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OCEANIC EXTENSION OF COASTAL VOLCANICS: 
NORTHWESTERN OREGON 

By DavidA. Emilia*, JosephW. Berg, Jr.** andWilliam E. Bales* 

Introduction 

The object of this paper is to give an estimate of the oceanic extension of 
coastal volcanics in northwestern Oregon by correlating land and ocean 
geophysical data with land geologic data. 

Volcanic flows and intrusions of intermediate to basic composition usu­
ally have high magnetic susceptibilities, in contrast to marine sedimentary 
and fine pyroclastic rocks. Magnetic surveys usually evidence these sus­
ceptibi lity contrasts as magnetic anomalies superimposed on a regional mag­
netic field. If volcanic formations are continuous from land to ocean, then, 
as long as there are susceptibility contrasts associated with them, the mag­
netic anomalies related to the volcanics on land should be observable at 
sea. Also, volcanic flows and intrusions sometimes have different densities 
than the surrounding rocks, thus giving rise to gravity anomalies. These 
gravity anomal ies shou Id also give an indication of the oceanic extent of 
the volcanic formations--providing the density contrasts extend from land 
to ocean. Magnetic and gravity anomalies may also arise from variations 
in depth to a volcanic surface or from local variations in thickness of a 
volcani c formati on. 

The total magnetic-field values used in this paper were taken from 
Emilia, Berg, and Bales (1966) and from Bromery and Snavely (1964). The 
former present a 50-gamma-contour map constructed from sh ip-towed 
magnetometer data and the latter present an aeromagnetic profile along the 
coast. Free-air gravity anomaly values were taken from the 10-milligal­
contour maps for Oregon (Berg and Th iruvathukal, 1967) and for off-shore 
Oregon (Deh linger and others, 1967). The geological information used 
duri ng the course of th is research was taken from Bromery and Snavely (1964) . 

* Dept. of Oceanography, Oregon State Univ., Corvallis, Oregon. 
** Now at the National Academy of Sciences, Division of Earth Sciences, 

Washington, D. C. 
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Figure 1. Magnetic profile lines. 
The dashed lines trace the locations 
of th e correl ated magneti c anoma­
lies (see fig. 3). 
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Figure 2. Gravity profile lines. 
1he dashed line traces the location 
of the correlated gravity anomaly 

(see fig, 4). 
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Data Reduction and Presentation 

Figures 1 and 2 show the magnetic and the gravity profiles lines (des­
ignated by the letters m and g, respectively) along which data were taken 
for the purpose of this study. These lines were drawn on the magnetic and 
gravity contour maps and the values of the fields along them plotted. Fig­
ures 3 and4 show the resulting magnetic and gravity profiles. For example, 
profile 7m in fig. 3 corresponds to profile line 7m in fig. 1. The only pro­
file not taken from a contour map is 1m, which is from Bromery and Snavely 
(1964). Thus, all the other profiles contain the errors intrinsic in contour 
maps and are not to be regarded as exact. 

Since sea gravity measurements were not made closer than 5 milesfrom 
shore, there is a region on the contour map of Dehlinger and others (1967) 
where contours are the result of interpolation between their measured sea 
gravity values and the measured land gravity values of Berg and Thiruvath­
ukal (1967) which extend to the coast. These interpolated contours prob­
ably give only a smoothed representation of the near-shore gravity field. 
Profile lines 7g and 8g (fig. 2) lie in this region of interpolation. 

Figure 5 is a land-geology map showing the surface volcanics of the 
area under consideration. 

Discussion and Interpretation 

Examination of the magnetic profi les in fig. 3 yields four regions along 
the coast of northwestern Oregon where land and ocean magnetic anomalies 
can be correlated. These correlations are represented by correlation lines 
Im through Nm. Figure 4 shows only one region of strong correlation for 
land and ocean gravity anomalies (correlation line Ig). It is possible that 
the land-gravity anomaly located between 44° 40' and 45° 00' (fig. 4) may 
extend out to sea, but no definite correlation is apparent because the pre­
viously mentioned smoothing due to interpolation has probably obscured its 
seaward expression. We will not consider this anomaly further. The arrows 
in fig. 5 show where the correlation lines of figs. 1 through 4 cross the coast. 

The sea-land correlation of gravity and magnetic anomalies is quite 
evident in region I (1m and 19 in figs. 3 and 4), and the gravity correla­
tion extends well inland. Comparison of 1m in fig. 1 with 19 in fig. 2shows 
that th ey termi nate at about th e same pi ace over the ocean and cross th e 
coast very close to one another (see also fig. 5). Since each of these lines 
represents correlation of a different geophysical parameter, and, assuming 
that they result from the same geologic body, one would not expect them 
to coincide everywhere, but would expect them to have roughly the same 
characteristics. The similarity of location and directional trend of 1m and 
part of.Ig is quite evident, and we can only conclude that they do in fact 
represent the same body. 
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Whitcomb (1965) did a marine geophysical survey of region 1, out to 
124°30', and postulated the existence of a large crystalline rock mass off 
Cape Perpetua (44°15', 124°07'). He placed the top of this "broad body 
containing areas of large magnetic susceptibility changes" at a depth less 
than about 3000 feet, five nautical miles off the cape (A in fig. 1). Emilia, 
Berg, and Bales (in press) have also made magnetic-anomaly-source depth 
calculations for anomalies off the coast at positions Band C in fig. 1. They 
compute maximum depths of 27,000 feet and 16,500 feet respectively. These 
calculations, as well as the calculation by Whitcomb, fallon, or nearlyon, 
correlation lines 1m and 19. 

Bromery and Snavely (1964) concluded that the magnetic and the grav­
ity anomalies measured over land in region I are due to the early to middle 
Eocene volcanics known as the Siletz River Volcanic Series, and not to the 
relatively thin upper Eocene alkalic basalt shown exposed in fig. 5. Their 
analysis indicates that the Siletz Series starts as far east as longitude 123° 
06', at latitude 44°09', and, at a depth less than about 5000 feet, con­
tinues to where it intersects the coast at Cape Perpetua. Also, they con­
cluded that, moving south from Newport, the Siletz Series rises abruptly 
from a depth of 15,000 feet to within less than 5000 feet of the surface in 
region L thus causing an arcuate gravity high. The free-air gravity con­
tour maps that we have used show that this high is closed and extends from 
land to ocean. We feel that the gravity high in region L as evidenced by 
the maps we have used (no regional correction applied), may not be en­
tirely the result of shallowing of the Si letz River Volcanic Series but may 
in part be due to intrusions and/or deformation beneath the series. This 
latter interpretation is feasible, since the gravity anomaly under consider­
ation is closed. 

It is evident from the above data that correlation lines 1m and 19 are 
partially determined by the Siletz River Volcanic Series. But, there ap­
pears to be a discrepancy in estimates of its eastern limit. Correlation line 
Ig (fig. 2) extends eastward only to 124°35' while, as already mentioned, 
Bromery and Snavely show the Siletz River Volcanic Series extending east­
ward to at least 123°06'. Since the gravity contour lines between 123°35' 
and 123°06' are nearly north-south (Berg and Thiruvathukal, 1967), our 
profile lines showed little or no correlation of gravity peaks. However, 
Bromery and Snavely constructed a geologic section by using a nearly east­
west gravity profile line which would more readily show significant field 
variations due to a north-south-trending geological structure on the eastern 
end of the profile. An aeromagnetic profile along 123°00' has been pub­
lished by Agocs, Rollins, and Bangs (1954), but is not presented in fig. 3 
because comparison of this profile with profile 1m (fig. 3) indicated that 
any correlation of anomalies would be extremely tenuous. This difficulty 
of correlation is to be expected because of the large separation of these pro­
file lines and because the geological structure at Cape Perpetua is different 
from that to the east. 
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If we assume that the gravity and the magnetic trends near the coast in 
region I are mainly due to the Siletz River Volcanic Series, then this Ser­
ies appears to extend under the ocean, at a depth of about 3000 feet, for 
about 5 nautical miles until it dips sharply to a depth of 27,000 feet. Fol­
lowing the path represented by correlation lines 1m (fig. 1) and 19 (fig. 2), 
these volcanics then shallow to 16,500 feet at longitude 124°23'. The 
magnetic and the gravity anomalies give no indication that they extend far­
ther to the west. 

Bromery and Snavely (1964) show the Siletz River Volcanic Series to 
extend northward, along the coast, from Cape Perpetua at least to 45°05'. 
In a northwest-southeast trending geologic cross-section ending on the coast 
at 45°05', they also show the Siletz River Volcanic Series at the coast to 
be at a depth of about 16,000 feet and dipping steeply seaward. 

Our geophysical data give no indication of an oceanic extension of 
this series between Cape Perpetua and 45°05', but lines of correlation IIm 
(figs. 1 and 5) intersect the coast very near the northern point and seem to 
indicate oceanic extension of the steeply dipping Siletz Series. However, 
even though the character of the anomalous magnetic field in region IT does 
not lend itself to anomaly-source depth calculations, the high frequencies 
in profiles 2m and 3m (fig. 3) imply a source much shallower than 16,000 
feet. Since Bromery and Snavely's cross-section strongly suggests oceanic 
extension of the Si letz River Volcanic Series at 45°05', we must lookclose­
Iy at our data to determine whether or not this is actually the case. We 
see from figure 3 that the section of profile 1m which determines correla­
tion lines IIm is a broad positive anomaly with high frequency anomalies 
superimposed. If this profile were made at sea level, instead of from a 
flight elevation of 4000 feet, the superimposed anomalies would be of a 
much higher frequency and the broad anomaly would change very little. It 
is also apparent from figure 3 that profiles 2m and 3m consist of broad, pos­
itive anomalies with higher frequency anomalies superimposed. We postu­
late oceanic extension of both the Siletz River Volcanic Series and the rel­
atively thin and shallow late Eocene volcanics which are shown exposed in 
figure 5. The latter probably cause the superimposed high frequency anom­
alies while the former probably causes the broad positive anomaly of profiles 
1 m, 2m, and 3m in figure 3. Correlation lines IIm (fig. 1) then indicate 
that parts of these formations extend to the northwest under the ocean floor, 
their anomalous magnetic expression being no longer evident past the west­
ern ends of these correlation lines. Although the magnetic correlation is 
qui te strong (fig. 3), no strong gravi ty correl ation exists (fig. 4). Th is 
situation could result from a susceptibility contrast without an accompany-
i ng densi ty contrast. 

Two additional regions of correlation are shown in figs. 1 and 5 (llIm 
and IYm). Here again no gravity correlation is evident (fig. 4). No theo­
retical cross-sections or magnetic-anomaly-source depths are available for 
these areas, but the abundant surface expression of early to middle Eocene 
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volcanics (Tillamook Volcanic Series) in the vicinity ofillm (fig. 5) sug­
gests a possible seaward extension of this series. LinesNm show positive 
correlation of anomalies from land to sea, and the high magnetic gradients 
of these anomal ies indicate a relatively shallow source depth. These anom­
alies could result from a seaward extension of the Tillamook Series and/or 
the exposed basalt flows and breccias in this region. 

It is evident from figs. 3 and 4 that susceptibility contrasts are more 
pronounced and offer a better correlation parameter than density contrasts. 
If the Siletz River Volcanic Series terminates and if a density contrast ex­
ists between it and the adjoining rock, then the lateral boundary of this 
series should be evidenced by a step-like gravity anomaly. Between 44° 17' 
and 45°54' we find no such anomaly to exist. This absence of a step-like 
gravity anomaly may indicate that the Siletz River Volcanic Series and the 
Tillamook Volcanic Series form a continuous series beneath the ocean floor 
in this area. Indeed, the correlation of magnetic anomalies along lim and 
illm may represent susceptibi lity contrasts within a continuous north-south 
uni t. 
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* * * * * 

DETERMINATION OF SURFACE RIGHTS CONTINUES 

The determination of surface rights for mining claims under provisions of 
Public Law 167, which contains the "multiple use" concept, is still con­
ti nui ng. The Bureau of Land Management last year exami ned 386,059 acres 
in Oregon. The Bureau has completed work on a total of 1,920,587 acres 
since passage of Public Law 167 on July 23, 1955. A summary of the Bu­
reau's activities with respect to mining claims, and mining leases, permits, 
and licenses appears in the box. Areas currently under examination or soon 
to be examined by the Bureau include the following: 

Township 

11 S. 
12 S. 
22 S. 
23 S. 
37 S. 
38 S. 
41 S. 
40 S. 
41 S. 
17 S. 

Range 

3 E. 
3 E. 
2W. 
2W. 

32-3/4 E. 
34 E. 
34 E. 
35 E. 
39 E. 
41 E. 

Oregon 

FY 1966 FY 1967 

1 

~-~~~ 
Mineral patents issued----­
Mineral permits & licenses­
Mineral leases-----------­
P.L. 167 determinations 

completed, acres------­
Cumulative determinations, 

acres-----------------
Claims retaining surface 

rights, number-----------
acres------------

Percent of mineralized 
area on which P.L. 167 

action is completed----

2 
39 

125,077 

1,534,528 

95 
1,900 

45 

6 

386,059 

1,920,587 

99 
1,980 

56 

29 

Township Range 

11 S. 4 E. 
22 S. 1W. 
22 S. 3W. 
23 S. 3W. 
37 S. 33 E. 
39 S. 34 E. 
39 S. 35 E. 
41 S. 35 E. 
13 S. 40 E. 
40 S. 42 E. 

Mining claimants holding 
claims in the above areas who 
are not familiar with the rules 
and regulations regarding de­
terminations under Public Law 
167should request this infor­
mation from the Bureau of Land 
Management. Announcements 
of specific areas to be investi­
gated are published in the of­
ficial county newspapers for 
the areas in questi on. 

* * * * * 
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Figure 5. Land geology map of the area of interest. Adapted from Bromery and Snavely (1964). 
Arrows indicate where the magnetic and gravity correlation lines cross the coast. 



A LARGE FOSSI L SAND SHARK OF THE GENUS 
ODONTASPIS FROM OREGON 

By She I ton P. Appl egate * 

An association of numerous preserved hard parts of a single fossil shark are 
only rarely encountered in the Cenozoic marine beds. Therefore, we were 
quite excited when a package arrived from the Oregon Department of Ge­
ology and Mineral Industries which contained not only fossil invertebrates 
and fish scales but remains which from their similar size and close occur­
rence must have come from a single individual shark. The fossils in question 
were collected by geologists with the Oregon Department who also provided 
the geologic summary quoted below. Acknowledgment is made to the fol­
lowing members of the Museum staff: to Anita Daugherty for her assistance 
in editing the manuscript, to Pearl Hanback for the fine illustrations, and 
to Dorothea Barger for typing the manuscript. 

N 

Scal. 

o 5 10 15 Mi. 
I , ! , 

The fossils occurred in a 
blackish gray marine shale asso­
ciated with small pelecypods and 
gastropods. A few plant fragments 
were also present, as well as a 
number of bony fish scales and a 
pair of fish-ear bones (otoliths). 
In cross section some of the sedi­
ment showed foraminifera. 

The following description of 
the fossi I site was provided by the 
Oregon Department of Geology 
and Mineral Industries: 

"The locality is in the bedof 
Scoggin Creek about 40 mi les by 
road west of Portland and about 
5 airline miles southwest of For-.. 

est Grove (see index map). The rocks containing the fossil shark remains 
belong to the Yamhill Formation, which crops out in a north-trending belt 
about a mile wide. Here the formation is composed of about 2000 feet of 
siltstone and thin-bedded black shale which weathers to a yellowish color. 
The beds di p to the sou theast from 7° to 15° and are well exposed in the 

*Associate Curator, Vertebrate Paleontology, Los Angeles County Museum 
of Natural History. 
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creek bed at time of low water. 
"The sediments have been dated as late Eocene from microfauna by W. 

W. Rau (written communication, 1962), who states that the foraminiferal 
assemblage is diagnostic of the Narizian stage of Mallory, A-2 zone of 
Laiming, and typical of that found at the type locality of the Yamhill For­
mation along Mill Creek about 30 miles to the south. 

"The Yamhi II Formation lies between older Eocene marine sediments 
and associated volcanic rocks that make up the Coast Range to the westand 
sandstone of the Spencer Formation of later Eocene age to the east." 

Since the conditions for preserving vertebrate fossils must have been 
excellent, the abundance of this material gives us promise of finding other 
interesting vertebrate remains. Such a find as this is probably another in­
dication of the rich undescribed fossi I marine fish fauna that occurs along 
the Pacific Northwest. If more of these fossils are collected and described, 
we will know a great deal more about the history and distribution of fossil 
fishes. 

The shark material consists of 22 vertebrae, one of which is shown in 
figure 3B. There are numerous patches of hollow cubes of calcified carti­
lage which form a mosaic (figure 3A is a sketch of such a patch in place); 
each cube is called a tessera. In living sharks these cubes make up the 
skull (chondocranium), jaws, and gi II and fin supports (Applegate, 1967). 
Fossil tesserae are more often than not dissolved by ground water or at least 
detached, so that they are either missing or overlooked. The tesserae in 
this specimen appear to be similar to those which occur in the living sand­
shark genus Odontaspis. The vertebrae in cross section (figure 3C) are of 
the typical lamnoid type, showing radial supports with branching similarto 
what is found in Recent Odontaspis. The illustrated vertebra is from the 
caudal region. Figure 1 shows a typical member of this genus Odontaspis 
taurus. 

The most important part of these fossil remains is a single tooth (fig­
ures 2, A & B ). By comparing this with those teeth in Recent sand-shark 
jaws, a method which I have discussed elsewhere (Applegate, 1965), it 
becomes apparent that the tooth is a second lower right anterior, or the 

Figure 1. Drawings of the Recent Odontaspis taurus, which is related to 
the nine-foot Oregon sand shark. 
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Figure 2. Two views of the shark tooth. 
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Figure 3. Vertebrae and cartilage of the sand shark. 
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third tooth from the center line. The greatest width of the tooth base is 
17 mm. The height of the tooth is 28 mm., to which must be added a good 
portion of what is missing. A similar tooth from a female sand shark, (No. 
12) (Applegate, 1965), had the following measurements: width 17 mm., 
height 34 mm. The total length of this shark was 273 cm., or approximate­
ly nine feet. The fossi I shark might be assumed to have had a simi lar length. 

On the inner surface of the crown the tooth has definite razed lines or 
stri ati ons (fi g. 2). There is a tendency for some of these stri ations to be 
faint. Some branch, and others join together. Such striations are known 
from only a few species of fossil sand sharks. 

Undoubted fossil odontaspids are known from the Cretaceous to the 
present. The Cretaceous genus Scapanorhynchus, related to the Recent 
deep-sea goblin shark Mitsukurina, has very strong, straight, well-defined 
striations on the inner crown surface; at least two species in Scapanorhyn­
chus are close to Odontaspis, a situation that needs further investigation by 
the establishment of artificial tooth sets as suggested by Applegate, 1965. 
In the Paleocene at least three species of small odontaspids with striae oc­
cur: Odontaspis substriata substriata, Odontaspis substriata atlasi, and 
Odontaspis whitei. All three species have been found in the Midway near 
Fort Benton, Ark., L.A.C.M. Locality 6510. O. whitei and substriata 
are also known from the Paleocene of Africa, andfrom the beds that range 
from Thanetian to upper Ypresian age in Africa we find O. substriata atlasi. 
According to White, another species Odontaspis striata (his O. macr~ 
striata) is characteristic of the early Eocene of England, whi Ie the most re­
cent recognized striated species O. macrota is more characteristic of the 
late Eocene. Probably O. whitei or O. substriata is the ancestor of O. 
striata which in turn gives rise to O. macrota. The teeth of the Paleocene 
species are quite small, averaging--;round one-half inch or less in total 
length; those of O. macrota and O. striata are longer, more than one inch. 
Those of O. macr"Ota are said to be-the longer and thicker of the two. This 
general type of tooth occurs also in the Miocene, and is here interpreted 
as being from O. macrota. I believe that the Oregon tooth is also refer­
able to O. maZr'ota. 

It is of special interest that the Recent sand shark Odontaspis taurus 
shows occasional striations on its crown. Since the O. macrota type of 
tooth is close in many ways to those of O. taurus, it may be the ancestor 
of th i s modern form. - ---

Fossil teeth of the O. macrota-O. striata type are known from Europe, 
Russia, Africa, New Zealand, and North America. They have been taken 
at the l.A.C.M. Locality 2024 called "Pipehill, II in Baja California (Tep­
atate Formation, thought to be late Paleocene). Another example from the 
Pacific Coast is known from Trabuco Canyon, Orange County, Cal., where 
it was found in the topsoil: its age is not known, but it is probably Eocene 
or lower Miocene. A few small teeth of this complex are known from L.A.­
C.M. Locality 1649, Tejon Formation, in the Santa Ynez Mountains, Cal. 
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In the eastern United States, Odontaspis cf. macrota is known from Miocene 
beds at New Bern, N.C.; near Charleston, S.C.; and near Wallmeyer Fish 
Camp, Va. Any or all of these teeth could represent reworking from under­
lying Eocene sediments. 

The genus Odontaspis is rare in typical West Coast Miocene beds and 
the few that are known are referable to the O. ferox type. The only liv­
i ng sand shark in the eastern Pac i fi cis Odont~ ferox, reported by 
Daugherty (1964) on the basis of two specimens taken off California. This 
species is also represented in the L.A.C.M. collection by the jaw of a 
third specimen purchased by Mr. Donald Cocke in La Paz, Baja California. 
O. ferox is a deepwater shark with almost world-wide distribution in tem­
perate waters, though most commonly taken in the Medi terranean. The 
tooth crowns of this shark are smooth, and the teeth quite different In 
shape and number of lateral denticles from the Oregon specimen. 

I f we may assume that O. macrota was the ancestor of O. taurus, it 
may have occupied a simi I a7""niche . The modern taurus is a ~omparatively 
sluggish fish-eating shark, capable of short bursts of speed. It is a bottom 
dweller, occurring in very shallow water from about 1 to 15 fathoms. It is 
known from the eastern Uni ted States, Brazi I, Europe and the Mediterrane­
an, South Africa, and perhaps Australia. Recently, the possibility of its 
occurring in Japan has been brought to my attention by Mr. Toru Taniuchi; 
yet there is no record of its having ever been taken in the eastern Pacific. 
If O. macrota had a similar distribution to that of O. taurus and similar 
teeth, and was the ancestor of taurus, we can at leasttheorize similar hab­
its. The Pacific Eocene forms may have inhabited ancient shallows and 
bays which were lost during later mountain building. The fact that these 
coastal sharks seem to shun the tropics or very cold water plus the presence 
of the Isthmus of Panama may be what has kept the eastern Pacific free of 
this species since the Miocene. Certainly as we discover more fossils, our 
knowledge of these interesting sharks will become clearer. One should 
keep in mind that fossil fishes can tell us a great deal about past climates, 
currents, continental outlines, and the evolution of life. 
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THE PORTLAND EARTHQUAKE OF JANUARY 27, 1968 

By Dona Id F. Hei nri chs and Leonard J. Pi etrafesa 
Department of Oceanography, Oregon State University 

Introduction 

The earthquake of January 27, 1968 occurred at 12: 28 am., PST.; the 
epicenter was near the eastern edge of the city of Portland. This shock 
was the first sizeable disturbance in the immediate area since the damaging 
shock, and accompanying aftershocks, of November 5, 1962 (Dehlinger 
and Berg, 1962; Dehlinger and others, 1963). The estimated magnitude is 
3.7, in contrast to a magnitude of 5 for the 1962 Portland earthquake. The 
depth of focus is between 20 and 24 km, similar to the estimate of 15 to 20 
km for the 1962 shock. 

The earthquake was recorded at a number of seismic stations, and the 
data are presently being analyzed. The detailed results from this shock will 
be reported at a later date, but sufficient information has been received to 
make several pr.eliminary comments and conclusions. 

Seismology 

The epicenter and the origin time of a shock indicate the location on 
the earth's surface and the time of occurrence of the initial source motion. 
The depth of focus is the distance of the source below the surface. The 
direction of the initial source motion controls the directions of ground 
displacements resulting from the incident compressional wave atthe receiv­
ing stations. The source is considered to be a fault in which the rupture 
travels along thefault surface for the duration of theshock. It is estimated 
from the seismograms of the shock that the source motion lasted no more 
than a few seconds. 

The shock was recorded at the stations named in Table 1, with initial 
P-wave arrival times indicated by Pacific Standard Time. Not included in 
the table are later arrivals, compressional, shear, and surface waves, which 
were used to help determine the location of the epicenter and the depth of 
focus. We have studied only the records from Corvallis and Portland; the 
other times and motions have been received by letter or telephone. 

Epicenter and origin time 

From the known arrival times and the local travel-time curves prepared 
for the Pacific Northwest states (Dehlinger and others, 1965), the earthquake 
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Figure 1. Base map of Portland area with earthquake epicenters. 

Table 1. P Wave Arrival Times. 

Portland (Oregon Museum of Sc i ence and Industry) 
Corvallis, Ore. 
Baker, Ore. (BlueMt. Seis. Obs.) 
Longmire, Wash. 
Tumwater, Wash. 
Seattle, Wash. (Marshall) 
Spokane, Wash. 
Newport, Wash. 
Victoria, B. C. 

hr. min .sec. 

00:28:28.3 
00:28:43.3 
00:29:22.3 
00:28:45.4 
00:28:46.2 
00:28:55.2 
00:29:33.0 
00:29:36.0 
00:28:51 

• 
epicenter was placed at latitude 45°30.5' N., 122°33.8' W., which is 
south of the Columbia River and near the eastern Portland city limits 
(figure 1). The shock origin time is estimated to be Ohr. 28min. 23.7 
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sec. a.m., PST, January 27. These values give avery good fit to the 
travel-time curves for the Corvallis, Baker, Tumwater, Spokane, and Vic­
toria stations, except for an early shock origin time for Tumwater. Long­
mire, with a good seismic signal, and Newport and Seattle, with weak 
signals, exhibit some additional scatter. The seismic amplitudes were so 
large at the Portland station that only the initial P wave was observed; the 
later phases were obscured by excessive pen motion. This station was not 
used in the epicenter determinations. 

Depth of focus 

The depth of focus of the earthquake was between 20 and 24 km. Depth 
calculations were based on epicentral distances and travel times to the Port­
land, Corvallis, and Tumwater seismic stations. Focal depth calculations 
depend on the average seismic velocity of the crustal and subcrustal layers 
and are quite sensitive to small variations in velocity. Average velocities 
were chosen based on earlier work by Dehlinger and others (1963, 1965) 
and reflect the diverse local structures in the Northwest. Velocities of 6.1 
km/sec and 7.67 km/sec to Corvallis give a focal depth of 19.2 km. Ve­
locities of 6.4 km/sec and 7.9 km/sec to Tumwater give a depth of 20.3km. 
The calculated shock origin time and an unpublished calculated velocity 
log for the Portland station give a depth of 24 km. The average velocities 
used in the above calculations are consistent with the arrival times on the 
travel-ti me curves. 

Magnitude 

The magnitude of the shock is estimated to be 3.7 on the Richterscale. 
Magnitudes according to this scale are based on ground amplitudes recorded 

at seismic stations. The scale ranges on a logarithmic scale from 0, the 
smallest recorded shocks, to 8 3/4, the largest and most destructive earth­
quakes (Richter, 1958, p. 340). The information for the magnitude estimate 
was supplied by the Blue Mountain Seismological Observatory at Baker, 
Ore., one of the most sensitive seismic stations in the world. 

Source motion 

The initial ground motion at Corvallis was down, south, and west; at 
Portland up (?) wi th the other two components not recorded. We do not 
have complete information from all the other seismic stations, but we do know 
whether the first motion was a dilatation or compression. All stations, ex­
cept Baker and Portland, had a dilatation as a first motion. The observed 
initial ground motions are consistent with a right-lateral displacement along 
a northwesterly trending strike-slip fault. The first motions will fit equally 
we II a northeaster I y trendi ng stri ke-s lip fau I t with a I eft-I atera I disp I ace­
ment. The data are not consistent with a predominantly vertical fault motion. 
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The faulting cannot be primarily normal or reverse; however, some verti­
cal motion may have accompanied the strike-slip motion. 

Discussion 

The epicenter locations for both the 1968 and the 1962 Portland earth­
quakes are plotted in figure 1. This preliminary analysis and the more com­
plete investigation of the 1962 earthquake (Dehlinger and others, 1963) 
show a striking similarity between the two shocks. The depth of focus and 
the first motions of displacement are the same. The two epicenters are lo­
cated along a northwesterly trendi ng zone, the same direction indicated by 
the observed first motions for a right-lateral strike-slip motion. Even 
though the present evidence (two shocks) is not conclusive, it appears like­
ly that the two earthquakes have a common source. This source would bea 
northwesterly trending strike-slip fault, or fault zone, with right-lateral 
displacement. We do not wish to imply motion on any specific mapped sur­
face faults in the area. The 15-20 km focal depths are well below the sed­
imentary section and the fault may not extend to the surface. 

The seismic data will have to be analyzed in more detail before addi­
tional results on the source mechanism and the crustal structure can be de­
termined. The earthquake data will be important in extending our know­
ledge of the seismicity of Oregon and adjacent regions. 
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