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INTRODUCTION AND BACKGROUND:

On 8 November 1980 an earthauake of magnitude 7.0 (ML; U.C. Berkeley)
struck the coastal region of Humboldt County in northern California at 0227.5
PST (table 1). The epicenter was approximately 60 km NW of Eureka, the county
seat, and about 50 km due west of Patricks Point (fig. 1). Felt aftershocks
continued for two days, and most seismic activity ceased within ten days after
the main event. Ground shaking was sufficiently intense in Eureka to awaken
most people, knock small items from shelves and topple some furniture
(Modified Mercalli Intensity VI-VII). Several first-hand reports indicate
intense shaking lasted 15-30 seconds, a sufficiently long time for some to get
out of bed and go out of doors. The main earthquake was felt from San
Francisco, California to Salem, Oregon. Six people were injured and damage
was minor, considering the magnitude of the earthquake.

Many small earthquakes and two moderate earthquakes have occurred in this
region over the past thirty years (fig. 1). The earthquakes of 21 December
1954 (M_ 6.5; epicenter 35 km northeast of Eureka) and 7 June 1975 (M 5.2;
epicenter 35 km south of Eureka (fig. 1) caused significant damage in the
region. The 1975 earthquake caused more damage than the larger 1980
earthquake, probably because the epicenter of the former was onshore and
closer to populated areas.

Most aftershock epicenters spread out northeast and southwest from the
main epicenter of the 1980 earthquake (Robert McPheason, 1980; oral
communication). The offshore location of the main epicenter (fig. 1), the
aftershock pattern, which trends almost perpendicular to the orientation of
the major surface structures of the region, and the preliminary focal depth
(14 km, table 1) indicate this seismic event is probably related to
deformation of the Gorda plate where it is being subducted beneath the North
American plate, rather than to rupture along a near-surface northwest-trending
fault on the North American plate.

The Humboldt embayment, which lies southeast of the epicenter of the 1980
earthquake, is a complex Neogene basin associated with and north of the
Mendocino tectonic triple junction (fig. 1). The basin contains a thick
sequence of Neogene and Quaternary sediment folded and faulted into
northwest-trending structures. Topographic lows, which coincide with
structural lows, contain Holocene alluvial floodplain deposits that grade
westward into marsh and estuarine deposits beneath shallow lagoons (Arcata and
Humboldt Bays) separated from the open ocean by long bay-mouth spits. The Eel
River floodplain forms the broad lowland at the southern end of the embayment.

The city of Eureka lies on a low tableland underlain by Quaternary marine
deposits between Arcata and Humboldt Bays. Smaller communities, such as
Arcata, Fields Landing and Ferndale lie along the margins of the low-lying
regions of the basin. The alluviated lowlands, which occasionally are
inundated by flood waters, are occupied by farms and are, therefore, sparsely
populated. A few large lumber mills lie on lowland sites along the eastern
margin of the basin and two 1ie on the low spit (North Spit) separating Arcata
Bay from the ocean. Total population of the region is about 65,000.
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Table 1: List of moderate to large earthquakes recorded on the worldwide
seismic network between 4 and 10 November 1980. The 8 November 1980
Humboldt earthquake (») and three aftershocks (») are marked.
Preliminary Determination of Earthquakes data sheet No. 45-80, U.S.
Geological Survey, Golden, Colorado.
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Figure 1: Map of Cape Mendocino area showing major tectonic features
and epicenters of selected historical earthquakes. Stippled area
is approximate epicentral region of 8 November 1980 earthquake
(M 7.0). Data from the 1954 (M 5.2), the 1975 (M 5.3) and the
1906 San Andreas (M 8.3) eartnquakes are discussed in the text.
Modified stightly from Smith and Knapp, 1980.

3




INVESTIGATION

This report documents observations made during postearthquake
reconnaissance of western Humboldt County by the U.S. Geological Survey. This
reconnaissance consisted of several traverses by automopbiie and on fool from &
to 11 November, 1980, and a 1.7-hour flight in a small fixed-wing aircraft on
10 November, 1980 (Fig. 2). The purposes of the reconnaissance were to
determine the nature and extent of earthquake damage and to make
recommendations for further investigations. We were mainly interested in
geologic effects such as ground failure (landslides and soil-liquefaction
phenomena), surface rupture along faults, and areas with potential for high
levels of ground shaking (alluviated lowlands).

Initial damage reports were obtained from Samuel Morrison (USGS, Arcata),
Gary Carver (Humboldt State University), Thomas Stephens (Trinidad) and other
staff members and students at Humboldt State University. While in the field
we exchanged information with Richard Kilbourne (California Division of Mines
and Geology), Jack Meehan (California State Architect's Office), Steward Smith
and Robert McPhearson (Terra Corp., seismological consultants for the Pacific
Gas and Electric Company), David Boore (USGS), Robert Nason (USGS) and other
USGS personnel. We interviewed field crews from CALTRANS (California
Department of Transportation) and numerous local citizens. Samuel Morrison
(USGS), John Sarmiento (USGS) and Kohei Tanaka (Japanese Government) took part
in the reconnaissance. This investigation, while not exhaustive, yielded a
fairly complete account of the most significant earthquake effects.

Figures 3A, 3B and 4 are maps of the Humboldt Bay area showing sites
discussed below. Following is a list of observations and site descriptions
grouped according to subject: 1) structural damage, 2) landslides,

3) liquefaction-induced ground failure, 4) fault rupture and 5) intensity.
The sites are numbered 1-25 from north to south on figures 3A, 3B and 4 and
listed from north to south within each group below (site numbers occur in the
left-hand margin before each entry). Except where otherwise noted, all these
sites were inspected on the ground. A few sites that yielded negative results
(i.e., no structural damage, landslides, liquefaction, or fault rupture) are
included among the descriptions of sites with damage because damage occurred
there during past earthquakes, or we judged it important to record that these
sites were inspected.

STRUCTURAL DAMAGE:

Initial media reports indicated structural damage was relatively light
throughout most of the region but fairly heavy locally at Fields Landing south
of Eureka and on North Spit west of Eureka. Actually, the damage in these two
areas was also light; the slightly higher damage that did occur in the Fields
Landing area can be attributed to faulty design, poor building practices, or
possibly to seismic amplification.

(:) 01d Coast Highway Trinidad-Moonstone:

The highway is cut by numerous old rotational slumps, which restrict the
road to only one lane in places. Numerous sets of old crescentic cracks and
small scarps cut the pavement. Only one of the features showed renewed
movement that might be linked to the earthquake. At the observational turnout
at Tepona Point, an asphalt patch over an old 25 cm scarp was displaced 1-3 mm,
indicating recent downslope movement.




Figure 2:

Map of part of
coastal Humboldt County
showing routes of post-
earthquake reconnaissance
by air (dotted line; 10
November 1980) and on the
ground (dot-dash line; 8-
11 November 1980). Solid
1ight lines are shore-
1ines and rivers.
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Figure 3B: Map showing numbered localities
discussed in text.
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This section of highway runs along steep sea cliffs cut into Franciscan
rocks and semiconsolidated middle Pleistocene marine deposits. Locally,
engineered fills span gullies and reentrants in the cliff face.

(:) Arcata Bottoms:

No bridge, road or levee damage was observed in this area. There were a
few old chimneys damaged in the part of Arcata underlain by Holocene alluvial
and estuarine deposits. No damage to new and most old chimneys was observed.

‘ Arcata to Eureka via Indianola:

No damage occurred to roads, bridges or other structures, not even in
narrow, alluvium-filled valleys or near alluvium/bedrock contacts.

C:) Eureka

News media reported a few broken windows and goods fallen from store
shelves, but we observed no damage. In south Eureka, mobile homes sitting on
temporary, uncemented stacks of cinder blocks on a sales lot were not moved.
Only one of many stacks of cement pipes in a pipe yard tipped.

(2) samoa Peninsula (North Spit):

This peninsula is a narrow Holocene baymouth spit separating Arcata Bay
from the ocean. Early news reports indicated significant damage at two large
Tumbermills on the peninsula. Actually, both mills were virtually undamaged.
Emergency switches shut down most of the equipment at the Crown Pacific mill
at the time of the earthquake. A few pipe leaks caused by the shaking were
quickly repaired and the plant was back in operation after two hours. At the
Louisiana Pacific mill a cement block on the fourth floor of a large building
fell and damaged some bleach tanks, and as a result, the mill was shut down
for about eighteen hours. No other visible damage occurred at either plant,
not even to tall chemical cracking towers or cement smoke stacks.

There was no visible damage to smaller structures (houses, etc.) on the
peninsula at Samoa, Manila nor the Coast Guard Station. There was no visible
damage (cracks, etc.) to roads, a parking lot or an old air strip on the
peninsula.

In a large lumber-drying yard at Samoa only four of about two hundred
stacks of loose and bundled lumber fell. Some stacks were about 8 m high and
had bases 2-3 m wide. Similar lumber yards at Arcata and at Fortuna observed
from the air also were virtually undisturbed.

(:) King Salmon:

This peninsula is underlain by semiconsolidated Pleistocene marine
deposits and locally by Holocene alluvial and estuarine deposits.
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At the highway bridge near the entrance to the Humboldt nuclear power
plant, the asphalt at one of the abutments was broken by two fresh cracks a
few millimeters wide. These cracks were caused by a slight displacement of
the bridge during the earthquake. Tne projectea surface trace of the Buhne
Point fault runs close to this bridge (fig. 4), but there is no compelling
evidence that the observed cracks were associated with fault rupture. Cracks
and bridge movement were reported at this site after the 7 June 1975
earthquake but were not confirmed by later examination (Harp, 1975).

In the trailer park near the south end of King Salmon, two recently paved
streets were cracked near their northwest termini. The trend of the streets
is N 55°W. One crack had a strike of N 35°E and was 5-10 mm wide; the other
crack had a strike of N 80°t and was 3-5 mm wide. Ground cracks developed in
this trailer park during the June 1975 and December 1954 earthquakes, and sand
boils were reported in this area after the 1954 earthquake (Harp, 1975). The
projected surface trace of the Bay Entrance fault runs north-south through
King Salmon (Fig. 4), but there is no compelling evidence that the ground
cracks are related to fault displacement. The cracks were probably caused by
minor earthquake-induced settlement of artificial fill.

13A The Pacific Gas and Electric Company power plant at Buhne Point (fig. 4)
was not damaged. The two conventional power units were shut down for about
two hours when shaking tripped circuit breakers. No damage to the nuclear
power unit, which contained fuel but was in a cold shut-down mode, was
reported.

Fields Landing:

Initial news releases indicated that earthquake damage was heaviest in the
Fields Landing area (fig. 5). This old community lies in a Quaternary fault
zone on a broad headland (1-2 m elevation) underlain by unconsolidated
Holocene alluvial and estuarine deposits that pinch out rapidly to the east
where they lap onto exposed semiconsolidated Quaternary marine deposits. The
projected surface traces of the Bay Entrance fault and the eastern Hookton
Channel fault run through the northern part of the community (fig. 5). The
relatively high levels of damage in Fields Landing indicated there might have
been surface rupture or at least movement on these faults. However, no
compelling evidence indicates that is the case. Furthermore, damage was far
less than initially indicated. The slightly higher level of damage at Fields
Landing was probably caused by minor ground settlement and possibly by higher
levels of ground shaking due to focusing of seismic waves.

At least four wood-frame houses were shifted northward on their
foundations and two of these fell partly to the ground (fig. 5). All were old
and, though in good condition, had poor foundations consisting of vertical
wooden supports on cement blocks with virtually no lateral bracing. None of
these houses sustained severe damage to their superstructures. Nearby houses,
some with similar foundations, were not damaged. Mobile homes sitting on
cinder block supports did not shift during the earthquake.

At least two brick chimneys fell (fig. 5). The one at the back of the
Whaler's Inn was old and had virtually no lateral support. The owner of
Bochi's Crab Shack reported the chimney on the roof of his house fell and did
slight damage to roof joists. A few other old brick chimneys with weak mortar

were cracked.
9
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The exact locations of these fault
traces are not known. Splays of
the Little Salmon fault may run
through the campus of the College
of the Redwoods. However, no evi-
dence of surface rupture was found
on the campus.
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Figure 5: Map of eastern part of Fields Landing showing damage caused by 8
November 1980 earthquake. (101) Highway 101; (B) Bochi's Crab Shack;
(W) Whalers Inn; (PO) combination post office, store and service station; (X)
broken pipe in the ground; heavy rectangles are damaged houses and buildings
with arrows pointing the approximate direction of shift on the foundations;
wavy lines are cracks in the ground; dotted lines are fallen brick chimneys.
This is the locality 14 in the text and on figures 3B and 4.
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The two large (1.5 m x 1.5 m) windows in the combination Post Office/gas
station/grocery store were broken (Fig. 5). Window frames in the Whaler's
Inn, an old two story wood-frame building, were distorted slightly and one
small window above an exterior door was broken.

0ld cracks in the street and sidewalk in front of Bochi's Crab Shack (just
north of Whaler's Inn) opened or shifted slightly (fig. 5). Some new cracks
less than a millimeter wide were formed. The general trend of the cracks was
about N 45°W.

One block north of the Whaler's Inn cracks opened beneath one house,
damaging the porch (fig. 5). This crack ran across the yard and through a
detached garage that was slightly damaged. Some of the cracks showed vertical
displacement (west side down) of up to 1 cm. These cracks were probably
caused by settiement of sandy fill.

Gas (?) and sewer pipes beneath two streets were broken (fig. 5).
Local citizens indicated that most fallen objects inside houses were
knocked off north walls. A1l citizens interviewed in Fields Landing and in

other parts of the region were wakened by the earthquake shaking, which lasted
as long as twenty seconds, according to some.

(:) Tohpkins Hi1l Road Overpass, U.S. Highway 101:

This overpass, located 2 km south of Fields Landing (figs. 3B and 4;
Photos 1, 2 and 3), consists of eight reinforced-concrete spans each about
20 m long. Four end-to-end spans support two southbound lanes and four
support two northbound lanes. The northern and southern extremities of this
overpass are supported by cement abutments on earth-filled ramps. The joints
between spans are supported by square (~1 m) concrete columns. At each joint
between spans, the southern span rests on a concrete ledge only 15 cm wide on
the end of the northern span (Photo 2). A1l joints between abutments and
spans, and between spans are at an oblique angle (about 30°) to the centerline
of the freeway. The spans are not anchored to the abutments nor to each
other.

The north ends of the two southern spans in the southbound lanes came off
their supports and dropped thirty feet to the ground during the earthquake
(Photo 1). The only human injuries associated with the earthquake occurred
when a car and pickup truck in the southbound lanes drove off the end of the
span that remained in place and fell into the void created by one of the
fallen spans. The south ends of the two fallen spans remained tilted against
their supports. Pavement cracks opened along all joints between the spans
that did not fall and along the joints at the abutments (Photo 3).

The cement columns and earth-filled abutments of this overpass structure
were virtually undamaged except for hairline cracks near the base of one
column, against which a fallen span was leaning (Photo 2). A1l columns
remained vertical.

There was no visible ground failure in the vicinity of the overpass.
Neither the road nor the railroad tracks beneath the overpass were damaged.
Sand splashed over the tracks where the end of a fallen span hit the ground
(Photo 2). The fallen span blocking the tracks was broken up and removed by
CALTRANS crews, and railroad traffic resumed 11 November 1980.
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