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INTRODUCTION 

This report i s  the summary o f  a year's study into the surface effects of earthquakes 

i n  the greater Port land crrea. The area encompassed i n  the study i s  shown in  Figure 1 . 
The project was funded by the U. S. Geological Survey, managed by the Oregon Depart- 

ment of Geology and Mineral Industries, and conducted by several students and some 

faculty members of the Department o f  Earth Sciences at Port land State University. Several 

l ines of investigation were fol lowed. Results of these i nvestigotions, considered pre l im- 

inary i n  on evclluation of the geology and geologic hazards of the Porflnnd area, are 

summarized in sections below, accompanied by figures or a plate. 

Individuals responsible for the data portrayed are acknowledged in  the plates. Those 

responsible for the written sections are as follows: Portland earthquake history - Dan J ,  

Cash, Preliminary tectonic map of greater Portland area - G. T. Benson, Slopes - L. A. 

Palmer; the other parts were written by Paul E. Hammond. Crack analysis and develop- 

ment of the tectonic mop were by Jan Donovan; crock analysis ond portraying of  land- 

slides were by Tom Rei l ly; interpretution of the slope map was by Brian Gannon; cartographic 

shading of the slope map was by Peter G. Modsen: and the drafting of the entire set of 

plates was by Lynne Lowson. The stoff of the Department of Geology and Mineral Industries 

i s  thanked for the fino! drafting, preporatien, and assembling of the report. And, lastly, 

the U. S. Geological Survey i s  thanked for the financial support i n  making this study avai l -  

able to the residents of the Portland metropolitan area. 
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Figure 1 . Index map of the Portland area showing 15' topographic 
map coverage. 



PORT LAN D EARTHQUAKE H ISTORY 

Available information on the seismicity of Portland i s  mainly limited to historical 

accounts o f  damage and other effects, Only since the November 1962 earthquake have 

instrumental analyses been published. Most of the information on earthquake chronology 

for this report comes from Berg and Baker (1963), Couch and Lowell (1971), and Treasher 

(1938, unpublished data: Oregon Dept. Geology and Mineral Industries). A synthesis 

of the chronology from 1877 to 197Q is given i n  Table 1. Only earthquakes wi th epicenters 

within 50 kilometers (30 miles) of downtown Portland are included. Where possible, the 

distance and direction from downtown to each epicenter i s  given. Maximum intensity i s  

expressed i n  Roman numerals on the Modified Mercafli (MM) Scale of 1931. Six earth- 

quakes also have instrumental rnagni tudes expressed in  Arabic numera Is on the unified 

magnitude scale. 

Damage i n  Port land has been relatively slight. The greatest amount of damage 

occurred during the shack of November 5, 1962, which was felt over o 20,000 square 

mile area of Oregon and Washington. The maximum intensity experienced was MMVII 

at  r he Veterans Administration Hospi ta1,according to Couch (1  9731, and somew here i n  

North Portland according to Dehlinger and others (1963). However, a U. S. Caust and 

Geodetic Survey report ( 1964) described several instances of cracked, broken, and fa1 len 

chimneys in  the north, southeast, and sout.hwest parts of the city. These occurrences are 

included in  the definition of MM VI1 (Richter, 1958); thus, several places in Portland 

were at least on the verge of experiencing an intensity MM VII. The Veterans Administra- 

tion Hospital locality may have been close to intensify MM Vl l l since "damage considerable 

to brick" and "chimney turned at an angle of about 20 degrees1' were reported (U, S. Coast 



T a b 1  e 1 .  P o r t l  a n d  e a r t h q u a k e s  1 8 7 7 - 1  970.  
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T a b l e  1 .  ( c o n t i n u e d )  

D A T E  ( P S T )  INTENSITY M A G N I T U D E  

2 5 M A R f  9 5 1  
3 FEB 1 9 5 4  

23APR1954 
2 8 N O V I  957 
12MAR1958 
18NOV1958 

4 A U G 1 9 5 9  
3JAN1961  
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E P I C E N T E R  LOCATION 

P o r t l a n d  
Canby 
45 .1  N, 1 2 2 . 9  W ,  N e a r  Woodburn 
P o l - t l  a n d  
P o r t 1  and  
Gresham 
P o r t l  a n d  
18 km NW o f  C C  ( C i t y  C e n t e r )  
4 5 . 3  N, 1 2 2 . 9  W 
Portl a n d  
P o r t l a n d  
S c a p p o o s e ,  32 krn N N W  o f  C C  
West  L i n n  
4 5 . 6  W ,  1 2 2 . 6  W ;  1 2  km N E  o f  CC 
Portland 
45.7 N ,  1 2 3 . 4  W ;  5 0  krn W N W  o f  CC 
45.7 N ,  122.8 W ;  2 2  km N W  o f  CC 
45,6 N, 122.6 W ;  11 krn N E  o f  C C  
4 5 . 6  N ,  1 2 2 . 6  W; 7 4  km N E  o f  C C  
4 5 . 6  N, 1 2 2 . 8  W ;  76 krn N E  o f  C C  
West P o r t l  a n d  

' ~ o d i f i e d  MercallS S c a l e  o f  1 9 3 1 .  

' u n i f i e d  m a g n i t u d e  ( in).  

3 ~ l t h o u g h  B e r g  a n d  B a k e r  ( 1 9 6 3 )  r e p o r t  t h e  i n t e n s i t y  a s  111, S c h l i c k e r ,  e t  al. ( 1 9 6 4 )  
g i v e  t h e  intensity a s  V I I I .  I n  a l i s t  c o m p i l e d  by T r e a s h e r ,  (1938, u n p u b l i s h e d  d a t a )  
h e  m e n t i o n s  " o v e r t h r o w n "  chimneys and surmises the intensity t o  be  a b o u t  V I I I .  

'~rarn Couch and L a w e l  1 (1971 ) .  



and Geodetic Survey, 1964): Richter (1958) ,  i n  his version of the Mercalli scale, includes 

these effects under intensity MM V Il I. 

Earthquakes originating outside the Portland area have also had their effects on the 

city. In 1949, an earthquake magnitude m = 7.1 with its epicenter near Olympia, Wash- 

ington, about 200 kilometers from Portland, produced an intensity o f  MM VI. A second 

example, a shock m = 6.5 i n  1965 near Tacoma, Washington, was experienced by Portland 

at an intensity MM V. In 1941, Portland experienced an intensity MM N from an earth- 

quake of magni tude m = 5.5 whose epicenter was ot sea about 300 kilometers west of Cape 

Blanco, Oregon. While the effects on Portland of nonloeal shocks has not been serious 

so far, they cannot be ignored. Couch and Deacon (1972) prepared a seismic risk map for 

u portion of Western U. S. i n  which the maximum probuble intensity predicted for the 

Pori.land area i s  MM V l l l  - IX as a consequence of possible shocks originating in either 

the Puget Sound area or the area immediately around Portland. 

E p i c e n t e r s  a n d  F o c a l  D e p t h s  

Epicenters for instrumentally located Portland shocks are shown in  Figure 2, from 

Couch and Peterson (l972), who determined the positions using travel time curves pub1 ished 

by Dehlinger and others (1965) for the Pacific Northwest. The circles drawn about each 

epicenter represent the uncertainty i n  epicentral locations; i n  several cases the circle of 

uncertainty i s  approximately the size of the city. Estimates of focal depths in Portland 

vary from 4 to 35 k i  lometers (Couch and others,1968; Heinrichs and Pietrafesa, 1968). 

Uncertainty i n  focal depth determination runs as high as 15 kilometers (Couch and 

Lowell, 1971); even so, the focal depths are sufficiently well known that Portland earth- 

quakes probably originate wifhin the crust. Until a network of seismographs i s  instal led 

close to and within Portland, greater accuracy in the location of active zones af faulting 

i s  impossible. 

- 6 -  



Figure 2. Earthquake epicenters in  the Portland area. Roman numerals indicate maximum intensity. 
Size of circle indicates relative uncertainty of epicentral location (from Couch and Peterson, 
1972, with permission). 

- 7 -  



R e l a t i o n s h i p  B e t w e e n  M a g n i t u d e  a n d  I n t e n s i t y  

Except for six of the more recent shocks in Table 1, only maximum intensities were 

reported. Assuming a depth of focus of 15 kilometers for Portland earthquakes, the follow- 

ing relationship between MM intensity and unified magnitude is derived (Stacey, 1969, 

p. 72): 

The dashed line in Figure 3 illustrates that relationship. 

The mlid l ine in  Figure 3 i s  the relationship between unified magnitude and 

intensity for the six Port land earthquakes far which both values were reported (Cash, 1974). 

The equation for the solid l ine is: 

The difference between Equations 1 and 2, or between the two lines of Figure 3, means thaf 

the maximum intensities of Portland shocks tend to be about two scale units higher for any 

given magnitude than would be expected from the standard formula. 

Couch and Peterson ( 1972) have demonstrated anomalously high intensifies i n  Portland. 

They produced "intensity anomaly" maps by ploffing and contouring the differences between 

expected and observed intensities at a number of locations i n  Port land. These maps are re- 

produced i n  this poper as Figures 4 and 5. Figure 4 i s  the intensity anomaly map for local 

shocks. The anomalies generally range from -2 to +2 (MM). One locality, in the vicinity 

of Veterans Administration Hospital, has an anomaly of +3. That i s  i n  agreement 

with Figure 3 and the discussion of  the effects at  Veterans Administration Hospital found 

in  this paper. 



(general case) +/' / 
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~ 1 =  0.43 l m a x  + 2.0 

4 
(Portland only) 

Intensity (MM 1931 ) 

Figure 3. Relationship between magnitude and intensity (Cash, 1974). 



Even more striking are the intensity anomalies for distant shocks found i n  Figure 5, 

in  which the anomalies generally range from + I  to +5 (MM). That i s  additional good 

reason to careful ly investigate and consfder the potential effects of shocks originating 

i n  the Puget Sound area and off the Oregon Coast. 

The cause of these anomalies in uncertain, but i s  most likely related to the 

fol Iowi ng factors: 

(1) Thickness and composition of swrficial lithology and soi I .  Generally speaking 

the greatest intensities of earthquakes oppear to occur on thick, loosely or poorly eonsol- 

idated surface deposits. Some theoretical work indicates that the amplitude of ground 

displacement, velocity, and occelerafion i s  a function o f  the relationship between the 

peak frequencies of the seismic radiation, the thickness, and the acoustic impedance of 

the surficial rock and soil units (see, for example, Alcock, 1969). In addition, certain 

types of materials tend to be unstable during cyclic motion, especial ly when wet, and 

therefore more prone to downslope movement and differential settling. The effects o f  this 

upon structures i s  obvious. 

(2) Slope of topography. During shaking, differential movement o f  the ground on 

sloping surfaces can be expected, especially on deposits of unstable materials such as wet 

loess, silt, or sand, which are prone to downslope movement. The Portland Hi l ls  (Tualatin 

Mountains) on the west side of the ~ i t y  have steep slopes and deposits of loess and s i l t ;  

however, no correlation i s  obvious in either Figure 4 or 5 between high intensity anomalies 

and the Porkland Hills. 

(3) Epicentral distance. The attenuation of seismic waves i s  greatest for high 

frequencies. Thus, by the time seismic radiation has traveled some distance i t  contains 

relatively more low-frequency {long-period) components, which tend to have relatively 

- 1 0 -  



Figure 4. l ntensity anomaly map for local earthquakes, magnitudes (ML) 
4 to 6 (from Couch and Peterson, 1972, with permission). 



Figure 5. l ntensity anomaly map for distant eurfhquakes, magnitudes 
(ML) 6 b 8 (from Couch and Peterson, 1972, with permission). 



greoter influence on thicker layers of materials. Therefore, distant shocks can be expected 

to produce different seismic excitafion patterns than local shocks. In addition, because O F  

wave dispersion, earthquakes of distant origin tend to shake the ground for longer times 

than  shocks of local origin. The duration of shaking i s  almost certainly among the most 

important parameters which determine the degree of damage. 

E n e r g y  a n d  S t r a i n  R e l e a s e  

For the purpose of energy calculations, the intensity of a Portland shock can be 

converted to unified magnitude m using Equation 2. Then the energy release of  each 

event i s  calculated from a relationship given by Richter (1958): 

log E =  2 . 4 m + 5 # 8  (3) 

where "logw i s  the common logarithm, E i s  energy i n  ergs, and rn i s  uni Fied magnitude. 

In practice, equation 3 olone was used for those events whose unified magnitudes were 

already known, and Equations 2 and 3 were combined for use with those events for which 

only intensities ore known, forming the single equation, 

log E = 1.03 Imax + 10.6 (4) 

The magnitudes and energies thus calculated ore presented i n  Toble 2. The totol energy 

released in  the 94-yeor period i s  9.23 x 1017 ergs. This i s  9.82 x 1015 ~ r ~ r / ~ e a r ,  equivo- 

lent to one earthquake of magnitude m = 4.2 (MM V) each year. The equivalent annual 

magnitude and average annual energy release have l i t t le  physicor significonce, however. 

The single largest event, m = 5 ,  released 6.5 x 10" ergs of energy (6.9 x 1 0 ' ~  ergr/year), 

more t hon half the total released, and either energy value i s  equivalent to one magnitude 

m = 4.2 per year using Equation 3. 



Couch and others (1968) convert the energy release to strain refease, which they 

plot as a function of  time. That plot shows that the seismicity of Portland increased 

markedly about 1950. Prior to that time the average annual strain release was 1 . 2  x 10 8 

1 
ergs and it rose to 3.7 x 1 o8 ergs after 1950, a t hree-fold increase. The 

seismic history of Portland i s  too brief to te l l  whether this apparent. increase i n  seismicity 

portends serious consequences or i s  merely a part of a brief and minor cycle in local 

seismicity, 

M a x i m u m  P r o b a b l e  E a r t h q u a k e  

The frequency of earthquake ockurrence drops with increasing magnitude. This 

fact i s  seen in Table 2. An effective way to express this relationship i s  by a formula 

of  the form, 

l o g N = A  - b  rn,  

where N i s  the annual number of earthquakes of magnitude m or greater, and A and b are 

constants. Figure 6 i s  the plot of log N versus rn for Portland earthquakes during the 94- 

year record (Cash, 1974). Values of m were determined from the Portland magnitude- 

intensity equation (Equation 2). The equation for the curve i s  

log N = 2.91 - 0.93 m. (5) 

The value of b = 0.93 i s  very close to the world-wide value of b = 0.92 determined by 

Gutenberg and Richter ( 1  954) for earthquakes ~ 7 . 1 ,  The maximum probable shock for 

a specific time period (called the recurrence interval) can be determined from either 

Figure 6 or Equation 5. In Equation 5, the maximum probable shock for a f OOyear period 

i s  found by substituting 0.01 (=1/100) for N and solving for rn. The value obtained i s  

m = 5.3. The same value ir obtained directly from Figure 6 by choosing m where the line 



T a b l e  2 .  S t a t i s t i c s  o f  i n t e n s i t y ,  m a g n i t u d e ,  a n d  e n e r g y .  

Maximum 
I n t e n s i t y  I I 111 I V V V I V X I  

I MM 

M a g n i t u d e  
( u n i f i e d )  2 . 9  3 . 3  3 . 7  4 . 2  4 . 6  5 . 0  

E n e r g y ,  E 
( e r g s )  4 . 6 ~ 1 0 ' ~  4 . 9 ~ 1 0 ' ~  5 . 2 ~ 1 0  l 4  5 . 6 ~ 1 0 ' ~  6 . 0 ~ 1 0 ' ~  6 . 5 ~ 1 0 ' ~  

t - Number o f  
VI E v e n t s  3 
E 

T o t a l  Energy 
C E  ( e r g s )  1 . 4 ~ 1 0  1 3  9 . 3 ~ 1 0 ' ~  9 . 9 ~ 1 0  l 5  2 . 2 ~ 1 0 ' ~  2 . 4 ~ 1 0  1 7  6 . 5 ~ 1 0 ' ~  



Figure 6 .  Frequency-magnitude relationship for Porfland earthquakes (Cash, 1974). 



crosses the abscissa at N = 0.01 . Also marked on the abscissa are approximate values of 

intensity. The maximum probable TOO-year shock for Portland, a c c o r d i n g  to this graph, 

w i l  l produce a maximum intensity of V I1 to V 1 I I .  Couch and Deacon (1  972) used a recur- 

r e n c e  interval of 130 years, based on the observation that the recurrence interval for large 

quakes in analogous studies in  part of the Arctic Ocean, u region somewhat similar to the 

northwestern United States structural ly and tectonics! ly , was 130 years, 

Focal M e c h a n i s m  a n d  L o c a l  S t r e s s  

The stress conditions accompanying the faulting process during an eorthquake can 

be determined by the construction of Focal mechanism diagrams from first motions on seis- 

mograms. According to Couch and Lowell (1971), "Focal mechanism studies by Couch 

and MacFarlane (1971 and De hlinger and others (1970) characterize a regional stress 

field which p d u c e s  the earthquokes of Oregon. The minimum compressive stress i s  

aligned approximately east-west . The maximum compressive stress varies from an approx- 

imate north-south alignment to a vertical alignment. Faults, heme earthquakes, occur 

when the stress differential exceeds the strength of the crustal rocks. Three fouft types 

are expected under a stress field aligned as above: 

1 $ right lateral strike-sl ip, oriented northwest-southeast 

2) left lateral strike-slip oriented northeast-sout hwest 

3) normal, oriented north-south. 

"Geologic heterogeneities and old 'lines of weakness may modify the anticipated 

fault directions and/or cause mixed faulting to occur, The stress f ie ld and consequent 

faults and associated earthquakes in  Oregon suggest a gradual dilation or stretching of 

Oregon i n  o general east-west direction. 'I 



Because of the lack of  adequate seismograph coverage, the most thaf can be said 

about the mechanism of  Portland earthquakes i s  that f he least pri ncipaf stress (so-cal led 

'"tension" axis) i s  horizontal and east-west (Couch and Lowel I, 1971 1. Not enough data 

points are available to determine the direction of the max~rnurn principal stress, or whether 

the Faulting process was, say, strike-slip or dip-slip faulting. Both mechanisms can be 

made to fit the available data. An eost-west tension axis agrees with focal mechanisms 

of earthquakes off the coast of Oregon (Couch and Pietrafesa, 1968), and in southern 

Oregon (Couch and Johnson, 1968). 



PRELIMINARY TECTONIC MAP OF GREATER PORTLAND AREA 

In order to develop a picture of the structural geology of the Portland area, a 

preliminary map (Plate 1 ) showing contours on the top surface of the Columbia River 

Basalt was prepared by G, T. Benson and Jan Donovan. Data were developed through 

study o f  avai lable outcrops, we1 l log records, and gravity surveying. 

S u r f a c e  D a t a  

Contacts o f  the Columbia River Basalt are token from the various published geologic 

maps which cover parts of  the greater Portland area, notably t r imble (1 963), Hart and 

Newcomb (1 965), and Schlicker and Deacon (1 967). Numerous discrepancies between 

these maps are attributed to paucity of bedrock outcrops and the presence af  a weathered 

zone of variable thickness at the top of the basalt. 

In projecting contours "into the air"  over outcrop areas o f  Columbia River Basalt, 

adjacent subsurface slopes have been followed, a few attitudes noted, and a rough 

assumption made that up to 100 feet of basalt has been eroded from ridge tops. The 

interpretation is, of course, subject to considerable error, but i t  is useful in  that the 

top of the basalt generally could not have been lower than shown. 

W e l l  D a t a  

Although water wel l  logs provide most of the data for the map, their quality ranges 

from excel lent to poor. Obvious inaccuracies have been noted i n  reported well locations, 

surface elevations, and depths of the top of  the basalt. Well data have been used, although 

i n  some instances of glaring errors, elevations from topographic maps were used. 



G r a v i t y  D a t a  

Gravity measvrements were made at quarter- to half-mi le intervals along some 

115 mi ies of traverses i n  basin areas, supplemented by 77 miles of  traverses by Dan J. 

Cash, and 22 miles by Schrnelo (1971) with the hope of defining structural trends (such 

as basin axes) and possibly local variations in the top of the basalt, The profiles do not 

show expected detailed variations, either because the top of the basalt i s  relatively 

smooth beneath the basins, or more l ikely because the spacing and accuracy of our 

observations are inadequate for useful resolution. However, even the most general trends 

of  the gravity residuals are not entirely i n  agreement with the Farge surface features of the 

area: the TualatinValiey i s  marked by a gravity low, but a broad (poorly defined) north- 

trending gravity high obliquely crosses the Portland Hil Is structural trend. The source of 

this gravity high i s  probably 15 km or more deep. For contouring the map, general gravity 

trends have been followed, 

I n t e r p r e t a t i o n  

The Tualatin Val ley i n  the western part of the region i s  a fairly we1 I-defined 

el l ipt ical basin with a major axis trending roughly N 65' W. The Portland Hills are 

the physiographic expression of a relatively long and narrow uplift which trends approx- 

imately N 35' W. The shape of Portland Bas?n to the east i s  very poorly controlled; the 

interpretation reflects the Port land Hi! Is  and Tualatin trends for lack of other control. 

The high i n  the eastern part of the map i s  based largely on data from one well, A well  

i n  the southeast corner o f  the map and several more wells farther southeast are compatible 

with the interpretation. 



The area south of the Tualatin basin and west of the Portland M i l  I s  uplift i s  perhaps 

the most informative on the map. Here oufcrops and we l Is together give a maximum density 

of useful data, These data require either abrupt changes in  both strike and dip, or the 

presence of considerable faulting, or b t h .  Indeed, h f h  faults and strongly curved fold 

axial trends have been mapped i n  this area (Hart and Newcomb, 1965). A few faults 

have been added only to avoid extreme inconsistencies in  pattern. 

Probably the most striking thing about the map as a whole i s  lock of consistent - 
pattern, and i t  i s  even more apparent in  the southwestern areo, where fold axis trends 

differ from block to block. It would seem that the structure of the Portland Basin could 

not have k e n  produced by a simple stress system (such as one constant direction of max- 

imum compressive stress), The rock units involved i n  this study, tbe Columbia River Basalt 

and the overlying cover, are Miocene and younger, which argues crgajnst superposed defor- 

mations. The most practical interpretation, it seems to us, i s  that the relatively rfgid 

Columbia River Basart has been broken into separate blocks which have been deformed 

independently. The causes of this deformation and higher symmetry must be sought i n  the 

underlying section, perhops deep in the crust. Perhaps Q larger regional pattern of simple 

shear has been active, at least in  the later part of the Cenozoic. The shallow structure is 

of immediate interest as i t  dominates the geological environment of Portland. 



LINEATIONS 

Three orders of Iineations ore shown in  Plate 2. The first order includes known 

or suspected faults, shown in  maps of published reports (Westphal, 1962; Schlicker and 

others, 1964; Schlicker and Deacon, 1967; and Baisille and Benson, 1971). They are 

the supposed northwest-trending Port land M i l  Is  fault, its extended or paral lel segments, 

and the northeast-trendi ng Sherwood fault, referred to as the Lake Oswego-Troutdale 

I ineation. The second order lineations are possible foul t and/or fracture zones inferred 

from study o f  aerial photographs and topographic maps. Field data so far obtained 

neither proves nor disproves the existence o f  faults or fracture zones at these lineations, 

The third order lineations are topographic lineations which may be related to fault and/or 

fracture zones. Many appear to be stream-cut features, Only limited field checking has 

been made OF these lineations. In addition, a l l  three orders of lineations are shown in  

grades of strength: we1 I-defined, moderately we1 I-defined, and least well-defined l inea- 

tions, as they could be traced on aerial photographs. For example, the northeastern end 

of the Shewood fault cannot be traced i n  the alluvial floor of the Tualatin Valley. The 

fault i s  suspected of existing here because of the geologic evidence for the fault  about 

three miles southwest of the edge of the map. Apparently no movement has occurred on 

the fault i n  about the last 19,000 years, since deposition of the alluvium (Glenn, 1965). 

In contrast, the erosional scarps separating land surfaces at different elevations, e, g., 

the Portland surface overlooking the Columbia River floodplain, and the surface break 

northwest of Gresham, are very wel l  defined on aerial photographs. 

Many second- ond t hird-order lineations, instead of being fault and/or fracture traces, 

could be bedding planes (strike), aquifer boundaries i n  alluvium, or topographic features such 

as ridge lines and slope breaks. 
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Aerial photography, taken i n  1935, 1945, and 1965 was studied equally and 

compared, The northeast-trending Tryon Creek lineation and the segment between 

take Oswego and West Ljnn showed equrxlly well on a l l  photographs, strongly suggesting 

tectonic break in  this area, yet no field data i n  support could be found. 

More lineations appeared on the 1965 photography than the earlier. The younger 

lineations may be caused by construction, old fence lines, pipelines, power, and tele- 

phone lines, and altered ground water flow patterns. Also, the newer photography has 

better resolution, thereby enabling recognition of subtle linear features, 

Note that most lineations trend either northwest or northeast, The city street grid 

obscures the east-west and north-south lineation pattern, Yet, on the other hand, in  

oreas where streets ore few, only a very small number of lineations east-west or north- 

south could be found, indicating that the pattern on the map (Plate 2) represents the 

condition in Portland. 

The lineations i n  east Portland were partly checked for evidence of displacement 

o f  man-made structures along their traces. The results are summarized i n  Plate 3, Crack 

Analysis of Lineations in  East Portland. 



CRACK ANALYSIS OF LINEATIONS IN EAST PORTLAND 

An investigation was made by several members of the study group of the better 

lineations in  the flat terrain of east Portland i n  order to determine if recent movement 

had occurred on any lineations. The east Portland area was selected as the ideal site 

because of (1 )  its levelness, and (2) the recency of its svrface, formed as recently as 

about 19,000 years ago at about the time of Formation of the broad floor of the Wiflam- 

ette Valley fol lowing the last Missoula flood (Glenn, 1965, p. 182, 197). A study of 

this nature could not be conducted on fhe  mapped faults, e, g,, the possible Portland 

Hills fault, because the east slope of the hills i s  irregularly covered by vegetation and 

colluvium, 

Affer several experimental traverses at  the eostern foot af the Portland Hills and 

in  west Portland, the study group found that groups of parallel cracks or fractures, crossing 

streets and/or curbs and sidewalks but not necessarily parallel to the previously determined 

l ineatjons on aerial photographs, could be statistically summarized in numbers of cracks per 

200-foot intervai. The intervals were traversed along streets crossing some of the lineations. 

No cracks were found to enter or pass through buildings. Consequently, the map (Plate 3) 

was prepared to show the concentration of cracks i n  increments of  0-5, 6-10, and over 10 

per 200-foot interval. 

In addition to the sfreef studies, power transmission lines and railroads were sighted 

for alignment where they crossed the lineations, and in no case were they found to bend or 

be offset at the lineation. 

The study of cracks in  the streets, sidewalks, and curbs proved frustrating i n  attempts 

to relate the cracks to recent tectonic movement. In street crossings of some good lineations, 
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no cracks were found, And i n  other examples, recent street improvements or repavings 

concealed possible eviden~e of displacement. There i s  also no correlation of number of 

repavings to lineations. Most cracks were found to be caused by differential settlings of 

the subbase of streets or sidewalks, and these settlings were not found to be attributable 

to movement a long lineations . 

In studying the Crack Analysis Mop (Plate 3), note the number of lineations crossed 

which reveal 5 or less cracks in the immediate area, Also, nofe the number of intervals 

with greater than 10 cracks which do not occur adjacent to the lineations. Instead, the 

higher concentration af crocks appears to be situated to one side or be removed some dis- 

tance from the lineation. 

In only four areas does there appear to be a correlation, weak at best, between 

lineations and crack concentrations. These areas are: the northernmost plot between 

Columbia Boulevard and Frernont Street, with respect to a northeast lineation; in  the area 

of the intersection of Fremont Street and Sandy Boulevard, with respect to three parallel 

northwest lineations; west of 82nd and south of Burnside streets on intersecting lineations; 

and along Foster Road south of Powell Boulevard on northeast lineations. 

No indications of g r ~ u n d  displacement on lineations in  these areas exist. We con- 

clude that any ground movement associated with earfhquakes in the recent past i n  Portland 

have not resulted in ground displacement. At least, there i s  no indication of ground displace- 

ment at fhe surface. 



SLOPES 

Four ranges of slope steepness are mapped (Plate 4). They define the amount and 

distribution of land of variable susceptibi l i ty to ground instabi lity . Seismic shaking may 

trigger or accelerate extensive landsliding and other ground movements. Sue h secondary 

ground breakage i s  frequently the major cause of damage from earthquakes in steep terrain. 

Relative slope i s  also useful to define limitations for land use planning and devel- 

opment, including potential for erosion and drainage, waste disposal, foundation stobi lify, 

and forest and watershed management. 

Slopes mapped as shown in Figure 7 and on the Slope MGp (Plate 4) are 0-15% 

(0' - 8"32'), 15-35% (8'32' - 19" 1 a'), 3540% (19'1 8' - 50°58'), and greater fhan 60% 

(greater than 30°58'). The four slope areas represent areas of low, moderate, high, and 

extreme susceptibility to downslope earth movement. Steeper slopes are shaded as pro- 

gressively darker map areas. N o  attempt has been made to re late steepness of  slope to 

underlying surficial deposit or bedrock, or to susceptibf l ity to landsl ;ding. 

Slope provides a general guide to distribution of ground instability, but specific 

site investigations are required fo determine safety of a given location. Strengfh and 

wetness of soi I and rock also affect stability, and flat areas adjacent to steep-unstable 

slopes are subiect to failure. 



Figure 7.  S lope steepness and relative suscepti bi l i  ty to down-s lope 
earth movement, such as landslides. 



LANDSLIDES 

A l  l lands1 ides, including slumps and earthflows, so far del ineoted ?n Portland 

are shown in Plate 5. The arrow shows the direction of movement. The slides occurred 

f n the recent past, within the last 10,000 years; some are presently active, Some are 

~ttr ibutoble to natural geologic processes described be low; others were triggered by 

constructfon, such as the Washington Park Reservoir slide (Clarke, 1904) and the Zoo- 

OMS1 slide ( f i les  of Oregon Division of Highways and Shannon and W i  Ison, Inc., 

Portland; Palmer and Redfern, 1973). Detui led reports, including geologic and engineering 

data, are available on a few slides from consulting engineering geologists in Port land, 

The many smal l slides i n  the northwestern Portland Hi l  Is  are slumps or earthflows, 

locally referred to as "pop-outs", occurring in  soil or underlying upland s i l t .  These slides 

are attributed to high degree of  water saturation during winter months on oversteepened 

slopes, especially i f  followed by a prolonged freeze, The init ial area of failure i s  gener- 

ally less than 100 feet wide, but once activated, the mass behaves as a f luid and flows 

downslope until arrested, thus damaging a much larger area. The depth of the mass i s  less 

than 20 feet i n  most slides examined. 

Larger slides in the Portland M i  11s involve greater thicknesses of upland s i l t ,  fine- 

grained sedimentary racks atop Columbia River Basalt, and basalt. A l l  or parts o f  these 

rock units may be involved. The Washington Park Reservoir slide contains about 20 feet 

o f  upland s i  It underlain by 50 to 500 feet o f  clayey sedimentary rocks and broken basalt. 

A1 I three rock units are contained within the Zoo-OMS I landslide (Palmer and Redfern, 1973). 

The large ancient slide east of Washington Park also contains all three rock units. 



Most of the slides in the southern Portland Hi1 I s  and along the Wi l  lamette River 

consist of Columbia River Basalt and interbedded clayey sedimentary beds. Under- 

cutting of the slopes, by both man and nature, are the cause here. 

The landslides southeast of Portland, located mostly along the Clackamas River, 

are the result of undercutting in  soft conglomerate and sandstone beds of the Troutdale 

Formation, beneath cappings o f  Borrng Lava. 

The large number of  slides in the Portland Hills and along the deeper stream 

valleys indicate a high degree of susceptibility to landsliding. The process i s  consid- 

ered the greatest geologic hazard in Port land. Considerable attention must be devoted 

to stabi tity of Ictnds!ides or landslide-potential slopes in al I types of construction. 

The study has not revealed any evidence of coincidence of landslide and earth- 

quakes in Portland; nevertheless, the presence of upland si It and clayey sedimentary 

beds atop Columbia River Basalt, abundant fractures and interbedded clayey sedimentary 

rocks in  the Columbia Rivet Basalf , and easily eroded Troutdale strata flanking the basalt 

create on unstable situation, one highly susceptible to massive landsf iding and property 

damage should extensive ground shaking occur during the winter months when soils are 

saturated. 



POTENTIAL GEOLOGIC HAZARDS RELATED TO EARTHQUAKES 

Three geologic hazards related to earthquakes are shown in Plate 6: 

1. Approximate out1 ine of alluvial plain, Area subject ts possible 

strong ground shaking during earthquake. 

2. Approximate outline of  areas (belts) subiect to possible ground 

displacement (sudden uplift, subsidence, or lateral shifting) during 

earthquake, 

3, Approximate outline of areas subject to possible lands1 iding caused 

by earthquake, 

Areas of alluvial plains are subject to intense ground shaking i n  the event of an 

earthquake at or near Portland. The al luvial plains are the flat-lying areas adlacent to 

the major streams. They occur up to elevations of about 250 feet, as much as 150 feet 

above present day flood plain (approximate 100year flmd level). The plains are under- 

lain by partly compacted to unconsolidated gravels, sand, and silt deposited 19,000 years 

ago or less (Glenn, 1965). Some of  these materials are water saturated during the winter 

and early spring months, and parts of them may be subject to liquefaction during ground 

shaking associated with earthquake activity. 

Areas of ground displacement are be1 t s  enclosing major lineations or suspected major 

fault zones. They are identified as the northwest-trending Portland Hi  I Is lineation and the 

northeast-trending Lake'Oswego-Trovtdale lineation, Note that these belts do not include 

several inferred faults on the preliminary Tectonic Map (Plate 1) because (1) no faults have 

been recognized at the surface by earlier mapping, principally that of  Sehlicker and Deacon 



(19671, (2) the faults are short and are not considered active or hazardous at present 

without corroborating data, and (3) the faults shown on the fectonlc map are inter- 

preted as questionable and may not exist. The Lake Oswego-Troutdale lineation i s  

not shown as a fault zone on the Preliminary Tectonic Map (Plate 1 )  because of lack 

of subsurface or we1 l data. The structure contouring i s  subparallel to fhe lineation 

and indicates a structurally higher block to the southeast in  relotion to the block under- 

lying the Portland basin. Furthermore the abundance of Boring Lava volcanic centers 

immediately southeast of the belt and the paucity to the northwest suggest that a struc- 

tura l demarcation possibly exists along a northeast trend in th i s  urea. 

Ground surface within these be1 t s  may disrupt during an earthquake. Disruption 

may be either by uplift o f  a few feet or less along one side of a rupture or by horizontal 

displacement of a few feet or less. The rupture and displacement may not necessarily be 

confined to the center of the belt; they could occur discontinuously along a part of the 

total length and to one side of the belt. 

Areas subject to possible landsliding caused by earthquakes are located near maror 

lineations or belts of possible ground displacement, These areas include slopes os low as 

35 percent, depending on local conditions and sock type. 

Geologic materials underlying these slopes consist of bhree types: 

1 . Columbia River Basalt occurs beneath the Portland Hi l  Is and the h i  l I s  adjacent 

to  the Tuulatin Val ley and Willamette River. The rock i s  we1 I jointed and has 

a well-developed longitudinal joint set parallel to the long direction of the 

hi l  Is, especially the eastern slope of the Portland Hills. The layers of basalt 

are commonly interstratified w i t h  unstable palugonite breccia, and they dip 



toward the adjacent valleys. These characteristics tend to make the 

basalt unstable on steep slopes especially during an earthquake. 

2. Upland s i l t ,  consisting mostly of wind-blown detritus, caps a l l  hi l l  

surfaces above 350 feet elevation in  the Portland area. The silt i s  

compacted, stands up well in fresh excavations, i s  impermeable yet 

capable of  retaining a high percentage of water. This material i s  quite 

susceptible to landsliding in areas of recent excavations for large dwel l -  

ings or for sewer or water pipe lines, Uncompacted silt collects water 

and when saturated tends to flow. Excavations divert surface water run- 

off; water collects in fl l led excovatians, leading to londsl fde potential. 

If  an earthquake occurs at or near areas of water-saturated upland s i  It, 

large masses of the silt may liquefy and flow downslope. 

3. Al luv iuminr iverb luf fs isa lsosubject to Iandsl id ingi f thema~er ia l is  

moderately to poorly consolidated and contains a high percent of water 

at the t ime of  an earthquake. 



SUMMARY 

On the basis o f  this preliminary investigation into the surface evidences for the 

effects of earthquakes in  the greater Portland area, several tentative conclusions can 

be made. 

1 . Earthquake damage in Portland has fortunately been slight so far, olthough 

the city experiences an earthquake averaging 4.2 rnagni tude each year. 

However, since 1950 the seisrnici ty appears to hove increased. Calcula- 

tions indicate that Port land w i l l  experience one earthquake of approximate 

magnitude 5.4 (intensity VII - VIII) a b u t  every 100 to 130 year interval. 

2.  The location of earthquake epicenters and active zones of faulting within 

or near Port fond i s  at best uncertain; therefore, a network of seismographs 

installed close to or wi th in Portland i s  strongly needed i n  order to determine 

active fault zones, 

3. Several poorly defined areas of anomalous intensities or potentially high 

ground shaking do exist in  Portland. These areas do not conform to presently 

known geologic structures, surficial deposits, or specific landforms. Consid- 

erably more investigation and data are necessary in  order to predict with a 

fair degree of accuracy the amount of ground shaking to be experienced i n  

Portland i n  response to near or distant earthquakes. 

4.  A tectonic i.nvestigation of the area reveals that the main bedrock (Columbia 

River Basalt) extends irregularly through the area and lies at different depths 

beneath basins. The surface atop the basalt appears to be broken into a number 



of separate structural blocks that are seporoted from each other by faults, 

some possibly active. 

5. The greater Portland area i s  interlaced by many well-defined lineations, 

primarily topographic but many trending across valley floors with no obvious 

surface indications. A few lineations can be related to known faults: most 

cannot. Several lineations i n  east Portland were closely examined for 

evidence of off-set of manmade structures that might indicate recency of 

movement. In no individuat lineation could i t  be established thot the Iineo- 

tion i s  the trace of a fault w i th  recent rnovernenf. Insteod, cracking of man- 

made structures i n  the area of the lineation was attributed ta differential ground 

settling not related to fault movement. 

6. Compilation of the slope isopleth map indicates thot much of  the upland areas 

of  Portlond hove slopes of 35 percent or more. Consequently , for this terrain 

to 'be developed, on-site investigations into the stobi lity of the slope and 

drainage w i  l I be necessary. 

7. Landslidesoccurextensive!yinthegreaterPortlandareaandrepresentthe 

greatest geologic hazard to man. The slides range i n  size from small slumps 

to massive earth failures 2 or more square miles in area. Pert land i s  susceptible 

to landslide because of: (a) The hi1 ly terrain and steep slopes, (b) the great 

extent of relatively unconsolidated silt and other sedimentary rocks of geolog- 

ica l  ly youthful age mantling the hi! I s  and bordering the steepjy sloping valleys, 

ond (c) the high precipitation during the winter and high water saturation per- 

centage of the unconsolidated sediments. Should a major earthquake occur i n  

Port land after a ~ e r i o d  of heavy rains, the city could experience extensive damage. 



8. Areas of greatest geologFc hazards related to earthquakes are: 

a. Alluvial plains adjacent to rivers, underlain by unconsolidoted 

water-bearing sediments (subject to intense ground shaking and/or 

liquefaction, depending upon the magnitude and location of the 

eart hquoke epicenter). 

b. Linear zones at base of ridges or hills, where major faults of recent 

geologic age may be present (subject to possible ground displaee- 

ment both vertical ly and horizontal ly) . 
c. Steep slopes overlain by unconsolidated sediments and/or thick soi Is 

adjacent to the belts of  suspected ground displacement (subject to 

Candsl ides). 



RECOMMENDAT IONS 

The results of this preliminary study reveal the need for several additional 

investigations to ascertain the extent of geologic hazards i n  the greater Portland 

area. These investigations, grouped in  order of priority, are: 

High Priority 

a) A detailed seismic survey of lowlands and hills to determine ground 

response (shaking) to earthquakes, in  coniunction with o compilation 

of the subsurface stratigraphy of the Tualatin and Portland basins (using 

dri I I-hole records in  the files of geologic engineering firms, etc. ). Data 

would be related wjth information on intensity anomaly maps. 

b) Geologic mapping at scale 1: 12,000 of the upland terrain i n  the area, 

i n  conjunciion with partial subsurface studies, through the use of dri l l- 

hole data and geophysical surveying--seismic, gravity, and magnet! c-- 

in  order to refine the tectonic map and to catalogue the landslide terrain 

of the area. 

e )  The initiation of a comprehensive and thorough program of better informing 

the land developer and home owner regarding the landslide potential i n  the 

area, in  concert with a para1 lel  program informing the developer and owner 

of the limits and techniques available i n  minimizing the hazards through 

planning and engineering. 

Moderate Priority 

a)  Determination of  flow-by-flow stratigraphy of the Columbia River Basalt i n  the 

area by "finger printing" individual flows by trace element content and petro- 
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graphic characteristics, and establishing a data center in cooperation with 

engineering firms in order to compare and record individual basalt flows af 

depth, to eventually plot an accurate structure contour map of the bedrock 

configuration and tectonic map of the area. 

6 )  Establishment OF a seismic station network in the Portland-Vancouver area 

with direct ties to the networks established in  other parts of Oregon by 

Oregon State University and the Puget Sound area by the University of 

Washington. 

Low Priority 

a )  The initiation of a program to study the better defined lineations by trenching 

and by an on-going program of observing trenches excavated for other purposes 

as they are dug (sewer lines, gas Fines, other utilities), in  on attempt fe more 

adequately investigate the possibility of recent movement on the surface in  the 

Poridland areo. 
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