


SEISMIC SETTING

The San Juan region is located about 230 km east of the core of the

Andes Mountains near the southern end of a major zone of Intermedlate-focus

to deep-focus earthquakes. This region has been associated with numerous

historic earthquakes; the most significant recent event occurred on

January 15, 1944.

The 1944 earthquake of M =7.4 (Gutenberg and Richter, 1954), a

shallow-focus earthquake cenfered near Albardon, immediately north of"San

Juan (figure I), had a smaller felt area than the 1977 event (S.T. Alger-

missen, oral commun., Feb. 10, 1978). That earthquake produced an anoma-

lously short surface rupture length of a few ki !ometers and maximum surface

displacement of approximately 0.7 m (Caste!!anos, 1944). This fault"ing is

part of a major zone of late Quaternary fault scarps that extends at least

100 km to the south, and part o"f a zone of complex folds and faults that

appear to represent decollement or detachment structures for a similar dis-

tance to the north. The anomalously short surface rupture length and small

surface fault displacement may be related to extensive decoupling of surfi-

cia! structures and deposits from the underlying crystalline basement rocks.

The 1977 epicenter is located near the northeastern flank of Sierra

Pie de Palo (figure I). Sierra Pie de Palo appears to be a geologically

youthful domal structure with minor Quaternary faulting of the more gentle
western and southern slopes, and with major youthful fault truncations of

the northern and much of the eastern sides (figure 2). The continuity and

heights of scarps in alluvial deposits on the north and east suggest high

rates of tectonic strain release on faults that trend north and east-

northeast. The western front of Sierra de Valle Ferti I (figure I) is con-

trolled by faults with north-northwest trends, including several late

Quaternary fault scarps in the area of the 1977 epicenter and another set

approximately 100 km to the southo

No surface faulting as a consequence of the 1977 earthquake has been

found. It Is possible that surface faulting did occur, but was undetected

because the remote location of the epicen+ral area precluded an extensive

ground search for surface ruptures. Many late Quaternary scarps in allu-

vlum were observed from the air In early December, 1977, but none appeared

to have been rejuvenated by the 1977 earthquake. Again, It Is possible

that subtle features such as wa.rps or mole tracks could have escaped

detection.

LIQUEFACTION AND SOIL FAILURES

Effects of liquefaction, mainly cracks and sand boi Is, were numerous

and widespread in the valley northwest, north, and northeast of Sierra Pie

de Palo (figure 3). That large, uninhabited valley has a shallow water

table, and water standing at the surface was observed along the Bermejo

River as far north as 30.BoS latitude, and along the Zanjon River as far

west as 6B.loW longitude. It appears that several hundred square ki 10-

meters, and possibly thousands of square ki lometers, were involved in

liquefaction in low areas north and northwest of the epicenter. Part of

SZ



that area probably had pre-1977 soi I failures, srnce dissected fissures,
vegetation lineaments, and apparently older sand boi Is were observed (fIg-

ure 4). The older 1 iquefaction and soi I fai lures appear to be geologically

youthfu1, and may have been associated with the earthquake of January 15,

1944.

Effects of liquefaction were also observed along the San Juan River

between Albardon and Las Casuarinas, and in many irrigated areas east of

the river. At Caucete the areas where liquefaction occurred were marked by

numerous sand boi Is, and linear and arcuate fissures were observed. The

linear fissures had no significant or persistent displacement other than

opening, but the arcuate fissures were associated with as much as 007 m

relief, with the concave side relatively down {figure 5). Some structures
astride these surface displacements were severely damaged (figure 6). The

relief along the arcuate fissures was most likely due to compaction beneath

the water table, possibly along sand-fi lied -meander channels. At one place

between the city of San Juan and Caucete, the San Juan River, which was in
flood stage at the time of the earthquake, inundated the entire width of

the active flood plain, suggesting that as much as I m of subsidence devel-

oped at that location as a consequence of compactiono

LANDSLIDES

The densest concentration of landsl ides occurred on steeply sloping
metamorphic rocks in east-central Sierra Pie de Palo; only a few landslides

were observed elsewhere. The dominant types of landslides were shqllow

rock slides, rock falls, and sol I slumps. Plumes of dust were observed

rising after some of the aftershocks, suggesting renewed landsliding after

the main earthquake. The landslides were in areas remote from centers of

population and thus caused no damage.

STRONG MOTION DATA

Three strong-motion accelerograph records and at least 14 selsmoscope

records were recorded during the main shock. Two of the accelerograph
records were recorded In the city of San Juan 80 km southwest of the epi-
center, and the other was recorded in Mendoza, 225 km south-southwest of

the epicenter (figure I). The maximum recorded acceleration In San Juan

was 0.19 ~ (horizontal), and In Mendoza, 0.07 ~ (horizontal) (Jo Carmona,
oral commun., Dec. 3, 1977). The accelerogram shown In figure 7 was re-

corded on an AR-240 accelerograph located in the basement of a 3-story

building at the Instltuto Nacional de Prevenclon Slsmica (INPRES) In the

northwestern part of San Juan (figure I). A preliminary analysis shows

that maximum accelerations for the north-south, vertical, and east-west

components were 0.19 £.,0.15 .s:.' and 0.19 ~, respectively; and that the

durations of motion greater than 0.05 £.and 0.10 £.were approximately 48

and 22 seconds, respectively. The second San Juan accelerogram, recorded

on a SMAC-B2 instrument located at the University of San Juan (approxl-
mately 1.5 km from INPRES), shows essentially the same levels of accelera-

tion and duration (J. Carmona, oral commun., Dec. 3, 1977). The Mendoza

accelerogram was recorded on a SMAC-B2 Instrument, located at the ground

level In a one-story bui Iding; the record was not avai lable for analysis
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at the time of this writing

Seismoscope records of the main shock were recorded at Caucete,
Afbardon, the San Juan Airport, the city of San Juan, and Media Agua

(figure I). A pref iminary comparative analysis of these records (figures
8 and 9) suggests that the intensity of shaking, within the seismoscope

range of response, was greatest at Caucete and the San Juan Airport,

located 70 km and 75 km from the epicenter, respectively. The intensity of

ground shaking appears to have been less severe at Media Agua and Albardon,
located f 10 km and 70 km from the epicenter, respectively, and least severe

in the city of San Juan, approximately 80 km from the epicenter. The

observed distribut1on of damage to man-made structures is consistent with

this interpretation.

Additional strong-motion accelerograph records were generated by
several aftershocks. A preliminary analysis of records from a December 6

aftershock of approximately magnitude 6 indicates the maximum acceleration

at the INPRES site in San Juan was 0.03 ~. The record from Caucete showed

a larger acceleration of 0.08 .a.

DAMAGE CAUSED BY STRONG GROUND SHAKING

The towns of Marayes and Vallecito, located approximately 67 km

southeast and 75 km south of the epicenter, respectively (figure I),

sustained little damage (figure 10), whereas the towns of Bermejo and

Caucete, located approximately 60 km south-southeast and 70 km southwest of

the epicenter, were severely damaged. In Bermejo, most of the adobe dwel-

lings (figure II) and unreinforced masonry-wall bui Idings collapsed,
including the bui Iding which housed the town's electric power generating

plant (figure 12). Recently constructed reinforced masonry-wall bui Idings
that were designed to resist earthquakes, on the other hand, were not

damaged (figure 13). In Caucete, hundreds of adobe dwell ings partially or
total Iy collapsed (figure 14) and numerous wine storage tanks (steel and

r-einforced concrete) and modern engineered bui Idings (figure 15) were

severely damaged. Damage to cylindrical metal wine storage tanks (figure
16) resulted primari Iy from lateral-force-induced rocking motion of the

tanks and typically consisted of buckling fai lures near the base of the
tank waf I and/or yielding or fracturing of the vertical steel bars that tie

the tank to its foundation (figure 17). Damage to cylindrical reinforced

concrete tanks consisted of horizontal tension cracks in the tank wall or

severe cracking or partial collapse of the central portion of the roof

system (ffgure 18). In the latter case, the damage was caused by sloshing
action of the contained liquid. Apparently there was insufficient hori-

zontal reinforcing steel near the upper surface of the central portion of

the ffat-slab roof system~ and the roof could not resist the upward

directed hydrodynamic pressures caused by the sloshing liquid (V.V Bertero,

oral commun., Feb. 10, 1978).

In the smal I towns of Media Aqua and Los Berros, located 110 km and

120 km southwest of the epicenter, respectively, damage due to strong

ground shaking was also extensive. Almost all of the approximately 100
adobe dwel I ings in Los Berros partially or total Iy collapsed, and In Media
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AguQ one cyl indricQI metal wine storQge tank collapsed (fIgure 19), numer-

ous others were seriously damaged (two examples are shown in figure 20), at

least one modern engineered bui Iding sustained signIficant structural

damage, and approximately 15% to 20% of the adobe dwellings totally or

partially collapsed (C.D. Poland, oral commun., March 3, 1978).

Damage in the city of San Juan, which was leveled by the 1944 earth-

quake (Castellanos, 1944) and which presently has a rnetropol itan population
of approximately 225,000 (Rand McNally, 1977), was slight. Several dozen

I-story adobe buildings partially or totally collapsed and six or seven

modern engineered bui Idlngs sustained significant structural damage, but

did not collapse. The low percentage of damaged structures was due In part

to the fact that most of the structures were relatively new and many had

been built In accordance with lateral force design code provisions.adopted

after the 1944 earthquake.

From an economic standpoint, the damage tq wine storage tanks through-
out the province was particular'y devastating. Wine production is the

major industry of the provInce and with an estimated 10 mi Ilron liters of

wine-storage capacity lost (J. Carmona, oral commun., Dec. 3, 1977), the
financial loss was obviously considerable.

CONCLUSIONS

The November 23, 1977 San Juan earthquake occurred In a selsmlcally

active area that has previously experi-enced damagIng earthquakes, most

notable on January 15, 1944. The 1977 earthquake of magnitude 7.4 was

centered in a remote area approximately 70 km northeast of the 1944 earth-

quake, which was near Albardon, immediately north of the city of San Juan.

No known surface faulting accompanied the 1977 earthquake, although

late Quaternary scarps in alluvium Jndicate previous surface faulting in

the epicentral area. Extensive liquefaction occurred in valleys north and

northwest of the epicenter; part of that area appears to have evidence of

previous I iquefaction that may have been associated with the 1944 earth-

quake. Liquefaction was also extensive along the San Juah River and in
some irrigated areas east of the river, such as at Caucete where ground

subsidence of as much as one meter may have occurredo Landslides occurred

in Sierra Pie de Palo, but were restricted to remote areas.

Seismoscope records of the main shock and the distribution of
observed damage suggest that the Intensity of ground shaking In the 60 km

to 120 km epicentral distance range did not uniformly decrease with an

Increase In distance from the epicenter. The towns of Bermejo and Caucete,

located 60 km and 70 km from the epicenter, respectively, sustained the

greatest amounts of damage, with successively lesser amounts of damage

occurring in Los Berros, Media Agua, the city of San Juan, and Marayes,

located 120 km, 110 km, 80 km, and 67 km from the epicenter, respectively.
The small amount of damage in the city of San Juan, which experienced long-

duration ground shaking with a maximum amplitude of 0.19 £.' is due In part

to the fact that most of the bui Idings in the city were relatively new and

many had been designed In accordance with lateral force design code pro-
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visions adopted after the destructive 1944 earthquake.

Modern engineered bui Idings that were designed to resist earthquakes

generally performed well, with only a few structures of this type sustain-

ing significant structural damage. Adobe dwellings performed miserably and

were responsible for most of the 65 deaths, 284 injured, and 20,000 to

40,000 'eft homeless. CylindrIcal steel wine storage tanks sustained

structural damage primari Iy because they were not able to resist lateral-

force-induced rocking motion. Cylindrical reinforced concrete tanks sus-

tained structural damage primari Iy because they were not able to resist

sloshing action of the contained liquid. From an economic standpoint; the

widespread damage to I iquid storage tanks was particularly devastating

because wine production is the major industry of the province.
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Figure 2.- Youthful fault (arrows) on the north end of Sierra Pie de Palo.

The fault trends easterly, displaces dissected alluvium (A) and

relatively undlssected alluvium (8), but does not appear to

displace the youngest alluvium (G), suggesting no 1977 surface

rupture.

Figure 3.- Liquefaction In the epicentral area northeast of Sierra Pie de

Palo. Light tones are sand boi Is (arrows) encrusted with salt

from sa! ine ground water. The entire valley bottom in this

area contains sand boi Is and fissures as evidence of I iquefaction.
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Figure 4.- Sand boi Is from 1977 liquefaction (A), and apparent remnants of

older sand boi Is (8). The older sand boi Is may have formed

during the San Juan earthquake of January 15, 1944.
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Figure 5.- Differential settlement due to liquefaction in a new housing

development in Caucete, 70 km southwest of the epicenter. Road

surface to right of offset settled 35 cm (13.75 inches).

Figure 6.- Damaged one-story, mason ry-waI I home in new housing development
in Caucete, 70 km southwest of the epicenter. Damage was due

to differential settlement and other effects of liquefaction.

Home is near vertical offset in road pavement that Is shown in

preceding figure.
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UNCORRECTED ACCELEROGRAM
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Figure 7.- AR-240 strong-motton accelerogram recorded on November 23,

1977 in the city of San Juan, Argentina. The accelerograph

was installed in the basement of a 3-story reinforced concrete

shear-wall bui Iding located at the Instituto Nacional de

Prevencion Sismica ( INPRES). Record provided by J.C. Castano

and JoL. Zamarbide of INPRESo
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MEDIA AGUA
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Figure 8.- Wllmot Selsmoscope records of the November 23, 1977 San Juan,

Argentina earthquake. Records shown here were recorded at

Albardon, Caucete, the San Juan Airport, and Media Agua.
Natural period of seismoscope = 0.75 seconds; damping ranges
from 7% to 9% of critical; Sd = maximum relative displacement

response; Sv = maximum relative velocity response.
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Figure 90- Wi I mot Seismoscope records of the November 23, 1977 San Juan,

Argentina earthquake. Four of the nine records from the city
of San Juan are shown here. Natural period of seismoscope
= 0075 seconds; damping ranges from 8% to 10% of critical;
Sd = maximum relative displacement response; S = maximum
relative velocity response. v
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Figure 10.- Slightly damaged adobe but Iding in Marayes, 67 km southeast

of the epicenter. The fallen parapet shown here was the most

serious damage observed in Marayes.

Totally collapsed one-story adobe dwellings in Bermejo, 60 km

south-southeast of the epicenter.
Figure
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Figun3 12.- Partially collapsed unreinforced masonry-wall electric power

generating plant in Bermejo, 60 km south-southeast of the epi-

center. Generator is the covered object shown in left of

photograph.

Figure 13.- Undamaged recently constructed reinforced masonry dwellings

in Bermejo, 60 km south-southeast of the epicenter. Nearby

unreinforced masonry and adobe bui Idings partially or totally

cot lapsed. As indicated by the bed in the center of this

photograph taken eight days after the earthquake, some residents

of Bermejo chose to sleep outdoors after the earthquake.
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Figure 14.- Collapsed one~story adobe dwellrngs In Caucete, 70 km

southwest of the epicenter. Ti Ited street light pole In

background was pulled over when face of adjacent bui Iding

collapsed on wires suspended between poles.

Figure 15.~ Collapsed reinforced concrete wine storage facility at the

Segura Winery in Caucete, 70 km southwest of the epicenter.

Note pool of wine in right foreground.
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Figure 16.- Damaged cylindrical metal wine storage tanks at the Los Nogales

Winery in Caucete, 70 km southwest of the epicenter. Tank

at left apparently imploded after a hole developed in a

buckled wall section near the base and wine drained from the

tank. Vertical steel anchor ties at base (figure 17) were also

severed. The third tank from the left suffered less extensive

though similar anchor tie damage at its base, but did not

implode. The other tanks sustained little or no damage.

7.- Severed vertical steel anchor tie at base of imploded tank

(figure 16).

Figure
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Figure 180- Aerial view of damaged reinforced concrete storage tanks at

the Esmeralda Winery in Caucete, 70 km southwest of the

epicenter. Note that the center section of the roof of one

of the tanks is missing. Roof had insufficient reinforcing
and collapsed as a result of sloshing action of the liquid

in the tank.
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Figure 19.- Collapsed wine storage tank at the Cavlc Winery In Media

Agua, 110 km southwest of the epicenter. Vertical steel

anchor ties at base were severed as a result of rocking

action of the tank; tank subsequently collapsed.

Figure 20.- Damaged metal wine storage tanks at the Cavic Winery in

Media Agua, 110 km southwest of the epicentera A large

percentage of the vertical steel anchor ties at the base

of both tanks failed in tension or shear. The wall of the

tank on right buckled apprpximately I 1/2 meters above the

base, forming what is commonly called an "elephant's foota"

Note base of collapsed tank (figure 19) on far rIght.
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