW W4 sec. 12, 

T. lOS., R. 26E. 
(8) Average of three modes from a lower topographic position in same dike as (7). 
(9) Central zone of dike in SW 1/4, NW 1/4, sec. 31, T. 9 s., R 27 E. 

(10) Central zone of Kimberly dike in NW 1/4, NE 1/4, sec. 6, T. 10 S., R. 26 E. 

1Olivine figures include "iddingsite" and saponite. 

through sample (5), of the central zone in one dike and the very near- 

'y one to one ratio of plagioclase to augite in another (6). Samples 

from two dikes show consistently higher plagioclase and lower augite 

percentages in their upper parts than in their lower parts. Samples 

() and (7), high in the dikes, are compared with samples (6) and (8) 

collected from points much lower in the dikes. 
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Table 9 compares the relative grain size of samples taken 

from the central and contact zone of two individual dikes. Note the 

expected decrease in grain size with proximity to contact. 

TABLE 9. Comparison of grain size with proximity to contact. 
Cent. Cont. Cent. Cont. 

(5) (3) (11) (12) 

Max. plagioclase grain size 1. 2 mm 0. 4 mm 1. 2 mm 0. 8 mm 

Avg. plagioclase grain size 0. 5 mm 0. 4 mm 0. 6 mm 0. 4 mm 

(11) Dike near Rudio Creek in SW 1/4, SW 1/4, sec. 12, T. 10 S., 
R. 26E. 

(12) Same as (11). 

No ophitic texture was noted in any of the dike thin sections 

examined. Otherwise the textures are the same as those given for 

the flows. 

The dikes of the Picture Gorge quadrangle slice through tuff 

and basalt (Figure 11 and Plate 1). Most exhibit well-developed horì- 

zontal columnar jointing (Figures 13 and 14), some show a series of 

thin plates which radiate from centers in clumps 10 to 12 inches ìn 

diameter, and a few are marked by the absence of either structure 

(Figure 12). 

Close examination shows that horizontal columns, when de- 

veloped, do not extend continuously through the entire width of the 

dike. One typical example is a Davis dike in SW 1/4, SE 1/4, sec. 4, 
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FIGURE 11. A Davis dike cutting basalt flows, 
Turtle Cove. 

FIGURE 12. Blocky joint pattern of a Davis 
dike, Turtle Cove. 



FIGURE 13. Sketch of hori- 
zontal columnar jointing in a 
Davis dike, Turtle Cove. 
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FIGURE 14. Horizontal 
columnar jointing in a Davis 
dike, Turtle Cove. 

77 



riti 

T. 11 S., R. Z6 E. in which smaller horizontal columns extend from 

the contact inward for a distance of two feet, stop, and are continued 

by larger horizontal columns for eight feet to the center, which is 

marked by a vertical crack. The same sequence is repeated on the 

opposite side (Figure 13). Another dike (Figure 14) exhibits several 

interrupted sets of horizontal columns. 

Other observations include the following: 

1. Columns which radiate outward from the center of the dike 

occur at the base of one exposure (Figure 13). 

Z. Most of the dikes are vertical, or nearly so. The only 

exceptions are two small dikes at Rudio Creek which vary from near- 

ly horizontal to vertical, and a larger dike in Big Basin which dips 

O degrees to the southwest. 

3. Bifurcations occur (NW 1/4, sec. E, T. lo s. , R. Z6 E. ). 

4. Major dikes are commonly paralleled by smaller ones for 

shortdistances (NW 1/4, sec. 4, T. 11 S., R. 26 E.). 

5. Calcite-stringer zones may be localized in the wall rock 

near major dikes (SW 1/4, SE 1/4, sec. 4, T. i 1 S. , R. 26 E. ). 

6. In the Gilmore Creek area some dikes occur as low 

mounds in the surrounding Clamo andesites, but other dikes form 

steep canyon walls. 

The dikes are in contact with Clamo andesite, Columbia Riv- 

er Basalt flows, and John Day tuff. Breccias are present at some 
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andesite contacts, four-six inch "klinker', or glass zones occur at 

basalt contacts, and red baked areas are typical of tuff borders. The 

violet contact rock described on page 73, bounded on one side by a 

dike and on the other by John Day tuff, is an exception. In the lavas 

dikes maintain fairly straight-sided borders. In the tuffs contacts are 

irregular, and the dikes, though continuing on distinct trends, locally 

waver slightly from their straight-line courses. 

Though the Davis dikes commonly intersect entire sections of 

basalt at Turtle Cove, none is found to cut the overlying Mascall or 

Rattlesnake Formation. 

Intrusion 

'The basalt of the irregular intrusion at Rudio Creek is similar 

in both composition and texture to that of the flows and dikes previous- 

ly described. Exceptions are an absence of glass and chlorophaeite, 

and the lack of ophitic, hypocrystalline, and intersertal textures. 

Comparison of an intrusion mode with that of the dike at Rudio Creek 

(8), a dike in Turtle Cove (Z), and the average of the flows at Picture 

Gorge is given in Table 10. Note the extremely close similarity in 

essential mineral percentages. 

The intrusion forms steep-walled gullies and rough talus 

slopes in surrounding, generally less competent John Day tuff. Con-W 

tact phenomena are the most distinctive features of this irregular, 



TABLE 10. Comparison of intrusIon, dike, and flow modes. 
Picture Gorge 

Intrusion (8) (2) Flows 

Plagioclase 54. 0 53. 8 53. 4 54. 7 

Augite 33. 5 32.7 31. 0 30.8 
Magnetite 4. 5 4. 8 7. 2 8. 1 

Olivine 3. 0 3. 5 4. 1 0. 7 

Glass -- -- 4.3 1.6 
Chlorophaeite - - - - - - 0. 6 

Alteration 5. 0 5. 2 -- 3. 5 

Other -- -- -- T 

cross-cutting mass. Most contacts are vertical, the tuff being baked 

violet or reddish and the basalt remaining gray green. The tuff, 

though irregularly shattered, is well indurated at the contact and corn- 

monly makes a strong vertical outcrop, standing above the locally 

crumbly, pock-marked basalt. Abundant calcite in stringers and tiny 

nodules is common in the basalt at the abrupt contact. In one instance 

a sheet of tuff six inches thick is included between the intrusion and a 

one-foot-thick basalt slab which may be a dike. 

Horizontal contacts in which the saine features occur are lo- 

cally developed. 

A fairly consistent, vertical joint set splits the basalt locally 

into thin one-quarter-inch plates (Figure 15). 



FIGURE 15. Vertical joint set 
in intrusion, Rudio Creek. 



Breccias 

The gray-violet interfiow breccias are a mixture of large ir- 

regular, vesicular, and scoriaceous basalt fragments embedded in a 

matrix of firie-grained basalt. The breccias are well exposed in road 

cuts as red, rough, irregular zones between basalt flows. They are 

not commonly seen in natural outcrop. 

Tuffs 

In hand specimen the interfiow tuffs at the base of the Picture 

Gorge section are in part brown and in part violet on fresh surface 

and tan on weathered surface. One type consists of tiny vitreous 

crystal fragments and sub-angular to rounded, one-quarter-inch in- 

cJ.usions of white, soft, clayey material in a fine-grained, ashy ma- 

trix. Manganese oxide coating is common on the extremely porous 

surfaces. The tufi is in part cross-bedded. Another type consists 

of angular to rounded, light-colored, dense, pumice fragments up to 

half an inch long in a fine-grained tuff matrix. Coleman (12, p. 34) 

reported that these rocks are petrographically similar to the under- 

lying andesitic John Day tuff. 

Near Rudio Creek the buff interflow tuff contains layers of 

sub-rounded, dark igneous rock fragments which alternate with lenses 

of well- sorted, fine-grained a sh. 
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The poorly indurated tuffs are locally developed, occurring 

between flows, commonly above flow breccias. 

At Gilmore Creek, a hard light-gray to red-brown tuff has 

cavities containing a small spherical eggshell-like structure (glass 

shards ?) in some cases, and a lining of small quartz crystals in 

others. Rectangular, vitreous feldspar phenocrysts up to one-eighth 

of an inch in length are visible. In thin section, the rock consists of 

feldspar phenocrysts, glass shards, and rounded lithic fragments 

containing scattered magnetite crystals and hematite. The shards 

show a definite lineation. The lithic fragments are as wide as three 

millimeters. The matrix is made up of extremely fine, indetermin- 

able gray particles, and small birefringent flecks. 

The Gilmore Creek tuff crops out as an isolated, lichen- 

covered patch surrounded by rubble on top of a hillock of scoriaceous 

basalt breccia. There is no upper contact visible. 

Volcanic Siltstones and Sandstones 

Fairly well-indurated beds of red volcanic siltstone and fine- 

grained sandstone form smooth blocky outcrops just above interfiow 

breccias and just below overlying basalt flows. In thin section, Ha 

( 28, p. 23) noted the occurrence of glass shards and unaltered feld- 

spar in an opaque red groundmass 

cut, but seldom in natural outcrop. 

These rocks are exposed in road 
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Since the flows are overlain by the Middle to Upper Miocene 

Mascall Formation at Picture Gorge, and underlain by the Oligo-Mio- 

cene John Day Formation in Turtle Cove, it is concluded that the 

Picture Gorge Basalt is Middle Miocene in age. 

The fact that dikes cut basalt flows, but no younger rock, in- 

dicates that they too are Middle Miocene in age. 

The youngest formation cut by the irregular intrusion is the 

John Day. Similarity of this body in lithology and petrography with 

the flows and dikes suggests strongly that it is also of the same age- - 

Middle Miocene. 

Flows 

Petrogenesis and Other Basalt Problems 

The petrogeny of basalt flows is relatively straightforward. 

The simple essential mineralogy of plagioclase, augite, and olivine 

illustrates Bowen's reaction series by the various associations of the 

minerals with one another; that is, subhedral olivine crystals indicate 

C rystalli zation fi rst; euhedral plagioclase phenocrysts and ground- 

mass laths indicate two generations of crystallization, one contempo- 

raneous with and one later than olivine; intergranular and ophitic 

augite indicate crystallization before and in conjunction with, 
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groundmass plagioclase (76, P. 63). 

The sequence of alteration products is more subtle, and for 

the most part requires X-ray examination for adequate determination. 

Two statements can be made. One, association suggests that sapon- 

iLe and "iddingsite" are definitely alteration products of olivine (92, 

p. 400, 500). Two, though Waters (84, p. 597) believed that non- 

tronite, montmorillonite, and celadonite are alteration products of 

chlorophaeite, the presence of glass surrounding these minerals in 

thin section suggests that they may also be alteration products of 

glass. 

The vesicular and scoriaceous upper surfaces, the presence 

of interfiow ash and breccias, and the absence of basalt apophyses in 

the overlying country rocks indicate that most of the tabular masses 

of basalt are flows (27, p. 32). However, it should be stated that 

since the distinguishing flow breccias are not commonly apparent in 

all natural outcrops, that since tops and bottoms of basalt layers are 

not visible in many instances, and since intrusive criteria were not 

especially looked for in the field by the writer, sills may be present. 

Rittman (56, p. 121) reported that sills are a common occurrence in 

other plateau basalt areas of the world. 

According to James (37, p. 458-469), columns form by con- 

traction during the last cooling stages of a homogeneous lava. The 

slower the rate of cooling, the better developed the columns. If the 
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decrease in temperature is too rapid or irregular, other features 

such as "brick-bat" or fan columns result. Waters (83, p. 353) has 

suggested that fan columns might result from the flow of basalt over 

an irregular topographic surface. 

Correlation 

Correlation of flows from place to place is a major problem. 

Attempts may be made to correlate on the basis of mìneralogy, but 

the figures of Tables 5 and 6 show that modes neither vary signifi- 

cantly from place to place, nor vary conBistently from bottom of 

section to top. For example, flow (4) is very similar to flow (17) in 

composition. 

It might be argued that a range in feldspar percentage from 

73. 0 percent to 55. 4 percent as seen between flow (6) and flow (7) of 

Table 5 is a significant variation. That this is not the case is shown 

by Table 6 in which average modes determined for the same rocks by 

different workers are seen to differ in feldspar content by as much as 

15. 5 percent, presumably because the thin sections observed were 

taken from different vertical and lateral positions within the same in- 

dividual flows. 

A distinctive texture such as the ophitic type, which appears 

at the base of the basalt pile in two areas within the quadrangle, 

might be used for purposes of correlation, but this too may be a 



function of where in the flow the thin section is taken. 

External features, such as the "brick-bat" or "ball-bearing' 

types, can be used for correlation along continuous outcrops, but the 

method is subject to question across any extended covered intervals. 

Color can be used only locally. 

Thickness, shown to vary considerably from flow to flow in 

the Picture Gorge section, can be used at sorne locations, but again 

not over any great distance. 

Waters (84, p. 583-611) has used average modal analyses, 

chemical compositions, stratigraphic position, and in part, nature 

of outcrop to differentiate the Yakima and the Picture Gorge Basalts 

It is apparent from the above discussion that: 

1. No single criterion can be used to correlate flows. 

2. Modal analyses are useless until the more subtle vertical 

and lateral variations within individual flows are known. 

3. Only after a great number of thin sections from a flow 

have been examined should a mode be attempted. 

4. A combination of criteria may be used and is being used 

in a general way (84, p. 583-611) to correlate flows or groups of 

flows. 
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Dikes 

The dikes, being identical in essential mineralogy to the 

flows, exhibit the same crystallization sequence. Observations on 

the petrogeny and problems include the following: 

1. The presence of an abnormal amount of glass in the cen- 

tral part of a Davis dike (3-6, Table 8) in conjunction with the well- 

developed sets of horizontal columns suggest multiple periods of in- 

t ru s ion 

Z. A vertical variation in essential minerals is indicated by 

an increase in plagioclase and a decrease in augite percentages with 

height in dike (Table 8). 

3. The one to one ratio of plagioclase to augite in sample (6), 

Table 8, is distinctive and might be used for correlation. 

4. The decrease in grain size with proximity to contact 

shown in Table 9 indicates an increase in cooling rate. 

5. The presence of a set of fan columns at the base of one 

dike exposure (Figure 13) suggests possible lateral feeding from a 

sill or low-angle dike. 

Intrusion 

The mineralogy of the intrusion at Rudio Creek is similar to 

that of the basalt flows. The irregular cross-cutting nature is shown 

by the presence of vertical and horizontal contacts and possible 



associated dikes. 

The remarkable similarity shown by the modal comparisons 

of intrusion, dikes and flows in Table 10 suggests the consanguinity 

of the three types of basaltic bodies. 

B reccias 

The vesicular, scoriaceous interfiow breccia s, typically 

present at the surface of lava flows, are formed by combination of 

movement, rapid cooling, and gas expulsion (56, p. 67). 

T uf 6 

Ash falls and reworking by water are suggested by the pyro- 

clastic material and the cross-bedding as having taken part in the 

history of the interfiow tuff s. The abundance of oriented glass 

shards in the Gilmore Creek tuff indicates welding. 

Volcanic Siltstones and Sandstones 

The red volcanic siltstones and sandstones may have been 

soil horizons, tuffs, or a combination of soil horizons and tuffs. 

Position in sequence suggests that the siltstones and sandstones were 

soil horizons, but the presence of glass shards and feldspar noted by 

Hay (28, p. 23) infers that some were tuffs. Regardless of the ong- 

mal lithology, exposure to high temperature, with subsequent baking, 



has occurred. 

A basalt-entombed rhinoceros, the Blue Lake Rhino (3, p. 

20), and the presence of interfiow leaves and tree trunks (42, p. 171- 

172) in other areas suggest that temperate climatic conditions existed 

during the emplacement of the Columbia River Basalt. 
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MASCALL FORMATION 

Type Locality and Type Section 

The type locality of the Mascall Formation was established by 

Merriam (48, P. 306) at a section of volcanic siltstones, sandstones, 

and intercalated gravel lenses- -"near the Mascall Ranch, four miles 

below Dayville1 The rocks of the type locality are exposed in the 

bluffs along Rattlesnake Creek (secs. 19, 20, T. 12 S. R. 26 E. 

within the Picture Gorge quadrangle (Figure 16). 

Distribution and Thickness 

The Mascall Formation crops out over approximately seven 

square miles within the mapped area. Exposures are for the most 

part limited to the north and south flanks of the Rock Creek and John 

Day River valleys south of Picture Gorge. The only exceptions are 

a few isolated outcrops near the "Hole in the Ground" in secs. 16, 

17, T. 12 S. , R. ¿6 E. (Plate 1). 

There is a considerable difference of opinion concerning the 

thickness of the Mascall Formation at the type locality. Merriam 

et al. (50, p. 52) measured a total thickness of 2,, 090 feet; Coleman 

(12, p. 41) reported only 435 feet; and Downs (17, p. 205), 390 feet. 

The reason for such a wide variation is undetermined. Merriam's 

measurements are probably the most accurate because they 
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FIGURE 16. Type locality of the Mascall For- 
mation and the Rattlesnake Formation. Note the 
angular unconformity between the Mascall and 
overlying Rattlesnake Formation. 
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correspond with the thicknesses required to explain the relationship 

between outcrop distribution and attitudes of the Mascall Formation 

shown in Section A-A', Plate 1. 

Southeast, in the Dayville area, Taubeneck estimated 1, 000 

feet (70, p. 108), and south, on Cottonwood Creek, Dawson (15, p. 

70) observed 650 feet. 

Lithology, Petrography, and Nature of Outcrop 

In the Birch Creek area, the Mascall Formation is composed 

of buff to white volcanic siltstones and fine-grained volcanic sand- 

stones. Black manganese oxide commonly occurs on the buff, light- 

green, and yellow weathered surfaces. Under the hand lens, vitre- 

ous-appearing crystal and glass fragments and gray, foreign rock 

particles are apparent. Thin two-foot beds of light-gray paper shale, 

which contain abundant black leaf and stem imprints, occur in sec. 

14, T. l S. , R. ¿5 E. The rocks are porous, have low density, and 

are generally not well indurated. 

A prominent ridge-forming unit similar to the one which Mer- 

riam (50, p. 52) called "mammal horizon" in the type area (Figure 

16) is present one and one-quarter miles west of Ferris Creek. The 

55-foot-thick bed contains pumice fragments and scattered black mm- 

eral fragments in a white matrix. 

Coleman (12, p. 40) reported a few intercalated sand and 
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gravel lenses near the top of the section at Rattlesnake Creek. These 

gravels, according to Thayer (74, p. 234), increase in abundance 

east of the Picture Gorge area. The gravels are composed of polish- 

ed Tertiary rock pebbles (74, p. 234). 

From microscope study, Calkins (7, p. i6) concluded that 

the Mascall tuffs are acid in composition. 

A thin zone of bentonitic clay coats the typically low, rounded 

Mascall hills. Blocky, better-indurated units stand out locally as 

subordinate ledges. Bedding, which is pronounced in some areas, is 

accentuated by color differences between layers. 

The Mascall Formation is separated from the underlying 

Columbia River Basalt by a very slight angular unconformity, and 

from the overlying Rattlesnake Formation by a very pronounced angu- 

lar unconformity. The latter contact is shown at the type section 

near Rattlesnake Creek (Figure 16). 

Depositional Contact Versus Fault Contact 

At some locations, such as in NW 1/4, sec. 25, T. 12 S. 

R. 26 E. , low cliffs of Columbia River basalt are surrounded by Mas- 

call tuff. lt became important, from a structural standpoint, to be 

able to determine whether the contact between the basalt cliff and 

the tuff was a depositional contact or a fault contact (see page 130). 

The following descriptions show that the contacts can be 



differentiated on the basis of the amount of fracturing in the adjacent 

rocks. 

A depositional contact between the Mascall Formation and the 

Columbia River Basalt is characterized by the presence of round, 

vesicular, yellow-stained cobbles and boulders of basalt, included in 

a soft, yellow, tuffaceous matrix. The irregular basalt cobbles arc 

similar to those of interflow breccias. 

At a fault contact, the soft, crumbly Mascall tuff includes a 

few shattered, vesicular basalt fragments which are easily broken 

into yellow-stained pieces. Some fault contacts display a resistant. 

basalt fault breccia. A few inches from a fault contact, the Mascall 

tuff becomes well índurated and is cut by many small limonite-filled 

fractures. The tuff breaks along these fractures, exposing smooth, 

slickensided surfaces. 

From vertebrate faunal, floral, and stratigraphic evidence, 

Merriam and Sinclair (49, p. 197) concluded that the Mascall Forma- 

tion is Middle to Late Miocene in age. Later, Downs (17, p. 337), 

working with a more extensive fauna, confirmed this conclusion. 



Petroenesis 

The following are genetic episodes in the history of the Mas- 

call Formation. 

1. Ash fall, or falls, as indicated by the tuffaceous nature, 

and by the density of the material. 

Z. Deposition in a paludal or lacustrine environment as sug- 

gested by the paper shale and the nature and abundance of the flora 

and fauna (17, p. 199). 

3. Fluvial activity during the deposition of at least a part of 

the formation is indicated by the local occurrence of sand and gravel 

lense5. 

Downs (17, p. 211) suggested that the lack of vertebrate fos- 

sus showing water abrasion and the rarity of fossils concentrated 

horizontally or vertically in a given stratum indicates that some of 

the Mascall ash was deposited on a land surface. 
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RATTLESNAKE FORMATION 

Type Locality and Type Section 

In 1901, Merriam (48, p. 310) named the Rattlesnake Forma- 

tion for beds occurring 'on Rattlesnake Creek about one mile west of 

Cottonwood". Later, in 1925 (50, p. 53) he clarified this location 

somewhat as being "the butte west of Picture Gorge", which is prob- 

ably the one exposed in sec. 19, T. 12 S. , R. 26 E. ; sec. 24, T. 12 

S. , R. 25 E. (Figure 16). He also measured a section in this area. 

Distribution and Thickness 

rhe outcrop pattern of the Rattlesnake Formation as shown on 

the map (Plate 1) is discontinuous and limited to the southern part of 

the Picture Gorge quadrangle. Total outcrop area is approximately 

two and one-half sections. 

rhe Rattlesnake Formation is 255 feet thick at its type local- 

ity (50, p. 54). The Formation consists of three units. 

1. The lower gravels, which pinch out near Birch Creek and 

are about 150 feet thick (12, p. 47) at Rattlesnake Creek and 120 feet 

in sec. 25, T. 12 S. , R. 26 E. 

2. The middle ignimbrite member, which ranges from 30 to 

38 feet thick. 

3. The upper gravels. which, though absent in the western 



part of the area, reach an estimated thickness of 60 feet in sec. ¿5, 

T. 12 s., R. 26 E. 

Lithology, Petrography, and Nature of Outcrop 

Lower Gravels 

The lower gravels of the Rattlesnake Formation consist of 

well-rounded pebbles, cobbles, and rarely boulders of variable corn- 

position. The matrix is gray, poorly sorted, fine- to coarse-grained 

volcanic sandstone which is poorly indurated, and in some places 

laminated. 

Table 11 gives a count of 400 randomly-collected pebbles. 

TABLE il. Pebble count of some gravels from the Rattlesnake 
Formation. 

Rock Type Actual Count Percentage 

Basalt 301 75. 2 

Green chert ¿5 6. 3 

Siltstone 19 4. 7 

Diorite 18 4. 5 

Rhyolite 17 4. 3 

Gray chert i i 2. 7 

Monzonite 5 1.3 
Tuff 4 1.0 

Cobbles and boulders are predominantly basalt, though near 

the base, there are rounded, soft, porous, white to gray tuff frag- 

ments up to 18 inches long. Though poorly sorted, cobbles have a 



fairly consistent average of seven inches in length and boulders a 

maximum of one foot. Thin laminae of gray, fine- to medìuimgrained, 

poorly indurated volcanic sandstone bend around some cobbles. 

Thin-bedded, poorly sorted to well-sorted, gray-weathered, 

fine- to medium-grained volcanic sandstone lenses up to three feet 

thick and 15 feet long are locally present (Figure 17). The grains 

are sub-angular to sub-rounded. Basalt granules, pumice fragments, 

and clasts of the surrounding gravels are commonly included. 

The above descriptions are of outcrops in sec. 25, T. 12 S., 

R. 27 E. In the type area, Merriam et al. (50, p. 54) reported that 

the pebbles are nearly all basalt and that lenses of fine-grained, 

earthy tuff and cross-bedded quartzose sandstone are present. 

Where capped by ignimbrite, the lower gravels form steep, ir- 

regular cliffs. Where this protection is absent, they generally form 

rounded hills which have only a surface scattering of loose gravel. 

Directly beneath the ignimbrite, a brown, crumbly volcanic 

siltstone, containing a few well-rounded vesicular basalt fragments 

up to nine inches long and string-like pods of black, earthy manga- 

nese (?), occurs. No contact with the lower gravels was observed. 

The upper contact is an undulating, very well-defined, abrupt strati- 

graphic break (Figure 18). An outcrop thickness of 1. 5 feet was 

measured. 
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FIGURE 17. Sandstone lens in the lower gravels 
of the Rattlesnake Formation in sec. 25, T. 12 S. 
R. 27E. 

FIGURE 18. Contact between volcanic siltstone 
below, basal part of the ignimbrite above; Rattle- 
snake Formation in sec. 25, T. 12 S., R. 27 E. 
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Ignimbrite 

The basal part of the ignimbrite member, generally about nine 

feet thick, consists of a light-gray, locally orange-stained, soft, por- 

ous ash-flow tuff. There are gray, porous, lenticular, platy pumice 

fragments up to six inches long contained in the tuff. Undistorted 

glass shards can be seen with a hand lens. Pumice fragments, in 

haphazard arrangement near the base, show an increasing tendency 

toward parallel orientation with height in section. The pock-marked 

outcrops (Figure 18) display conical erosion forms. 

The softer material grades upward into a light-gray, red- 

weathered, very hard welded tuff zone. Basalt fragments are identi- 

cal with those below, but pumice fragments are flattened, stretched, 

and aligned parallel to the upper contact. A rude vertical columnar 

jointing is emphasized by broad smooth "spall" surfaces from which 

large slabs of rock have been dislodged. This 20-foot-thick unit ac- 

counts for the ridge-capping nature of the ignimbrite (Figure 19). 

In thin section, most of the pale-brown glass shards of the 

welded tuff are dark under crossed nicols, but some show fibers of 

tridymite ( ? ) which radiate in clumps from one edge of the shard to 

the other. They do not meet in the center as in the typical axiolitic 

structure described by Ross and Smith (57, p. 36). Lenticular and 

oval-shaped glass bubbles are rimmed internally by a colorless, 
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FIGURE 19. Welded tuff of the 
Rattlesnake Formation. Note 
platy jointing of the upper part; 
sec. ¿5, T. 12 S., R. 27 E. 

FIGURE 20. Ignimbrite capped by the upper 
gravels of the Rattlesnake Formation in sec. 25, 
T. 12S., R. 27E. 
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isotropic mineral with a low index of refraction, probably zeolite. 

Shards show strong parallel alignment and commonly bend around 

lithic and crystal fragments. 

For the most part, lithic fragments are either basalt or pum- 

ice, large mineral fragments are either feldspar or augite, and 

smaller mineral fragments are magnetite. Hematite is a common 

secondary alteration product. 

Basalt fragments. Have the typical composi- 
tion and porphyritic and ophitic textures of the Co- 
lumbia River lava. They are from 1. 0 to 3. 5 mm 
in diameter. 

Pumice fragments. Are up to 5. 5 mm long 
and have a pronounced parallel alignment. 

Andesine. Occurs in subhedral crystals. 

Augite. Is present in rare, anhedral, color- 
Less fragments surrounded by thick hematite rims. 

Magnetite. Occurs in randomly scattered 
subhedral crystals. 

Hematite. Is in some samples disseminated 
throughout the entire rock, in others limited to 
basalt and pumice fragments, and in still others, 
nearly absent. 

Thin sections from different vertical positions in the welded 

tuff unit show a great increase in hematite content and slight de- 

crease in lithic and mineral fragment size with height. 

The welded tuff is capped by a zone, two to three feet thick, 
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of red, platy tuff. Sub-parallel pumice fragments are common in 

this moderately hard material (Figure 19). 

The ignimbrite is rhyolitic in composition (8, p. 1678). 

Upper Gravels 

The upper gravels are made up of basalt, quartz dìorite, 

green chert, and white quartzite. Basalt cobbles are by far the most 

abundant. In the Picture Gorge quadrangle this unit forms low 

mounds on top of the ignimbrite, butnowhere shows a good cross- 

section (Figure 20). Loose gravel on top of the soil is the only indi- 

cation of its subsurface presence. 

Faunal and floral collections indicate an Early to Middle Plia- 

cene age for the lower gravels of the Rattlesnake Formation (50, p. 

59; 10, p. 1368). The upper gravels are considered to be late Plio- 

cene to Pleistocene by Wilkinson (87, p. 75; 88), 

Stratigraphic position places the age of the ignimbrite between 

the Middle Pliocene and the Pleistocene. 
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Petrogenesi s 

Lower Gravels 

Petrogenesis of the lower gravels includes the following: 

1. Fluvial deposition, as suggested by poor sorting, round- 

ness of pebbles, and the bedding of associated sandstone lenses. 

Z. High relief and rapid erosion of the source area, as shown 

by compositional and textural immaturity (i. e. , presence of non- 

resistant tuff and the wide range of fragment size) (55, p. 253). 

3. Erosion from a basaltic and a plutonic-metamorphic ter- 

rane is indicated by the lithology of the pebbles. 

4. Contemporaneous pyroclastic activity, as indicated by the 

presence of pumice fragments in sandstone lenses. 

5. Deposition on an uneven surface as inferred by the lateral 

variation in thickness. 

Ignimb rite 

In the ignimbrite high porosity, poor induration, and the pres- 

ence of undistorted, unoriented pumice and glass shards indicate that 

the lower nine feet is not welded; sub-parallel pumice fragments and 

the platy nature of the outcrop suggest that the upper two to three 

feet is also not welded (57, p. 18-38). Low porosity, good indura- 

tion, and the occurrence of distorted, aligned pumice and glass 
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shards suggest that the middle 25 feet of the ignimbrite is welded 

(57, p. 18-38). The ignimbrite is then composed of a central welded 

tuff zone bounded on the bottom and on the top by non-welded tuff. 

Since there is no repetition of, or sharp break in, this se- 

quence, it is concluded that the ignimbrite consists of a single ash- 

flow cooling unit, as defined by Smith (63, p. 157). 

Earthy texture and the presence of possible replaced rootlets 

(p. 99 ) in material directly beneath the ignimbrite suggest the pres- 

ence of a pre-ash flow soil horizon. The presence of basalt frag- 

rnents in the ignimbrite suggests either that the ash flow was ex- 

truded onto a basalt surface or that the ash was exploded from a vent 

which had basalt in its walls. 

According to Thayer (72, p. 327), a source south of the Ocho- 

co Mountains is suggested by "progressive increase in size and abun- 

dance of pumice fragments and increase in degree of vitreousness 

and in that direction. However, no outcrop coimee- 

tion between ignimbrite in the John Day syncline and similar ignirn- 

brite on the south of the Ochoco Mountains has been found (88). 

Upper Gravels 

Although lack of outcrop limits ready interpretation of the 

upper gravels, a general similarity of the upper with the lower types 

as reported in adjacent areas (70, p. 113) suggests that the 
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petrogene sis of the gravels may be similar. 

From a study of the mammal species present in the Rattle- 

snake Formation, Stock (2, p. 85) concluded that broad grassland 

plains and adjacent wooded areas must have existed. The climate 

would have been similar to that of the present in east-central Ore- 

gon--more arid than the climate of either John Day or Mascall. time.. 



QUATERNARY ALLUVIUM 

General Statement 

Quaternary alluvium is widely distributed throughout the 

Picture Gorge quadrangle as gravelly chamel deposits, fine-grained 

flood-plain deposits, slope-wash material, coarse torrential depos- 

its, and partially reworked white volcanic ash. In order to empha- 

size the bedrock geology, only a limited part of the Quaternary al- 

luviurn is mapped as such (see Plate 1). This includes (1) recent 

channel and flood-plain gravels, sands, and silts of the John Day 

River and its major tributaries, and (Z) torrential alluvial fan gray- 

eis of streams which debouch directly onto the John Day River flood 

plain. 

Gravel and Finer River Materials 

Although basalt ciasts constitute at least 95 percent of all 

gravel deposits examined, reworked Cretaceous pebbles, John Day 

tuff, granitic rock, welded tuff, white quartzite, and possibly ande- 

site are present. 

Channel deposits consist of sub- to well-rounded pebble gray- 

el with some intercalated sand and silt. They are best represented 

in the Rock Creek and John Day River bottoms. 

Flood-plain silts and sands occur along the John Day River. 



Slope-wash material is made up of partially reworked talus 

and other loose angular debris. This type of deposit is practically 

ubiquitous. 

Torrential gravels typically exhibit very poor sorting. They 

are composed of sub-angular to well-rounded pebbles, cobbles, and 

boulders included in a fine- to coarse-grained sand matrix. Some 

gravels are cemented by caliche. At Holmes Creek, a ten-foot-thick 

deposit contains intercalated fine-grained, cross-bedded sandstone 

lenses up to one foot thick and 65 feet long (Figure 21). Cross-bed- 

ded, fairly well-sorted pebble lenses up to five feet thick are pres- 

ent. Torrential gravels occur in most intermittent stream bottoms, 

and are exposed at several road-cut locations along old Oregon High- 

way 19. 

Though the age of most mappable alluvial deposits cannot be 

determined directly, fossils described by Merriam (48, p. 313) 

from terrace gravels near Mt. Vernon and elsewhere, indicate that 

some are definitely Pleistocene. 

White Volcanic Ash 

White volcanic ash occurs along the banks of most streams 

in the Picture Gorge quadrangle, though it is particularly common 

in the smaller valleys and at stream junctions. Deposits range up 

to eight feet thick in Juniper Gulch, sec. 28, T. 12 S. , R 25 E. and 
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FIGURE 21. Torrential gravels with intercalated 
sandstone lenses, Holmes Creek. 
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up to nine feet thick at Gilmore Creek, sec. 6, T. 9 s., R. 27 E. 

Excellent exposures also occur along Buckhorn Creek in sec. 16, 17, 

21, T. 11 S.., R. 25 E. 

The white ash consists dominantly of pumice less than . 004 

mm in diameter, but includes subordinate feldspar, hornblende, 

glass, magnetite, augite, lithic fragments, and biotite. Feldspar 

and hornblende are by far the most abundant minerals, biotite being 

the least common. Mineral and lithic fragments are commonly in 

the 074-. 125 mm size range. 

Pumice. Occurs as fibrous, white fragments 
which comprise an estimated 85-90 percent of the 
deposit. 

Feldspar. Is colorless to pale white, fairly 
fresh, and commonly well-cleaved. Crystals have 
a maximum index of refraction of 1. 541, oligoclase. 

Hornblende. Occurs in broken, prismatic, 
sub-angular to sub-rounded, deep-green or black 
Crystals. 

Chemical analysis by Calkins (7, p. 169) showed that the ash 

is andesitic in composition. 

The loosely compacted, yet coherent deposits are generally 

overlain by a thin covering of soil or slope wash and underlain by 

semi-consolidated fluvial gravels (Figure 22). The ash is for the 

most part remarkably pure, and contains but a few scattered basalt 

pebbles, cobbles, and rare finer particles- -all of which are more 
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common near the base. 

Ash deposits of similar character have been reported about 

35 miles west in the Mitchell area (5, p. 98; 35, p. 85; 69, p. 90) 

and at least 50 miles to the south (12, p. 48). Degree of compaction, 

stratigraphic position, and conditìon of the feldspar s indicate recent 

deposition. 

The petrogenesis of this material involves: 

1. Eruption from a distant source as indicated by the fine 

grain size and the large amount of pumice. 

2. Emplacement as an ash-fall deposit over the entire 

region (90, p. 46). 

3. Concentration in stream valleys by a relatively incompe.- 

tent transporting agent, probably wind and moderate surface runoff. 

This is suggested by the purity of the ash. 

In view of the areal extent, youth, and presumed distance 

from source, a logical vent for the ash would be Newberry Crater, 

a prominent caldera approximately 100 miles southwest of the Pic- 

turc Gorge area. However, observations by Williams (90, p. 51; 

89, p. 294) that "lavas of the Newberry Volcano were almost exclu- 

sively basalt and rhyolite" and that "the Newberry series of ejecta is 

characterized by great paucity of hornblende and mica", do not sup- 

port this assumption. A more andesitic, hornblende-rich source 

elsewhere in the Cascades is suggested. 
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QUATERNARY LANDSLIDE DEPOSITS 

The broad hummocky slopes of Butler, Big, and Artman 

Basins are typical of the nearly ¿4 square miles of landslide area 

within the Picture Gorge quadrangle (Plate 1). 

Landslide deposits are divided into two separate mappable 

entities (see Plate 1) on the basis of the different formations in- 

volved, that is, Rattlesnake welded tuff and underlying Mascall tuff, 

and Columbia River basalt and underlying John Day tuff. Both areas 

are characterized by the presence of a hard, well-indurated cliff- 

forming unit overlying a relatively soft, incompetent clayey unit. 

Features characteristic of Picture Gorge landslide zones are 

1. Hummocky topography, which is most apparent on aerial 

photographs. 

z. Tilted welded tuff or basalt cap-blocks which occur as iso- 

lated islands in the tuff, the blocks generally dipping toward the main 

scarp (terminology after Cleaves, 11, p. 2). 

3. Displaced stratigraphy- - that is, older rocks occurring 

topographically over younger rocks. 

4. Displaced dikes. A columnar-jointed basalt dike segment, 

o. 4 miles in length, occurs in the central Big Basin area. A trend 

of N 15° W suggests that it was once the continuation of a Davis dike 

which crops out in the basalt cliffs near Johnny Creek. Alignment 
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with a projection of the Davis dike southward, however, shows that 

the segment has been displaced 0. 6 miles downslope to the southwest. 

Comparison of dips reveals a dissimilarity, in that the Davis dike is 

vertical and the segment is inclined 50 degrees southwest. 

5. A stream or a river flowing at the toe of most slídes. 

In spite of these criteria, however, the flank and toe bounda- 

ries of landslides with in situ rocks are commonly difficult to pin- 

point--hence, the dashed contacts on the geologic map (Plate 1). 

Though not mapped as such, parts of the area near McGinnes Creek 

in secs. 34, 35, T. 10 s., R. Z5 E. may be landslide. 

The above description of the Picture Gorge slides suggests in- 

clusion under the subordinate type, slump, as defined by Sharpe (61, 

p. 65). Slumping. in his sense of the word, involves a downward and 

outward movement of material with slippage along surfaces of rupture 

and subsequent backward rotation of the individual moving masses. 

Stratigraphy and lack of vegetation (61, p. 85) favor slump in 

the Picture Gorge quadrangle. Initiating factors (61, p. 85-86) are 

lubrication of slip planes by formation of clayey materials, softening 

of weak tuff by percolation of water, and constant sapping away of toe 

material by marginal streams and rivers. 

The relationship of slumping to the action of marginal streams 

suggests that the landslides date from the initiation of the present 

drainage system. 
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GEOMORPHOLOGY 

Drainage 

General Features 

According to the idealized geomorphic cycle outlined by 

Thornbury (75, p. 137-140), the topographic age of the Picture Gorge 

quadrangle is that of early maturity. This is indicated by the follow- 

ing valley and interfiuve characteristics (see Plate 1). 

1. Both Rock Creek, in the vicinity of McDonald Ranch, and 

the John Day River south of Picture Gorge flow in subsequent valleys 

controlled by the John Day syncline (p. 136 ) and the difference in 

hardness between soft valley-bottom Mascall tuff and hard valley- 

flanking Columbia River basalt. 

2. The valleys of Birch Creek and upper Branson Creek are 

adjusted to structure in that they are joint controlled. 

3. The Frank Creek valley in secs. 9, 15, T. 11 S., 

R. 25 E. is fault controlled. 

4. A number of consequent stream valleys occur on the 

south-facing Columbia River basalt slope east of Picture Gorge. 

5. Meander belts of the John Day River freely span the entire 

valley bottom. 

6. Interfluves are in part sharply dissected and in part 
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rather broad such as in the Rimrock Springs area. 

7. Valleys are in part fairly wide, like that of the John Day 

River, and in part narrow and V-shaped such as the valley of Rudio 

Creek. 

Major valley gradients reach a minimum of 23 feet per mile 

in the John Day River valley; a moderate 280 feet per mile in Squaw 

Creek, a large tributary; and a maximum of 360 feet per mile in 

Sheep Gulch, one of the smaller valleys. 

Turtle Cove 

The most prominent feature of the Picture Gorge river-valley 

system is the abrupt change in direction of the John Day River from 

a westerly course which it follows for 50 miles on the soft Mascall 

tuff to a northerly course through the resistant basalt at Picture 

Gorge. From the gorge, the river flows northward through Turtle 

Cove, and then turns sharply west, immediately north of the quad- 

rangle boundary near the town of Kimberly (Figure 23, Plate i). 

Though no direct explanatory evidence for this phenomenon 

was determined in the quadrangle, several hypotheses are here con- 

sidered: 

1. Turtle Cove valley might be superposed. 

2. Turtle Cove valley might be antecedent, having been de- 

veloped on the rising Sunflower anticline (p. 135). Although both 



FIGURE 23. Map showing a few of the larger streams in the Picture 
Gorge quadrangle, and vicinity. 
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hypotheses i and Z explain a mechanism by which the river might 

have crossed from Mascall tuff to Columbia River basalt, neither 

adequately explains the abrupt change in direction of the river, unless 

landslide damming, lava damming or sorne other cLiastrophic process 

is invoked, and there is no evidence for this. 

3. Turtle Cove valley might be the result of stream capture. 

This hypothesis presumes several things: first, that the valley of the 

North Fork of the John Day River at one time followed its present 

course westward through Kimberly; second, that the middle fork of 

the John Day River once continued a westerly course south of Picture 

Gorge, possibly near the town of Antone: third, that the two rivers 

were separated by an east-west trending divide: and fourth, that a 

tributary of the North Fork could have eroded southward far enough 

to capture the middle fork of the John Day River near Picture Gorge. 

The validity of the first two assumptions would rest on the 

examination of terrace gravels, misfIt streams, and entrenched me- 

anders along the projected courses of the two rivers. This was not 

undertaken, although the distribution of Pliocene and Pleistocene Rat- 

tiesnake gravels is consistent with the westward flow of an ancestral 

middle fork of the John Day River in the Picture Gorge quadrangle. 

The third assumption is suggested by the existing drainage 

divide which is continuous for over 50 miles to the east and 20 miles 

to the west of Turtle Cove (see Figure Z3). 
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The fourth assumption is suggested by the following factors: 

a. The southward extent and direction of the Rudio and John- 

son Creek valleys in the Picture Gorge quadrangle suggests, by anal- 

ogy, that headwater erosion of the type inferred is probable. 

b. The position of the north-flowing tributaries of Cottonwood 

Creek (Figure ¿3) in the Courtrock quadrangle, which gives them the 

appearance of being poised to capture the south-flowing Franks and 

Stockdale Creeks, also suggests that capture of the type inferred is 

probable. 

c. The position of the north-flowing John Day River channel 

directly on the axis of the north-trending Middle Mountain syncline 

(p. 137) suggests that a former tributary of the North Fork could have 

been selectively guided along this path. 

Ppr1imyif 

North of McGinnes Creek a structure-truncating surface has 

been developed on the John Day Formation. This surface, sloping an 

average of six degrees (Figures ¿4, ¿5) for distances of up to one and 

three-quarters miles, extends from a steep cliff of basalt and tuff on 

the west to the John Day River flood plain on the east. 

A transverse north-south profile (Figure ¿6) shows three dis- 

tinct surface levels: an upper level forming narrow, flat-topped, 

down-slope trending ridges; an intermediate level defined by the most 
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widespread, well-developed group of concordant surfaces; and a lower 

level represented by the narrow valley floors of east-flowing intermit- 

tent streams. 

The upper and middle surfaces commonly end basinward in 

abrupt river-facing scarps, whereas the lower terminates in alluvial 

fan s. 

Near the cliff front, slope wash and talus composed of angular 

basalt fragments is commonly distributed on the upper and middle 

levels. Farther out in the valley these surfaces become remarkably 

clean, the exposed John Day tuff being covered only by sage and a few 

scattered basalt fragments. The lower level stream valleys are 

choked throughout their entire length with angular basalt clasts of all 

sizes. 

These structure-truncating surfaces are interpreted to be 

pediments which are being dissected by actively downcutting intermit- 

tent streams. 

Though not as well developed, a rudimentary pediment occurs 

on the east side of the John Day River. Most signiiicant in this area 

are isolated, flat-topped remnants, the upper surfaces of which, dip- 

ping basinward, four degrees, truncate not only the John Day Forma- 

tion, but also previously deposited, caliche-cemented gravels (Figure 

9). The gravels are in turn unconformable on the tuff. 

A pediment cut on the John Day Formation near Rudio Creek 
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(Figures 24, 27) exhibits one well-developed level. Small V-shaped 

canyons in the lower Ittoeu scarp, however, suggest that it, too, is 

being dissected. This pediment has not reached the more advanced 

stage of its counterpart on the John Day River. 

Stripped Structural Surfaces 

The high, nearly horizontal, plateau-like areas such as Miller 

Flat in secs. 18, 19, T. 10 5., R. 27 E.; Sunflower Flat in sec. 12, 

T. 11 s., R. 26 E.; or the Black Snag Spring area of sec. 22, 

T. 10 S., R. 25 E. are 8tripped structural surfaces developed on 

gently dipping Columbia River basalt flows. Typical of these areas 

are nearly concordant surface levels, fairly well-developed soil, 

deeply incised streams, and slopes of land surfaces which correspond 

closely with the attitudes of underlying basalt flows. 

Officerts Cave 

Officer's Cave, first noted by Collier (13, p. 14-15) and later 

described by Parker et al. (53, p. 41), is a tunnel-like erosion form 

developed in the John Day tuff of Big Basin in sec. 21, T. li S., 

R. 26E. 

From a four-foot high by ten-foot wide portal, a sinuous sub- 

terranean passage extends eastward 43 feet into the tuff hillside, is 

interrupted by a 32-foot collapsed section, and then continues through 
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an impassable opening for an indeterminable distance farther under- 

ground. The total measurable length is 100 feet; the maximum height 

is six feet; and the width is approximately 25 feet. 

Fluvial sands and pebbles, along with surface cave-in debris1 

occur along this sub-surface watercourse. 

West of the portal there is a dry stream bed which leads sev- 

eral hundred feet into a closed basin. The water apparently sinks 

through some invisible outlet, possibly into another subsurface water 

tunnel. 

According, to Parker et al. (53, p. 41) Officer's Cave is a 

common pseudokarst feature similar to that developed on the lime- 

stone of more humid regions by a process called Hpjpjnght. They re- 

late its formation to the abundance of montmorilloriite clays in the tuff. 

Stone Garlands, Stone Stripes, and Talus-Free Mounds 

Stone garlands of Columbia River Basalt talus occur on the 

south slope of Windy Point rim in secs. 34-36, T. il S. , R. 26 E. 

The stone garlands consist of elongate, oval-shaped "loops" of platy, 

angular basalt talus, which enclose areas of fine soil material. Lo- 

cally, instead of garlands, linear down-slope trending stone stripes 

are formed. 

On the slopes of the northwest-trending hills south of Timber 

Basin in seca 31, T. 11 S. , R. 27 E. and sec. 6, T. 12 S. , R. 27 E. 
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there are a great number of low elongate mounds, generally not 

greater than two feet high and approximately 20 feet wide and 30 feet 

long. They are commonly free of rocks, being composed essentially 

of finer sand and soil materials. Juniper grows on a few mounds, but 

most support only grass and wild flowers. Talus occurs in the low 

areas between mounds, but is not concentrated in any particular form. 

Stone garlands, stone stripes, and talus-free mounds are typi- 

cal of areas with a cold climate. Most theories of origin require 

frost heaving, or at least constant freezing, melting, and refreezing 

as the talus-concentrating mechanism. In view of these theories, it 

is suggested that the temperate climate of the Picture Gorge area, at 

present not sufficiently rigorous to cause such phenomena, was at one 

time much colder. 

Sharpe (61, p. 38-39) has suggested that Pleistocene climatic 

conditions might have been adequate for the formation of these f ea- 

tures. However, evidence for stabilization (e. g., trees, soils) which 

would indicate a Pleistocene age by recording the time interval be- 

tween then and now, is not sufficiently well developed on the garlands, 

stripes or mounds to make a statement of Pleistocene age valid. 

Though formation of these anomolous features during the Pleistocene 

appears most reasonable, the possibility of origin during a more re- 

cent colder period cannot he discounted. 
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STRUCTURE 

Faults 

Rock Creek-John Day Valley Faults 

A belt of en echelon normal faults extends east-west across 

the southern part of the Picture Gorge quadrangle (Section A-A', 

Plate 1). The prevailing trend of these faults is N 500_550 W, but 

locally some strike N Z0° W and N-S. Approximately 80 feet of stra- 

tigraphic throw was estimated on a fault near Franks Creek and ap- 

proximately 500 feet on a fault near upper Birch Creek. The disposi- 

tion of younger Mascall and Rattlesnake rocks on the northeast against 

older Columbia River basalt on the southwest, the straight to moder- 

ately sinuous nature of fault traces, and the steep northeast-dipping 

fault planes suggest that movement was predominantly in a vertical 

sense, at a high angle, and probably normal. 

The direction of slickensides on the exposed planes of small 

north-trending faults in the Sheep Gulch area shows that the last 

movement was strike slip. 

Typical fault-zone features of the area are resistant blue ba- 

salt breccia, fault-line scarps, displaced stratigraphy, divergent 

dips, springs, and slickensided surfaces. An alignment of low 

places, or saddles, in otherwise continuous ridges of Columbia River 

basalt is another fault zone characteristic. Several lineations are 
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apparent on aerial photographs of the basalt slopes north of Rock 

Creek and the John Day River. However lineations which are not 

supported by one or more of the field criteria given above are not in- 

dicated on the map. 

Because fault or fault-line scarps cut Columbia River basalt 

along nearly every known fault in the area, it is suggested that move- 

ment began after consolidation of the lavas during Late Miocene time. 

The occurrence of both steep depositional and high angle fault contacts 

between the Mascall Formation and the Columbia River Basalt indi- 

cate s that some of the faults were probably developed before, and 

some after deposition of the tuff. The nature of these contacts is de- 

scribed on page 94. At Franks Creek the presence of Rattlesnake 

ignimbrite lying undisturbed over a fault which involves both the older 

Columbia River and Mascall Formations indicates that movement 

on some faults had ceased prior to emplacement of the welded tuff. 

At Birch Creek, the ignimbrite has been faulted against the two older 

units, showing that movement on other faults continued after Middle 

Pliocene ash-flow extrusion. The displacement of Pleistocene pedi- 

ment surfaces reported by Thayer (74, p. 239) on the John Day Fault 

near the town of Mt. Vernon indicates that some movement has con- 

tinued into the Pleistocene. 

In summary, it is suggested that movement along the faults of 

the Rock Creek-John Day Valley normal fault belt began in the Late 
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Miocene and has continued through the Pleistocene and possibly up to 

the present time. Movement has not been continuous on all faults, 

however, some having ceased activity before Late Miocene and others 

before Middle Pliocene. The possible initiation of the fault system 

after Columbia River Basalt extrusion suggests that there might have 

been a relationship between the two events. Perhaps the faults reflect 

deep crustal adjustments to either the removal from below or addition 

above of the great masses of lava. 

Hog Ridge Faults 

Hog Ridge is bounded on the north and on the south by major 

northwest-trending faults. The north fault, striking N 700 W, exhib- 

its a rectilinear fault trace defined by a 160-foot high north-facing 

erosion scarp. The south fault, varying in strike from E-W to 

N 700 W, shows a slightly more sinuous trace defined by a 400-foot- 

high, north-facing erosion scarp. Both faults are entirely within Co- 

lumbia River Basalt. The scarps suggest that vertical movement was 

dominant. The fault traces indicate that the north fault is a vertical 

fault and that the south fault is a steeply dipping normal fault, the 

north walls of both having been dropped down relative to the south 

walls. 
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Squaw Creek-Frank Creek Faults 

Local change in basalt dips, prominent fault breccia, and the 

difference in elevation and lithology of the rocks across the two val- 

leys indicate faulting along Squaw and Frank Creeks. (Note that 

Frank Creek is different from Franks Creek, the former occurring in 

the west central part of the quadrangle, the latter in the southeast 

corner, Plate 1). The Squaw Creek fault strikes N 600 W, the Frank 

Creek fault N 300 W. Fairly straight fault traces indicate vertical or 

steeply dipping fault planes. The occurrence of younger Columbia 

River basalt on the south against older John Day tuff on the north sug- 

gests that the south blocks have moved down relative to the north 

blocks. Stratigraphic throw on the Frank Creek fault is estimated at 

approximately 400 feet. 

The Squaw Creek-Frank Creek normal faults form the north 

boundary of a graben which is bounded on the south by the Hog Ridge 

faults. 

Middle Mountain Fault 

According to Coleman (12, p. 54), the Middle Mountain fault 

is an east-west trending normal fault along which Columbia River 

basalt and John Day tuff on the north have been down faulted against 

Cretaceous and pre-Cretaceous rocks on the south. Coleman 
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(1Z, p. 55) has estimated approximately 700 feet of vertical displace- 

ment along the fault plane, which dips north at 5Z degrees. He also 

reported the existence of a 30-foot-wide fault zone in which slicken- 

sided surfaces indicated horizontal movement. 

Although the fault has not been traced eastward far into the 

basalt rim, the nearly concordant trends of the Hog Ridge, Squaw 

Creek, and Frank Creek faults, Windy Point Rim and inferred frac- 

tures near Timber Basin, and related faults near Buckhorn Creek 

and in Middle Mountain, suggest that the entire belt in which these 

features appear may be a major fracture zone of which the Middle 

Mountain fault happens to be the best expression. 

Slump Faults 

As previously mentioned (p. 115), landsliding involves the 

breaking away of the more resistant cap-rock unit from a prominent 

scarp and a rotational sliding of this cap down the slope of ari under- 

lying less-competent unit. The process necessarily involves many 

fractures along which movement takes place. However, due to their 

number and chaotic distribution, only those faults formed in the ini- 

tial stages of the process- - that is, as the resistant block first begins 

to separate itself from the cliff scarp- - can be mapped. 

The curved fault near lower Branson Creek in sec. 

T. 10 S. , R. 25 E. ; the step faults near upper Branson Creek in 
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sec. 14, T. 11 S. , R. 26 E. ; the faults in the Rattlesnake ignimbrite 

near Birch Creek in sec. ¿3, T. 12 S., R. 25 E; and the faults bound- 

ing the massive Rock Creek landslide block of sec. 16, T. 12 S. 

R. 25 E. are typical slump-fault examples. Vertical displacement on 

the mapped faults is generally less than a few tens of feet. Downward 

movement along steeply dipping fault planes is accompanied by a 

strong rotational component. Strikes are variable. 

Folds 

Deformation of Pre-Cretaceous Metamorphic Rocks 

A 56 degree dip and small-scale drag fold5 were reported by 

Coleman (12, p. 50) in the metasediments near Dick Creek. 

Schistose structure, healed fractures, and silicification occur in ex- 

posures near Highway 19. These features, coupled with the nature of 

the rock types (i. e. , schists, serpentinite, metalimestone), attest 

to an episode of intense folding and faulting. 

Dick Creek Folds 

As noted on the map (Plate 1) the V-shaped pattern exhibited 

by a Cretaceous outcrop at Dick Creek suggests a possible southwest- 

plunging syncline, the west flank of which dips 20 degrees. The max- 

imum exposed width from limb to limb is about 800 feet. The 
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syncline was not recognized in the field. 

An undulating erosion surface developed on Cretaceous con- 

glomerates confuses the structural interpretation of the area. It is 

difficult to determine whether the variable dips exhibited by some iso- 

lated outcrops are due to the irregularities of the erosion surface or 

to the actual crests and troughs of folds (Figure 4). 

Deep Creek-McGiimes Creek Folds 

At Deep Creek a syncline which plunges about two degrees 

northeast is defined by the gentle three to six degree dips of the 

stripped, fairly resistant Deep Creek tuff bed of the John Day Forma- 

tion. The fold can be traced for about one-quarter of a mile along its 

curved N 400 E to N 25° E strike. The adjacent anticline at McGinnes 

Creek which strikes N 40° E is inferred by the dips of only a few 

scattered outcrops. The distance between the axes of the two folds is 

approximately 6, 900 feet. These folds are not reflected in the over- 

lying Columbia River Basalt. 

Sunflower Anticline 

The very broad, gentle Sunflower anticline strikes east-west 

across the Picture Gorge quadrangle. The axis of the fold is reflect- 

ed in the wide areas of the nearly horizontal Columbia River Basalt 

near Sunflower Flat on the eastern basalt rim and near Buckhorn 
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Creek on the western basalt rim. The north flank dips two to four 

degrees; the south, though faulted, dips generally five to ten degrees. 

No plunge is apparent. The magnitude of the fold is given by the dis- 

tance from its axis to that of the adjacent John Day syncline, 11 to 12 

miles. 

John Day Syncline 

As previously mentioned ( p. 4), the Columbia River Basalt 

in the southern part of the quadrangle dips 15 to ¿O degrees south. 

From evidence in other areas, two hypotheses have been set forth to 

explain this dip slope. Dobell (16, p. 84-85) concluded that it is the 

north flank of an asymmetrical syncline, with the steeper southern 

limb lying in the Dayville quadrangle. Thayer (74, p. 241, Fig. 4A), 

for the Aldrich Mountain area, also interpreted a similar, apparently 

correlative structure to be synclinal. Contrary to Dobell, however, 

Thayer believed this structure to be the result of axial high angle re- 

rerse faulting rather than simple downwarping. 

Whatever the origin, the major importance of this jeature 

lies in the role it played in the localization of the Mascall and Rattle- 

snake Formations along its axis. Angular unconformities between 

the Columbia River Basalt and the Mascall Formation at Birch 

Creek and between the Mascall and the Rattlesnake Formations at 

Rattlesnake Creek suggest that synclinal development continued 
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through the Pliocene Epoch 

Middle Mountain Syncline 

The north-trending Middle Mountain syncline can be traced 

with confidence for only about half a mile near Middle Mountain. Co- 

lumbia River Basalt flanks dip 13 degrees to the east and six degrees 

to the west. East-dipping basalt at Bull Canyon may represent a con- 

tinuation of the west flan.k northward along the John Day River. 

Joint s 

A regional joint system consisting of a major N 25°-3 0° W 

joint set and subordinate N 150_200 W, N 3504O0 W, and N 15°- 

20° E sets (Figure 28) is developed in the rocks of the area. All 

joints measured are vertical or nearly so. They are most apparent 

in the Columbia River basalt, but are also evident in the better-indu- 

rated portions of the John Day Formation, Clamo ande site, Creta- 

ceous sedimentary rocks, and pre-Cretaceous metamorphics. The 

regional joint system is not as well developed in either the Mascall. or 

Rattlesnake Formations. 

Joints are reflected in northeast-trending lineations on Miller 

Flat and in the direction of many river valleys such as Birch Creek, 

Baker City Gulch found in sec. 17, T. 12 S. , R. 27 E. , and Pine 

Hollow in sec. 8 T. 12 S. R. ¿7 E. 
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FIGURE ¿8. Diagram showing the 
strikes of 38 joints in the Picture 
Gorge quadrangle. 
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The Davis dikes have a predominant N 300 W bearing and a 

subordinate N 20° W and N 40° W bearing. All of these directions 

are comparable to those of the major joint set, a coincidence which 

strongly suggests joint control of igneous intrusion. The common in- 

terruption of the Davis dike trend by many small lateral offsets is in- 

terpreted as being the result of alternative dike intrusion along parai- 

lei joint planes. 

If this hypothesis is correct, then a regional joint system 

must already have been in existence at the onset of igneous activity. 

Similarly, in order for higher basalt flows to have been extruded, 

dikes must have penetrated underlying thicknesses of lava which, in 

turn must have perpetuated the established joint system. 

It is concluded that development of the joint system began 

prior to emplacement of the basalt, that it was maintained throughout 

the entire period of extrusion, and that it was continued through depo- 

sition of the Mascall and Rattlesnake Formations. 

Mi scellaneous Structural Observations 

1. The regional dip of the Cretaceous rocks at Goose Rock is 

toward the southwest. 

2. The Clamo andesite flows at Gilmore Creek dip uniformly 

to the northwest. 

3. Within the quadrangle the John Day Formation appears 



to have a regional northwest dip. 

Summary of Structure 

The two major structural elements of the Picture Gorge quad- 

rangle are the broad west-trenthng Sunflower anticline and its steep- 

er companìon fold, the John Day syncline. On their shared flank are 

the Middle Mountain fault group, the Rock Creek-John Day Valley 

fault group, the north-trending Middle Mountain syncline, and a 

regional joint system. 

The pre-Columbia River Basalt deformational history in- 

volves episodes of pre-Cretaceous folding and faulting, Cretaceous 

folding, possible slight Clamo tilting, John Day folding, and the im- 

position of a joint system. Post-Columbia River Basalt history in- 

dudes periods of joint development, folding, and normal faulting. 

Although Pleistocene and Recent slump faults are the youngest, most 

apparent, and active structural elements in the quadrangle, the ex- 

istence of pediments in the process of dissection suggests that the 

area as a whole is tectonically unstable. 
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GEOLOGIC HISTORY 

Marine inundation during Permo-Triassic time is the first re- 

corded event in the geologic history of the Picture Gorge quadrangle. 

Following the deposition of sands, silts, and limy sediments in the 

Permo- Trias sic sea, were burial, lithification, and several periods 

of Pre- Cretaceous deformation. Peridotite intrusion, serpentiniza- 

tion, silicification, and minor calcite veination accompanied the con- 

vulsive episodes. The rocks were finally uplifted and eroded. Pres- 

ent isolated exposures of metamorphic rocks may represent the jag- 

ged crests of former hills. 

Shallow seas covered much of western Oregon and California 

during Cretaceous time (90, p. 14). In the Picture Gorge area, Cre- 

taceous conglomerates record fluvial nearshore, or continental con- 

ditions. Streams of high gradient flowed from surrounding igneous- 

metamorphic highlands and deposited their coarse loads on broad, 

tree-spotted, alluvial plains. Mild folding and the development of a 

gentle erosion surface followed lithification of the Cretaceous ma- 

te rial. 

Eocene volcanism produced the andesitic autoclastic breccias 

and flows of the Clamo Formation. Streams reworked and deposited 

loose ash and other volcanic debris. Mild, humid, semi-tropical 

conditions prevailed during this epoch. Moderate tilting may have 
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occurred after consolidation, but no major deformation is recorded 

in the Picture Gorge region. A topography of moderate to high relief 

is suggested by the present isolated outcrops. 

The rocks of the Upper Oligocene to Lower Miocene John Day 

Formation bear testimony to the continuance of effusive activity. 

Great quantities of pyroclastic debris were thrown from distant tra- 

chytic and andesitic vents probably located to the west. The ejecta 

were wind-transported and deposited over the Picture Gorge area. 

Some of the ash remained in place, smoothing out the minor irregu- 

larities of the depositional surface. Other ash was reworked by 

streams, mixed with coarser clastic detritus, and was either re- 

tamed in fluvial channels or sluiced into lake basins. The preponder- 

ant ash fall activity was interrupted early in the sequence by a short 

episode of basalt extrusion, and later by the emplacement localìy of 

an ash-flow tuff. The prevalence of vertebrate fossils indicates that 

animals thrived in the warm, temperate climate. Small northeast- 

trending folds were developed in the lithified John Day Formation 

prior to final uplift and erosion. A surface of moderate relief was 

formed on the John Day Formation in the mapped area prior to ex- 

trusion of the Columbia River Basalt (Figure 9). 

The Middle Miocene lavas exposed in the Picture Gorge quad- 

rangle are but a small part of the 35, 000 cubic miles (8Z. p. 708) of 

mid-Tertiary basalts which make up the Columbia River Plateau. 
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Basalt magma surged up through joint-controlled fissures and poured 

flows, initially onto the uneven John Day erosion surface, and later 

onto previously consolidated flows which were in part covered with 

scoria, soil, or ash. Dikes, possibly sills, and irregular intrusions 

remain as remnants of the great feeder system. Though no dike- 

flow connections are visible in the Picture Gorge area, studies by 

Fuller (23, p. 228-230) and Waters (79, p. 1533) leaves little doubt 

that fissure-feeding was the extrusive mechanism. Following final 

consolidation, the Columbia River basalt was warped into an ea st- 

west trending syncline and anticline, and into a north-south trending 

syncline. Normal faulting occurred on the shared flank of the first 

two folds, particularly along the Middle Mountain fault zone and in the 

Rock Creek-John Day Valley normal fault belt. The climate was 

temperate. 

The Middle to Upper Miocene volcanic ash of the Mascall 

Formation probably fell over wide areas of central Oregon (13, p. 19; 

17, p. 199). Now, all that remains of the once extensive unit are the 

narrow protected pockets such as that which fills the syncline 

south of Picture Gorge. The ash was deposited on land, in swamps, 

and in lakes. Volcanoes in the ancestral Cascades and in other 

areas of the John Day Basin may have been the source of this mate- 

rial (90, p. 31). Abundant flora and fauna indicate a humid climate. 

The downwarping initiated after consolidation of the Columbia River 
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Basalt continued through deposition and consolidation of the ash. 

Normal faulting also continued. 

The gravels of the Lower to Middle Pliocene Rattlesnake For- 

mation were carried into the John Day syncline by a major river and 

by many fast-flowing streams which eroded the basaltic, plutonic, 

and metamorphic rocks of adjacent higher elevations. Volcanism 

continued, as ash fell intermittently throughout the period of gravel 

deposition. An ash-flow tuff interrupted gravel deposition for a time 

by sweeping down from an unknown source and flooding the John Day 

syncline with a 40-foot layer of hot ash. The material swept up the 

sides of the syncline, lapping on exposed Columbia River basalt as 

well as Rattlesnake gravels and Mascall tuff. Late Pliocene and 

Pleistocene streams distributed gravels over the consolidated ignim- 

brite. Very slight movement may have occurred on the John Day 

synclirie in the Picture Gorge area. Normal faulting continued. A 

high plains climate, cooler and drier than those preceding, is sug- 

gested by the fauna. 

Events of the Pleistocene and Recent merge. The streams 

which worked the Pleistocene gravels of the Rattlesnake Formation 

in the John Day syncline were probably forerunners of the middle 

fork of the John Day River. In Turtle Cove remnant torrential gray - 

eis and broad slump areas are evidence of the north-flowing stream 



which captured the middle fork of the John Day River near Picture 

Gorge. 
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Following the capture of the middle fork, the John Day River 

became established in its present course. Pediment surfaces and a 

narrow river flood plain were formed. Torrential deposition and 

landsliding continued. 

Stone garlands, stone stripes, and talus-free mounds devel- 

oped in the upland areas. 

Volcanoes in the Cascades erupted clouds of white ash which 

spread eastward and fell on most of central Oregon. Wind localized 

the material in stream valleys. 

The region is tectonically unstable. 

blackp
Text Box
p.146 attached as a seperate file.
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