EARTHQUAKES AND GROUMD RUPTURE, EASTERN
GULF OF CORINTH REGION, GREECE
By Ebasco Services, incorporated

The following eye witness accounis of surface effects of
recent (February 24 through March 7) sarthquakes wers
put together by Norman Tilford and other members 6fths
geotechnical staff of Ebasco Services incorporated. All
exceptNorm were in Greecs engaged in a siting study for
a nuciear power plant at the time of the initial quakes.
Norm arrived in Greece on the second day after the initial
events and remained through March.

On February 24, 1981 at 22:57 Greece time, 2 destructive
earthquake with a Richter magnitude of 6.7 occurrad in
the eastern Gulf of Corinth region of Central Grescs. An
aftershock with a Richter magnitude of 8.4 followsd at
4:36 on February 25. One or both of these sarthquakes
caused ground rupture along two traces on the south side
of the Gulf of Corinth at locations shown in Figure 1.
Ground displacement on one of thess traces is shown in
Figure 2. A series of hundreds of lower magnitude after-
shocks followed until March 4 at 11:58 Greece time when
a Richter magnitude 6.2 event occurred in the Gulf of
Corinth region, followed on March 5 by a Richter miagni-
tude 5.2 event at03:10 and a magnitude 5.7 event at 08:57.
Aftershocks with lower magnitudes followed. Ground
rupture on the north side of the Gulf of Corinth resulted
from the March 4 and § earthquakes (Figure 1). An aerial
view of one of these ruptures is shown in Figure 3.

Following the initial ‘earthquakes Ebasco Services, Inc.
established an ongoing program by geologists and geo-
technical engineers, operating by helicoptsr and on the
ground, to evaluaie the earthquakes for geotechnical
engineering, geological and seismic data; Norm Titford
flew from the United States on the second day afier the
initiel earthquakes to join AEG members Robert Cannon,
David Amick, Sarah Wilkinson, and other Ebasco staff
already in Athens. He arrived'in time to catch the first
helicopteroverflight ofthe southern epicentralregion and
locate the first surface rupture segment. Others along on
that first exciting search were Robert Cannon, Ebasco’s
_geology program-ieader in Gresce, and David Amick:
- Norm, Robert, and Samir Khoury, Ebasco’'s Projeci Man-
rager for Greece, overflew the second epicentral area on
March 6, while Sarah Wilkinson, David Amick, Fred
Snider, and Myron Temchin weant into the area on the
ground.

Ground investigations include detailed mappingand sur-
veying of the rupture traces and measurements of past
and continuing shoreline uplift and subsidencs along the

eastern Gulf of Corinth. Cooperativel
logical institute of the University of Al
instalied six portable MEQ 800 seismogra
meter, girain guages, tiltmsters, and wat ‘5 }
sirategically locatsd in and around ths ars
quake swarm to gain a betier understandin
and tectonic activity in the arsa.

OnMarch 8, Norm Tilford znd Myron Techin reporied the
following from the area of Agios Sotira on the south side
of the Gulf of Corinth: The former beach line is visible
below the waler surface as & line of trash and an abrupt
textural change from medium to coarse-grained sand
above the former beach strand {o coarse sand with gravel
and cobbles below the seaward of that line. A deralict
sand-filled boat was found nearby, now partiaily sub-
me.’g»«c but without any marine growth on the presently

bmerged parl. The lack of marine growth demonstrates
iha‘z the boat was submerged recently.

Stairs from outdoor terraces on two restauranis at ihis
iocation now extend down into the water. Formerly these
slairs ended on the beach abovs the water, as evidencad
by the lack of erosion at the base of the stairs by waves
and the lack of marine growth on them. The depth of
submergence of the former beach strand line measured at
14:15 hours was 58 cm. Atthat time, the tide was probably
near its low ebb or had recently turnad.

On the same afternoon shorily befors 15:00 Tiliord and
Temchin were inspecting an area of subsidence at
Schinos where a road is submergsd velow tow lide lavel

and sea water of ihs rising tide was pouring mfanu over
ormer dry land where boais were siored &

gh tide. Observations of this rising tid
ccvermg asecondroadandrisingarounda
the ground were being made o check rai
when the walerstopped rising'and began
continued for 2 to 4 minutes, by whichtime
aboutt cmiower orthe metal stake than befors
15:04 hours anearthquake of 2103 seconds du‘
felt. Within 210" 4 minutés after the shock, which was
reported by the'National Obsérvatory as a magnituds 4.6
event, the water level had again risen to iis former levs!
and continued {0 rise and cross the road. The bresze was
constant in velocity and direction during these events.

ationwas

This sequence demonstrates that the leve! of the land rose
over a period of a few minules at.a rate greater than the
rale of rise of the tide, the earthquake occurred: then the
level of the land probably subsided, allowing the. lide to
continue 1o rise to cover the road. Possibly, however, the
land did notl subside after the earthquake but merely
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FIGURE 1 GROUND RUPTURE TRACES-
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FIGURE2. Grounddisplacement onthe Schinos Rupiurs Trace.

Mapping the trace are (left 1o right) Norman Tiiford, Dr. Samir Trace at a point whers it crosses a narrow north-south roed.
Khoury, Sarah Wilkinson, David Amick and Robert Sannon. :

FIGURE 3. Aerlal view of a portion of the Kaparsilion Rupture
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gined at its inflated level and was caught up with by
o tide. This is unlikely since overall lowering of the land
rface by perhaps as much as one meter {reporied by
ocal residents) was associated with the February 24-25
earthquakes. Therefore, it seems clear that whatever infla-
tion of the land surface on the down dropped blocks
precedes gach shock, the net sffect is subsidence.

On March 7, Robert Cannon and Myron Temchin wers
sketch mapping the rupture traces to the norih of the Guit
of Corinth, preparatory 1o establishing scales and oriteria
for detailed leveling. In the early afternoon, they wers
working in a recently planted field. At that location, the
vertical offset was 35 t0 40 cm and the fracture was open
10 to 15 cm, except where wedge-shaped blocks had
broken from one side of the fracture ic closs it up. At
13:35, an earthquake reporied later to have a Bichier
magnitude of 5.7 occurred in the region. Al the inatant of
onset, Robert and Myron wers both standing b
fracture. Myron looked down t0 sse the
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began to run toward the road. Robert sicod 2iill to make
observations. The first sensaiion of ths earthguake was
motion, without sound. it gave Roberlthe isgling of slum-

&7
bling, -but without having moved his fset. Then Bebant
immediately felt the soil beneath his fest turn o Yputy”
and a small fracture bensath his fool startad in nulseand
open. He steppec away as the remor coniifued and
spread his feet to maintain balance. To avoid sinking in
the soil, he had to continue “irsading.” Boberi observed
that the fraciure was opening and stamming shut repsat-
edly and within the first second, a deep but guietrumbling
noise was heard along with.a muffied, slapping sound as
ihe sides of the fracture hammared together, Looking up
the field in a direction paraile! to the plowed rows and
parallel to the rupture, he observed the individua! rows of
soil heaving and rolling so that the entire plowed suriace
appeared {6 bs in disharmonic motion. Blocke of 2ol in
and near the fracture zone wers being tipped stesply from
side to side. Myron observed similar motion as he ran the
first 10'm, with his {est getting stuck in the soil. He also
observed many small cracks opening parailel to the
plowed furrows. The ground snzking was estimated o
last only 4 to0 5 seconds, followed by two loud “thunder”

biasts about 8 10 10 seconds after the commencement of
ground shaking.

Approximately 20 minutes after the earthquake, Robert
and Myron drove to a lookout over the Gulf of Corinth and
observed a newly formad silt plume exiending out about
0.5 km in the water along the projection of the fraciure
trace. The plume obviously resulted from pumping of
water and bottom sedirments as the subaqueous fracture
opensd and closed during the earthquake. Reports from
local residents indicais that a “geyser” occurred offshore
in the area during that sarthquake.

Dr. Samir Khoury was also on the surface rupture that
Sunday about 7 km from Robert and Myron's location.
Hers is his story:

“Ihad noted from the helicopter on
that the norh

termination of the surface rupture died out in cultivaied
andrecentiy plowed fields and did rict reach the waestern-
moet main road heading north out of Platea, | drove there
on March 7, 1981, with my family and a Greek neighbor.
We obearved the axiensive damage in the towns of Eri-
threa and Platea and thetown peopla explained that most
of the serious and sxisnsive damage had besn caused by
therecent March 4 earthguake. The towns were shaken by
the February sequence with some resulting damage, but
most buildings had remainad intact.

Once out of Platea, we had no problem locating the clos-
28t approach of the surface fupture to the road. A large
number of visitors were all driving in the sams direction.
We stopped a couple of kilometers north of Platea at the
easiern entrance 1o & sscondary road heading west. We
were atthis pointabout 500 to 700 meters rom the frace of
the surface rupture, whish diszlaced the secondary road.

We decided to have lunch first and as we were standing

round the back of the car, an sarthguake struck. The
cregl was very sudden. We all falt whils standing a very
Hatingt up and down vertical displacement. It felt like
ing off the ground & couple of centimeters several
times. This veriicel motion lasied for perhaps 3 to 4
seconds. My daughier, who was running in a field to the
east, ¢id not fes! this first motion. As we called her and she
was beginning 1o come towards us, we all, including her,
telt another joit and vibrations lasting for a few more
seconds. We all fell that there was a distinct gap between
he first up and down motions and the foliowing vibra-
ions. The up and down motion was very distinctand very
different from all earthquake shakings | had ever felt
before. Mons of the numerous visitors &ppeared 1o panic
aithough ali of them falt ang recognized the shaking as an
sarihgueks. It was about 13:30 local time.

B

Afteriunch, we all walked towards the surface rupture and
decided to spiit into two groups: Since | was most inter-
ssled in studying the termination of the rupture within the
cultivated field, | headed with my.son and neighbor
towards the southeasl. We followed the surface dis-
placement across a stream which it has displaced south
zd@ down. The displacement at that spot created a small
water {all of 30 to 50 om vertical drop. The width of the
cracked and disturbed zone at this point was about 5
melers.

As we followed the displacemsnt further east the vertical
drop became noticeably smaller, on the order of 151025
cm. | stopped to photograph and measure a section close
to adefiection point. | was then standing on the down side
of the fault zone in silty ground when another earthquake
struck. | felt very distinctly the ground liquify under my
feet and for a split second | had the impression that | was
going to fallin the fauli zone. it felt also like the down side
dropped a couple of centimeters, but this may have beena
side effect of the liguefaction | felt. The event lasted onlya
few seconds and | noted that the time was around 14:00
hours. After that | continued to work with no further
axcitement.”
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