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ZEOLITE-RICH BEDS of the JOHN DAY FORMATION,
GRANT and WHEELER COUNTIES, OREGON
By Richard V. Fisher*
General Statement
This report, prepared for the purpose of locating zeolitized tuff beds, is,
essentially, an extension of a report by the author (1962) on the Deep Creek
Tuff, a zeolite-rich layer in the central portion of the Picture Gorge quadrangle, eastern Oregon. The John Day Formation within six 15-minute
quadrangles and a large part of the 30-minute Mitchell quadrangle (Plate I)
was the only formation included in this search. Relatively thick (greater
than 5 feet) deposits of zeolite-rich tuff were located in only 4 of the quadrangles within the mapped area -- Picture Gorge, Kimberly, Richmond,
and Mitchell -- and most extensively within the Picture Gorge quadrangle.
The variety of zeolite that prompted this survey is clinoptilolite which
has the ability to capture radioactive cesium (Brown, 1962). Detailed
tests to determine the chemical and physical variabilities of clinoptilolite
(or its relationship to the close relative, heulandite) within a single bed
have not been made. It would not be surprising, however, to find that
zones of clinoptilolite-altered tuff are laterally equivalent to those altered
to heulandite or other closely related zeolites. Thus, even though there
are huge tonnages of zeolite-rich layers reported here, the amount of clinoptilolite cannot be accurately predicted. The origin of the zeolites of the
John Day Formation has been discussed by Hay (1963).
Stratigraphy
The John Day Formation in parts of .the present area has been described
previously by other workers, including Merriam (1901), Coleman (1949),
Fisher and Wilco)c.(1960), and Hay (1962, 1963). The formation attains
2,000 feet or more in thickness, but usually not in any one place, and has
been divided into a lower, middle, and upper part (see accompanying
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columnar section). In the area under discussion, the John Day Formation
unconformably lies above the Clarno Formation (Eocene), and, where
Clarno rocks are absent, above conglomerate, sandstone, and shale of
probable Cretaceous age or above pre-Cretaceous quartzite and marble.
A thick sequence of basalt flows (middle Miocene) called the Picture
Gorge Basalt* (Waters, 1961), unconformably covers the John Day Formation
The lower member of the John Day Formation is composed of deep red
to red-brown volcanic claystones and siltstones. These rocks, described by
Hay (1962) from near Mitchell, are poor in clinoptilolite. The middle member of the formation is composed of green, buff, and light red or light redbrown volcanic siltstones and sandstones. This member contains an ignimbrite
(welded tuff) layer that occurs throughout much of the area under discussion, and forms an excellent strati graphic reference horizon. The upper
member is unzeolitized and light gray to buff in color in most areas.
The middle member, therefore, contains the clinoptilolite-rich zeolite
beds at several horizons. One rather persistant zeolitized bed is the Deep
Creek Tuff that occurs about 100 feet above the ignimbrite layer. In some
areas, an ashfall layer that lies in contact with the basal part of the ignimbrite layer and a zeolite-rich bed (or beds) 150 to 200 feet below the
ignimbrite are thick enough to form important deposits.
Rocks rich in clinoptilolite or related zeolites are composed almost exclusively of altered sand-size shards. These coarse-grained tuffs are usually poor in pyrogenic crystals, especially ferromagnesians and magnetite.
Where they are thick, the beds generally form orange- or cream-colored
cliffs and thus may be relatively easy to locate. Where the beds are thin
(less than 5 feet thick), they weather to white or light-gray colors similar
to layers containing abundant clay. Invariably, the John Day rocks that
are colored green or red on fresh surfaces contain more clay than is desirable for a good quality clinoptilolite deposit. The formation of a zeoliterich layer is dependent upon the coarseness and abundance of glass shards,
because the fine-grained particles (original glass?) alter to clay, whereas
the coarse-grained particles alter mainly to zeolite.
Zeolite-Rich Beds
Introduction
Thick and conspicuous deposits of coarse-grained zeolite-altered tuff

* Lower part of Columbia River Basalt.
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Generalized geologic column showing relative position of the zeolite-rich tuff beds
in the John Day Formation.
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beds in the mapped area are relatively rare, occurring in a few scattered
localities. The thickest and most accessible deposits occur within the Pic
ture Gorge quadrangle in an area described previously by the author (1962),
and in the Squaw Creek and Sheep Rock exposures (figure 1). These deposits are part of the Deep Creek Tuff, which has also been observed in the
Kimberly quadrangle in Haystack Valley (sec. 21, T. 8 S., R. 25 E.) and
in Kahler Basin (figure 2). Similar deposits occur in Parrish Creek (figure
3) and about a mile south of Dutch Flat (figure 4), although these layers
may be greatly thinned, lateral equivalents of the ignimbrite layer.
Deep Creek Tuff
The Deep Creek Tuff, named for its thick exposures in Deep Creek
(secs. 35 and 36, T. 10 S., R. 25 E.), has been identified in many places
within the Picture Gorge quadrangle about 100 feet above the ignimbrite.
No other layer of comparable coarseness and purity of zeolite has been
found within the section above the ignimbrite. Thin (I.cc than 5 feet thick)
exposures of the Deep Creek Tuff have been mapped or observed throughout
the Picture Gorge quadrangle, but the tuff is exceptionally thick in only
two places outside those described earlier by the_ author; one is in sec. 5,
T. 12 S., R. 26 E., about one mile northeast of Sheep Rock, and one is in
sec. 14, T. 11 S., R. 25 E., in Squaw Creek (figure 1).
The exposure north of Sheep Rock is a composite ashfal I layer about
30 feet thick that shows graded laminae and some coarse platy layers near
its central part. It is easily visible from Oregon State Highway 19 as a
cream-colored outcrop. The layer, which dips about 20° south, forms a
dip slope near the 3,200-foot contour line about 1,000 feet above theJohn
Day River. The tuff thins rapidly to the north and south, although it can
still be identified around the west face of Sheep Rock, where it is lenticular and not more than 10 feet thick.
The Deep Creek Tuff in Squaw Creek is about 30 feet thick. There
are at least three zones of graded laminae and a 1- to 2-foot zone of coarse
platy tuff near its central portion. Some layers contain pink felsitic lithic
fragments up to 3 mm in longest dimension that form nearly 5 percent of
the rock. Even though the bed is about 3 miles west of State Highway 19,
it is easily accessible by the unpaved Squaw Creek road.
The Deep Creek Tuff has been recognized in Haystack Valley, where
it is thin and lenticular, and farther north in Kahler Basin (figure 2) in the
Kimberly quadrangle. The exposure in Kahler Basin is about 10 feet thick
and occurs in two easily accessible areas about 1 mile apart.
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Ignimbrite layer and zeolitic tuffs
The ignimbrite layer is composed of two cooling units (as defined by
Smith, 1960, p. 157) in some places, and only one cooling unit in others.
It is underlain by a section approximately 10 feet thick of primary ashfall
tuff showing graded bedding, and massive to fissile tuff that is gradational
upward with the lower welded base of the ignimbrite. The welded base
shows flattening of pumice and glass fragments and is either obsidian-like
in appearance or is a hard lithic material with conchoidal fracture. The
laminated and fissile tuff is commonly altered to zeolite, but is usually
poorly exposed because it lies beneath the talus of the overlying pyrocl astic flow. This tuff is as coarse and generally appears to be as rich in zeolite as the Deep Creek Tuff, but is less accessible because it lies beneath
the usually well indurated welded tuff. Occasionally, it is absent or very
thin. One of the thicker exposures of this basal tuff occurs in secs..29 and
30, T. 10 S., R. 24 E. (figure 3) in the Richmond quadrangle.
At two rather widely separated localities are relatively thick deposits
of coarse, zeolitized tuff that are litFiologically similar to the Deep Creek
Tuff. These may be stratigraphically equivalent to the ignimbrite layer.
One area (figure 3) lies along the unpaved road between Spray and Waterman Flats in Parrish Creek (sec. 21, T. 10 S., R. 24 E.) in the Richmond
uadrangle; the other deposit (figure 4) is just south of Dutch Flat (sec.
q
22, T. 8 S., R. 22 E.) in the Mitchell quadrangle.
The Parrish Creek deposit (figure 3), about 10 feet thick, is formed of
at least 3 or more successive ashfalls. Its upper part, 3 feet thick, has
green patchy areas that are caused by the alteration of pumice fragments
to the blue-green clay, celadonite. About two miles farther south in secs.
29 and 30, T. 10 S., R. 24 E., the ignimbrite layer is exposed in what
may be the same stratigraphic horizon.
The zeolitized tuff (figure 4) near Dutch Flat in the Mitchell quadran le is 35 to 40 feet thick and forms the dip slope of a small knoll . This
deposit is a little more than 2 miles from State Highway 19, but is easily
accessible by a logging road requiring some repair. If the zeolite is all
clinoptilolite, this deposit may prove to be important because of its thickness. The tuff is lithologically similar to the Deep Creek Tuff, but appears to occupy the same stratigraphic horizon as the ignimbrite that is
exposed farther south in the Mitchell quadrangle along the west slope of
Rock Mountain. Further mapping is required to clarify this stratigraphic
relationship.
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Sutton Ranch deposit
In many of the areas mapped by the author is a cream-colored bed of
zeolitized, coarse-shard tuff commonly no more than 2 or 3 feet thick.
This horizon is about 150 to 200 feet below the ignimbrite. It is exposed
as a discontinuous 3-foot layer near Parrish Creek (figure 3), at the south
edge of sec. 29, T. 10 S., R. 24 E., but its thickest expression occurs in
secs. 14, 22, and 23, T. 9 S., R. 21 E. on the old Sutton Ranch, Mitchell
quadrangle, near Twickenham. This coarse-grained layer, about 10 feet
thick, lies on a 1 0-foot bed of clay-rich tuff, which at a distance looks
like the coarse-grained zeolite bed.
Summary
Although zeolite is an abundant alteration product of originally coarsegrained glass shards within the John Day Formation, relatively pure beds
are rare because most of the John Day rocks are too fine-grained or, even
if coarse-grained, contain a wide range in sizes with the finer-grained
material altered to clays. The deposits most rich in . zeolite are those with
shards dominantly in the sand-size range. Thick deposits are rare in relation to the vast acreage underlain by the John Day Formation, but those
that do occur almost invariably form dip slopes amenable to strip mining in
easily accessible areas.
It is likely that much of the zeolite of these beds is clinoptilolite,,and
if so, the deposits described in this report, and previously by the author
(1962), form large supplies. Present needs for this mineral are negligible,
but should the demand increase these deposits would doubtless be adequate
for many years.
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WILLAMETTE VALLEY GROUND WATER UNDER STUDY
Two preliminary reports on ground-water resources in the northern \Willamette Valley have been issued by the Oregon State Engineer in cooperation
with the Ground-Water Branch of the U.S. Geological Survey. Recently
made available is "Records of Wells, Water Levels, and Chemical Quality
of Ground Water in the Molalla-Salem Slope Area," by E. R. Hampton.
A similar report covering the French Prairie area adjacent to and west of
the Molalla-Salem area was compiled by Don Price in 1961. The two reports present existing well data as an aid to location and development of
ground-water resources in this region and are preliminary to a more comprehensive study to be published later by the U.S. Geological Survey.
Persons having a use for these reports may obtain them free of charge from
the Oregon State Engineer, Salem, Oregon.

PORTLAND BULLETIN AVAILABLE
"Geology of the Portland, Oregon, and adjacent areas," U. S. Geological Survey Bulletin 1119, by Donald E. Trimble (described in the August 1963 ORE BIN) is now for sale by this department at its Portland office.
The price is $2.00 postpaid. It may also be obtained for the same price
from the Government Printing Office, Washington 25, D. C.

NORTHWEST MINING ASSOCIATION ANNUAL CONVENTION
SPOKANE, WASHINGTON, DECEMBER 6 AND 7
* * * **
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LAVACICLE CAVE
The picture was taken in Lavacicle Cave, a lava tube near Pilot Butte, approximately
40 miles southeast of the town of Bend. Other lava tubes, such as Derrick Cave, Lava
River Cave, and Skeleton Cave, are common in this part of central Oregon and undoubtedly there are a great many more yet to be discovered. Lavacicle Cave is unique
because of the well-developed lava pinnacles rising from the floor. Phil Brogan, geological writer and editor of the Bend Bulletin, has suggested the term "lavacicle"
for these distinctive formations. We are therefore proposing that this name be adopted
for all such volcanic dripstones found in lava tubes.
Geologists have observed that certain lava tubes served as channelways for later
lava flows. Evidence of these younger flows is seen along the walls in the form of projecting shelves and gutters, representing the various stages of flooding as the lava
stream rose and fell. Apparently, Lavacicle Cave was temporarily filled to the roof
by a younger flow. Immediately after this lava drained out of the tube, the molten
material coating the ceiling dripped to the floor, building pinnacles of rock. The
tallest lavacicle shown here is about 6 feet high; hundreds of others scattered over
the floor range from 1 to 2 feet in height. In contrast, lavacicles on the ceiling are
only a few inches in length.
Lavacicle Cave was found by accident in the summer of 1959 when a forest fire
swept through that area. One of the fire fighters noticed a small hole in the ground,
just large enough to crawl through. From it issued a stream of cold air. His curiosity
concerning the source of the air current led to the discovery.
Until the time when the lavacicles can be properly protected from destruction by
man, the U.S. Forest Service has closed the entrance, but permission to visit the cave
can be obtained from the District Headquarters in Bend.
[Photo by Dave Falconer]
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COMMUNIST- IMPORTS BLAMED FOR SICK TUNGSTEN MARKET
London (McGraw-Hill World News): As an ad hoc U.N. committee prepares for its October meeting to consider world tungsten supplies, the chairman of Beralt Tin and Wolfram Ltd. painted a grim picture of the industry.
Reporting to stockholders, George W. Flint blamed the troubles of the
industry and of his own company wholly on the competitive pressure of Communist Bloc countries.
As a result of this pressure, he said, "the price of wolfram has continued to sag and it is now at a level at which few wolfram producers in the
Free World can remain in production. It follows that Free World manufacturers of tungsten products are becoming more and more dependent upon
supplies of concentrates from behind the Iron Curtain."
Although the London price has recovered somewhat from the 65-70s a
stu. range of a month ago, the price is still at a distress level. The Oct.
15 range of 72s6d-&Qs compares with an average quotation of more than
115s during Beralt's fiscal year ending in Mar. 1962.
Flint estimated that Western Europe imported more than 7,000 metric
tons of tungsten concentrates from Communist sources last year. Over 50
percent of the total 8,042 tons of concentrates imported by France, West
Germany and Sweden last year came from the Communist Bloc. Austria
and the U.K. also rely heavily on Soviet or Chinese supplies. Austria's
1962 import figures are not available but they are estimated to be at least
1,200 tons. U.K. purchases of 1,918 tons of Communist concentrates last
year represent 34 Rercent of total imports.
The Beralt chairman pointed out that "large quantities of tungsten concentrates from the USSR, China and other Communist countries are still being imported to the U.K. and other West European countries."
Reviewing the consequent effects on Western mines during this past
year, Flint's report seemed like a recap of the obituary columns and had
about as much cheer.
"It was announced at the end of 1962 that Bolivian production of tungsten concentrates for that year would be more than 1,300 tons, compared
with about 3,000 tons in 1961. About the same time production ceased in
the Argentine. Operations at the Hamme Mine, N.C., were suspended
in Feb. 1963, leaving Pine Creek in Calif. - a closed concern of Union
Carbide - as the only mine still operating in the U.S. where tungsten concentrate is the principal product.
"In March, it was reported that Uganda producers had suspended operations. In May, it was Spain's turn. In July, production ceased in France
and operations were suspended at the Flat River mine in the North West
Territory of Canada, where a high-grade open-cast scheelite deposit had
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only recently been brought into production. Production of scheelite from
Sweden is expected to be discontinued at the end of this month:
"This unhappy retrogression may well have serious repercussions for
the Free World," Flint said.
The depressed market also resulted in a cutback of Beralt's wolfram
production in Portugal, where monthly output of 160 tons in early 1962
dwindled to 86 tons in March of this year. (E&MJ Metal and Mineral Markets, October 21, 1963.)

PRICES OF SPECTROGRAPHIC ANALYSES ADVANCE
The department has found it necessary to increase the amounts set in 1942
for semi-quantitative spectrographic analyses done for the general public.
New prices are listed below:
. $10.00
Spectrographic analysis for 60 elements .
5.00
.
Analysis for any three of the 60 elements
Spectrographic analysis for gold and platinum from
2.00
assay bead, when done at the same time
An Oregon resident may obtain a 15-percent discount by submitting an
affidavit to the effect that the sample originated in Oregon.

NEW WILLAMETTE VALLEY OIL TEST SET
Gulf Oil Corp. of Denver, Colorado, was issued drilling permit No. 53 by
the department on October 31, 1963. The company is making a deep test
of Eocene marine sediments which form the central portion of the valley.
The new well is located in the NE* sec. 27, T. 13 S., R. 4 W., Linn County. It is approximately 16 miles southwest of the hole drilled by Reserve
Oil & Gas Co. in the summer of 1962 near Lebanon. "T.J. Porter 1"
(State Permit No.. 53) is Gulf's first attempt to locate production in Oregon.
* * * * *

NOTICE
New and renewal subscriptions to The ORE BIN will be $1.00
per year, effective January 1, 1964.
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