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COVER FIGURE 
Composite sketch of fluid-venting site 1428 on marginal 

thrust ridge on outer continental shelf off the coast of Oregon. 
Colonies of tube wonns occupy the ledge above the canyon 
wall, and several clusters of giant white clams are aligned 
along presumed zones of fluid expUlsion. The origin of the 
cone-shaped carbonate chimney structure with attached cor
als, which is shown at the top of this sketch, is discussed in 
paper beginning on the next page. Location of site 1428 is 
shown on Figure 4. Venting sites cover an area of about 20 
ml. (Figure from Suess and others, 1985, their Figure I.) 

In memoriam: Hollis M. Dole, 1914·1987 
Hollis Mathews Dole, former State Geologist of Oregon and 

former Assistant Secretary for Energy and Minerals in the U.S. 
Department of the Interior , died of a heart attack on Monday, July 
20, 1987. 

Hollis M, Dole 

Born in Paonia, Colorado, on September 4, 1914, Hollis moved 
to Oregon in 1917 and spent his childhood in various parts of the 
state, including Portland , Independence, and Grants Pass. He earned 
his B.S. and M.S. degrees in geology from Oregon State Univer
si ty and did additional work on economic geology at the Universi
ty of California and the University of Utah. 

After periods of employment with Bohemia Mines, Cottage 
Grove; American Trust Company, Palo Alto, California; the U.S. 
Bureau of Mines at Scappoose; and the U.S. Geological Survey 
at Tucson. Arizona; and after serving as a Navy lieutenant during 
World War II, Hollis came to the Oregon Department of Geology 
and Mineral Industries in 1948 when F .W . Libbey was Director. 
Upon Mr. Libbey's retirement in 1954, Hollis became head of the 
Department, serving as Director and State Geologist until March 
1%9. 

During his tenure with the Department, Hollis initiated, among 
other things, the long-range investigation of the geothermal poten
tial of Oregon. One of his proudest moments was in the summer 
of 1965, when the Department was the host for the first Interna
tional Lunar Geological Field Conference, which was held in Bend. 
The conference was a huge success and put Oregon "on the map" 
among the geological fraternity for the first time. 

In 1968, Hollis res igned his position with the State and was ap
pointed Assistant Secretary for Energy and Minerals in the U,S . 
Department of the Interior. Following his government service, he 

(Continued on page 98, Dole) 

Oil and gas news 
Leadco, Inc., permits issued 

Permits for two new Leadco. Inc., locations (June 1987 Oregon 
Geology) were issued on July L The locations, 3 mi northwest of 
PitlSburg in Columbia County, are scheduled to be drilled this season. 
according to the operator. Taylor Drilling will be the contractor. 

Mist gas storage projCi:t update 
The storage project at Mist is operated by Oregon Natural Gas 

Development and has been injecting gas since February 1987. The 
total gas injected i!lto the Bruer and Flora Pools through May was 
2 .7 Bcf. The goal by September is a total of 5.5 BeL being added 
at a monthly rate of about 0.7 Bcf per month. Reservoir pressures 
at the end of the 1987 injection season will be 75 percent of original 
pressures. At present, all Mist production from other pools is be· 
ing bought and stored in the Bruer and Flora Pools. 0 



Carbonate chimneys on the outer continental shelf: 
Evidence for fluid venting on the Oregon margin 
by Nand A.M. Schroeder', LaVerne D. Kulm2, and Gary E. Muehlberg3 

ABSTRACT 
Three large, unique chimney structures were dragged from the 
seafloor by commercial fishermen about 32 km west of Cape Falcon 
on the outermost continental shelf off northern Oregon. They in
clude one cylindrical and two conical chimneys from 1 to 2 m high 
that weigh from about 880 to 1,985 kg (400 to 900 Ibs). The con
ical chimneys have a large internal cavity with openings at the top 
and along the side; the cylindrical chimney has a round, internal 
plumbing tube in the main chamber. All chimneys are composed 
chiefly of authigenic dolomite, with minor amounts of clastic par
ticles. Stable carbon-13 and oxygen-18 isotope values of the carbonate 
range from -16.9 to -21.9 per mil and +7.62 to +7.fr7 per mil PDB, 
respectively. The shelf chimneys are similar in appearance and com
position to carbonate chimneys discovered at active fluid vents with 
the Alvin submersible on the lower continental slope off central 
Oregon (Kulm and others, 1986). The sources of carbon for the vent 
carbonates are the methane and dissolved carbonate-bearing fluids 
being expelled from the pore waters in the underlying Pleistocene 
and Pliocene portions of the accretionary prism, whereas the source 
for the shelf chimneys is believed to be the pore waters of the older 
Oligocene to Miocene portions of the prism. The heavier carbon 
and oxygen isotope values of the shelf chimneys, compared to those 
on the slope (-32.5 and +6.2·per mil, respectively), suggest dif
ferent sources and histories for the fluids from the two portions of 
the prism. We propose that the shelf chimneys form above the 
seafloor because of their shape, open plumbing network, and domi
nant authigenic carbonate composition. They serve as conduits to 
the overlying water column through which fluids flow from deep 
subsurface sources. 

INTRODUCTION 
During the summer of 1985, while dragging for bottom fish in 

an area known to Oregon coast fishermen as the "pinnacles", the 
vessel Kodiak entangled its net in seafloor rocks. With tremendous 
effort, the crew managed to salvage the damaged net and haul in 
the catch of the day: three very large rocks weighing nearly two 
tons. T1iese chimney like rocks were located in a water depth of about 
247 m on the outer edge of the continental shelf, approximately 32 
km west of Cape Falcon (Figures 1 and 2). 

The unique physical characteristics of these rocks prompted the 
boat owners to notify the Geology Department at Clatsop Communi
ty College in Astoria, Oregon. The rocks were initially examined 
by Nanci Schroeder and Gary Muehlberg, who recognized them 
as chimney structures. It was obvious to them, however, that the 
chimneys were not the polymetallic sulfide chimneys typically found 
at hydrothermal vents on the Juan de Fuca Ridge some 500 km off
shore (Normark and others, 1986). Because such chimney struc
tures had not yet been reported from continental margins, it was 
not immediately clear how they came to be located in relatively 
shallow water so close to shore or how they were related to the 
geology of the surrounding seafloor. Therefore, a study was begun 
in the fall of 1985 to determine the nature and origin of the con
tinental shelf chimneys. Interestingly, this study coincided with a 

'Oceanography Depanment, Clatsop Community College, Astoria, Oregon 
97103, now at Geology Department, Clatsop Community College. 
2College o/Oceanography, Oregon State University, Corvallis, Oregon 97331. 
30ceanography Depanment, Clatsop Community College, Astoria, Oregon, 
now an oceanographic consultant, 3862 Franklin, Astoria, Oregon 97103. 
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similar discovery of chimney structures made on the lower continen
tal slope off central Oregon with the aid of the submersible Alvin 
in August 1984 (Kulm and others, 1986). In this paper, we describe 
the characteristics of the shelf chimneys and compare them with 
those found in deeper water to determine their possible origin. 

GEOWGIC SETTING 
Underthrusting of the Juan de Fuca Plate and consequent defor

mation and uplift of the North American Plate during the past 60 
million years (m.y.) has developed a structurally and stratigraphically 
complex continental margin (Kulm and Fowler, 1974; Snavely and 
others, 1980). As clastic sediments are scraped off of the subduc
ting oceanic plate, they are accreted onto the continental margin, 
producing an accretionary prism. This prism is comprised of a series 
of fold/thrust ridges, with intervening basins, striking subparallel 
to parallel to the Oregon-Washington margin (Figure 3) (Kulm and 
others, 1973a; Kulm and Fowler, 1974; Barnard, 1978; Snavely and 
others, 1980). Both seaward-verging (i.e., landward-dipping fault 
planes) and landward-verging (i.e., seaward-dipping fault planes) 
sedimentary sequences produce large anticlinal ridges. The most 
recently deformed ridges ( < 2 m.y. old) lie farthest seaward at the 
toe of the continental slope (Figure 4) (Kulm and others, 1973b; Kulm 
and Fowler, 1974). Progressing landward, the ridges become suc
cessively older and more complexly deformed. 

Figure 1. Location map of the Oregon continental margin (shelf 
and slope), Juan de Fuca Plate (Cascadia Basin), and spreading 
Juan de Fuca and Gorda Ridges. Subduction zone (saw teeth on 
upper plate) is located on the continental slope. Location of Deep 
Sea Drilling Site 174 on the Astoria Fan is shown by solid dot. The 
Alvin dive area (labeled ''dives'') is shown by the black box. Study 
area is shown as lined box (see also Figure 2). 
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Figure 2. Map of the study area (modified from Peterson and 
others, 1986; see Figure 1 for location) on the continental shelf and 
slope off northern Oregon showing the location of the carbonate 
chimneys (solid square labeled "Chimney Field") on the outer shelf. 
Note the thrust boundaries between Juan de Fuca Plate and Oregon 
margin (solid barbs on upper plate) and between the accretionary 
prism (west) and the Eocene volcanic rocks with overlying younger 
basinal deposits (east) along the outer shelf (dashed line with open 
barbs). Lined pattern represents seafloor exposures of Miocene to 
Pliocene mudstone and siltstone with minor sandstone. Deep Sea 
Drilling Project (DSDP) drill site 176 is shown as solid dot. Loca
tions of seismic reflection lines Sp-104 and -106 crossing the margin 
are indicated by dashed lines. Contours in meters. (See also Figure 
3 for location of structures.) 

Some of the most strikingly folded and faulted areas of the con
tinental margin occur beneath submarine banks forming the outer 
edge of the continental shelf (Kulm and Fowler, 1974; Snavely and 
others, 1980). The chimneys described in this paper are located on 
the "pinnacles," an area that is better known as Nehalem Bank, on 
the outermost edge of the shelf (Figure 3). An Oligocene to Miocene 
accretionary prism underlies this portion of the bank and under
thrusts the Eocene volcanic rocks to the east (Snavely and others, 
1980; Peterson and others, 1986). Miocene to Pleistocene sedimen
tary deposits overlie the prism and contain unconformities that are 
late Miocene to late Pliocene in age (Kulm and Fowler, 1974). 

RELEVANT OREGON SUBMERSIBLE STUDIES 
Fluid venting sites were recently observed from the submersi

ble Alvin on the lower continental slope off central Oregon (Kulm 
and others, 1986). They occur on the crest of a Pleistocene thrust 
ridge about 110 km to the south of the shelf chimney field at a water 
depth of 2,036 m (Figure 4). Each vent site is characterized by 
chemosynthetic-type animals, authigenic carbonate chimneys and 
slabs, and anomalous concentrations of methane (Figure 5) (Suess 
and others, 1985; Kulm and others, 1986; Ritger and others, 1987). 
Methane concentrations, which range from 180 to 420 nl/liter at 
1 m above the seafloor at one vent site, are three to six times higher 
than those found in the ambient waters on the adjacent abyssal plain 
(Kulm and others, 1986). The methane is derived from the pore 
waters that migrate through the sediments of the accretionary prism 
that underlies the vents. The ultimate source of the methane-enriched 
fluids is the clastic sediment of the Astoria Fan (Figure 1), which 
has been accreted to the continental slope during the late Pleistocene. 

Carbonate slabs (frequently concretions) are found a few cen
timeters beneath the sediment surface at each vent site, and the edges 
of the slabs are occasionally exposed on the seafloor (Ritger and 
others, 1987). Isolated, conical carbonate chimneys rise from I to 
2 m above these sediment-covered vent sites (see cover figure). One 
isolated carbonate chimney occurs above a sharp-crested ridge on 
the second thrust ridge landward of the marginal ridge (Figure 4). 

92 

All chimneys exhibit numerous cavities, grooves, and flutes, which 
have smoothly rounded edges giving the chimneys a "sculptured" 
appearance (Ritger and others, 1987). Each chimney is covered with 
numerous corals and sponges. 

The two slope chimneys that were sampled consist chiefly of 
magnesian calcite, dolomite, and aragonite, with minor amounts of 
detrital clays, silt, and sand (Ritger and others, 1987). One sample 
contained abundant rounded and cemented mudstone pebbles and 
areas of pure carbonate cement, indicating an authigenic origin; 
another sample that consisted of finely cemented mudstone pebbles 
was also considered a typical authigenic carbonate. 

The authigenic carbonates are being produced at each vent site 
from the methane-enriched pore waters that were being expelled 
from the underlying accretionary prism (Ritger and others, 1987). 
Stable isotope data indicated that the carbon in the carbonates came 
from a reservoir that was extremely depleted in carbon-13. Values 
of OJ3C of all carbonate samples collected on the margin range from 
-34.9 to -66.7 per mil PDB, which indicates a methane-derived car
bon source (Ritger and others, 1987). The two slope chimneys that 
were analyzed have OJ3C values of -32.5 and -32.6 per mil and 0180 
values of +5.4 to +6.2 per mil. These more positive values indicate 
that the carbonates are marine, but they are also related to factors 
other than just the temperature of formation (Ritger and OtheFS, 1987), 
such as the history of the composition of the fluids (Suess and 
Whiticar, 1986). 

CONTINENTAL SHELF CHIMNEYS 
Physical description 

The chimneys on the outer shelf range in height from 1 to 
2 m (Table 1; Figures 5 and 6). The conical chimneys (Figure 5, 
chimneys 1 and 3) appear to be very similar in shape and size to 
those found on the lower slope; however, the cylindrical chimney 
(Figure 6, chimney 2) has, as yet, no counterpart in deep water. 
In general, each chimney has a hollow center, or vertical cavity, 
along with at least one large cavity in the side wall. Numerous 
smaller tubes penetrate the walls as well. Wall thickness varies great
ly, from 3 to 30 cm; the walls are frequently cracked or broken. 
Surfaces are pitted and grooved, apparently from dissolution by 
seawater or by the habitation of benthic marine life. Chimneys 1 
and 2 are similar in surface texture, coloration, and abundant biota. 
Chimney 2 is unique in that its cylindrical shape contains more small 
tubes and cavities than the conical ones. Situated within the hollow 
of the chimney is a secondary tube that runs parallel to the main 
cavity. This tube extends the length of the chimney, except where 
it is disrupted about one-third of the way up from the bottom. An 
opening in the outer wall reveals the inner tube, which appears to 
have collapsed against a blockage that fills the hollow. Chimney 3 

Table 1. Physical characteristics of the carbonate chimneys 
recovered from the outer continental shelf of northern 
Oregon. Dimensions given in metric system (meters and 
centimeters) and weight in English system (pounds). 

Characteristic Chimney #1 

Shape conical 
Weight estimate 900lb 
Height 1.0m 
Top diameter 40cm 
Base diameter 7Scm 
Wall thickness 10-30 cm 
Vertical vent 

hole diameter 
top 10cm 
base 30cm 

Color' mostly It gr N-7 
Br Gy SYR SI1" 

Biological abundant 
artifacts 

, Geological Society of America color chart 
" In vent holes 

Chimney #2 Chimney #3 

cylindrical conical 
400lb SOOlb 
1.7 m 90cm 
30cm 3~-SO cm 
30cm 40-60 cm 

3-1Scm 30-16 cm 

13cm 10 cm 
13cm 18cm 
same same 
same same 

abundant common 
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has a softer carbonate substance that can be easily scratched with 
a pocket knife. Dissolution features and surface discolorations are 
not as prominent as chimneys 1 and 2. 

Still attached to the chimneys are the skeletons of encrusting 
corals and sponges. Calcareous and parchment-type worm tubes are 
abundant. Other noticeable biota include brachiopod shells and a 
few bryozoan colonies. Unidentified fossils and the tracks from bur
rowing organisms cover the chimneys. 

Mineralogy and isotopic composition 
Major-element chemistry (Table 2) and X-ray diffraction 

analyses show that the continental shelf chimneys consist chiefly 
of dolomite (69-89 percent carbonate), Si02 (14-22 percent), and 
Al20 3 (4-6 percent). All three chimneys are quite similar in chemical 
composition. Scattered quartz and feldspar grains as well as the tests 
of foraminifera occur within the carbonate matrix. Throughout the 
sampling process, there was no evidence of any embedded or 
cemented pebbles as found in the lower slope chimneys. 

Table 2. Major-element chemistry of three carbonate chimneys 
shown in Figures 5 and 6. lillues are in weight percent. 

QQ[l]IlQ!l!!!l! Qbi[l]!l!!~ Itl Qhi[l]!l~1t2 Qbi[l]!l~1t3 
(a)" (b) (c) 

CaC03 • 42.75 41.0 40.2 40.0 38.5 

MgC03 34.16 31.0 27.5 30.0 26.7 

FeC°3 2.32 2.41 2.8 3.0 3.44 

LCarbonate 79.2 74.4 70.5 73.8 68.7 

Si02 14.2 15.9 17.9 18.4 22.8 
AI20 3 3.93 4.22 4.77 5.0 6.49 

Total Components 97.3 94.5 93.2 97.2 98.0 

, calculated from acid soluble Ca, Mg, and Fe content 
··samples 2(a) near bottom of outer chimney wall, 2(b) near top of outer 

chimney wall, and 2(c) upper portion of inner tube 

The stable isotopic composition of the three shelf chimneys is 
quite similar (Table 3). The negative Ol3C values (-16.9 to -21.9 per 
mil) indicate that the carbon in these carbonates is moderately 
depleted in carbon-13. On the other hand, the large positive 0180 
values (+7.62 to + 7Jf7 per mil) are heavier than those found in other 
authigenic carbonates on the Oregon margin (Ritger and others, 
1987). 

Table 3: Stable carbon and oxygen isotopic values (per mil relative 
to PDB) of the carbonate chimneys described in Table 2. 

Chimney sample 

#1 -21.9 +7.87 

#2 -16.9 +7.28 

#3 -20.5 +7.62 

DISCUSSION 
Comparison of structural-tectonic settings at venting sites 

The lower continental slope carbonate chimneys are situated 
directly over the Pleistocene (vent sites 1426 and 1428) and Pliocene 
(chimney site 1423) portions of the accretionary prism. The prism 
is comprised of partly consolidated sands and muds derived from 
the adjacent Astoria Fan, whose deposits contain biogenic methane 
(McIver, 1973). In contrast, the chimney field on the outer shelf 
appears to be situated atop exposed, dipping sedimentary layers or 
diapiric structures that may be connected to the Miocene-Oligocene 
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Figure 3. Line-drawing interpretations of Oregon State University 
single channel seismic reflection lines Sp-104 and -106 showing shelf 
basin deposits and accretionary prism. Dashed lines with open barbs 
show thrust boundary between the two features. See Figure 2 for 
location. Drill site 176 and the Nehalem Bank are indicated on 
Sp-106. Note projected location of carbonate chimneys over accre
tionary prism on Sp-104. 

accretionary prism below (Figure 3). Pliocene fissile shale drilled 
on the outer edge of the shelf (Figure 2, DSDP site 176) shows that 
deep structures have been uplifted at least 500 m from a deposi
tional site lower on the continental slope (Kulm and others, 1973b). 
Shallow-water megafossils and an angular unconformity between the 
upper Pleistocene clayey silts and the Pliocene shale indicate that 
the outer shelf has been truncated by a lower sea level and that it 
has most recently subsided more than 100 m with the subsequent 
deposition of Pleistocene shelf sediments. While the structural
tectonic setting of the outer shelf is more complicated than that of 
the lower slope, similar carbonate chimneys are forming in each 
area, indicating that the expelled fluids are derived from sediments 
of both the youngest and oldest portions of the accretionary prism 
off Oregon. In all areas, the chimneys apparently serve as conduits 
through which pore fluids from the prism are expelled onto the 
seafloor. 

Chimney characteristics and internal plumbing 
The carbonate chimneys found on the continental shelf and lower 

slope are similar in physical appearance and size, with the excep
tion of the cylindrical chimney, which is unique among the venting 
structures discovered on the margin. The shelf chimneys exhibit an 
internal plumbing system consisting of small tubes and large cavities, 
whereas only small exterior holes could be observed from Alvin in 
the slope chimneys. This plumbing network permits the methane
enriched fluids, which are derived from permeable sand zones or 
fault zones within the underlying strata, to flow through the chimneys 
and precipitate the authigenic carbonate that forms the chimney. The 
flow probably emanates from holes in the top and side walls of the 
chimney, and precipitation occurs over the nearby external portions 
of the structure. The distribution of tubes within the cylindrical 
chimney suggests that precipitation patterns may periodically reroute 
the plumbing system, producing several tubes with external open
ings. It is clear from the cylindrical chimney that this precipitation 
can create extremely uniform tubes that themselves may become 
constricted as precipitation progresses (Figure 6, bottom left). The 
hollow cavity in the conical chimneys is larger at the base and smaller 
at the top, which suggests that the nature of the fluid flow and/or 
the precipitation pattern may control the dimensions of the hollow 
and the eventual shape of the chimney. While we, as yet, have no 
information on how the chimney is constructed by the precipitating 
fluids, it would appear that, as the flow slacks, the hole at the top 
may become smaller, and one would expect the internal cavity to 
become smaller as the fluids precipitate carbonate minerals. We 
speculate that there may be a relation between the nature of the in
ternal plumbing system and the rate of flow of fluid through the struc
ture. Given the same volume of available fluid, the conical chimneys 
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Figure 4. (fop diagram) Alvin submersible transects and 
SeaBeam bathymetry roop across the lower continental slope (see 
Figure 1, dive area) . Contours in meters; numbered dives commence 
at the solid dolS. Asterisks indicatefluid-venting sites and carbonale 
chimneys (i.e., northern site 1428 and southern site 1426011 marginal 
ridge); triangle indicates carbonate chimneys at site 1423 on the 
second ridge. (Bottom diagram) Interpretive structural depth sec
tion o/the defonnation front along profile A-B (dashed line across 
contour map at top). (From Kulm and others, 1986, their Figure 2) 

may indicate a slow rate of flow whereas the cylindrical one, with 
its small internal tubes, suggests a faster rate of flow through the 
chimney. 

Nature and sources of fluids 
The sources of the precipitating fluids at the venting sites are 

the pore waters that were trapped within the clastic sediments of 
the accretionary prism. According to Ritger and others (1987), the 
methane in these fluids must be oxidized before the carbon is in
corporated into the authigenic carbonate minerals that comprise the 
chimneys. Because of the presence of authigenic pyrite, which forms 
under anoxic sulfate reducing conditions within both the shelf and 
slope carbonates, the methane must be ollidized near the base of 
the sulfate reducing zone (usually a few meters or tens of meters 
subsurface) within the sediments beneath the chimneys. This ox
idation probably occurs by a microbially mediated reaction related 
to sulfate reduct ion as given in equation I: 

CH~+SOi~ -+ HS- + HCO,' +H~O (equation I). 
If sulfate is available within the deeper strata of the accretionary 
prism, it may also facilitate the methane oxidation during the up
ward migration of the fl uids to the vent sites. The two possible 
sources of methane, biogenic and thermogenic, may be milling at 
various levels in the prism during the migrat ion process, producing 
the heavier O')C values (-16.9 to -21.9 per mil) determined for the 
shelf carbonates relative to the slope carbonates (i.e. , biogenic 
methane has OIlC values between -75 to -90 per mil (Claypool and 
others, 1973] and thermogenic -30 to -50 per mil [Vinogradov and 
Galimov, 1m]). 

The mineraJogy of all the chimneys is similar and consists essen
tial ly of dolomite and magnesian calcite. Minor terrigenous grains 
of quartz and fe ldspar are scattered through the carbonate matrix. 
This detrital material may be derived from the surrounding uncon
solidated clastic sediments (Kulm and others, 1975) and plastered 
onto the chimneys by high-velocity unidirectional currents (up to 

Figure 5. Conical carbonate chimneys (A=chimney 1; B=chimney 3) dragged from the OUler continental shelf off northern Oregon. 
See Figure 2 for location designated "Chimney Field." Note conelike shape and large internal cavities viewed through openings in the side 
walls and top. See 7able 1 and text for detailed description oj chimneys. Scale is 1-m ruler. 

94 OREGON GEOLOGY, VOL. 49, NO_ 8, AUGUST 1987 



40 cm/sec) sweeping the shelf (Smith and Hopkins, 1972) as the 
carbonate is precipitated in situ on the exterior of the chimney. Fur
thermore, the settling of sediment panicles from the O'IIerlying water 
column off the Columbia River during the growth of the chimneys 
would impart a terrigenous component to their carbonate matrix. 

One loYler slope chimney contains mUdstone pebbles that were not 
observed in the shelf chimneys, but Ritger and others (1987) believe 
that these pebbles are included in the cemented layers that form the 
basal part of chimney and that the upper portion may contain nearly 
pure carbonate. 

Figure 6 (A) Cyliruirical carbonate chimney 2 (lying on its side), which was dragged from same location as conical chimneys (see 
Figure 2). It is not known which erui is the top arui which erui is the bottom oj the chimney, but for sampling purposes the top and bottom 
were arbitrarily chosen. (8) End view of cyliruirical chimney; //Ote internal cavity with its well-rouruied, open plumbing tube that nms parallel 
10 the main chamber. Scale is 6-inch ruler. (C) Cross-sectional cut of the smaller of the two ends of cyliruirical chimney; burrowing animals 
produce grooves in dense carbonate lithology. See Table I and text jar deUJiled description oj chimney. Scale is 6-inch ruler. 
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Origin of shelf chimneys 
Two logical hypotheses that have been proposed for the origin 

of the lower slope chimneys can also be applied to the shelf chimneys: 
(1) upward growth of the chimney above the seafloor, and (2) chimney 
fonnation below the seafloor within the sediment column with later 
exhumation by uplift and erosion (Ritger and others, 1987). The shelf 
chimneys consist largely of authigenic dolomite (69 to 89 percent) 
with patches of pure dolomite, suggesting a relatively minor ter
rigenous involvement in their origin. The terrigenous components 
could be added by sediment resuspension processes as noted 
previously or through the diagenetic replacement of terrigenous 
sediments by carbonate, producing chimneylike structures surround
ed completely by terrigenous sediments. In the latter case, the ter
rigenous grains and foraminifera would be residual components of 
the replacement diagenetic process; the Pliocene to Pleistocene 
sedimentary deposits that are presently exposed on the shelf near 
the chimney field could be the host strata (Kulm and Fowler, 1974). 
If the shelf chimneys are formed by diagenetic replacement pro
cesses below the seafloor, it is difficult to reconcile the large cavities 
and small open tubes that characterize these structures. The tubes 
suggest that there is a unifonn flow through the structures; this could 
not occur if the structure were encased within a sedimentary mass. 
In addition, the openings in the side walls of the chimneys appear 
to be primary features that developed as a result of uneven precipita
tion over the chimney. Alternatively, the openings could represent 
dissolution features, which were produced after the chimney was 
exhumed. But the continental shelf lies above the calcite compen
sation depth, so dissolution should not be that important in the altera
tion of the chimneys. 

Considering all of the above factors, we believe that the shelf 
chimneys were fonned above the seafloor and that they represent 
relatively recent venting of methane and dissolved carbonate-bearing 
fluids from the underlying Oligocene to Miocene accretionary prism. 
Carbon-14 dating of the carbonate carbon in a lower slope concre
tion at vent site 1428 reveals an age > 40,000 years, but the calculated 
age based upon the sedimentation rates fur the terrigenous sediments 
overlying it gives a much younger age of 2,500 years. The addition 
of old methane carbon from the deeply buried sources within the 
prism precludes the accurate dating of the carbonate chimneys. 
However, the shelf chimneys most likely funned sometime after the 
last erosional truncation event on the outer shelf, which was pro
duced by one of the Pleistocene low sea level stands on the shelf. 

CONCLUSIONS 
1. One cylindrical and two conical carbonate chimneys were 

recovered from a water depth of 247 m on the outennost continen
tal shelf off northern Oregon. They have an internal plumbing net
work consisting of cavities and/or small tubes with openings at the 
top and sides. They are quite similar in physical appearance to car
bonate chimneys observed from a submersible at active fluid-venting 
sites on the lower continental slope and have given us first-hand 
evidence that fluids can be flushed through their plumbing system. 

2. The chimneys consist largely of dolomite (69 to 89 percent), 
with minor amounts of terrigenous particles and foraminifera. Their 
/)13C isotopic composition is noticeably heavier (-16.9 to -21.9 per 
mil) than other carbonate chimneys (-32.5 per mil) and concretions 
(-38.3 per mil) found at the venting sites on the lower slope. This 
indicates that the fluid sources of methane are different for shelf 
carbonates from those reported at the slope vent sites. 

3. We propose that the shelf chimneys were constructed on and 
above the seafloor through dolomite precipitation from methane and 
dissolved carbonate-rich fluids that emanate from the chimneys. This 
hypothesis is supported by the open plumbing network, conical
cylindrical shapes, high mineral carbonate content, and stable car
bon isotopic composition of the chimneys. The source zones of the 
fluids appear to be the Oligocene to Miocene accretionary prism 
strata beneath the chimneys. Updip migration along penneable 
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horizons within the deeply buried accreted strata is the most likely 
source zone of fluids. 

4. Fluid venting apparently occurs across the entire accretionary 
prism off central and northern Oregon from the late Pleistocene
to Oligocene-age strata. The carbonate chimneys provide a valuable 
geochemical record of this fluid expulsion. 
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Summary of symposium on Oregon's earthquake potential held 
February 28, 1987, at Western Oregon State College in Monmouth 
by RoIwrt S. Yt'OlS , Departmenr 0/ Geology. O~gon Stale Uni~rsjry, Corvallis, OrrgOfl 9733/ 

The problem with studying eanhquakes in Oregon is that there 
are so few ofthcm. A map recently released by the Oregon Depart
ment of Geology and Mineral Industries (OOGAMI), prepared by 
Randall Jacobson of Oregon State Univers ity (OSU), shows a few 
earthquakes, including an event of magnitude 5.S near furtland, but 
the amount of seismicity in Oregon is low as compared to adjacent 
Slates. 11Je instrumental seismicity of western Washington is 
moderntely high, but in adjacent pans of noMweslCm Oregon. the 
seismicity is much lower. Finally, no obvious major active faults 
have been mapped onshore west of the Cascades. 

But most participants in a February 28 symposium at the an· 
nual meeting of the Oregon Academy of Science al Monmouth in
dicated that the lack of earthquakes in Oregon is misleading. 
Preliminary evidence reported at the symposium suggests that 
western Oregon may have been visited by large eanhquakes in the 
recent past. 

Thomas Heaton of the U.S. Geological Survey (USGS) office 
at Pasadena pointed out the Similarity of the Cascadia subduction 
zone off Oregoo and Washington to the subduction zone off southern 
Chile. Like Oregon, the southern Chile plate boundary is marked 
by a sediment-filled trench with little topographic expression. low 
hills near the coast, a central valley like the Willamelle, and 
volcanoes farther east. Until 1960, the plate boundary had another 
similarity- low seismicity, but the Chilean plate boundary ruprured 
in 1960, resulling in an earthquake with a magnitude of9.5. the largest 
of the twentieth century, The subducting oceanic crust off Chile and 
Oregon is so young that it is still wann from being recently generated 
at an oceanic spreading center. Being wann makes the crust buoyant 
and hard to subduct , and thus it is expected to be strongly coupled 
to the overriding continental plate. When the bond between the two 
plates breaks. great earthquakes occur. at least in Chile, and possibly 
in Oregon as well. Heaton found similar correlations berween young 
subducted crust and earthquakes off Colombia, Mexico. and 
southwest Japan. In contrast, old and cold oceanic crust is being 
subducted in the Marianas trench in the western Pacific. Because 
it is cold, the crust is heavy and sinks readily, and it is not well 
coupled to the overriding plate. Earthquakes occur there, but they 
are muCh smaller than those where subducting crust is very young, 
and much of the interplate slip is not accompanied by earthquakes. 
Since the Morunouth meeting, Heaton's finding!> haw: been published 
in Scienu (Heaton and Hartzell, 1987). 

Until recently, aseismic slip was also thought to characterize 
the Cascadia subduction zone, and John Adams, now of the 
Geological Survey of Canada, found apparent support for this when 
he reported in 1982 that historic eastward tilt based on releveling 
of Coast Range highway survey monuments occurred at about the 
same rate as eastward tilt of Pleistocene terraces in the Coos Bay 
area. Adams pointed out that the Pleistocene temces reach a zero 
isobase (no upl ift or subsidence) not far east of the coastline, whereas 
the geodetic tilt reaches a zero isobase in Puget Sound and the 
Willamette Valley. For this reason. the comparison cannot be used 
as evidence for or against ase ismic slip. 

Robert Crosson of the Univers ity of Washington described a 
cross section of seismicity in the Puget Sound region that showed 
a gap between shallow earthquakes in the North American Plate 
and deep earthquakes in the underlying Juan de Fuca Plate. Crosson 
came to the remarkable conclusion that the plate boundary ilSClf 
lies in the seismic gap and is n<)( marked by eanhquakes. Does this 
mean that the plate boundary is coupled , releasing only in great 
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eanhquake.s7 Why. then, is there so much seismicity within both 
plates and nearly none at the plate boundary? 

There have been no great earthquakes in the recorded history 
of Oregon, but it should be noted that the record covers only aoout 
17S years. Parke Snavely of the USGS at Menlo Park reponed that 
the Indians of the Cape Aattery region of the Olympie Peninsula 
spoke of a great wave that occurred fa r back in thei r history and 
that most likely represented a tsunami from a large eanhquake. 
Snavely also suggested that the two major mudflows that buried In
dian longhouses at the Ozette site on Cape AJava may have been 
generated by earthquakes. Radiocaroon dating of cultural organic 
material , reported from this site by R.D. Daugherty and his graduate 
students at Washington State University, indicates that the oldest 
mudflow is about 800 years old and the youngest about 3.50 years old. 

Brian Atwater of the Seatlle office of the USGS has found 
evidence of prehistoric earthquakes expressed as coseismic sub
sidence or uplift. 

ScientislS have observed elsewhere in the world that prior to 
a great earthquake, the overriding plate near the trench is dragged 
down elastically toward the trench , but farther awwy from the trench, 
the \7o'Crriding plate bulges upward elastically. During the eanhquake, 
the plate boundary snaps, collapsing the bulge, and causing instan
taneous uplift close to the trench. Ouring the great Alaska eanh
quake of 1964, lOr example. much 01 the Kenai Peninsula and Kodiak 
Island dropped sudden1y, drowning coastal villages, whereas off
shore islands closer 10 the trench were uplifted suddenly, exposing 
the sea floor. Drowned marshes on the Kenai Peninsula are now 
overlain abruptly by barren sands and muds of the supratidal zone. 

In early 1986, Atwater began in the state of Washington to com
pare historic evidence of differential uplift or subsidence with 
Holocene, prehistoric evidence. At Neah Bay, on the Olympic coast 
of Washington, he found a buried marsh surface very similar to those 
on the Kenai Peninsula. Later, at Willapa Bay, he found six cycles, 
with a characteristic succession consisting of an organic layer (JYCrlain 
abruptly by barren sand and mud . which grades upward into organic 
sedimenlS containing rhizomes of marsh grass. 

Atwater compared this cyclic succession with marsh sequences 
of stable coastl ines and became convinced thaI a non.seismic origin 
such as megastonns or closing of a baymouth bar did n<)( explain 
the abrupt upward change from organK: marsh deposilS to barren 
supratidal muds. His conclusion, later published in Science (Atwater, 
1987), was that this abrupt change was due to sudden submergence 
during a great earthquake. 

Curt Peterson of OSU and Mark Darienzo of the University 
of Oregon recorded the same abrupt change upward from marsh 
deposits to barren sandy muds in cores from Netans Bay southwest 
of Tillamook in Oregon. At least five cycles of marsh development 
and burial were observed in the Netans Bay marsh cores, and two 
subsidence events have occurred there in the past 1,500 years. It 
is n<)( yet known whether the subsidence events recorded in the 
Netans Bay marsh reflect instantaneous (coseismic) submergence 
or longer tenn episodes of submergence superimposed on a static 
or uplifting coast. 

Unfortunately, the plate boundary megathrust is at the base of 
the continental slope: and hard to measure directly. Snavely. however, 
showed seismic records with evidence of episodic Holocene thrusting 
and folding in the upper plate in many places on the continental 
slope: and shelf. Furthermore, the plate boundary appears to come 
ashore south of Crescent City, California, where it has been studied 
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by Gary Carver and his associates at Humboldt State University. 
Carver reported evidence of active Holocene thrusting and folding 
that accounts for much of the convergence rate between the Gorda 
and North American Plates. Trench excavations reveal displacements 
up to 4.5 meters (m) in individual faulting events, evidence that move
ment was jerky and coseismic rather than gradual and aseismic. 

Evidence for faulting within the overriding plate was reported 
both onshore and offshore by Snavely, and he cautioned that warped 
marine terraces and a 1,700-year-old drowned forest at Neskowin 
may be due to local tectonics rather than deformation affecting the 
entire upper plate. Robert Yeats of OSU, building on earlier work 
of Marvin Beeson and his students at Portland State University, 
pointed out that linear ridges within the Willamette lowland, in
cluding the Portland Hills, Eola Hills, and Salem Hills, may mark 
active faults. Wendy Grant and Craig Weaver of the USGS Seattle 
office documented a linear zone of seismicity that extends under 
Mount S1. Helens in which focal-mechanism solutions suggested 
right-lateral strike-slip faulting. Curiously, this shallow seismic fault 
has not been found at the surface. 

The USGS has responded to the evidence for large earthquakes 
in the Puget Sound and Portland metropolitan areas. Albert Rogers 
of the USGS Denver office announced a new five-year program that 
would involve scientists from USGS, DOGAMI, and other institu
tions. For example, Alan Nelson of the USGS Denver office will 
be investigating the marshes between Coos Bay and Astoria for possi
ble evidence for prehistoric earthquakes, and Steve Personius, also 
of the USGS Denver office, will study the long-term history of several 
Coast Range rivers to determine deformation styles and rates. The 
program will also evaluate seismic shaking potential for major ur
ban areas of western Oregon and Washington. 

In informal sessions preceding the symposium, participants 
observed that the low instrumental- seismicity of western Oregon 
may be due in part to the small number of seismograph stations com
pared to adjacent states. A seismic network proposed for the 
Willamette Valley by Eugene Humphreys and Mark Richards of the 
University orOregon probably would locate many earthquakes that 
now go unrecorded. In addition, such a network, when combined 
with existing stations in southern Washington, would allow the study 
of the crust and the plate boundary by the new technique of seismic 
tomography in which the crust and mantle are imaged by the distor
tion of seismic waves that pass through them. 

Geodetic study of crustal deformation may provide one of the 
most critical clues to predicting a megathrust earthquake, accord
ing to Herb Dragert of the Pacific Geosciences Centre, Sidney, B.C. 
Recently completed geodetic measurements across Juan de Fuca 
Strait indicate that (1) horizontal shear strain is currently ac
cumulating at a rate of about 0.2 ppm each year in coastal areas 
of northwest Washington and southwest British Columbia, and (2) 
Global Positioning Satellite (GPS) surveys can now be utilized to 
determine shear strain by resurveying older (pre-1950) triangula
tion control points. John Adams used highway releveling data from 
the Coast Range of Oregon and Washington for evidence of tectonic 
tilt, but he pointed out that many of these roads have not been re
leveled since the 1940's. A trilateration network measuring horizontal 
distortion does not exist in western Oregon. 

The conveners, Robert S. Yeats of OSU and Donald A. Hull 
of DOGAMI, expressed hope that the conference would lead to an 
increase in neotectonic studies in western Oregon. The sites of ac
tive deformation reported by Parke Snavely onshore and offshore 
need to be examined in detail, looking for rates of deformation and 
individual deformation events. Perhaps in a few years, scientists can 
answer the question that was the title of the symposium: Could there 
be a devastating earthquake in Oregon? 
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Position Announcement 

Geologist III 
Oregon Department of Geology and Mineral Industries 

Full-time position located in Portland. Salary range 
$2,150-2,730 per month plus benefits, contingent on ex
perience. Bachelor's degree required, involving a major study 
in volcanic stratigraphy, Quaternary geology, active fault 
analysis, or related fields. Five years of experience or 
equivalent education required, including geologic mapping ex
perience in the Willamette Valley, Portland area, or Cascade 
Range. 

Duties include coordination activities, supervision of sub
contracted research, and independent research on seismic 
hazards and neotectonics of northwestern Oregon. 

Send current resume and references by September 30, 1987, 
to Director, Department of Geology and Mineral Industries, 
910 State Office Building, 1400 SW Fifth Avenue, Portland, 
Oregon 97201. 

An Equal Opportunity Employer 

(Dole, continued from page 90) 
was placed in charge of the Colony Development oil shale program 
in Colorado. During the last ten years of his life, Hollis maintained 
a busy schedule as private consultant to several national and inter
national organizations in the fields of energy and minerals. 

Hollis is survived by his wife, Ruth, and two sons, Michael Hollis 
and Stephen Eric. We, his friends, will miss him. 

-Andy Corcoran, former State Geologist 
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GMS-31 : Geology . nd Ilold depol'its map. NW "" Ba.ts 15_minute quadrangle . Grant COU nty. 1984 5.00 
GMS-32: GeoIOlic map. Wilhoit 7\1i·minute quadrangle. Clackamas/Marion Cou nti«. 1984 4 .00 
GMS·33: Geologie map. S<:~IS Mills 7 ~. minute quadrangle. Clado:arl\ll$lMarion COUnties. 1984 ... 4.00 
GMS·)4: Geolo,ic map. SLiltywn HE 7~'min"te quadrangle. Marion County . 1984 . 4 .00 
GMS·H : Geoloay and cold deposits map. SW 'A Batts IS_minute quadrangle. Grant COU nty. 1984 . S.OO 
GMS·36: Mineral rnouroe:s map of Ore&On. 1984 .... .... .... ......... ......... .... ..... ...... 8.00 
GMS·31 : Mineral raot.I~ map. offs~ On:son. 19&5 ..................................... ........ 6 .00 
GMS-38: Geologic map. NW 'A Cave Junction IS-minu.e quadrangle. Josepbine COlinty. 1986 .... 6 .00 
GMS·39: GeolOJic biblioaraphy and i!!dea mapll. ocean!loor and con.inental margin off On:lon. 1986 ... 5.00 
GMS-40: TouI-f",1d Kl"OIIIIpetic l/IOIlIIJy maps, Cascade Mountain Ra~. nonhern Oregon. 1985 ..•. 4 .00 
GMS-42: Geolof;ic map. ocean !loor off On:gon and adjaccnl conIinental ...... in. 1980 . 8.00 

I GMS-43: Geolof;ic map. EqIe Butte Ind GaleWly 7 \1i-m'n. quads .• kffersonlWasco Co. 1981 . . ... S4.00: as IoeI w,th GMS-44 &: -4S $ 10.00 
NEW GMS-44: ~ map. Sccbccqua JuDCtioa aDd MeIOIius Be~h 11't·min. quad$ . • Jeffcl"JOfl Co. 1987 .. S4 .00: as ~ w!th GMS-43 &: -45 $10.00 

GMS-45: GcoIo&ic map. Madras West aJId Madras Easl11't·m,n. quads .. Jeffel"JOfl COlIni.)'. 1987 ...••.. S4.00: as IoeI with GMS-43 &: -44 $10.00 
GMS"'9: M. p of On:p $eiin!ici\y. 184 1· 1980. 1987 ... 3.00 
GMS·50: GeoIo&ic map. On" Crossi", 11't·minule quadrangk. Marion COUnly. 1986 4 .00 
GMS-S I: ~ic map. Ell< Prairie 11't.mi .... 1e quao:lrangk. MarionICIa<:bmas Counti« . 1986 ••... 4 .00 

OTHER MAPS 
R~ JCDIop: n'\IfI. Leblnon IS·minu.e quadrangle. Linn/Marion COlintiel . 19S6 .. 3.00 
Geolof;ic map. Bend 3O-miftllte quad .. aJId reconnaissance geologic map. «ncral On:JOII Hi,h Cascades. 1957 ..•. 3.00 
Geolof;ic map of On:lnn 'Nest of 12 1>1 meridian (U.S. ~ical Survey Mop I-ns). 1961 6. 10 
Geolof;ic map of ~JO'I east of 12 1>1 meridan (U.S. Geological Survey Map 1·91)2). 1977 ................. 6. 10 
Landfomu of On:,nn (n:I~f map. Ihl2 in.)............................................ 1.00 
On:,on Land'"t ITIO$.I~ map (publiu.ed by ERSAL. OS U). 1983 .......... $8.00 OVer tloe munler. $ 11 .00 mailed 
Geothermal mourca ofOn:lon (map publiu.ed by NOAA). 1982 . ..... ..... .... 3.00 
Geological hiiJt .... ly map. PacifIC: Norh",", region. On:gonlWashingtonipan of Idaho (published by AAPO) . 1973 . S.OO 
MiM Gas Field Map. show;n, well locations. revised 10186 (DOCiAMI Open·File Rcpon 0-84-2. oulid print) . S.OO 
Nonhwest On:gon. Corn:l .. ion Stttion 24. Bruer &: otloers. 1984 (publiu.ed by AAPO) 5.00 

BULLETINS 
33. Biblio,raphy of lleQIOl)' I nd mineral resources of Oregon ( 1)1 ... ppl ...... nt , 1937-45). 1941 ......... . . 
35. GeoIoay oftloe Dallas and valsm IS-minute quadrangles. Polk Coun\y (map only) . Rc~ised 1964 . 
36. Pap''' on Foraminifera from !be: Ten iary (v .2 [parts VI· VillI only) . 1949 . 
44 . BiblioJraphy of ,eoIo&Y and mineral resources of Oregon (2nd supplement. 1946-50). I95J 
46. Ferrulli"""s bauxit~ deposits. Salem Hill s. M~rion COIIn\y . 1956 . 
'3. Bibl ioaraphy of ,eoIogy IDd mineral resources of On:JOII (3ro supplement. 195 I·S'). 1962 . 
61. Gold and s i].cr in On:p. 1968 ............... ... . . 
6S . I'rottcdi llis of tloe Andesite Conference. 1969 . . .......•. 
67. Bibl iography 01 ,eoIogy aJId mineral n:sDUfCC5 of On:gon (4th supple ..... nt . 1956-60) . ]970 . 
71. ClcoIoo of $elec:ted lava rubtl. BeDd area . DeschulCS County. 1971 ............................... . 
78. Bibl iography of geoloay Ind mineral moufCC5 of On:goo (5th supplement. 1961-70). 1973 
II. Environnw::ncal JeOIogy of Lincoln COIIn\y . 1973 ... . ........................ . 
112 . Geologic lIIzalds of Bull Run Waters.hed, Mulmomah aJId Clackamas Countiel . 1974 
" . Ettv;fOIIQII:ncal seolo&Y o f COARIl Laroe Counl)'. 1974 ... . ................... . 
17. Ett w;fOIIQII:lIIIl,eoloaY of westem COOl and Douglas Counciel. 1975 .. 
III. ClcoIoo aJId mineral rnou~. IIpper CIceIw River dno.inJ,ge, CulT)' and Josephine COUnliel. 1975 
19. Gcokv aJId minttal _fOOl of DescbIIICS CooDty. 1976 .. . 
90. Land 11K leoio&Y or _m CulT)' COlIni)' . 1976 _ .......................................... . 
91 . Geolof;iclllzalds of pans of IIIOItbom Hood River. Wasoo. aJId Shorman Counla. 1977 . 
92 . Fonib in On:p. A colltctioll of reprints from the Ort Bin. 1977 ... 
93. ClcoIoo. mineral ruou~. and rock material of CUlT)' COIIn\y. 1977 .................• 
94. Land UK geology of«IIIra1 Jw;i<son County. 1977 . . ...........•.. 
95. Nonh Amoritan ophiolilCS (IOCP projed). 1977 ..................... . 
96. Maiffil genesis . AGU ChapnaJI Confen:nc:c: on Partial Mdting. 1977 . 
97 . Bibliopaphy of JeOIogy and mineral moufOOl of On:gon (6th supplement . 197 1·75). 1m ............................... . 
98. Geolop: huards or easu:m Benton County . 1979 .................... . 
99. GeolOJic hualds or nonhwatem Olotbmas COIIn\y . 1979 . . .....•.... 

100. GeolOl)'.nd mineral _fOOl of Josephine Count}' . 1979 ............. . ............. . 
101. GeolOJic field trips In western Oregon . nd southwestem WashingtOn. [980 ............... . 
102. BibliOJraplcy of JCOlOiY and mineral rnourca of On:g"" (7th ... ppleme ... . 1976-79). 198] .......................... . 

NEW 1 103. Bibl ioaraphy of ,«>l0iY and mineral resources of Orcg<)fl (8th supple ..... nt. 1980-1984). 1981 . 

SHORT PAPERS 
21. Light .... eight lSirepte industry in Orc,on. 1951 ..................... .......... . 
24. The: Almeda Mine . Josephine County. 1967 . 
2' . Petrography o f Raulesnake Formation II type area. «ntral Oregon. 1976 . 
27 . Rock materiall"eiOUrce. of Benton Coo nty . 1978 ........... . 
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AVAILABLE DEPARTMENT PUBLICATIONS (continued) 
MISCELLANEOUS PAPERS 

I. A description of some Oregon rocks and minerals. 1950 .................................................... . 
5. Oregon's gold placers. 1954 ............................................................................ . 
8. Available well records of oil and gas exploration in Oregon. Revised 1982 ..................................... . 

II. Collection of articles on meteorites (reprints from are Bin). 1968 ............................................. . 
15. Quicksilver deposits in Oregon. 1971 .................................................................... . 
18. Proceedings of Citizens' Forum on Potential Future Sources of Energy, 1975 ................................... . 
19. Geothermal exploration studies in Oregon, 1976. 1977 ...................................................... . 
20. Investigations of nickel in Oregon. 1978 .................................................................. . 

SPECIAL PAPERS 

Price 
$ 1.00 

1.00 
4.00 
3.00 
3.00 
3.00 
3.00 
5.00 

I. Mission, goals, and programs of the Oregon Department of Geology and Mineral Industries. 1978 . . . . . . . . . . . . . . . . . . 3.00 
2. Field geology, SW Broken Top quadrangle. 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.50 
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978 ...................... 7.00 
4. Heat flow of Oregon. 1978.............................................................................. 3.00 
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
6. Geology of La Grande area. 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
7. Pluvial Fort Rock Lake, Lake County. 1979 ............................................................... 4.00 
8. Geology and geochemistry of the Mount Hood volcano. 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
9. Geology of the Breitenbush Hot Springs quadrangle. 1980.................................................... 4.00 

10. Tectonic rotation of the Oregon Western Cascades. 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
11. Theses and dissertations on geology of Oregon: Bibliography and index, 1899-1982. 1982 ......................... 6.00 
12. Geologic linears of the northern part of the Cascade Range, Oregon. 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
13. Faults and lineaments of the southern Cascades, Oregon. 1981 ................................................ 4.00 
14. Geology and geothermal resources of the Mount Hood area. 1982 ............................................. 7.00 
15. Geology and geothermal resources of the central Oregon Cascade Range. 1983 .................................. 11.00 
16. Index to the are Bin (1939-1978) and Oregon Geology (1979-1982). 1983 ...................................... 4.00 
17. Bibliography of Oregon paleontology, 1792-1983. 1984 ................................................. ..... 6.00 

OIL AND GAS INVESTIGATIONS 
3. Preliminary identifications of Foraminifera, General Petroleum Long Bell #1 well. 1973........................... 3.00 
4. Preliminary identifications of Foraminifera, E.M. Warren Coos County 1-7 well. 1973............................ 3.00 
5. Prospects for natural gas, upper Nehalem River Basin. 1976.................................................. 5.00 
6. Prospects for oil and gas, Coos Basin. 1980................................................................ 9.00 
7. Correlation of Cenozoic stratigraphic units of western Oregon and Washington. 1983 ............................. 8.00 
8. Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984................................................... 7.00 
9. Subsurface biostratigraphy, east Nehalem Basin. 1983........................................................ 6.00 

10. Mist Gas Field: Exploration and development, 1979-1984 .................................................... 4.00 
11. Biostratigraphy of exploratory wells, western Coos, Douglas, and Lane Counties. 1984............................ 6.00 
12. Biostratigraphy of exploratory wells: northern Willamette Basin, 1984 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.00 
13. Biostratigraphy of exploratory wells, southern Willamette Basin. 1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.00 
14. Oil and gas investigation of the Astoria Basin, Clatsop and north Tillamook Counties, 1985............... ......... 7.00 

MISCELLANEOUS PUBLICATIONS 
Mining claims (State laws governing quartz and placer claims) ..................................................... 1.00 
Back issues of are Bin .................................................................. . 50c over the counter: $1.00 mailed 
Back issues of Oregon Geology . ........................................................... 75c over the counter; $1.00 mailed 

No. copies Amount 

Separate price lists for open-file reports, geothermal energy studies, tour guides, recreational gold mining information, and non-Departmental maps and reports will 
be mailed upon request. 

OREGON GEOLOGY 
910 State Office Building, 1400 SW Fifth Avenue, 
Portland, Oregon 97201 

PUBLICATIONS ORDER 
Fill in appropriate blanks and send sheet to Department. 
Minimum mail order $1.00. All sales are final. Publications are sent 
postpaid. Payment must accompany orders of less than $50.00. Foreign 
orders: Please remit in U.S. dollars. 

NAME _______________ __ 

ADDRESS ______________ _ 

_____________ ZIP ___ _ 

Amount enclosed $ 

Second Class Matter 
POSTMASTER: Form 3579 requested 

OREGON GEOLOGY 
__ Renewal __ New Subscription __ Gift 

__ 1 Year ($6.00) __ 3 Years ($15.00) 

NAME ______________ ___ 

ADDRESS _____________ _ 

_ ____________ ZIP ___ _ 

If gift: From 


